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Coolselector®2 txercises

Exercises for Coolselector®2. Training material for use in courses and self-studies for both internal and external use.
Not for use as a design guide. Always remember that selection software is only as good as the person using it.
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1 Introduction

This document contains a number of exercises designed to introduce you to Coolselector®2 and
take you through the capabilities of the software. In these exercises, we will try to cover both
the general aspects of Coolselector®2 and also some of the more challenging procedures where
you should take extra care when designing your system.

The exercises in this document are not meant as a design guide. The exercises are designed for
the sole purpose of taking you through the features of Coolselector®2. Please also read and
accept the End-user license agreement in the next chapter before continuing with the exercises.

The document is structured so that each exercise is followed by a possible solution.

Coolselector®? is designed so that it provides an optimized interface based on the application,
user preferences and the type of components you want to calculate/select. Hence, we have tried
to split the exercises into these main Coolselector®2 functionalities and cover the general
aspects in the first chapter.

The exercises are divided into: general information and basic selection, commercial applications,
industrial applications, CO, Systems, compressors and, finally, condensing-units; where each
section is designed by an experienced Danfoss expert in the specific functionality. Users coming
from the various application areas would benefit from the exercises in other functionality areas,
despite the differences in the system setups, refrigerants, or other parameters. This is since the
selection methods are similar, and the notes from different experts provide a more
comprehensive understanding and cover more fine tips, all of which can help you to reach the
best results.

All units used in this document are international units. Coolselector®2 supports many different
units and supports switching back and forth between the units in an easy way, so you should be
able to go through the exercises using your preferred units.
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2 Coolselector®2 - end user license agreement and disclaimer
Please review below terms and conditions and accept them before proceeding with the

exercises.

1. License

This end user license agreement and disclaimer ("Agreement") is entered into between Danfoss
A/S or its Affiliates (each of which is referred to as "Danfoss") and you as an end user ("You" or
"User"). In this Agreement "Affiliate" shall mean an entity directly or indirectly controlled by
Danfoss A/S whether by shares or voting rights.

Upon acceptance of this Agreement Danfoss grants You a limited, non-exclusive, non-
transferable, royalty-free, worldwide license ("License") to install and use the Coolselector®2
("Application"), for User's use on any device that User owns or controls. The License is granted
subject to User's compliance with the following:

a) The terms of this Agreement
b) Danfoss Terms of Use (available at www.Danfoss.com)
c) Danfoss Privacy Policy (available at www.Danfoss.com)

2. Proprietary rights

This License and the Application contains proprietary information which is owned by Danfoss
and protected by applicable intellectual property rights. Except as expressly permitted herein,
such Danfoss information herein may not

i be used for any purpose except in compliance with this Agreement,
ii. be copied or reproduced in any form, or
iii. be modified, rented, leased, sold, distributed or exploited commercially.

Danfoss reserves the right to change, suspend, remove or disable User's access at any time
without notice. The Danfoss name, Danfoss logo and other Danfoss trademarks, graphics and
logos are trademarks or registered trademarks of Danfoss or its affiliated companies. User is
granted no right or license with respect to such trademarks.

3. Third party components

The Application may include certain third party software components ("Third Party
Components") including open source and free software components, each of which has its own
copyright and its own license conditions ("Third Party License"). A list of included Software
Components and their respective licenses can be found in the third_party_licenses.txt file.

To the extent any Third Party License grants the User rights to use, copy or modify the Open
Source Component that are broader or narrower than the rights granted in this Agreement, then
such rights shall take precedence over the rights and restrictions granted in this Agreement
solely for such Third Party Components.

4. Disclaimer of warranty

This License is provided on an "as is" and "as available" basis for the intended purposes as
determined by Danfoss only and any use hereof is at User's sole risk. The Application and results
and information generated thereby cannot substitute technical advice but must be verified by
the User, they are not promises and should not be relied on as accurate data or analyses.
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Danfoss disclaims all warranties and conditions regarding the Application, whether express,
implied, or statutory, including, but not limited to, conditions of merchantability, satisfactory
quality, fitness for a particular purpose, accuracy and non-infringement of third parties' rights.
Danfoss does not warrant that the Application will meet your requirements or that the
operation hereof will be uninterrupted or error-free.

5. Limitation of liability

To the extent not prohibited by law, in no event shall Danfoss be liable for any direct, special,
indirect or consequential damages, whatsoever, including, without limitation, damage to
property, damages for loss of savings or profits, or loss of data arising out of any use of the
Application.

6. Miscellaneous
The License shall automatically terminate upon User's breach of any of the terms of this
Agreement. Danfoss may terminate the License at its sole discretion without prior notice.

This Agreement and the License is subject to the substantive law of Denmark. Any dispute
arising out of or in connection with this Agreement shall be submitted to the exclusive
jurisdiction of the courts in Denmark.

App License Terms, 2014-08
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3  General information and basic selection

Exercise 3.1 Installing and setting up Coolselector®2

a) We need to get Coolselector®2 up and running if you have not done so already. You can
download and install Coolselector®2 from http://coolselector.danfoss.com.

b} Check if there are any updates available for Coolselector®2?

c) Change the country and language based on your preferences:

”

1. Note, the type of components you can select on the “Valves and Line Components
page. Then, change the Country to USA (if your country is USA, change it to, for
example, Denmark)

2. Have the available components in “Valves and Line Components” changed?

3. Change your Country back (or select to show all products)

d) What was the last change in this release of Coolselector®2?


http://coolselector.danfoss.com/
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Solution 3.1 Installing and setting up Coolselector®2
a) You can download and install Coolselector®2 from http://coolselector.danfoss.com.

b} Go to the “About | Updates” menu:

ntitled.csprj
About Report  Bill of
i Mews...
Coolselector? On YouTube 2
i Coolselector? On Youku k

Coolselector? Survey...

~n

Updates...

aat

About Coolselectar?...

Once you see the ‘Updates screen’, click on the “Check for new version” button:

Automatic Updates

+' {Automatically chedk for new versions of Coolselector2: ‘

Your privacy is important to us! Danfoss does not store any personal information about you, apart from your IP
address which is needed in order to provide the automatic updates service. Should you have any data privacy
concerns regarding your use of Coolselector®2, please contact the Danfoss data protection officer at:
GDPC@danfoss.com

Please also refer to the Danfoss general privacy policy: https: /fwww.danfoss. com/en terms fprivacy/

G Check for new version... ‘ Status

Email Updates

If you for any reason cannot receive automatic updates (Metwork/firewall issues, etc.),
then please visit this website to subscribe to information mails:

https:/fwww.danfoss. comfen/service-and-support/downloads /dcs/coolselector -2 #tab-news

Manual Updates

You can also chedk for new versions manually by visiting the Coolselector2 website;
http: f/coolselector.danfoss.com

The installed version is: 2.3.3 | Database 35.35.1.14.3.16

Note that, if you cannot update automatically (i.e. due to your company policies), it is
possible to subscribe to an email service, which will notify you whenever a new version is

released.

Once you have clicked the button, Coolselector®2 will notify you if there is a newer
version available. If that is the case, you can install the new version directly from the
prompt.


http://coolselector.danfoss.com/
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¢} You can set the preferences for the country and
language in “Options | User, Language, Country”
menu. As an example, for this exercise, you can
change your country to ‘USA’:

Options | Tools  About R

Preferences

Units

User, Language and Country...

Style...

3

k

From the drop down, set your country to ‘United States’ and click OK:

User, Language and Country

Default name used in reparts:

MName:

Language and Country:

Changing language will require a restart of Coolselector2. ..

x

Language: | English {United States)

v]

[Urited States |
Show all products regardless of selected country

Enable selection of non-standard products:
User name:
Password:

Mon-standard products will be shown in brackets

When you change your country to USA, you will see that the available components in

Cancel

“Valves and Line Components” have changed. You will no longer be able to select “Safety
relief valves” — the reason being that Danfoss does not sell safety valves for the US market

(this might change in the future).

The important thing to note here is that Coolselector®2 will use your country to display as

relevant as possible information to you (this is even more pronounced for condensing
units, where each unit has a specific sales region).
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Country = Denmark (or any other EU country as an example):

A

VALVES AND LINE COMPONENTS
D ﬂ Control and Regulating valves ; ‘g Electranic expansion v
o o=

COMPOMENTS IM SERIES
- -——
' _ = .
Solenoid valves ] Thermostatic expansion
E—F =
3 &

>

COMMERCIAL APPLICATIONS
ﬂ a rﬂ Check valves ‘ Manual expansion val

INDUSTRIAL APPLICATIONS
b f % Stop and shut off valves b Float expansion vah
ICF Valve station g

COMPRESSORS AND CONDENSING UNITS
Safety relief valves g % Transcritical gas bypass
o,
B

1.

Transcritical high pres
valves

ELECTRONIC CONTROLS

888

SENSORS AMD SWITCHES

OO~

Multi Ejectors

Water valves

Country = United States:

VALVES AND LINE COMPONENTS

<

COMPONENTS IN SERIES

S<><E

COMMERCIAL APPLICATIONS

9

INDUSTRIAL APPLICATIONS

[

COMPRESSORS AND CONDENSING UNITS

O

ELECTRONIC CONTROLS

888

SENSORS AND SWITCHES
GlGRats

Do not forget to revert back to your preferred settings.

2.

A
g Electronic expansion v
5=

Control and Regulating valves

Thermostatic expansion

Y
-
’ [ ]

Solencid valves

Check valves ‘ Manual expansion val
Stop and shut off valves b Float expansion val

Transcritical high pres
valves

5 o b o
% fF The-— ¥ |

ICF Valve station

Transcritical gas bypass

e T

Water valves E

Multi Ejectors

#l

3.
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d} To see the latest changes in Coolselector®2, go to the “About | About Coolselector2”
menu and click on the <Changelog> button:

ENGINEERING
TOMORROW

Coolselector®2

Version 2.2.6 | Database 31.31.1.13.2.13
Copyright © 1990-2018 Danfoss systems and its licensors. All rights reserved.

Contact: Coolselector@Danfoss.com
End-user license agreement:

Coolselector®2 - End User License Agreement and Disclaimer

Please review below terms and conditions and click accept at the bottom if you can accept the terms and
wish to proceed with your installation

1. License

This end user license agreement and disclaimer ["Agreement’] is entered into between Danfoss 4/5 orits
Affiliates (each of which is referred to as "Danfoss”) and you as an end user (You” or "User’). In this
Agreement "Affiliate"ghall mean an entity directly or indirectly contralled by Danfoss A/S whether by shares
or voting rights,

Upon acceptangllof this Agreement Danfoss grants You a limited, non-exclusive, non-transferable, royalty-
free, worldwildlicense ["License”) to install and use the Coolselector®2 ["Application”), for User's use on

Changelog

Changelog
Version 2.2.6.350

Gas detector selection included

Translation without rastart added (but mew project is required)
Versien 2.2.5.328

~

Case controller selection included

1P ejector included

Parts progzam for REG, CHV, SCA, SVA included

Mid-point i i in &
for condensing units with refrigerant blends

Included lect in

caleulation

Rdded quelity as deteiled ocutput for ejectors
Fixed bug displaying peformance curve instead of code numbers using Commercial preferences
Fixed bug when closing a page right after saturasion property was changed
Fixed issue calculating close to the crivical point for COZ
Versicn 2.2.4.33€
Allowed larger dimensions in Cold room applicaticn
Removed "Manifold" cption from compressor filters
Fixed display error when losding saved ICF in hotgas
Fixed error when exporting BOM to RTF format
Versien 2.2.3.326
Changed default selection criteria for copper pipes to velocity for transcrivical systems
ZcoDesign 2018 criseria for condensing units added
Fixed erzor message when all mass flow were 0 for tramscritical systems
Fixed bug showing wromg detailed results for speed controlled condensing units,
when unit was selcted more than cnce
Fixed not-velid-module message for old project files with ICK
Fixed not-in-datsbase-bug sometimes occuring when loading ICF
(bug will still occur, but dissapear when saving old project)
Versien 2.2.2.321
Reciprocating compressors are mow back in Coolselector2.
Wernings for modules in ICF are brought forwerd in line calculations
Bug fix: when LT line in © ticel system is selected and LT = 0 ki entezed

Also, check out the “About | News” menu item for new product releases.
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In the following part of this section, we will go through creating a project in which we try
selection and calculation for a few components in a very simplified refrigeration cycle as it can
be seen in the following graph and properties snippet. Following this, we will discuss how to
customize the project with your own name, how to get bill of materials and how to generate a

report for this project. Make sure your preferences choice is set to all applications in “Options |

Preferences | All applications” before you start the exercises.

Operating conditions:

Capadty: Evaporation: Condensation:

Cooling capadity: w1500 kw Dew point temperature: +  -15,0 =C Dew point temperature:
Mass flow in line: 386,7ka/h Useful superheat: 80 K Subcooling:
Heating capacdity: 13,41 kw Additional superheat: 0K Additional subcooling:

System Properties 1

T
> |

1
DCR-DA
Speed 1243 m/s

-T- Refrigerant R404A
Evaporator

¥

<« <«
Copper DIN-EN 1m AKV Copper DIN-EN 10 m
Speed 15+3 m/s Load 80% Speed 0,940,2 m/s

Cycle Diagram 1

Exercise 3.2 Starting a new project and basic component selection

Using information in System Properties 1 and Cycle Diagram 1:

a) Start Coolselector®2 and then in the option for “Valves and Line Components” start
selecting a DCA-DA burnout filter for the suction line in a dry system with the default
operating conditions. What is the Coolselector®2 suggestion?

b} Now, first change the refrigerant to R404A. Then, in three steps, change the capacity,
evaporator dew-point temperature and condenser dew point temperature to those

Additional:

Discharge temperature:

Condenser

shown in the above snippet. Explain the effect of each step on the suggestion.

c) Can you explain the usage of the different segments of the screen?

d) How can you check the calculations done for the cycle and see calculation details for the

selected component?

e) Save your project.

f) Now continue the selection for the components in the liquid line by creating new tabs and

using the option for “Valves and Line Components” selection. What does Coolselector®2

suggest for each of the components?

g) Check for possible warnings and the calculated inlet and outlet results for these
components. Is there any problem in the selection results? Is this as it was expected for

the cycle diagram?

11
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Solution 3.2 Starting a new project and basic component selection

a) Open Coolselector®2; you will find that the program starts on the tab for ‘Valves and Line
Components’. From this screen, among the different component functionalities choose
“Burnout filters”.

£¥ Coolselector2 - Untitled.cspri

File Options Tools About

VALVES AND LINE COMPONENTS

C - A
< | ¥
| Control and reguiating valves e | Electronic expansion valves Fiters and strainers
& et
COMPONENTS IN SERIES h N
D> E a .I: Solencid valves ﬂa ll—; = Thermostatic expansion valves w -ﬂ- Fiter driers
COMMERCIAL APPLICATIONS -
CI ‘ E‘ﬂ Check valves ‘ Manual expansion valves -¢ Bumout fiters
INDUSTRIAL APPLICATIONS
I-I:I f L& Stoandshutoffiaives h Float expansion valves # Sight glasses
COMPRESSORS AND CONDENSING UNITS -
T f & =
—@— L5 vave staton Transcribcalhigh pressure ‘4 e © o ppo
> ] valves @ = 2~
ELECTRONIC CONTROLS ¥ -
Il g 4
A Safety relief valves ! Transaitical gas bypass valves _— Internal heat exchangers
SENSORS AND SWITCHES g
® @ o R
. Water valves ~ .\; Mult ejectors
o

Coolselector®2 creates a dry system by default, select the suction line and then click on
the DCR-DA in the product families. You will see the list of valid products and the best one
matching the selection criteria:

Burmout fiter 1 X +  New

Sysem: Oy . Oneratng conditors:

Capacty: Evaporaon; Condansaton: ackdsonst
ek on dgrem 0 select Ine Codngcapacty: v 10,09 b Temperatre: 00T Teweanre: . o Dacharge tmmperatre:
Selected hne: Suction line ' .

sz fom e usakgh  Usehdnpshet 80k subcooing: 20K

Heatng capscry: wsikw el sperbeat: QK Addbonalsubeacing: ok

- Selection aileria:
| Brsssure drop, by Sefurstion temperaturs drop:
1  velacry: 12,00 mis 0

Suction kne (Dry expansion systam. R1Ma™Buout fites)
Selection: DCR0489-DA  No code numi

sekcted Tyoe " K3kl 0 barl elooty, n [mis]  Acd capaoty [o] Result
Reigeant: R v
©  omosroa | B 1 15,5 LI
Gomectans o T o DCR 04704 | 20 1294 00: 04 16,56 ns
Product famies e = we o %) [x T 7]
DAS &) DCRO9SIDA | 35 17,06 0,018 0,2 1,14 EE
Jocea
v

] DROEDA | IS FEXUY 02 0,34 78
-
v Performance curve  perfomance detads | Cods number selecton
] DCR 0489-DA

Suction line (Dry expansion system. R134a. Burnout filter)

DCR housng with exchangeabie DA-urn-out fiter insert
10 remave a0xd after canpressax motor bumout.

0% Mokecular seve. 0,035
70% actvated ameia oxid,

o 2 4 6 8 10
Canling capcity [lkw]

ool copacity: 10,000KN  Hesting copacity: 12,512k Mass fow nine: 224,99 kb Pressure drap: 0,0238 ber

Here you can also see the other parameters for the filter in the table, such as the acid
capacity, as well as the pressure-drop as a function of changing the cooling capacity and
keeping the other parameters constant.

12
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b} When you change the refrigerant, Coolselector®2 asks for a confirmation, as this would
mean creating a new selection procedure:

Changing line type, refrigerant or connections will delete the current selection.
Do you want to continue?

Yes MNo

By clicking “Yes”, a new selection will be made. Note that, the ‘evaporation temperature’
and ‘condenser temperature’ are now changed to ‘dew point temperature’. This is since
R404A is a glide-refrigerant and hence it is required to have a reference for the evaporator
and condenser temperatures.

The current suggestion is “DCR 0967-DA”, which is different from the suggestion made by
the exact same properties in the system running with R134a; this is of course due to the
different properties of the two refrigerants.

Now you can proceed to changing the system properties. If you change them in the order
mentioned in the exercise, the suggestion will consequently be “DCR 01447-DA”, “DCR
0969-DA” and “DCR 0489-DA”.

Increasing the capacity would increase the mass flow in line and hence the speed in the
component, which results in a larger component. Decreasing the evaporation
temperature increases the mass flow-rate as the cycle COP would be lower. Decreasing
the condensation temperature has the opposite effect, which is the cause of the changes
in the suggestion.

£¥ Coolselector2 - SimpleSelection.csprj - 0 x

File Options Tools About Report Bill of Materials n e [T] Copy Selection (.} Screen Dump

Burnout filter 1 % +  New o .
System:  Dry v Operating conditions:
Capacity: Evaporation: Condensation: Additional

Click on diagram to select fine:

Cooling capacity: v 15,00 kw Dew paint tempersture: -15,0 &C Dew point temperature: v 20,0 eC Dischz
Selected line: Suction line

Mass flow in ine: 386,7 kahh Useful superheat: 80 K Subcooling: 20 K

Heating capadity: 18,41 kw Additional superheat: 0K Additional subcooling: 0K

Selection criteria:

Pressure drop: 0,050 ba Saturation temperature drop:
) velocity: 12,00 mfs 01K
Suction line (Dry expansion system. R404A, Burnout filter) 2

Selection: DCR 0967-DA No code numbers selected

Selected  Type NS Kv[m~3h] DP[bar] DT sat[K] Velocity,in[m/s] Acd capadty [o] Result ~
Refrigerant: RA04A v | | s
® 1,28 0,068 0,5 15,49 53,3 o [
: Al
Fennections: T 0 DCRO1447DA 20 12,94 0,051 0,4 15,49 79
Product families O DCRO489DA 25 1506 0,038 03 9,48 57|
DAS O DCR0969-DA 25 17,16 0,029 0,2 9,48 53,3 o
locron O DCRO1449-DA 25 17,17 0,029 0,2 9,48 79 .
[ ) -
f w Performance curve | Performance detsils | Code number selection
'\ a DCR 0967-DA
Suction line (Dry expansion system. R404A. Burnout filter)
0,12
. ; 0,10
DCR. housing with exchangeable DA-burn-out filter insert =
to remove add after compressor motor bumnout. 3
30% Molecular sieve. T oos
70% activated aluminia oxid. g
5
]
£ 0,06
5
g
5
2 0,04
2
=
0,02
[ 2 4 6 8 10 12 14 16 18 20
Cooling capacity [kW]
Cooling capacity: 15,000kW  Heating capacity: 13,413kW  Mass flow in line: 386,68kg/h  Pressure drop: 0,0678 bar B

As you noticed, the Coolselector®2 suggestion can change and can very easily be affected
by the system properties.
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¢} Once in the calculation and selection interface, you will find that the screen is separated in
different segments:

¥ Coolselector2 - SimpleSelection.csprj -0x
File Options Tools About m Report  Bill of Materials [] Copy Selection {7} Screen Dump
Burnoutfilter1 % +  New
System: Dy " Gperating conditions:
Capacity: Evaporation: Condensation Additional:
Cick on disgram to selectine: Cooling capadity: ~ 15,00 kw Dew point temperature: 15,0 <C Dew point temperature: v 20 Discharge temperature: | 39,8 °C
Selected line: Suction line o
Mass flow in line: 386,7kgh Useful superheat: 80K Subcaoling: 20K
Heating capaity: 18,41k Additional superheat: 0k Additional subcoaling: 0k e
Selection aiteria: Ts
Pressure drop: Saturation temperature drop: e
& velodity: 12,00 mfs 01K
Suction ine (Dry expansion system, R404A, Burnout fiter) A

Selection: DCR 0967-DA Mo code numbers selected

Selected Type NS Ky [m~3fh] DP [bar] DT sat[(K] Velocity,in [mfs] Acd capacity [a] Result ~
Refrigerant: 4044 ~
& DCR 0S67-DA | 20 11,28 0,068 05 15,49 53,3
. Al . i
Jromnections: ¥ o DCRO1447DA 20 1294 0,051 0,4 15,49 19 o
Product families b DCRO489-DA 25 1506 0,038 0,3 9,48 %7 o
DAS @] DCR0969-DA | 25 17,16 0,029 0,2/ 9,48 53,3
locroa DCROIM9DA 25 17,17 0,029 02 9,48 7,9
v

-
f w Performance curve | Performance detals | Code number selection
[ u DCR 0967-DA e

Suction line (Dry expansion system. R404A. Burnout filter)
012

DCR housing with exchangeable DA-bum-out fiter insert 010
o remove acid after campressar mator burnout

30% Molecular sieve. 0,08
70% activated aluminia oxid. .

Pressure difference [bar]

o 2 4 6 10 12
Coaling capacity [kW]

[Cooling capadity: 15,000kW  Heating capacity: 18,413kW  Mass flow in line: 386,68kg/h  Pressure drop: 0,0678 bar B

1. Segment “1” is dedicated to the application criteria for your selection. These criteria
include, but are not exclusive to, system type, line, refrigerant, connection type, and
product family.

2. Segment “2” is where you insert your system operating conditions, such as cooling
capacity, evaporation and condensation temperature, and useful superheat. These
operating conditions have significant impact on the calculations and a lack of due
care when filling them in might lead to inapplicable results. Whereas great care has
been taken to set meaningful default conditions, there is no guarantee that these
will mirror the operating conditions for your system design.

3. Segment “3” is dedicated to the product selection criteria for the suggestion to be
made in the next segment based on your inputs in functionality criteria and
operating conditions segments.

4. In segment “4” you will find the selection table. In this area you will see the options
matching the functionality criteria and operating conditions that you specified in
the selected family. For each calculation, Coolselector®2 has a ‘suggestion” which
remains highlighted in green based on your input in the product selection criteria
input. The selection table also includes some of the most relevant information for
the product.

5. In segment “5”, you will find the performance details and information about the
chosen product from the previous segment. This information updates as you choose
other products from the list. The next part of this exercise gives some more
information about this segment.



Coolselector®2 Exercises

d) You can click on the performance details and check the system diagram calculations,
system details and the performance of the selected product from the list in the
corresponding tabs.

System diagram and different points calculations:

Suction line (Dry expansion system. R404A. Burnout filter)
Selection: DCR 0967-DA  No code numbers selected

Selected  Type NS Kv([m~3h] DP[bar] DT_sat[K] Velodty,in [m/s] Acd capacity [o] Result
® DCROSE7DA 20 11,28 0,068 0,5 15,49 533
o] DCR 01447-DA | 20 12,94 0,051 0,4 15,49 79,9
e DCRO483-DA 25 1506 0,038 0,3 9,98 26,7
o] DCROSEIDA | 25 17,16 0,029 0,2 9,98 53,3
@] DCR O1449-DA | 25 17,17 0,029 0,2 9,49 799

m Performance details  Code number selection
System diagram m flow in evaporator:  385,7 kg/h

System details Temperature Pressure Density  Enthalpy Entropy

ocRoss7pa | Foint Desaiption [°cl [par] kom~3] [kal  [IkaK]
1 Compressor suction 7,0 3,642 17,76 364,7 1,642
2 Compressor discharge (estimated) 399 10,89 48,04 3965 167
2 Condensation dew point 00 10,89 56,3 3743 1,597
35 Condensation bubble point 195 10,89 1070 228 1,097
33 Condenser out 76 10,89 1079 225 1,087
3 Induding additional subcooling 17,6 10,89 1079 225 1,087
4 After expansion valve 154 3642 68,81 225 1,1
4 Evaporation bubble point -156 3,642 1208 1788 09214
1s  Evaporation dew paint 150 3642 18,57 3574 1,614
ia  Evaporator out 70 3642 17,76 3647 1,642

System calculation details:

Suction line (Dry expansion system. R404A. Burnout filter)
Selection: DCR 0967-DA Mo code numbers selected

Selected Type NS Kv[m~3h] DP[bar] DT sat[K] Velodty,in [mfs] Add capacity [g] Result
® DCROS67-DA 20 11,28 0,088 0,5 15,48 53,3
] DCRO1447DA | 20 12,54 0,051 0,4 15,48 79,9
e DCRO483-DA 25 1506 0,038 0,3 9,48 96,7 &
O DCR 0965-DA 25 17,16 0,029 0,2 9,48 53,3 &
O DCRO1499DA | 25 17,17 0,029 0,2 9,48 79,9

Performance curve  Performance details | Code number selection

System diagram  S¥ste! Line:
M Total pressure drop [barl .. ... ___ 0,068
System details capacity [ki] 5, Total saturation temperature drop (Kl . 0,5
5 . 7 3,6
&,7

e cooling capacity [kJ/kgl Max availsble pressure di [bar]
T EIEED Heaving cspacity [KW] -oooooooooooooioooo Line mass flow [kg/hl
Specific heating capacity [kJ/kgl
Compressor mass flow [kg/hl
Zvaporator mass flow [kg/hl
poration

vaporating temperature [5C) ... o..
vaporating dew point temperature [°Cl _....
vaporating bubble point temperature [°C]

Zvaporating pressure [bar]
Useful superheat [E]
Rdditionzal superheat [K]

Compressor discharge
Discharge temperature [°Cl _ .. _______________ = 33,3

Condensation
Condensing temperature ["Cl ... ... ... i ioooiauioaaannn
Condensing dew point temperature [°C]
Condensing bubble point temperature [°C]

Condensing pressure [barl
Subcooling [E]
Additional subcooling [K]

Additional
Max liquid line pressure drop (before flashing) [bar] = 0,581

15
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16

Product performance details:
Suction line (Dry expansion system. R4044., Burnout filter)
Selection: DCR 0967-DA No code numbers selected

Selected  Type NS Kv[m~3fh] DP[bar] DT _sat[K] Velodty,in[m/s] Addcapacty [g] Result
® iDCROZ67-DA | 20 11,28 0,068 0,5 15,49 53,3
] ..I.:;CR | 144?-DA . 20 12,94 0,051 0,4 15,49 79,9
o DCR. 25 1506 0,038 0,3 9,48 6,7
] DCRJ0969-DA 25 17,16 0,029 0,2 9,48 53,3
O DCH 01443-DA 25 17,17 0,029 0,2 9,48 79,9

Performancg curve | Performance details  Code number selection

System digaram Value Unit Inlet Qutlet Difference Additional:
Max. working pressure (DS/MWP) gauge [bax] = 48,00
System dletails Pressure bar 3,642 3,574 0,068 Maximum operating temperature [°C] _....... = 70,0
Temperature oC 7.0 7.2 0,2 Minimum operating temperature [°C] ........ = -40,0
Opening degree [%] ... ... ... ._....._.. ... = 100,00
DCR 0967-DA Bubble point temperature  °C -156  -16,1 0,5 CROKEE - o oo = False
Dew point temperature  °C -150 -15,5 0,5 Valve State ........ooooooooooo- = Open
Nominal size inlet [mm] ........ = 20,00
Density kafm~3 17,76 17,41 -0,3513 Nominal size inlet [imch] ...... = Q,7%
Inlet diameter [mm] .........._.. = 2Z,30
Enthialpy kIfkg 3647 3897 0 Nominel size outlet [mm] ....... = 20,00
Quality - 1,00 1,00 0,00 Nominal size outlet [inch]l _ .. __ = 0,75
Outlet diameter [mm] ....... ... ... oo . ... = 22,30
Velodity mjs 1549| 15,80 0,31 Available connections:

ANSI soldering ODF. Size: 778"

DIN-EN Butt weld. Size: 20 t=2,32 mm
Suggested connection:

DIN-EN Butt weld. Size: 20 t=2Z,3 mm

Notice, that the performance details are presented for any selected product and are not
limited to the suggested product. You can click on any of the products in the list and see
the calculations for the selected product.

e} To save the project, open File | Save Project... or click “Ctrl+S” on the keyboard. You will
then be asked for the name and the location of the file:

Savein: C52 Projects v @ ¥ = -
* Mame Date modified Type
Mo iterns match your search.,
Quick access
Desktop

Libraries
This PC
< >
Metwork
File name: Simple Selection.cspr A
Save as type: Coolselector? project (~.cspr) w Cancel

&

You can also use the “Save Project As...” option to save it with a different name or “Save
and Send...” option to save and send it to a customer or a colleague.
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f) You can add a new tab for your new selection by clicking the “+ New” tab at the top

beside the tab for “Burnout filter 1”. The components, we need for the liquid line, are two
pipes and an expansion valve from the AKV family, which is an electronic expansion valve.

17 Coolselector? - Untitled.csprj

File Options Tools About Report  Bill of Materials.

Burnout fiter 1+ New

VALVES AND LINE canmh

- A
< Control and requiating valves (‘ﬂ? Electronic expansion valves Fiters and strainers
L
COMPONENTS IN SERIES :
>} [
Solenoid valves Ta  Thermostatic expansion valves Fier driers
COMMERCIAL APPLICATIONS
g i E"g Check valves ‘ Manual expansion valves Burnout fters
INDUSTRIAL APPLICATIONS
I—I:I f L stpendshutoffvabes h Float expansion valves Sight glasses
COMPRESSORS AND CONDENSING UNITS
) valves
FLECTRONIC CONTROLS '
Il 2
' Safety relief valves Transcritical gas bypass valves Internal heat exchangers
SENSORS AND SWITCHES L

OO~

Water valves

211

A

The suggested results would be:

Pipe before the expansion valve:

7 Coolselector2 - SimpleSelection.csprj -
File Options Tools About Report  Bil of Materials [ Copy Selection £} Screen Dump
gumoutfiter 1 Piping1 X+ New B
System:  Dry « (<) Operating conditions: D
Capadty: Evaporation: Condensation: Additional:

Click on diagram to select ne:

Coolngcapacity: v 15,00 ki Dew point tempersture: v <150 ¢ Dew pont temperature: v om0 Discharge temperature: | 39,3 <
Selected line: Liquid fine
Mass fow i ne: 3,7koh  Useful superheat: 80K Subcooling: 20k
Heating capacity: 18,4100 additiondl superheat: 0K Additonalsubcooing: 0k
Selection criteria: ‘Additional selection criteria:
Pressure drop: Default bar Saturation temperature drop: Length: n f—
* Velocity: 0,20 mfs

Liquid ine (Dry expansion system. R404A. Py
Selection: Copper pipe DIN-EN 15

0,020 Kjm Angle: o < deg
A
/ Liquid ine

Selected  Type NS DP[bar] DT_sat[K] " [Kjm] Velodty,in [m/s] Velogty, out [mjs] Resut ~
Refrigerant: R404A
O DIN-EN 8 & 3573 13,8 3,52 13,84 Ay
. Al ¥

Connections: o DINENID | 10 0,483 17 1,88 198
Product famiies O DINEN 12 12 0,163 0,6 1,27 127
I =1 copper pipe DI EN ~ |@ DIN-EN 15 15 0,0% 0,2 0015 0,75 0,75 o |

(7 Copper bend 45 DINEN )

I Copper bend S0 DINEN O DINEN 16 16 0,032 0,1 0,011 0,65 0,65 o

L=t Copper reducer DINEN -

1 Copper expander DINEN Performance curve | Performance detals O

21 Copper pipe ANST

(7 Copper bend 45 ANSI

P Copper bend 90 ANST

[t Copper reducer ANSI

1] Copper expander ANSL

=1 Copper pipe ANST K55

[ Copper bend 45 ANSI K65
P Copper bend 50 ANSI KE5
=t Copper reducer ANST K65
=] Copper expander ANSIKGS
1 Copper pipe ANSI XHP 90
1 Copper pipe ANSI ¥-P 130
7 Copper bend 45 ANSL XHP
P Capper bend 90 ANST XHP
[t Copper reducer ANSIXHP
11 Copper expander ANSI XHP
1 Steel pipe DINEN

{7 Steel bend 45 DIN-EN

[ Steel bend 90 DIN-EN

=1 Steel reducer DIN-EN

Copper pipe DIN-EN 15

Liquid line (Dry expansion system. R404A. Piping)
0,070

0,060

0,050

0,040

0,030

Pressure difference [bar]

0,020

0,010

] Steel expander DIN-EN o 2 4 6 10 14 16 bt} 20
1 Steel pipe ANST Cooling capacity [kw]
> Shacl hand 45 ANST >

Cooling capacity: 15,000 ki Heating capacity: 18,413kW  Mass flow inline: 386,68kg/h  Pressure drop: 0,0456 bar B

Note, that Coolselector®2 keeps your operating conditions for the system based on your
previous selection.
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Electronic expansion valve:

Burnout filter 1 Piping 1 Electronic expansionvalve 1 X + New
System:  Dry v f(: ) Operating conditions:
Capadty: Evaporation: Condensation:
Coaling capacity: o 15,00 kw Dew point temperature: ~  -13,0 °C Dew paint temperature: ~ 20,0 =C
Selected line: Liquid line
Mass flow in line: 386,7kah Useful superheat: 8,0 K Subcooling: 2,0 K
ﬁ Heating capacity: 18,41 kw Additional superheat: 0K Additional subcooling: 0K

Selection criteria:

Load: 80 % h

Distributor pressure drop:

M Liquid line {Dry expansion system. R404A. Electronic nsion valve)
Selection: AKV 15-1 No code numbers select:
Liquid line
Selected  Type NS Max. capacity W] Min. capacitNkW] Load [%] DP [bar] Velocity, in [mfs] Result
Refrigerant: R404A v
(@] ARV 10-6 | 10 8,887 189 7,244 1,98 Ay
; Al
Connectons: T 0 AKY 10-7 | 12 12,62 18| 7,244 155 A
Product families 5 AKV 151 18 19,51 1,951 N\ 77 7,244 0,5 o [
ETS Colibri 0 TARV152 | 18] 31,14 3,114 48 7,244 056 o
iﬁ @] AKV 15-3 | 22 48,89 4,889 31 7,244 0,35
com -
ccMT Performance curve  Performance details Code number selection
Jav h
AKVH AKV 15-1
M Liquid line (Dry expansion system. R404A. Electronic expansion valve)
AKVA 140
120
AKV pulse width modulated expansion valve for small to
mid-size systems. Normally dosed type. 100
£
= 80
g
=
2 50
o
40
20
1]
) S 10 15 20 25

Cooling capacity [kW]

Pipe after expansion valve:

(<) Operating conditions:

System: [ Dry
Capacity: Evaporation: Condensation: Additional:
Click on diagram to select ine: Cooling capacity: ~ 15,00 kW Dew paint temperature: +  -15,0 5C Dew point temperature: v 20,0 5C Discharge temperature: 39,8 °C
Selected line: Liquid line
Mass flow in line: 386,7kgh Useful superheat: 80 K Subcooling: 20K
Heating capacity: 18,41kW Additional superheat: 0K Additional subcooiing: 0K
Selection aiteria: Additional selection criteria:
Pressure drop: Default bar Saturation temperature drop Length: 1,00 m ‘_
® Velocity: 15,00 m/t 0,020 K/fm Angle: 0 + deg
Liquid i (Bry expansion system, RA04A, Pipi el
Selection: Copper pipe DIN-EN 6. Flashing in lig
Selected  Type NS DP[bar] DT sat[K] DP [K/ml docity, in [m/s]  Velocity, out [m/s] Result ~
Refrigerant: R404A ~ 2
e T 55 nam o~ ERTIAN |
: All
Connections: I} DINEN 8 8 0,199 0,7 0,67 3,52 35
Product famiies le) DINEN 10 0 008 0,2 0,163 198 198
| &2 copper pipe DIN-EN h ~ 0 DINEN 12 12 0016 0,1 0,055 127 127
¢ Copper bend 45 DIN-EN
[T Copper bend 50 DINEN le) DIN-EN 15 15 0,005 00 0,015 0,75 075 .

[t Copper reducer DIN-EN

=1 Copper expander DINEN Performance curve | Performance details ©)
21 Copper pipe ANST )
(7 Copper bend 45 ANST

[ Copper bend 50 ANST

=t Copper reducer ANST

1] Copper expander ANS

1 Copper pipe ANSI K55

{7 Conper bend 45 ANST K65
[ Copper bend 50 ANSLKSS
[=t Copper reducer ANSI K55
%=1 Copper expander ANSI K85
1 Copper pipe ANSI XHP 90
21 Copper pipe ANSIXHP 130
([ Copper bend 45 ANSI XHP
[P Copper bend 50 ANSI XHP
[=t Copper reducer ANSI XHP
=21 Copper expander ANSL XHP
1 Steel pipe DINEN 05
({* Steel bend 45 DIN-EN

[P Steel bend 90 DINEN

Copper DIN-EN 6
Flashing in liquid line
Liquid line (Dry expansion system. R404A. Piping)

Pressure differance [bar]

[t steel reducer DINEN 0,0
] Steel expander DIN-EN L] 2 4 & 8 10 12 14 18 18 20
21 Stee! pipe ANST Cooling capacity [kw]

7> Ghasl hand 48 AueT
Cooling capadity: 15,000kW  Heating capacity: 18,413kW  Mass flow inline: 386,68 kg/h  Pressure drop: 1,5032 bar B
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g) As can be seen, the selected pipe to be placed after the expansion valve has a warning
“Flashing in liquid line”, which is due to flashing before the expansion valve.
Coolselector®2 always calculates the outlet conditions based on the inlet conditions.
Hence, by selecting a single component, which is going to be placed after other products,
in a line, the effect of the previous components in the line would be neglected. This effect
exists in every line; however, it is much more tangible in the liquid line since there is a
phase change after the expansion valve.

Comparing the product calculation results with the results from the system diagram
calculations, you can see that the inlet condition for all products is the condenser outlet
and the fact that the pipes cannot meet the outlet conditions required by the evaporator.
To overcome this, the inlet of each component should be the outlet of the previous
component. This is possible by using the components in series functionality, which we will
discuss in the next exercise.

Notice that the subcooling reference is the bubble-point temperature.
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Exercise 3.3 Selecting components in series
Using information in System Properties 1 and Cycle Diagram 1:

a)

Load the project you saved before selection of components in the liquid line in the
previous exercise. (If you saved it after that, simply close the tabs for the liquid line
components)

Create a new tab and repeat the selection process for all the components in the liquid
line, using the option “Components in Series”.

What is the difference between the two selection methods? Does the inlet and outlet
calculation results for each component match what was expected for the cycle diagram?

Can you change the selected component to improve the design? What is the share of each
component in the pressure drop of the line? What is the minimum and maximum capacity
which can be gained in this system using the selected expansion valve?

Save your project for the next exercises.
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Solution 3.3 Selecting components in series

a) You can load the previously saved project from the menu File | Open Project... or by
clicking “Ctrl+O” on the keyboard.

Look in: C52 Projects v G2 ~
* Mame Date modified Type
SimpleSelection.cspry 07-08-2018 13:06 Danfoss C
Quick access
Desktop
|
Libraries
This PC
= ¢ 5
Metwark
File name: SimpleSelection capr hd Cpen
Files of type: Coolselector? project {* cspr) v Cancel
E:

b} Create a new tab and select the option “Components in Series” and then the liquid line in
a dry system:

File Options Tools About Report  Bill of Materials
Bunoutfiter 1 + New
VALVES AND LINE COMPONENTS Recent Projects
<t Connect and calculate valves and line components. SimpleSelection
07082018
COMPONENTS IN SERIES Select system and line:
Dry — Pump Hot gas defrost, pump
> Liquid line
COMVERCIAL APPLICATIONS
INDUSTRIAL APPLICATIONS
COMPRESSORS AND CONDENSING UNITS
O Transcritical
ELECTRONIC CONTROLS
SENSORS AND SWITCHES
GloRaNe
Coolselector®2
Version 2.3.1 | Database 33.33.1.13.3.14
Chedking for new version,

Now, you need to add the components to the line. To do so, first, you need to select the
functionality you would like to add to the line, and then double click on the family or drag
the family and drop it in the location that you need it.
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Add a copper pipe with DIN-EN connection to the line and set its length to one meter:

pleselecti orl -0 x

File Options Tools About Report Bill of Materials

Bumnoutfiter 1 Linel X + New .

£ Coolselector2

[[] Copy Selection I} Screen Dump.

Operating contions:

Dry - Liquid line

Capacity: Evaporation: Condensation: Additional:
Refrigerant: RA04A v

Cooling capacity: v 1500 KW Dew point temperature: ~  -15,0 *C Dew point temperature ~ 2,0 ¢ Discharge tempera
Connections: Al ¥

Mass fon inine: 36,7kgh  Useful superheat: 80K  Subcoong: 20k
Frodhucts Heating capacity: 18,41kw additional superheat: 0K Additional subcooling: 0K

H
(x4 % D] % @ Condenser Evaporator 2

Control and Solenoid  Check valves  Stop and Electronic  Thermostatic
reguiatin...  valves expansl.. expansion...

ERREE

H Copper pipe
plg =0 M =
DP distribution: T Total
Manual  Distributer ConstantDP e Float  Fitersand  Filter criers
expansi. expansi strainers Length [m]: 00 g
Angle [deg]: o
ICF DP [bar]: 0,04 0,0%
—
> DT_sat [K]: 0,2 0,2
Sight glasses  Piping ICF valve Velocity, in [m/s]:
station
< 5 | Valve state: -
Connection: oK
Product families onnection
1 1 Copper pipe DINEN A—— ||| R v v
([ Copper bend 45 DIN-EN
[T Copper bend 30 DIN-EN
ot Copper reducer DIN-EN Performance curve | Performance detals
=] Copper expander DIN-EN .
1 Copper pipe ANST L Line 1
£ Copper bend 45 ANST Liquid line (Dry expansion system. R404A)
[P Copper bend 90 ANST 0,070
E=t Copper reducer ANST 5 0,060
=] Copper expander ANSL %
=1 Copper pipe ANSI K65 g 0,050
£ Copper bend 45 ANSI KE5 2 040
I Copper bend 30 ANSI K65 £
=t Copper reducer ANSIKES 3 0,030
¥=] Copper expander ANSI K65 5 0,020
=1 Copper pipe ANST X+ 90 HI
=1 Copper pipe ANSI X7 130 & 0,010
([ Copper bend 45 ANSL XHP
[P Copper bend 50 ANSI XHP 5 B A B o - % e e 2
=t Copper reducer ANSIXHP Cooling capacity [kw]
=1 Copper expander ANSIXHP -
Cooling capacity: 15,000 kW  Heating capacity: 18,413kW  Mass flowin line: 386,68kg/h  Pressure drop: 0,0456 bar B
¥ Coolselector2 - SimpleSelection.csprj -0 %

File Options Tools About Report  Bill of Materials

Linel X 4 New -

I] Copy Selection [} Screen Dump.
Burnout filter 1

Operating conditions:

Dry - Liquid line

Capadity: Evaporation: Condensation: Additional:
Refrigerant: RA04A - ] :
Cooing capacity: v 15,00 ki Dew point temperature: ~ -15,0 € Dewpoint temperature: v 20,0 °C Discharge tempera
Connections: Al i
Mass flow infine: 36,7kgh  Useful superheat: 80 K Subeooling 20K
Products
rocue \ Heating capacity: 18,41kW Addiional superheat: 0k Additional subcooling: 0k
A % D= % %] @ e Evaporator -
Controland  Sokenoid  Checkvalves Stopand  Bectronic  Thermostatic
regulatin.. valves shuto expansi... expansion E_ E
H Copoer pipe Capper ARV 151
DIN-EN 15 expander
o =) e (O X =
Msrus  Dstbuter ComstantDP  Fost  Fitersand  Fitercriers | O L% 0% 9% Total
expansi... expansi..  strainer: Length [m]: 10,00 - -
Angle [deg]: 0 - ]
Number: - 1 -
[ = &
> Max. capacity [kW: - - 18,44 [
Sightglasses  Piping ICF valve Min. capacity [kW]: - - 1,944
station Load [%]: - -
<
DP [bar]: 0,04 0,000 7,198 7,24
Product faml
roduct families DT_sat [K]: 02 0,0 350 35,2
ETS Colibri
Velocity, i 3 0,75 0,75 0,5
s elocity, in [m/s]
s Valve state: - - Open
[ele] [Connection: OK oK or]
;’ : ccMT Reoulls ) v 7 7
BB e -+
Ff—‘ . AKWH
- ‘:WMA Performance curve | Performance detalls | Code number selection
Line 1
Liquid line (Dry expansion system. R404A)
AKV puise nidth moduiated expansion valve for smal to mid-size systems.
Normaly dosed type. F 120 /
£ 80 )
g
2
Z
g
3

" ’///
[
0 s 1 20 25

0 15
Coaling capacity [kw]

Cooling capacity: 15,000kW  Heating capacity: 18,413KW  Mass flowinline: 385,68 kajh  Capacity: 77,1%  Status: Partly open

=)

Notice that Coolselector®2 automatically added a “Copper expander DIN-EN 15 x 18”
between the two components. The software recognizes the material of the piping as well
as the connection sizes and standard between two components. When two connections
do not match, it adds the required expander/reducer between the two componets for
common cases, or informs you in the row shown by the blue triangle and you can fix the
connection problem manually by adding an expander/reducer from the proper family in
the piping function.
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Now add the pipe after the expansion valve:

77 Coolselector2 - SimpleSelection.csprj

File Options Tools About Report  Bill of Materials

Burnoutfiter 1 Line1l X + MNew

Dry - Liquid line

@

Cperating conditions:

- o x
[0 Copy Selection L] Sereen Dump,

Capadity: Evaparation: Condensation: Additional:
Refrigerant: 4044 ~
Cooing capacity: v 15,00 kw Dew point temperature: v -15,0 °C Dew point temperature: v w0 Discharge tempera
Connections: Al ¥
Mass flow in lne: 386,7kg/h Useful superheat: 80K Subcooling: 20k
Frodhucts Heating capacity: 18,41k Additional superheat: 0k ‘Additional subcooling: 0k
H
= Dil = % Condenser x x x x %||  Evoporator A
Controland  Solenoid Checkvalves Stopand  Electronic  Thermostatic
requlatin..,  valves expans... expansion.. E‘ ‘E
H Copper pipe Copper AKV 151 | Copper reducer || Copper pipe
DINEN 15 expander DINEN 18 12 || DINEN 12
—) &P ] X e
Merusl  Dswhbuter ConstsntDP  Flost  Fhersand  Fiherchiers | O L o [ o= [Esserdll 1% J1 3% o=l
expansi... expansi..  strainers Length [m]: 10,00 - - Lnnh
Angle [deg]: 0 E 0
Number: 1 1 -
@ =l <&
> Max. capacity [kw]: E 19,04
sight glasses  Piping ICF valve Min. capacity [kW]: 1,904
. statn | Losd[%E:
DP [barl: 0,046 0,000 6,900 0,043 0,250 7,244
;mdm familes DT_sat [K]: 02 0,0 08 0,4 19 35,2
21 Copper pipe DIN-EN < ~
£ Copper :::d 45 DINEN Velocity, in [m/s]: 075 0,75 0,5 6,84
I Copper bend 30 DIN-EN Valve state: Open - -
E Copper ’E"“ﬁd' DINEN Connection: oK oK oK oK oK
Copper expander DIN-EN
11 Copper pipe ANSI Z=r = v v v v v v
£ Copper bend 45 ANST
I Copper bend 50 ANSI =
£t Copper reducer ANST Performance crve | Performance details | Code number selection @
2] Copper expander ANSI
=1 Copper pipe ANSI K65 System diagram Mass flow in evaporator:  386,7ka/h
{{* Copper bend 45 ANSI K65 q
I[P Copper bend 90 ANSI K65 System details Temperatre Pressure Density Enthalpy Entropy A {

=t Copper reducer ANSTKS5 . [ ]
Point Desaription ar] i +

1 Copper expander ANSLK5S P ——— o Il bal  Goin~3 boksl  (0fkak))

1 Copper pipe ANSI XHP 90 1 Compressor suction 70 3E42 17,76 3647 1,642

[E1 Copper pipe ANSI ¥HP 130 Copper expander DINEN 15x 18 5 Compressor discharge (estimated) 39,9 10,89 49,04 39,5 1,67

([ Copper bend 45 ANSI XHP . .

IR Copper bend 80 ANSI XHP e 2 Condensation dew point 00 105 %38 3743 1,597

=1 Copper reducer ANST XHP 3 Condensation bubble point 19,6 10,89 1070 28 1,097

#=1 Copper expander ANSI XHP v 3 Condenser out 17,6 10,89 1079 25 1,087 ¥
<| >

As can be seen, there are no warnings in the selected pipe anymore, since the expansion is
now happening in the expansion valve. It is also interesting to notice, that the load for the
AKV valve is increased. This is due to the fact that the added pipes after the valve increase
the pressure drop and hence the opening load of the valve will also increase. Additionally,
as can be seen, the target criteria for the pipe suggestion after the expansion valve are
clearly different to the one before the expansion valve.

Proper selection of AKV valves requires extra care, which we will discuss later in detail in
Error! Reference source not found.. Please be sure to check that before selecting an AKV v

alve.

Here Coolselector®2 calculates components one after another. Furthermore, you can see

the collective effect on the performance curve for the components in the liquid line and
the need for an expander/reducer if you want to select the suggested components. The
detailed calculation of each component with the right inlet condition as shown by

numbers 1-5 on the snippet can also be extracted.

Code

100

Line 1
Liquid line (Dry expansion system. R404A)

80

Capacity [%)

40

20

Couling capacity [kw]

Cooling capacity: 15,000 kW Heating capaditys 18,412 kW Mass fiow inline: 386,66 kgh  Capacity: 89,5%  Status: Partly open
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Performance curve  Performance details  Code number selection

System diagram Mass flow in evaporator:  386,7 ka/h

:

System details Tempersture Pressure Density  Enthalpy  Entropy A ) (2)
D Copper ppe DINEN 15 Paint  Description [R] [bar] ka/m~3] Kk  [Dfka )] :: :_
1 Compressor suction 70 6% 776 B4T 1642 T I
e“”” expander DINEN 15X 18 | 3 Compressor discharge (estimated) /8 10,89 49,04 36,5 167 T ;i\ ) T
L] (@) ©)
9 @ 25 Condensation dew point 0,0 10,69 56,38 3743 1,597 = G
3 Condensation bubble point 86 08 107 22 1,007 T 7 7
ac“PpE’ reducer DINEN 812 5, condencer out 76 08 107 225 1,087
a Copper pipe DIN-EN 12 3 Induding additional subcooling 176 10,89 1073 225 1,087 @
4 After expansion valve -15,4 3,642 68,81 225 11 R

3 /_7 (‘2 |
4 Evaporation bubble point 156 3,642 1208 1785 09214 3s 28
15 Evaporation dew point G150 3642 18,57 3574 1,614
12 Evaporator out 70 36R 1775 3647 1,692
1s,
- ®
( [ (1 /

Note, that if you need to replace components in the line, you can do so by simply dragging
the component to the preferred position and dropping it there.

The suggestions for components in series calculation use the default selection targets and
values in Coolselector®2. However, if you want to select another component from the
same family, you can do so by clicking on the icon of the component in the line and
choosing the preferred one in the pop-up menu. In this case, as a good design practice, it
is better to avoid having a reducer after the expansion valve. To avoid having this, you can
simply remove the reducer using the close sign on the top right-hand side of the reducer
and select the size of the pipe which fits the expansion valve outlet:

o
Selected Type NS DP[bar] DT_sat[(K] D [Kfm] Velocity,in [mfs] Velocity, out[m/s] Result
E [E] I% O DIN-EN & 8 2714 6,7 16,677 19,72 5521
Copper pipe Copper Ak 1s-1 | G redufer| Copper pipe o] DINEN 10 0 0,704 50 504 23,26 305 &
DIN-EN 15 D[&'ﬂ:i - DIN-EN 15(12| DIM-EN12 5 BTN N ag) o) T om| o
DP distributi % [ 0% ][ 9% (B STY | Total O DIN-EN 15 15 0,075 06 0,59 11,39 1,76
Length [m]: 10,00 - 1,00 e o) DIN-EN 16 16 0,083 04 0,406 9,91 10,14
Angle [deg]: o - 0 — © & DIN-EN 18 8 0,0 02 022 7,67 77
Mumber: . 5 O DIN-EN 22 2 001 01 0081 435 497
Max. capacity [kW]: N - 19,04} O DINEN 28 28 0,004 0,0 0,029 3,17 3,18
Min. capacity [KW]: . - 1,904 o) DIN-EN 35 35/ 0,001 00 0010 194 194 &
Load [%}: - - P o) DIN-EN 42 42 0,001 00 0,004 13 131
DP [bar]: 0,046 0,000 5,900 044 0,250 7244 O DIN-EN 54 54 0,000 0,0 0001 0,79 0,80
DT_sat [K]: 0,2 0,0 32,8 o, 19 52 O DIN-EN 64 64 0,000 00 0001 0,55 055
Velocity, in [m/s]: 0,75 0,75 0,58 3 17,88 o] DINENT7S 75,1 0,000 0.0 0,000 0,38 L
Valve state: N - Cpen| O DINENSBY | 88,9 0,000 0,0 0,000 0,28 0,28
fe—— oK oK o oK o) DINEN 108 108 0,000 00 0000 0,19 0,19

=12 v v v v v v

Cancel

You can see the share of each component on the pressure drop on top of the calculation
details. As you can see, the connections fit and, furthermore, the pressure drop after the
expansion valve is reduced significantly and is happening properly in the AKV valve. You

can also see the relevant calculation details such as min. and max. capacity in the details:

Condenser Evaporator
| =l s B
Copper pipe Copper AKV 15-1 Copper pipe
DIN-EM 15 expander DIN-EN 18
DIN-EN 15 x 18
DP distribution: | 1% [ 0% [ 99% [ 0% 1| Total
Length [m]: 10,00 - - 1,00
Angle [deg]: 0 - -K 0
Humber: - 1
Max. capacity [kW]: - - 19,40
Min. capacity [kW]: - - 1,940
Load [%0]: - - 77 -
DP [bark: 0,046 0,000 7,169 7,244
DT_sat [K]: 0,2 0,0 34,8 0,2 35,2
Velocity, in [m/s]: 0,75 0,75 0,56 7,67
Valve state: - - Open
Connection: I oK. oK oK oK.
Result: v v v v v
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Exercise 3.4 Understanding superheat and selecting a compressor
Using System Properties 1 and Cycle Diagram 1:

a) Select a compressor for the system using the following requirements. Which compressor
does Coolselector®2 suggest as the best choice for this cycle?

Application: Refrigeration
Power supply: 50 Hz
Refrigerant: R404A

All compressor types
Fixed speed

ukhwnN e

b} Can you explain the importance of superheat and the difference between useful and
additional superheat?

¢} Now, set the additional superheat to 5 K. Does it change the suggested compressor? Can
you explain why it is important to provide the additional superheat correctly? Change the
superheat back to the previous value.

d) What is the COP of the suggested compressor at the working conditions? Save the project
for the next exercise.
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Solution 3.4 Understanding superheat and selecting a compressor

a) Create a new tab and choose the option compressors and condensing units. Then select

“Compressors”:
£ Coolselector2 - SimpleSelection.csprj

File Options Tools About Report  Bill of Materials
Burnout filter 1 line1 |+ New .‘___

WVALVES AMD LINE COMPONENTS

<} M' S
~

COMPONMENTS IM SERIES

“ Condensing units

COMMERCIAL APPLICATIONS

9

INDUSTRIAL APPLICATIONS

[

COMPRESS0RS AND CONDENSING UNITS
ELECTRONIC CONTROLS

888

SENSORS AND SWITCHES

ClOhas

Check that the operating conditions are as mentioned in System Properties 1:
Operating conditions:

Required capacity: Ewaporation: Condensation:
Cooling capadity: w1500 kw Dew point temperature: w =150 =C Dew point temperature: W 20,0 =C
Show all models Useful superheat: 8,0 K Subcooling: 2,0 K
® ) Show: 11 3 models
e Additional superheat: 0K Additional subcooling: 0K
Rating conditions: —1.
-A,0 =C Total subcooling: 2,0K
Custom ¥ Liquid temperature: 17,6 °C

Set the application criteria as they were specified in the exercise:
Application:
+' | Refrigeration Heating

v | Low temperature, LT

+' | Medium temperature, MT

| air conditioning

Refrigerant:

R404A -
Power supply:

* S0Hz 60 Hz Dc

all ¥

*: for dual frequency voltage

Compressor types:

[l Reciprocating W Scroll
+/ | Fixed speed + | Fixed speed
| I Variable spead | | variable speed
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Coolselector®2 suggests the MLZ058T4:

‘Selection: MLZ058T4, RA04A

Selected  Model Techndiogy Configuration Refrigerant Capacity control Speed [rpn] Cooling (kW] Heating (kW] COP cooling [W/W]  COP heating [W/W] Power W] Current [4] Frequency [Hz] Power supply Mass flow [kg/h]  Match
MLZO48T2A scrol Single RA04A Fixed speed 2000 12,70 15,67 4,27 5,27 2,074 12,26 50 200 - 220V 3ph

Mz048Ta serol Snge|  R#04A  Fixedspeed 2000 12,77 15,66 2,92 5,2 2,888 7,468 50| 380 - 400V (415 V) 3ph=
MZ04T4 Serol Snge R4 Fixedspeed 2000 12,77 15,66 4,42 542 2,888 7,468 S0 380- 400V (415V) 3ph* 20,3 IR |
MLZ04T4A Serol Snge|  R404A  Fixedspeed 2500 12,77 15,66 4,42 54 2,888 7,468 50| 380 - 400V (415V) 3ph* 29,3 R |
MLZO4ST4A Scrol Snge|  R404  Foedspeed 2300 12,77 15,56 4,42 54 2,888 7,468 50| 360- 400V (415V) 3ph* 32,3 EEEA |
MLZ055T4 Saol Snge Re04h  Fiedspeed 2500 15,05 5,57 E¥T) 529 EX 8,595 S0 380400V (415V) 3ph*. 37,3
MLZ0S8T4A Scroll Single R404A Fixed speed. 2900 15,03 18,57 4,24, 5,24 3,541 8,595 S0 380-400V(415V) 3ph™ 387,3
MLZ0SST4A Seroll Single R404A Fixed speed. 2900 15,03 18,57 4,29, 5,24 3,541 8,505 50 380 - 400V (415V) 2ph= 87,3

oo@coooo

Performance Envelope | Performance detsis | Information

Evaporating temperature step: 5,0 K Condensing temperature step: 50 K (®) Graph Table

(Cooling capacity [kw] MLZ058T4, R404A - Cooling capacity [kW]
Power consumption (kW]

Heating capacity k] Condensing
30 temperatures

Current [4] — 100°C
15,0 °C

W — 200°C

coP (W) s
30,0 °C
35,0 °C
40,0 °C
45,0 °C
50,0 °C
55,0°C
60,0 °C

Mass fiow [ka/h]

Cooling capacity [ki]

-10 -5 o s 10 15
Evaporating temperature [°C]

The suggested compressor can achieve the requirement for this cycle and match the
demand. You can check the match in the last column in the selection segment. To show
the relevant details for this exercise, the columns shown for the selection segment are
different from the default ones. If you want to know how you can change this, check out
Exercise 1.1.

Some superheat is required for the refrigerant at the compressor inlet to ensure
avoidance of liquid droplets in the compressor.

The useful superheat is the superheat inside the evaporator, which contributes to the
cooling capacity. However, a very high useful superheat decreases the evaporator
efficiency as well as the density at the evaporator outlet which results in higher
compressor consumption. This value is set to 8 K by default in Coolselector®2.

Additional superheat happens after the evaporator in the suction line. A longer length of
the suction line would result in a higher additional superheat. This is set to zero by default,
as it is highly affected by the length and size of the suction line, which is not provided in
Coolselector®2. However, you should try to provide an accurate value or estimation for a
good selection.

If you change the additional superheat to 5 K, the suggested compressor will change to
MLZ058T2, which allows a slightly higher volumetric flow rate to support the given cooling
capacity.

The reason is that increasing the useful superheat would result in a decrease of density
after the suction line at the compressor inlet. The mass flow rate required for the cooling
capacity would be the same (you can check that in the performance details tab), but a
lower density means a higher volumetric flow rate, which results in demand for a slightly
larger compressor. Another important aspect regarding additional superheat is the
discharge temperature, which can be affected significantly, and which would affect
selection of components in the discharge line, as well as compressors or condensing units.

Hence providing additional superheat correctly is important for proper selection and
suggestion.
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30

d) You can check the details of the compressors in the list in the performance tab in the
product performance and information segment. To check the COP at the working
conditions, choose the performance tab, then select the COP. Now you can check the COP

for the compressor on working conditions:
[Performonc] enveope  performance detis | nformaton

Evaperatng 50k G SOk @Gah  (Tae
Dk ey $1) MLZ058T4, R404A - COP [W/W]
.
Sower conmrmoton Il
Heatng capsoty (kW] Condensing
3 , temperatures
unent il s
cop (wjw)
€ Z =
sass fow (o] 1
5 /
il
5
3
0
30 25 20 s

-10
Evaporating temperature [*C]

You can also check the COP at the exact working condition in the selection segment:

Selected Model Technology Configuration  Reffigerant  Capacity control  Speed [rpm]  Cooling [W]  COP cocling [W/VW]  Heating (] COP heating [WAW]  Power W] Current [A]  Frequency [Hz] - Power supply Mass fiow ka/h] - Match
o MLZ045TSA scroll snge|  Ravar|  Fixedspeed 2300 12,77 442 15,66 542 2,888 7,465 50 380-400V (415V) 3ph* 3295 A
(o] MLZO48T4A Scroll Single. RA04A. Fixed speed 2500 12,77 4,42 15,66 5,42 2,888 7,468 50| 380 - 400V (415V) 3ph™ 328,3 m]
@® MLZ058T4 Scrol Snde  R404A  Fixedspeed 2300 P Y| 18,57 5,24 3,541 8,595 50 380400V (415V) 3 ph™ 37,3

(@) MLZOS8T4A scroll single R404A. Fixed speed 2900 15,03 4,24 18,57 524 3,541 8,595 S0 380 -400V(415V) 3ph™ 387,3

o MLZ0s5TSA Scroll Snge  R404A  Fixedspeed 2300 15,03 * 424 1,57 5,24 3,541 5,55 50 380-400V (415V) 3ph* 37,3
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Exercise 3.5 Selecting electronic controllers
Now, we would like to add a controller to our system. Our system, Cycle Diagram 1, is a single
compressor system with an AKV expansion valve.

a) Select a case controller with the following requirements:

1. Expansion Valve Type: EEV AKV
2. Number of Compressors: Single compressor
3. Communication: MOD bus

Which controller(s) does Coolselector®2 suggest?

b) If we would like to have a system with “Dual case sections” as a future update, which
controller(s) can you select?
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Solution 3.5 Selecting electronic controllers
a) Create a new tab and choose the option “Electronic controls”. Then select “Case
controllers”:

£7 Coolselector2 - SimpleSelection.csprj

File Opticns Tools About Report  Bill of Materials

+ New

Burnout filter 1 Line 1 Compressors 1

VALVES AND LINE COMPONENTS

<t

COMPONENTS IN SERIES

>t

COMMERCIAL APPLICATIONS

9

INDUSTRIAL APPLICATIONS

[

COMPRESSORS AND CONDENSING UNITS

O

ELECTRONIC CONTROLS

SENSORS AND SWITCHES

Cl0R e

Case controllers

If you apply the requirements in the selection criteria segment, Coolselector®2 will
suggest the controllers that can satisfy the requirements:

22 Coolselector? - SimpleSelection.cspr)

ppT— [ r—

Bumout fiter 1 Compressors 1 Case controller 1 X+ ew
Ny s g
AK-CC 5508,

Application(s):
Expansion Valve Type:

ne 1
Teoondal T Colapse A1

Oresetar

Expanon Vave Type

v o
SN fmm—

8V stepoer

EEV 010V AK-CC 550
Application(s):
Expansion Valve Type:

AK-CC 550A

Apphcation(s):
Expansion Valve Type:

123
=y

1235
EEv Ay

Refgeraton System 123
ey v

Nurmber of Compressers

01

o compresser conral

B e e —

2 compreasors

(4] &

F Slectrical defrost, Fanc.
conte

00 bus: Card
omiral
External Dsplay.

Communication:
Hounting:
Extemal Display:

MOD bus: Card
o Rat
Extemal Dusiay

MO bus: Card
omRal

Communication:
Mounting:

Communication:

Conrol Festures Mounting:

Digtal Trpuss

Temperature Seasor Support: 12000, FTC 1000 Temperature Sensor Support: 21060, PTC 1000 Temperature Sensor Support: P11000, PTC 1000

Communcaton
——
Lonbus

o

Mountng

Software Functonsity

b) You can add the “Dual case sections” requirement in the “Refrigeration System” section:

Burnout filter 1 Line 1 Compressors 1 Case controller 1 X +  New
= Expand Al 2 Colapse Al .
"3
(5 Resetal "

A Expansion Valve Type

™ (4]
® EEV ARV
EEV stepper
EEV 0-10V AK-CC 550B
~ Refrigeration System Application(s): 1,2,3,5
Expansion Valve Ty EEV AKV
single evaporator (4] e . vpe:
Refrigeration System: Dual case sections
COZ systems Number of Compressors: single: compressors
Up to 4 evaparators Control Features: Blectrical defrost, Fan ¢
® Dual case sections e e— Digital Inputs: Retransmission of cantz
< icati MOD bus: Card
A Number of Compressors .
HMounting: DINRail
No compressor control 4] External Display: Extemal Display
Software Functionality: Modulating temperature

® Singie compressors
2 compressors

* Control Features
 Digital Inputs
# Communication

® MOD bus
LON bus
i

~ Mounting

32
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Exercise 3.6 Creating a report, bill of materials and code numbers

Now, after going through the selections and calculation phase, we will create a report and get
the bill of materials for our selections. For this exercise, load the project including burnout filter
selection, the components in series selections for the liquid line, the compressor and the
controller, then:

a) Check the report for your selections:

1. Then try adding your name to Coolselector®2, so it appears automatically on the
reports. Add a project name to the report.
2. Add component performance details for the burnout filter and the cooling capacity

curves for the compressor to your report.
3. Try exporting the report as a PDF file.

b} Select the code numbers for different components on each tab and then:

1. Check the bill of materials for your selections.
2. Include piping in your bill of materials.
3. Export your bill of materials as an Excel file.
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Solution 3.6 Creating a report, bill of materials and code numbers
a) Check the report by clicking on the “Report” in the menu bar of Coolselector®2. This
opens the report section. The segment for the project information will be blank if you did
not enter this information before:

£¥ Coolselector2 - SimpleSelection.csprj

File Options Tools About = Selections Bill of Materials

1S print i ror Expart - H 4 r W ® w00% v @ Pagelof7
' update N
Project information:
Project name Coolselector2
Comrs Project information
Project name:
Created by: Comments:
Created by:
A Coolselector2 version:  2.3.2. Database: 34.34.1.13.3.15
celect Al fora— Printed: 8. august 2018
P used: Al
[] Deselect &l E= Colopse Al
| Line 1
/| Compressors 1 Operating conditions
V] Case contraller 1 Refrigerant: RADIA Caoling capacity- 1500 KW
Mass flow in line: 386.7 kgh Heating capacity: 1841 kW
Evaporating dew point temperature 150 °C Condensing dew point temperature 200 °C
Evaporating pres sure 3,642 bar Condensing pressure 10,89 bar
Evaporating mean temperature: 152 °C Subcooling: 20 K
Useful superheat: 80 K Additional subcooling: 0K
Additional superheat: 0K
Discharge tem perature: 339 °C
System and line:  Dry expansion system. Suction line
Selection criteria:  Velocity: 12,00 m/s
S
o~
J 1
1 Il
Selection: DCR 0489-DA
v

1. To add your name to Coolselector®2, open “Options | User, Language and Country

” and then add your name and click “OK”

Coolselector2 - SimpleSelection.csr"

File Options THH Al Selections
Preferences »
Units >
User, Language and Country...
Proje Style...
Projectam
Comments:
Created by:
Items to indude in report:
Select Al F=Expand Al
] Deselect Al Bz Collapse All
& Burnout filter 1
@

Compressors 1

v
V| et
v

| Case controler 1

34

Bill of Materials

1 print £ por Exprt v M 4 b MW ® 100% v @ Pagelof7?
~
Coolselector2 M
Default name used in reports:
Name: | |
Languoge and Country:
Changing language wil requre a restart of Coolselector2...
Language: Englsh (United States) v o
o o > | I
Show al products regardless of selected country
Enable selection of non-standard products: 15.00 KW
User name: 18,41 KW
N emperature: 200 °C
1089 bar
Non-standard products wil be shown in brackets
20 K
0K
Cancel
Dry expansion system. Suction line
Selection criteria:  Velocity: 12,00 m/s
J 1
1 ]
Selection: DCR 0489-DA
v
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Now, your name should be on the report preview section. You can also add a
project name. After that, click on “Update” to update the report preview:

¥ Coolselector2 - SimpleSelection.cspri a x

File Options Tools About —Selections Bill of Materials

S print X eoF Export v K 4 bW & wo% v @ Pageiof7

+/ Update “llf—

Project information:
Projectname: Coolselector2

Simple Selection 4—

Comments: Project information
Project name: Simple Selection
E=Ep Comments:
[perfess ] Created by:
tems tondudein eperts Coolselector2 version 232 Database: 34.34.1.13.3.15
celectal [T— Printed 8. august 2018
Preferences used: Al
[ Deselect Al = Collapse Al
V| Line 1
| Compressors 1 0
-] Case controller 1 Refrigerant: RADIA Cooling capacity: 15,00 KW
Mass flow in line 3867 kgh Heating capacity 18.41 kW
Evaporating dew point temperature: 15,0 °C Condensing dew point temperature: 200 °C
Evaporating pressure: 3.642 bar Condensing pressure: 10.89 bar
Evaporating mean te mperature: 182 °C Subcooling: 20 K
Useful superheat: 80 K Additional subcooling: 0K
Additional superheat: 0K
Discharge temperature: 39.9 °C
System and line:  Dry expansion system. Suction line

Selection criteria: ~ Velocity: 12,00 m/s

O

DCR 0489-DA

2. You can add/remove included information in the report. To do so, click on the “+”
sign beside each list to see the available options, or click on the “Collapse all
button”. Add the required fields requested by the exercise and click update and
check the result. Note that each list belongs to one tab on your “Selections” section:

Coolselector2 - SimpleSelection.cspr -0x

File Options Tools About Selections L8 Bill of Materials

B Print I roF Bpot v W 4 b W @ 100% v & Pagesofs

Coolselector2 M

+ Update

Project information:

Project name:
Simple Selection VTZ121-G, R404A - 4110 rpm - Cooling capacity [kW]
o= VTZ121-G, R404A - 4110 rpm - Cooling capacity [kwW]
35
Created by: Condensing
Danfoss 30 temperatures
— 200°c
25 — 250°C
Items to include in report: = — 30,0°C
Select Al F=Expand Al = — 3500
9 = z 2 —— an0cC
Deselect All B2 Collapse All L o 450°C
U z 15 —— 50,0°C
v/ Burnout fiter 1 g 55,0 °C
|| Performance curve s 1 — so0°c
|| system performance detaiis S
|| Component performance details <— s
v line 1
1] Performance curve o
System performance detaiis .
Companent performance detals [E—, - . ™ S N z T
/| Compressors 1 Evaporating temperature [°C]
+[+| Code number
Envelope
System performance details VTZ121-G, R404A - 4110 rpm - Cooling capacity [kW]
Technical data
Polynomials TeiTe| T 30,0| 250 20| 15,0 10,0 0| 0| 5| 10,0
|| cooling capacity ‘_
15,0 4 - - 4 | 4 - 4 -
Power consumption
Heating capadity 20,0 -l 6,497 | 8,748 11,56 15,00] 19,14| 24,06 -| B -|
Current 25| IS 10,64 13,89) e EET j |
coe 30| J 5259 7,248 5,723 1276} 16.43] 20,80 2594 31,92 |
= Mass fiow
35| 1 aen|  esmn 8,807] 11.63) s0d 1913 234 29.56] |
/| Case controller 1
40| 1 4y 5,722 7,507] 10,49] 13gd a2 21e1 27,1e] |
45,0 B 3,559 5,079 6,983 9,341 12.22| 15,70| 18,84] 2471 -|
s0,0] 1 soe] 4 5050 8199 079 1385) 17,74 2.9 ]
£5,0| B -| 3,713] 5,186 7,044] 9,356| 12,19| 15,62 19,72 -l
60,0 B -| 4,307| 5,902 7.917| 10,42| 13,48 17.1§| -|
65,0] ] | ] i ] | ] ]
v
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36

Click the “PDF” button at the top of the report preview to export your report as a

PDF. You have multiple options for your exported PDF, such as printing specific
pages in the report, adding extra information, or securing your pdf file with a
password. Investigate those options for further details.

File Options Tools About Selections m Bill of Materials

Srprint
 Update

Project information:
Project name:
Smple Selection

Comments

Createdby:
Danfoss

Items to ndude n report:
Select All T expand Al

[] Deselect All F= collapse All

| Bumout fiter 1
/| performance curve
System performance detai's

| Component performance details
Line 1
| performance curve

System performance detai's

Component performance details
Compressors 1
/| Code number

&

&) ey

Envelope
System performance details
Technical data
Polynomisls
+~{V] Cooling capaity
Pawer consumption
Heating capacity
Current

X roF Bport v H o4 b W & 100%

Coolselector2

~ @ ragesofs

Danfott ”

cop
Mass fiow

P —

Case controller 1

VTZ121-G, R404A - 4110 rpm - Cooling capacity [kW]
ity [kw
35 Export to PDF x pacity [ 1
Bport Information  Seaurity Viewer Condensing
0 temperatures
Page range — 20,0°C

2 onl / — 2s00C

B S — o

z 20 Pages: 40,0 °C

4 Enter page numbers andjor page ranges, 45,0 °C

515 separated by commas. For example, 1,3,5-12 50,0 °C

= 55,0 °C

EpT Export settngs S0 C

3 PDF/A Print optimized

s Embedded fonts Outine
B Background Transparency
IPEG Qualty s5
sl
-35 + Open after export 0 5 10
oK Cancel
VTZ121-G, ixvrvmem - w1 1w g = wovimy vapasiy (nW]

TclTe] -35.0| -30,0| 250 -20.0| -15,0| -10,0f 50| 0 50| 10,0
15,0 ] - j ]
200) IR BT 90e] 240
25,0| E 5,869 7,991 10,84| 13,89| 17,80 22,44 27,90 —
30,0] -l 5,259 7.248 9,723 12.76| 16,43 20,80| 2554 31,92|
35,0 1 sem|  esw se07 1183 15,04 1913 2384 20,58
00| 4103 5,788 7,893 10,49| 13,64 17,42 2191 27,1g|

You will then be asked for the name and the location of the document and you can
click “Save”. If you selected the option “Open after export”, the report will then

automatically open.

b} Coolselector®2 enables you to select the relevant code numbers for the selected products.

Depending on the product type, the code number(s) can be accessed/modified differently.
In the current document, go to the “Selections” section by clicking on the “Selections”

button in the menu bar.

Go to the tab for “Burnout filter" and select the tab for “Code number selection” and
select the proper casing and filters. E.g. we would like to have the DIN connection casing
with copper connection to match our installation and a pack of 8 filter cores:

File Options Tools About Report  Bill of Materials
Burnout filter 1 X Line 1 Compre®rs 1 Case controller 1+ New
N\ (<) Operating conditions:
Capacity Evaporation Condensation Additional:
m“‘““r‘”e o Cocling capacity: ~ 1500 kw Dew point temperature: ~  -15,0 °C Dew point temperature: v ;o Distharge temperature: 32,2 °C
uction line
Mass flow in line: 38,7kah Useful superheat: 80K Subcooling: 20K
Heating capacity: 18,41 kW Additional superheat: 0k Additional subcooling 0k
Selecton iteria:
Pressure drop: 0,050 bar Saturation temperature drop:
®) velaaity: 12,00 mfs 01k
Suction fine (Dry expansion system. R4044. Burnout fiter).
Selection: DCR 0489-DA  Selected code numbers: (023U7268, 023U5381)
Selected  Type Ns Kv[m~3f] DP[bar] DT_sat[] Velodty,in[m/s] Addcapadty [l Resuit
Refrigerant: R404A v
o) DCR 0967DA | 20 11,38 0,088 0,5 15,48 533
: Al
Comectons: T 0 DCR01447DA | 20 1294 0,081 0,4 15,99 ™9
Product famiies ® DCRO483DA 25 15,06 0,038 0,3 9,48 %67
[e] DCR 0969DA | 25 17,16 0,0 02 9,98 53,3
le) DCR 01449DA | 25 17,17 0,08 02 9,48 LEIRIN
crve details  Code

Selected code numbers: (023U7268, 023U5381)
[Selection: DCR

Common values:

Code humber Rl Connections R4 Type designation R Connection material Bl Connection standard Rl EAn Attrbute value
023U7253 ANS soldering ODF 115" DCR 0439 Copper 5702428249621 Quantity 1
DCR housing with exchangeable DA-burn-out fiter insert 023U7453 ANSI Butt weld 17 Sth, 80, ANSI soldering CDF 1 1/8" DGR 0489 Steel ANSI/ASMEB36.10M | 5702428202404 Approval CE,CsAUL
;;iw;::ﬁ :f:; compress, /02307268 DIN-EN soldering ODF 28 £DCR 04395 Copper 5702423202487 Max. Working Pressure [bar]  46.0
70% activated aluinia oxid, 02307452 ANSI Butt weld 17 Sch, 50, DINEN soldering ODF 28 DCR 0489 Steel ANSI/ASMEB36.10M | 5702428202411 Temperature range [*C] -40.0-70.0
023U7052 ANSI Butt weld 17 Sch. 80. DINEN soldering ODF 23 DCR 0489 Steel ANSI/ASMEB36.10M | 5702428126649 Type DCR
02307053 ANSI Butt weld 17 Sch, 50, ANSI soldering ODF 1 1/8”  DCR 0489 Steel ANSI/ASMEB36.10M | 5702428299416
023U7285 ANSI soldering ODF 118" DCR 0489 Copper 5702428202466
023U7252 DIN-EN soldering ODF 28 DCR 0439 Copper 5702428249614

[Selection: 48-DA
Code humber R Quantity Rd EAN 7]

Common values:

Attribute Value

e_. 023Us381 80 5702428004930 Gasketinduded  Yes
02305380 1 5702428004923 Type designation 43-DA
02305382 8.0 5702428004947

Type
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Then, go to the tab for liquid-line calculation and select the code number for the AKV
valve. E.g. we select the one with DIN-EN connection to match our selection:

Coolselector2 - Simpleselection.cspri

File Options Tools About Report  Bill of Materials

Burnout fiter 1

Linel X  Compressors 1 Case controller 1

+  hew

Operating conditions:

Dry - Liquid line

Capaity: Evaporation: Condensation: Addtional:
Refiigerant: R4044 v
Cooingcapacity: 15,00k Dew point temperature: 15,0 5 Dew point temperatire: v 20,0 5 Discharge temperature: | 38,9 °C
Connections: Al R4
o Mass fiow in ine: 386, 7kg/h Useful superhe: 80k Subeoolng: 2,0 k
Products Heating capacity: 18,41kW Additional superheat: 0K ‘Additional subcooling: 0K
Rﬂ I% t :I Condenser Evaporator
Controland  Solencid  Check valves
e E E
H Copper pipe DIN-EN 15 Copper ARV 15-1 Copper pipe
expander DIN-EN 18
DINEN 15 x 18
e . . . Total
Stopandshut  Electronic  Thermestatic L 12 [ o% Coow [ o | !
off valves  expansi... expansion... Length [m}: 10,50 - - 100
Angle [deg]: o g - 0
H
Humber: - 1 - -
AP
Max. capacity [kW]: - R 19,40 R
Marual Distrbuter ~ Constant DP Min. capacity [kW]: - - 1,940 -
expansi. . . -
0,04 0,000 7,167 g 7,294
Product families DT_sat [K]: 0,2 0,0 34,8 0,2 35,2
Velarity in [misl n s o7 ns 267
Performance curve | Performance detals | Code number selection
Copper pipe DINEN 15 | Copper expander DINEN 15x 18| AKV15-1 | Copper pipe DIN-EN 18
Selected code number: 068F5001
Code Number i Connections Max. Working Pressure [bar] [l Approval K atribute  Value
088FS000 ANS soldering ODF 3/47 | 46.0 EACLLC CDCTYSK Quantity 1
068F5001 DIN-EN soldering ODF 18 : 46.0 EAC,LLC CDC TYSK Direction  Straightway

o0— -

088F5035 ANSI soldering ODF 3/4™ | 34.5 C UL US LISTED,EAC LLC CDC TYSK  Type AKV 15-1

Now, for the compressor code number, you need to go the “Information” tab, where you
can select the code number and also see other information about the compressor,
including the available spare parts:

7 Coolselector. (=l

File Options Tools About Report  Bill of Materials [T Copy Selection ] Screen Dump

Burnout filter 1
(5 Select compressor:

Linel  Compressors1 X  Casecontrallrl  + New -

Operating conditions:

Appication Required capacity: Evaporation: Condensation:
V| Refrigeration Heating 15,00 kw Dew point temperature: v 150 °C Dew point temperature: w 20,0 C
| Low temperature, LT Show all models Useful superheat: 80 K Subcooling: 20K
OF- 13 modek
| Medium temperature, MT o medes Additional superheat: 0k ‘Aadditional subcooling: 0k
Air conditioning ting conditions: o
Return gas temperature 70 °C Total subcooling 20K
Refigerant: Custom v Liquid temperature: 17,6 °C
R404A
Selaction: VTZ121-G, R404A - 4110 rpm i
Power supply:
Or 60tz e Selected Model Technology Configuration  Refrigerant Capacity conirol  Speed [rpm]  Cooling W] | COP cooling [W/W]  Heating W]  COP heating [WAW]  Power 4] Curent [4] Freq ~
Al 3 o MLZ048T4A scrol Single RA04A Fixed speed 2900 12,77 4,92 15,66, 5,42 2,888 7,468
o \TZ086-G Reciprocating Single R404A  Variable speed 5400 14,490 2,83 19,14 3,76 5,085 8,218
= for dual frequency voltage
0 ® VTZ121:6 Redprocating Single R404A iable speed 4110 15,00 2,65 20,25 3,58 5,650 9,067
Compressor types: = [N
o) ¥1z1216 Reciprocating Singe R: Variable speed 1800 6,343 2,76 8,484, 3,69 2,302 4,225
|Recprocating v|sarol o
~ s o Sinria i pr— 2100 Tam VT aom 2 ~ c0a P
/| Fixed speed ¥ Fixed speed < >
| variable spezd | Varizble speed
Performance | Envelope | Performance detals  Information
Product fiiters:
o Select cod number:
Di i
Iscontnued moces Select Coderumber Modelnumber  Packing format  Packing quantity
Select model
H ® 12080004 VIZ121AGNRIB  Single pack 1
Spare parts ‘Availzble spare parts (double-cick wil add to Report): Selected spare parts (double-click wil remove from Repor
Type Description -~ Type Desciption  Cods number
Dimensions
Acoustic hood Acoustic hood for two-cylinder compressor Add toReport ->
| Blectrical Speciications  Acoustic hood 2 Acaustic hood for two-cylinder (UL-approved)
Belt 03 Belt type crankcase heater, 65, 400, CE mark, UL Remove from report
Mechanical Connections
Belt 11 Belt type crankcase heater, 65W, 460 V, CE mark, UL
Gil Data Converter 1
Packaging Converter 2
Crankcase heater Belt type crankcase heater, 65W, 230V, CE mark, UL
TR Crankcase heater PTC heater 27W, CE mark, UL
Discharoe gasket Gasket, 1-1/4"
Discharge sleeve Solder sleeve, P04 (1-1/4" rotolock, 3/4° ODF)
Discharae valve Rotolock valve. V04 (1-1/4" rotolack. 3/4° ODF) v
< >
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And for the case controller the code number is visible after you click on your selected
co

ntroller:

File Options Tools About Report Bill of Materials

Burnout filter 1 Line 1 Compressors 1 Case controller1 X + New
T xpand Al i Collapse All i -
(5 Resetal
A Expansion Valve Type
o o -
e (1]
EEV stepper
e AK-CC 550B
A Refrigeration System Application(s): 1235
Expansion Valve Type: EEV AKY

Single evaporator
CO2systems

Up to 4 evaporators
Dual case sections
Mumber of Compressors

o compressor control

) single compressars

2 compressors

Control Features
Digital Inputs

Commurication

*)MOD bus

1.

LoNbus
3
Mounting

Software Functionality

To check the bill of materials after the selection of code numbers, you just need to
click on the “Bill of materials” button in the menu bar:

O Refrigeration System:

Control Features:
Digital Inputs:
Communication:
Mounting:

(9 | Extemal Display:

Number of Compressors:

Software Functionality:
Temperature Sensor Support: Pt1000, FTC 1000

Dual case sections
Single compressors
Electrical defrost, Fan ¢
Retransmission of cont:
MOD bus: Card
DINRsi

External Display
Madulating temperature

Selected Case controller: AK-CC 550B. Code number: 08488032

Code Number  Supply voltage AC  Quantity  Equipment

e —l |/ 0583032 220V

1 Screw terminal

is

[B Copy Selection

File Options Tools About | Selections

Report

+ Update

Project information:

Project name:
Simple Selection

Comments:

Created by:
Danfoss

——

[ Rich Text Format Include piping

Coolselector®2

Version 2.3.3 | Database 35.35.1.14.3.16

Froject name: Simple Selection
Comments:

Created by: Danfoss

Frinted: 18. September 2018
Freferences used All applications
Quantity Product Description

Code numbers for Burnout filter: DCR 0489-DA
DCcR
43-DA

Dry - Liquid line. Line 1

Electronic expansion valve: AKY 15-1

Compressor: VTZ121-G, R404A- 4110 rpm.

AK-CC 550B. Application(s): 1,2.2,5

Code
number

023U7288
023Us5381

06BF5001
12080004
08488032

Type Code

Sales
Price
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To include the piping, just click on the option “Include piping”:

Excel Rich Text Format

Coolselector®2

Version 2.3.3 | Database 35.35.1.14.3.16

Project name: Simple Selection
Comments:

Created by: Danfoss

Printed: 18. September 2013

Preferences used: Al applications

Quantity Product Description

Code numbers for Burnout filter: DCR 0489-DA
DCR 023U7T258
42-DA 02305381
Dry - Liquid line. Line 1
[ Copper pipe DIN-EN 13. Length: 10,50 m

Piping: Copper expander DIN-EN 15 x 18
[ Electronic expansion valve: AKV 15-1 068F5001
[ Copper pipe DIN-EN 1&. Length: 1,00 m
| Compressor: VTZ121-G, R404A - 4110 rpm. 12080004
AK-CC 550B. Application(s): 1,2,3,5 084B8032

To export the bill of materials as an Excel file, click on the “Excel” button at the top
of the bill of materials preview. Then specify the destination and the name for the
exported file:

Rich Text Format | Incude piping

|Save in: C52 Projects Vl o [} EF [~

* Mame Date modified Type

Mo items match your search.

Quick access

< —— >

File name: |SimpIeSelectior1 VI Save

MNetwork

Save as type: Excel files {"xs) w Cancel

39
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Exercise 3.7 Changing predefined preferences and customizing the interface

a) What is the equivalent of operating conditions in different unit systems? Change the unit
system to American units.

b) Set the preferences to commercial applications. Check the changes that happened in the
default interface of the new tab. Is there any difference in the option for selection of
“Valves and Line Components”? Then go back to all applications again.

c) Modify the selection table for compressors:

1. Remove the columns after “Mass flow”.
2. Replace “Heating” column with COP cooling.

d) Resize the segments in the current session for the burnout filter:

1. Minimize the operating conditions segment. Then maximize it again.
2. Resize the product performance and information section.
3. Expand the selection table and performance and information section to full screen.

41
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Solution 3.7 Changing predefined preferences and customizing the interface

a) You can select the “Tools | Show operating conditions” menu and see the equivalent of
your operating conditions in different unit systems:

42

File Options Tools About PeUESTLES  Report  Bill of Materials [0 Copy Selection Screen Dump
Burnout filter | Show Operating Conditions Overview boter 1 [+ new
Praducts and Refrigerants Overview
System:  Dry conditions:
Capacity: Evaporation: Condensation: Additional
Click on di to select line:
cion diagram to selectine Cooling capadity: ~ 15,00 kw Dew point temperature: ~  -15,0 °C Dew point temperature: v 20,0 =C Dischz
Selected line: Suction line
Mass flow in line: 386,7 ka/h Useful superheat: 8,0 K Subcooling: 2,0 K
Heatin 18,41 kW Additional superheat: 0K Additional subcooling: 0K
Selection| Value Current American International SI
| Press| System: Dry, Dry Bry Dry
. ® Veloc| Line Suction ine|  Suction line Suction line | Suction line
Refrigerant RA04A R404A R404A R404A
Suction li
1eEon e Cooling capacity: 15,00 kw 4,265 TR 15,00kw 15000 W s
Selection|
Heating capacity: 18,41kwW| 62,83kBTU/h 18,41 kW 13410 W
Selected | m " It
Refrigerant: R404A o === Mass flow in line: 386,7kah 14,21 Ibjmin 386,7kg/h| 0,1074kgfs| [V
. O ! Evaporating temperature: -15,0 °C 5,0 °F -15,0 °C 258K v
Connections: Al ¥ |
o]} Evaporating pressure: 3,642 bar 52,82psi 3,642bar  364200Pa Al
Product families
® ! useful superheat: 8,0K 14,4 °F 8,0K 80K | ¥
DAS
=8 o] ! Additional superheat: 0K 0 0K ok | ¥
0] | Total superheat: 8,0K 14,4 F 8,0K 80k | ¥
Suction temperature: -7,0°C 19,4 F -7,0 °C 266 K
Perf
SITOMMA| hischarge temperature: 39,3°C 103,3 °F 39,8 °C 313K
9 Condensing temperature: 20,0°C 68,0 °F 20,0 °C 293K
Condensing pressure: 10,89 bar 157,9 psi 10,89 bar 1083000Pa  rnout filter)
0.(]
Subcooling: 2,0K 3,6 °F 2,0K 2,0K
0.
Additional subcooling: 0K 0 0K 0K
DCR housing with exchangeable DA-burn-out filter insert - 0. Total subcooling: 20K 3,6 °F 2,0K 20K
to remove add after compressor motor burnout. 5 0,
30% Molecular sieve. = o Liguid temperature: 17,6 °C 63,6 °F 17,6 °C 291K
70% activated aluminia oxid. 2
s 0,035
]
£ 0,030
=
@ 0,025
5
2 0,020
£
Z 0,015
0,010
0,005
0,000
0 2 4 6 14 186 1z 20

Cooling capadty: 15,000 kW  Heating capadty: 18,413 kW

8 10 i2
Cooling capacity [kWw]

Mass flow in line: 386,68 ka/h  Pressure drop: 0,0377 bar

B

To change the unit system to American units, you simply need to select it in “Options |

Units | American”:

7 Coolselector:

pleSel

pri

File Options Tools About |Si-eiiis| Report

Bun Preferences »

Units. I3
User, Language and Country.

v
Style...

Refrigerant: RAD4A

Connections: Al

Product families
DS
Jocroa

T

DCR housing with exchangeable DA-burn-out filter insert
to remove acd after compressor metor burnout.

30% Molecular sieve.

70% activated aluminia oxid.

|
Bill of Materials [E] Copy Selection
Case contraller 1|+ New hd
sl
Intemational Evaporation: Condensation: Additonal:
American v 4265 R Dew point temperature: v 5,0 Dew point temperature: V680 F Discharge temperature: 103, %
Custom. 14,21 bfmin  Useful superheat: 14,4 o Subcooling: 3,6 o8
Heating capadity: 62,83KBTU  Additional superheat: 0o Additional subeooling: 0o
Selection ariteria:
Fressure drop: 0,73 psi Saturation temperature drap:
) Velogity: 38,37 fifs 02
Suction line {Dry expansion system. R404A, Burnout filter) i
Selection: DCR 0489-DA  Selected code numbers: (023U7253, 023U5382)
Selected  Type 3 Cv [galfmin] DP [ps] DT_sat[F] Velodty, in [ft/s] Acd capacity [oz] Resuit ~
O DCR 0485-DA 15 (1/2) 7,261 3,45 3,4 90,53 03418
0 DCR 0487-DA 20 (347 1307 1,00 10 50,81 03418
O DCR 0967-DA 20 (34 13,18 0,9 0.8 50,81 188
(@] DCR 01447-DA 20 (3/4) 1511 0,74 0,7 50,81 2818
® DCR 0489-DA 25(1) 17,59 0,55 0,5 31,11 03418
Performance curve  Performance detals | Code number selection
DCR 0489-DA
Suction line (Dry expansion system. R404A. Burnout filter)
0,90
0,80
F 0,70
3 080
3 050
=
T o040
3 0,30
I+
0,20
0,10
0,00
0.0 05 1,0 15 2,0 2,5 3,0 35 4.0 45 5,0 5.5
Cooling capacity [TR]
Cooling capadty: 4,2652TR  Heating capadity: 62,827 kBTU/h  Mass flow in line: 14,208 Ib/min  Pressure drop: 0,546 psi B



Coolselector®2 Exercises M

b) You can set the preferred application to commercial applications in “Options |
Preferences | Commercial applications”:

£ Coolselector2 - SimpleSelection.csprj
Eile Options Tools About Report  Bill of Materials
BL Preferences r All applications
Units » + Commercial applications
Industrial applications

User, Language and Country...

Style... Edit preferences...

You will notice that the “+ New” tab interface has changed in terms of product sort order
as well as the available options. This is to provide a better environment for you as the
user. You can customize the options to further match your requirements, this is
somethingwe will discuss that in the next exercise.

You can see that some of the options, which are more specific to industrial applications
are now missing from the “+ New” tab interface, such as “ICF valve station”:

£7 Coolselector2 - SimpleSelection.csprj -0 x
File Options Tools About Report Bill of Materials
Burnout filter 1 Line 1 Compressors 1 Case controller 1+ New

COMMERCIAL APPLICATIONS

b

Contral and reguiating valves

S

—— v 4B Fite s
'COMPRESSORS AND CONDENSING UNITS

Solenoid valves 1[1 s Thermostatic expansion valves Burnout fiters

Check vaives Transaitical high pressure Sght glasses
valves !

Stop and shut off valves Transaritical gas bypass valves

VALVES AND LINE COMPONENTS

ELECTRONIC CONTROLS

888

SENSORS AND SWITCHES

OO~

COMPONENTS IN SERIES

<<t

Piping

1@
31

X
= F T e

Water valves ~ Multi ejectors

f

Internal heat exchangers
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44

¢} Go to the tab for your selected compressor. You can modify which columns you see in

your selection table and also change the order of the calculations and selections made in
the “Valve and Line Components” option as well as “Compressors”. To do so, right click on
the table header and select “Manage Columns...”. This is step 1 and 2 in the following
snippet:

Selection: VIZ121-6, R404A - 4110 rpm e

Technelogy - “Specd from]  Coclreg [ON]  COF cockg [W/W]  Neotrg W] COF heatng [WW]  Power JoW]  Carrent (] Frequency (] Power Vioes S (] T mtermedtore [<]_P riermedete far]_m{ -
e -
A -—=~©
368 3.9% 0
e aow O T R s
VIZI21G Recprocating Single: 3,58 575 9,255 50 380400V {415V) Iph” 953

Peformance Emelope  Performance detals  Information

Eraporatiogterperahrestep: 50 € Condensig temperatre stept 5.0 K .
Cooling capacity kW] o
3 conomaer
Fower corsumgton ] o

Cooling capacity [kW]

Heating capacity [ki] 30
Curent ]

coP i) =
s flow [l -

T

i

S

o

E

s 20 . s 0 10

-15 -10
Evaperating temperature (2C]

1. To remove the columns after the “Mass flow”, you can simply uncheck them in the
list as shown by step 3.

2. To replace “Heating” with “COP cooling”, you should click on “Heating” and then
click on the top arrow as shown by steps 4 and 5.

Then you can click OK to update the table. Coolselector®2 will remember your
modifications next time you run it, and you can always go back to the default table by
clicking on the default setting:

‘Selection: VTZ121-G, R403A - 4110 rpm

Selected  Model Technology Configuration  Refiigerant  Capacity control Speed [rpm]  Cooling [kw]  Heating [kw]  COP cooling [W/W] COP heating [W/w] Power ] Current [a] Frequency [Hz] Power supply Mass flon (kg Match

le] MLZ048T4 scrol Single R404A Fixed speed. 2000 12,77 15,86 4,92 5,42 2,888 7,468 50 380 -400V (415 V) 3ph~ 3293 ||

le] MLZ048T4 Serall Single R404A Fixed speed. 2000 12,77 15,66 4,92 5,42 2,888 7,468 50, ) 3ph® 320,3 |EE)

o MLZ045T4A sarol Snge|  R404A  Fixedspeed 2000 12,77 15,56 442 542 2,888 7,468 50 )3ph® 20,3 |

O MLZ04T4A Scrol Snge|  R#04A  Fixedspeed 2500 12,77 15,66 442 542 2,888 7,48 50, 380 -400V (415V) 3ph* 329,3) |EEEA
O VTZ085-G Redprocating Shgle  R4044  Variable speed 5400 14,40 15,14 2,83 37 5,095 8,218 S0 380-400V (415 V) 3ph® 3712
ERO) Viz1216 Recprocating Snge  R4044  Variable speed 4110 15,00 20,25 2,65 3,58 5,650 9,067 S0 380-400V (415 V) 3ph* 386,7]] 100%

® VTz121G Recprocating Snge  R%04A  Varisble speed 1800 6,343 8% 27 368 2,302 4,225 S0 380 -400 Y (415 V) 3 ph= 163,5

® vTz1216 Recprocating Snge|  Ra04A  Variable speed 2100 7,473 0,078 2,77 37 2604 4,854 EY 1926

@ VTZ121G Recpracatng Snge  R404A  Varizble speed 2400 8,601 11,98 27 371 3,008 5,483 50 21,7

@® VT21216 Redipracating Snge  R#04A  Varisble speed 2m0 9,727 13,00 2,77 37 3,516 6,112 50 250,7

@® VTZ1216 Redprocating Snge  R#04A  Varisble speed 3000 10,85 14,52 275 3,68 3,94 6,740 il 79,7 [ |

® VTZ121G Redprocating Shge  R4044  Varioble speed 3300 11,87 16,06 273 366 4,389 7,33 1 30,7 A |

@ VTz121G Recorocating Snoe|  R%04A Varisble soeed 3600 1310 17.60 27 363 4845 7358 S0 380 -400 ¥ (415 V) 30h* 3375 ST |
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d) You can also resize different segments or minimize the segments to see the information
more clearly. Coolselector®2 will remember previous modifications mentioned in this
exercise, but sizes will reset to default when you start Coolselector®2 again.

1. You can minimize the “Operating conditions” segment by clicking on the button at

1 % sms e ©
265 m s 9w %

e = n 2 Aam 2 %

VIZ121-G, R404A - 4110 rpm - Cooling capacity (kW]

Elrasrmeng tempsrsure (<]

2. To resize any of the segments, you can click and drag on the border to see
information more easily:

VIZ121-G, R4GAA - 4110 rpm\ Cooling capacity (kW]
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After setting the general criteria and operating conditions and the product
suggestion criteria, sometimes, it is handy to expand the segments for the selection
table and product performance and information to full-screen. You can do that by

clicking on the expand button in the top right-hand corner of the selection table:
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Exercise 3.8 Changing the advanced settings
Create a custom preference for the selection you made in this chapter by going to “Options |
Preferences | Edit preferences” and then:

a)

Select “Dry expansion system” as the default system for your custom preference. Then
enable “Valves and Line Components”, “Components in series”, Compressors and
Condensing Units” and “Electronic Controls” as the available product pages.

Go to the “Operating conditions" tab and change the refrigerant and default values for
subcritical systems to match the information in System Properties 1.

Go to the “Valves and Line Components” and select “Commercial components”. Then
remove all connections except for “Copper DIN-EN”.

Go to the “Compressors and condensing units” and change the number of models to show
to 15.

Save your preferences to use them later.
Can you change the default length of the pipes?

Can you change the default selection criteria for the “Copper pipes” in the discharge line
to velocity?

Can you create a custom unit system for your special needs based on American units but
using kilowatts as the unit for the cooling and the heating capacity?
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Solution 3.8 Changing the advanced settings

The settings we discuss in this exercise do not need to be modified in most cases, since we, in
the Coolselector®2 team, constantly strive to optimize the default preferences based on our
customers’ requirements. However, the advanced settings enable you to customize and improve
your experience and even modify the calculations if you see a necessity to do so. To create
custom preferences, use “Options | Preferences | Edit preferences...”:

¥ Coolselector? - SimpleSelection.csprj

File QOptions Tocls About cH=adae]  Report Bill of Materials

Burn Preferences P Al applications
st Units » Commercial applications
s
ik User, Language and Country... Industrial applications
. ,aC
Sele Style... Edit preferences...

Mass flow in line: 386,
P
a) You will see the “Preferences” window. On top you have the different preferences that we
will try to cover briefly in this exercise. Feel free to investigate further and explore your
other options. You can select “Dry expansion systems” among the options for the “Default
system” and add/remove options for your selection and calculations among the product
pages and also sort their order in the interface:

Preferences [All applications] x

General Operating conditions  Valves and Line Components  Compressors and condensing units  Refrigerant equations Available preferences:
Default system: Name preferences:
#  Dry expansion system 4— {'ﬁ‘
Flooded evaporator, pump circulation \ J

Flooded evaparator, gravity crculation
O Transcritical booster system

Commercial applications
Industrial applications

T
LI
1
L

Mote: Compressors and condensing units always use dry expansion system.
Product pages: New page:
v Valves and Line Components 0 | Show "Recent Projects” panel
+ Components in series
Commercial Applications -J;

Industrial Applications
/' Compressors and Condensing Units
v Electronic Controls

Sensors and Switches

oK
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b} Then you can go to the “Operating conditions” tab by clicking on the top bar and changing

the default operating conditions:

Preferences [All applications]

General Operating conditions

Valves and Line Components Compressors and condensing units  Refrigerant equations

Operating conditions:

# Use defauit operating conditions each tine Coolselector? starts

Use values from previous session as default when Coolselector? starts

Subcritical systems  Transcritical systems

Default operating conditions

Hot gas defrost

Default refrigerant:

R402A

¥ All refrigerants for compressors and condensing units

Capadty:

Cooling capacity:

Condensing unit ambient:

Ambient temperature: 32,0 =C

Subcooling: 0K

v 15,00 kw ‘

Evaporation:
Temperature: * -15,0 °C
Useful superheat: 8,0 K
Additional superheat: 0K
Additional:

Circulation rate: 3,00

DP pump: 2,000 bar
Liquid height: 2,00 m

Condensation:

Bubble point temperature: ~
Subcooling: 2,0 K
Additional subcooling: 0K
Pawer supply:

® 50Hz 60 Hz D

Al ¥

*; for dual frequency voltage

Available preferences:

Name preferences:

Al applications
Commerdial applications
Industrial applications

0,0 C ff—

oK

¢} Now, you can go to the “Valves and Line Components” tab and select the type of
components you would like to see for your selections/calculations and the families in each
functionality, as well as connection sizes and some more options:

Preferences [All applications]

General Operating conditions

Components  Advanced

Select the product families you want to indude in Coolselector2:

Select all

Control and regulating valves
Solenoid valves

Check valves

Stop and shut off valves
Water valves

Safety relief valves

Electronic expansion valves
Thermostatic expansion valves
Manual expansion valves

Float expansion valves

Filters and strainers

Filter driers

Burnout filters

Sight glasses

Internal heat exchangers
Distributer

Transcritical high pressure valves
Transcritical gas bypass valves
Constant inlet pressure valves
Constant outlet pressure valves
Constant DP

| Multi ejectors

< EEaEn

L L ISSIESIESIESES

<

Industrial components

Performance curve and performance details

+ | Show Performance curve and Performance details

Valves and Line Components  Compressors and condensing units — Refrigerant equations

Available preferences:

Name preferences:

All tions.

Steel connections:
DIN-EM Butt weld
DIN-EM S5 Butt weld (stainless)
ANSI Butt weld
ANSI Socket weld
ANSI 55 Butt weld (stainless)

Steel pipes:
DIN-EN DIN-EM 55 (stainless)
ANSL ANSI 55 (stainless)

Copper connections:

v | DIN-EN Soldering ‘_

ANSI Soldering

Copper pipes:

v | DIN-EN -_

S|

Cor ial applications
Industrial applications

ICF Valve station
Indude ICF valve station

Product filters:

Include discontinued products

Discontinued products will be shown in parenthesis

OK

d) Inthe tab for compressors and condensing units, you will find the relevant settings for
those products. You can choose which products to see and even see the rating conditions
as well as create custom ones. You can also set the limits to those that you prefer. For this
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exercise, we just want to change the number of models to show in the selection table:

Preferences [All applications]

General Operating conditions  Valves and Line Companents  Compressors and condensing units  Refrigerant equations Available preferences:

Selection limits Name preferences:
Display warning if capactity is less or larger than the following limits:
Lower limit: 80 % Show all models

Commercial applications
Industrial applications

Upper limit: 110 % ®) Show:

Include compressors and condensing units with envelope warnings in selection

Rating conditions:

Compressor rating conditions. ..

Condensing units rating conditions. ..

I Default Compressor Filters  Default Condensing Unit Filters  Economizer configuration
Application:
+ | Refrigeration ¥ Heating
+ | Low temperature, LT

+ | Medium temperature, MT
+ | Air conditioning

Compressor types:

+ | Reciprocating ' Scroll
+ | Fixed speed + | Fixed speed
+ | Variable speed | Variable speed
Product filters:

+ | Indude manifold

Discontinued models

oK

e} If you click the “OK” button to apply your settings, Coolselector®2 will ask you to name
your preferences and save them. Coolselector®2 will keep the default settings intact so
you can always easily go back to the predefined preferences:

Preferences [All applications]
General Operating conditions  Valves and Line Components Compressors and condensing units  Refrigerant equations Available preferences:
Selection limits Name preferences:

Display warning if capactity is less or larger than the following limits:
Lower limit: 90 % Show all models

Commercial applications
Industrial applications

Upper limit: 110 2 ® Show: 15 + models

Indude compressors and condensing units with envelope warnings in selection

Rating conditions:

Compressor rating conditions. ..

Condensing units rating conditions...

Default Compressor Filters  Default Condensing Unit Filters  Econpmizercomfigoretior

Application: Name preferences
+ | Refrigeration + | Heating
+ Low temperature, LT MName |5|mp|eSe\E|:hunPrefErences 1 |

+ Medium temperature, MT . -
+/ | Air conditioning

Compressor types:

+ | Rediprocating | seroll
+ | Fixed speed + | Fixed speed
+ | Variable speed + | Variable speed
Product filters:

| Indude manifold

Discontinued models
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Next time you open Coolselector®2, it will keep your preferences and you can see that in
the list of the preferences. You can come back to this menu and edit, rename or delete

7 Coolselector? - SimpleSelection.csprj

File Options Tools About “ledis Report  Bill of Materials

BL Preferences » All applications

Units L4 Commercial applications
Vvah

User, Language and Country... Industrial applications

| v SimpleSelectionPreferences

Style..
your preferences at any time. = controland.

Edit preferences...

You can also see that the new tab menu has changed based on your new preferences.

Coolustoctond - Usiied.caprs

CEEETT
T —— Recent Projects
- | 4 SimpleSelection
S *— ot o o § oo Y AR o
COMPONENTS [N SERIES e L
-

¥ . T2 . J—
o et | —
<5,
A

i o
Stop wd st o vabes Tranw il gos brpess s " - ]
—
=

COMPHESSORS AND CONDETSTYS TS

P ejctons T beemaheat exchungers

And on the top right-hand side of the window, you will be able to see the recent projects
and load them easily.

Please note that changing the following settings can affect the results of the selection or
calculation process and lack of due care can have a negative effect on the suggestions and
default calculations. However, when necessary, the advanced settings can be changed,
but it is suggested to avoid such changes and to revert them to the default values when
there is no need to change them.

f) The default values for the calculations can be changed in “Valves and Line Components |
Advanced | Default values” in the preferences window. For this exercise, we want to
change the default length of the pipes to 5 meters instead of 10 meters:

Preferences [SimpleSelectionPreferences] b 4
General Operating conditions |Valves and Line Components | Compressors and condensing units  Refrigerant equations Available preferences:
Components | Advanced Name preferences:
SimpleSelectionPreferences
Please note:
Changing advanced values below is for experts only and may result in unpredictable results. Add preferences
Any changes are at your own respensibility.
All applications
Defauit values | Calculation limits  Selection criteria  Additional Commerdial applications
e Industrial applications
Manwial and electronic control valves: Mecharical control valves:
Default opening degree: 80 °% Default offset: 0,600 bar
ICF Control valve modules: Expansion valve load percentage selection criteria:
Default opening degree: 70 % Electronic expansion valves: 80 %
Pipes: Thermostatic expansion valve: 100 %
Manual expansion valves: 80 %
Default roughness:
Steel pipes: Stainless steel pipes: Copper pipes: Float expansion valves: 80 o
45 pm 30 pm 1,5 pm
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g) The selection criteria for all the components supported by Coolselector®2 can be found in
“Valves and Line Components | Advanced | Selection critera”:

Preferences [SimpleSelectionPreferences] x
General Operating conditions  Valves and Line Components  Compressors and condensing units  Refrigerant equations Available preferences:
Components  Advanced Mame preferences:
SimpleSelectionPreferences
Please note:
Changing advanced values below is for experts only ar v result in unpredictable results. Add preferences

Any changes are at your own responsibility.
All applications
Default values Calculation limits  Selection ariteria — Additional Commerdial applications

Industrial applications
Subritical systems  Transcritical systems [Simoieselectonpreierences —————

Default selection ariteria  Default velodties Default saturation temperature drops

Companent Discharge line Liquid line Liquid line after expansion valve Suction line
Control and regulating valves Pressure drop Pressure drop Pressure drop Pressure drop
Solenoid valves Pressure drap Velodity Velodity Pressure drop
Check valves Velocity Velodity Velodity Velodity
Stop and shut off valves Velocity Velodity Velodity Velodity
Expansion valves Load Load Load Load
Constant pressure valves Load Load Load Load
Filters and strainers Velocity Velodty Velodity Velodity
Filter driers - Velodty Velodity Velodity
Burnout filters - Velodity velodty Velodty
Sight glasses - Velodity velodty Velodty
Steel pipes Velocity Velodity velodty Velodty
Steel fittings Velocity Velodity velodty Velodty
Copper pipes Saturah'un temperature drop | Velodity Saturation tempe
Copper fittings Velodity Velodity Velodty Velodty
ICF valve station Velocity Velodity Velodty Velodty

Rename preferences...
< >

Delete preferences...

h} To create a custom unit system, you need to go to “Options | Units | Custom...”. Then you
will find the unit used for each of the default unit systems, and you can create your own.
For the unit system for this exercise, we need to select the American unit system first and
then change the unit for the cooling and the heating capacity:

Units [American]
selected units: Available unit sets:
Mame unit set:
TEMPEFETIIE. vvvivivivvrersinieinennnnnnned | [OF] degree Fahrenheit v
Temperature difference.................; [°F] degree Fahrenheit v
Pressure. . : [psi] Pound-force per square inch ~ 5
International
Pressure difference. ... : [psi] Pound-force per square inch ~
Saturation temperature drop............ [°F/ft] Fahrenheit per foot w
Cooling CAPACITY.  vvvveersrsrervnnnnnnnnt  [RW] Kilowatt ~
Heating capacity Bl [kBTU/h] Kilo British thermal unit per hour

Mass flow. .t
. [BTU/N] British thermal unit per hour

Volume flom. oo [kBTU/h] Kilo British thermal unit per hour
. [BTU/s] British thermal unit per second

POWET v [TR] Ton of refrigeration

Diameter.... . [ll;cuali:liﬁlgcalurie per hour

LENGth. . cvveerevissisnnnnsieinsnnnnnnnn ] Fegt ~
Roughness........covevvvvnivinsnsinnnnt [iN] Inches ~
VEIDGEY . v vvvveeieesssnnsseinsnnnnnnnnat | [8/5] FoOt per second ~
DEMSIEY.covvrerveeeeensisinnnnnsnnnnnnnnd  I0/ft3] Pound per cubic foot ~
Spedfic volume. .....oovvviviniiiennnnn.: [FE23/1b] Cubic foot per pound ~
Spedfic eNropY...ovvevveeivissesnnnnnnt  [BTUf(b2F)] British thermal unit per pound degree Fahrenheit ~
Spedific enthalpy....oovvvviviniiiennnnn..t [BTUSIB] British thermal unit per pound ~
Specific heat capacity.... [BTU/{lb-°F)] British thermal unit per pound degree Fahrenheit ~
VOIUME. v vevvvii e eeseseneenennsd | [US gal] Fluid gallons ~
ATEEiviiinieieesm et [E72] Square feet ~

Rotational speed.....ccovviviiiiiennnnn.t [rpm] Revolution per minute v v

By clicking OK, you will be asked to save your custom unit system and give it a name. It will
then appear on the list of unit systems similar to your custom preferences.
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4 Commercial applications

For exercises in this chapter, you can set your preferences to commercial applications through
“Options | Preferences | Commercial applications”.

Exercise 4.1 Selecting a thermostatic expansion valve
Select a TU thermostatic expansion valve for a dry expansion system with R448A with the
following operating conditions:
o Cooling capacity: 2.5 kW
Evaporator dew point temperature: -8 °C
Useful superheat: 8 K (Default)
e Condenser bubble point temperature: +45 °C
e Subcooling: 3 K
e Load: 100%
e Distributor pressure drop: 1.0 bar

% | &

L= k4

X
X Q
d
=X

09 & | %

a) Which valve is suggested by Coolselector®2?

b) What is the nominal capacity of the suggested valve?

c) lIsit possible to run the system at 20 °C condensation temperature with this valve size?
d) What is the load at 45 °C and 20 °C, respectively?

e) What is the load a TXV should typically be selected at?
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Solution 4.1 Selecting a thermostatic expansion valve

With a commercial refrigeration system, we usually talk about a dry expansion system. So, in

Coolselector®2, you first set the System to ‘Dry’ and then select the Liquid line:
V1 X +  New

System: | Dry

v
Selected line: Liguid line \

=

Next, please select the refrigerant (R448A) and the product family (TU/TC):
Refrigerant: R34 W

Connections: -

Product families

T2
— Irure

TES-55
IF |
e

TU/TC thermostatic expansion valve, Stainless steel with
bi-metal connectors.

1-part design: Stainless steel body and thermostatic
element and fixed orifice.

2-part design: the same but exchangeable aorifice.

Afterwards, type in the operating conditions:

Operating conditions:
Capacity: Evaporation: Condensation: Additional:

Cooling capacity: o |2,500 kw Dew point temperature: Bubble point temperature: o | 45,0 =C Discharge temperature: 85,5 o
Mass flow in line: 64,16 ka/h Useful superheat: , 80K Subcooling: l--"".r 30 K
Heating capadity: 3,553 kw Additional superheat: 0K Additional subcooling: 0K

Selection criteria:
Load: 100 %

Distributor pressure drop: 1,000 bar | <olf—

The operation (system) condition values are required to calculate the mass flow circulating
through the expansion valve. Part of this information is the pressure losses between the
condenser outlet and the valve inlet, as well as the pressure drop between the outlet and the
evaporator inlet. Those pressure drops are reflected in the value of “Distributer dp”. The
pressure drop across the valve therefore is equal to pc — (pe + dp distributer).

54



Coolselector®2 Exercises

a) The suggested valve is a TU orifice size 5 (TU - 5):
Liquid line (Dry expansion system. R4484. TXV)
Selection: TU - 5 No code numbers currently available

Selected Type NS Range MNominal capacity (kW] Min. capacity kW] Load [36] DP [bar] Velocity, in [mfs] Result

-3 | 9,53 M 1,139 0,285 2200 16,09 0,36 A

F TU-4 | 9,53 M 1,598 0,474 132 16,09 0,36 A

@ TU-5 9,53 N 2,541 0,635 93 16,09 0,3 |
TU-& 9,53 M 3,54 0,985 63 16,09 0,36
TU-7 9,53 M 5,203 1,301 43 16,09 0,36

b) The suggested valve has a nominal capacity of 2.541 kW:
Liquid line (Dry expansion system. R4434, TXV)

Selection: TU - 5 No code numbers currently available

Selected Type NS Range |Mominal capacity kW] |Min. city kW] Load [%] DF [bar] Velodty, in [mfs] Result
Tu-3 | 9,53 M 1,139 0,285 220 16,09 0,38 1

- -4 | 9,53 M 1,898 0,474 132 16,09 0,38 1

) TU-5 9,53 N 2,541 0,635 93 15,09 0,36 + |
TU-6 | 9,53 M 3,94 0,935 63 15,09 0,36
Tu-7 9,53 M 5,203 1,301 48 156,09 0,36 +F

c) Yes, it is possible to run the valve at +20 °C condensation temperature. To prove this in
Coolselector®2, change the bubble point temperature of condensation to +20 °C:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:
Cooling capacity: o 2,500 kw Dew point temperature: 8,0 =C Bubble point temperature: W 20,0 =C Discharge temperature: 52,1 =C
Mass flow in line: 50,14 ka/h Useful superheat: 8,0 K Subcooling: Iﬂ
Heating capacity: 3,009 kw Additional superheat: 0K Additional subcooling: 0K
Selection criteria:
Load: 100 o,
Distributor pressure drop: 1,000 bar

You will now see that TU —5 is no longer the suggested best match by Coolselector®2,
however, it is still in the list with a warning that the capacity of the expansion valve is too
small:

jguid li ion svstem, R44EA, THV)
Selection: TU - 5. Capacity of expansion valve is too small Mo code numbers currently available

Selected Type NS Range MNominal capadty kW] Min. capadty kW] Load [%] DP [bar] Velodty, in [mfs] Result

TU-3 | 8,53 M 1,011 0,253 247 6,288 0,25 4
7 TU-4 | 8,53 M 1,654 0,423 143 6,288 0,25 4
@ TU-5 4,53 N 2,266 0,566 110 6,288 0,25 A
@ TU-6 9,53 N 3,513 0,878 71 6,286 0,25 .
TU-7 | 9,53 N 4,541 1,160 54 6,286 0,25

A thermostatic expansion valve has a nominal capacity at a defined opening superheat,
but with higher opening superheat a higher capacity is given. However, typically, such a
valve can be used up to 150% of its nominal capacity. Due to that, a TXV has a so-called
“over capacity”, which is indicated by the Performance diagram with a curve that does not
end at 100% nominal capacity:
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d)

performance curve  Performance details Code number selection

TU-5
Capacity of expansion valve is too small
Liquid line (Dry expansion system. R448A. TXV)

Naminal capacity [%]

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5
Cooling capacity [kW]

Cooling capacdity: 2,5000 kW  Heating capacity: 3,0095kW  Mass flowinline: 50,143 kg/h  Capacity: 110,3%  Status: Max capacity E

Since the valve, for a limited period of time, would run at the higher load, it is not the
recommended selection in Coolselector®2. However, in reality, the valve is an option.

At 45 °C condensation the load is about 98% and at 20 °C condensation the load is about
110% of the nominal capacity.

45 °C:
Liquid line (Dry expansion system. R4434, TXV)
Selection: TU - 5 Mo code numbers currently available

Selected Type NS Range Mominal capadty [kW] Min. capadty kW] |Load [%] in [m/s] Result
] -3 | 9,53 M 1,139 0,285 220 0,36 ‘.-‘i\l

& -4 | 9,53 M 1,898 0,474 | 132 0,36 A

@ TU-5 9,53 N 2,541 0,635 93 0,36 o

”:“ TU-& | 9,53 M| 3,941 0,985 83| 15,09 0,38 o

& -7 | 9,53 M 5,203 1,301 | 43 15,09 0,36 o
20 °C:

Liquid line (Dry expansion system. R4464, TXV)
Selection: TU - 5. Capacity of expansion valve is too small

MNo code numbers currently available

Selected Type M5  Range MNominal capadty [kW] Min. capadty [kW] |Load [3t] [DP [bar] Velodty, in [mfs] Result
(9] -3 | 9,53 M 1,011 0,253 247| 6,288 0,25 A
(9] TU-4 | 9,53 M 1,694 0,423 145 0,25 A
1 TU-5 | 9,53 M 2,266 0,566 110 f,286 0,25 A\
) TU-7 9,53 M 4,641 1,160 54| 6,286 0,25 &

A TXV should never be oversized but should be selected at 100% of its nominal capacity.
To reach the required working superheat built in to the system, the static superheat
should be re-adjusted rather than oversizing the valve. In this way, the bandwidth will be
utilized better and the valve will work with higher stability.
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Exercise 4.2 Selecting an electronic expansion valve
Select an electronic expansion valve for a chiller, from the product family ‘ETS Colibri®’, with the
following operating conditions:

e Refrigerant: R513A

e Cooling capacity: 90 kW

e Evaporator temperature: 3 °C

e Useful superheat: 8 K (Default)

e Condenser temperature: +40 °C

e Subcooling: 3 K

o

by ()

a) Which target load should be put in the selection criteria and why?

b} Which valve size will be recommended for that target load (if you have chosen a range for
the load, use the upper limit of the range for this input)?

c) What is the velocity at the valve inlet for the suggested valve?

d) Is there an alternative to the valve suggested by Coolselector®2 in the selection list with
the same load at nominal conditions? What is the difference between the two valves and
why is there a difference? Please explain.

e} Please explain, what is the minimum possible capacity and opening degree for the valve
suggested by Coolselector®2 in b)?

f) Would there be a risk if you select ETS Colibri 100C electronic expansion valve? Please
explain using a chiller application as an example.

g) What would be the suggested valve if we want to replace the valve with one from the AKV
family?

1. What is the difference between the two families, ETS and AKV?
2. What would be the actual speed at the inlet of the suggested expansion valve?
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Solution 4.2 Selecting an electronic expansion valve

Similar to the previous exercise, set the system to ‘Dry’ and then select the liquid line. Next,
please select the refrigerant (R513A) and the Product Family (ETS Colibri):

Refrigerant: R5134A )

Connections: -

Product families

| &5 colibri
ETS
AKV
AKVH
AKVA

ETS Colibri stepper motor expansion valve for capadities
fram 12 to 100 tons. The valve indine design indudes
balanced cage and slider assembly operated by the direct
driven motor technology. This ensures solencid tight
shut-off in both flow directions.

Warking pressure of 50 bar and opening differential
pressure of 40 bar,

Afterwards, change the operating conditions as requested by the exercise:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

Cooling capadity: ~ Temperature: ~ Temperature: ~ | 40,0 =C Discharge temperature: 55,5 =C
Mass flow in line: 2342 kg Useful superheat: 8,0 K Subcooling: _—' 3,0 K

Heating capadity: / 110,2 kw Additional superheat: 0K Additional subcooling: 0K

a) For both air condition and refrigeration systems, the recommended selection criteria for

‘load’ is about 70% to 80%. By setting the load like this, there is 20% to 30% capacity left,
for example for pull-down.

Capacity diagram, R513A
120
— 80
2
=
E — = =System design capacity
g e0 v o Workine oo
3 Working point
— ETS Colibri 24C
40 f i
— = —=min valve capacity
20
0 4-'4
0 20 40 60 80 100
Steps open [%]
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Dt

As is evident, the more over-capacity the system requires, the lower the load should be
set in the selection criteria.

For low temperature applications it is recommended to size the electronic expansion valve
at 50-60%. Otherwise, the pull-down capacity might be insufficient.

Based on the selection criteria and a load set to 80%, Coolselector®2 suggest the ETS
Colibri 24C-22 as the best match:

Selection criteria:
Load:

Distributor pressure drop:

Liquid line (Dry expansion system. R513A, Electronic exp
Selection: ETS Colibri 24C-22

Selected Type NS Max, capadty (kW] Min. capaddy (kW] Load [%] DP [bar] Velodty, in [mfs] Result

O ETS Colibri 24C-12 | 12 87,17 103 7,145 717 A
e ETS Colibri 24C-16 16 92,79 12,64 97 7,145 360 o
® (TS Colbri 24C-22 | 22 115,0 1566 N 78 7,145 180 |
O ETS Colibri 25C 22 115,0 15,66 78 7,145 1,80
e ETS Colbri50C 28 218,2 19,87 41 7,145 1,06

The liquid velocity at the inlet connector is about 1.80 m/s. You can find the liquid velocity

in the selection table:
Selection: ETS Colibri 24C-22

Selected Type NS Max. capacdty [kW] Min. capacdty (kW] Load [%] OP [bar] Welodty, in [mfs] Result

O ETS Colibri 24C-12 | 12 87,17 12,30 103 7,145 7,17 A
O ETS Colibri 24C-16 16 92,79 12,64 97 7,145 3,60 o
® ETS Colbri 24022 | 22 115,0 15,66 78 7,145 v
O ETS Colibri25C | 22 115,0 15,66 78 7,145 180
O ETS Colibri 50C 28 218,2 19,37 41 7,145 1,06

An alternative would be the ETS Colibri 25C, since this has the same load percentage
(78%) as the ETS Colibri 24C-22:

Selected Type NS Max. capacty kW] Min, capacity (kW] Load [%%] DP [bar] Velodty, in [mfs] Result

9] ETS Colibri 24C-12 | 12 87,17 12,30 03| 7,145 717 A

e ETS Colibri 24C-16 | 16 92,79 12,64 97| 7,145 360 o
) ETS Colibri 249C-22 22 115,0 15,66 78 7,145 1,80 o
o {ETS Colibri 25C 22 115,0 15,66 78 7,145 1,80 o
0 ETS Colibri 50C 25 218,2 19,57 41 7,145 1,06 o

The ETS Colibri 24c-22 and the ETS Colibri 25C valves are exactly the same in performance,
which you can see in the calculation results. The only difference is that ETS Colibri 25C is
equipped with a side glass, while ETS Colibri 24C-22 does not have the side glass.

You can contact Danfoss or your supplier for more information or if you have any
guestions regarding the products and you require assistance with your selection.
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e} The minimum capacity for the ETS Colibri 24C-22 at the given operating conditions is
15.66 kW at around 10% opening of the valve. You can find the minimum capacity in the
selection table.

Furthermore, you can see this in Coolselector®2 if you use the performance curve shown
underneath the selection table. Move your mouse to the desired cooling capacity [kW] on

the x-axis to see the corresponding opening degree [%] on the y-axis:
Selection: ETS Colibri 24C-22

Selected Type NS Max. capadty kW] Min, capacdity kW] Load [%%] OP [bar] Velodty, in [mfs] Result
O ETS Colibri 24C-12 12 87,17 12,30 103 7,145 7,17 1
O ETS Colibri 24C-15 16 92,79 12,64 a7 7,145 3,60
® ETS Colibri 24C-22 22 1154 15,55 | 78 7,145 1,80
) ETS Colibri 25C 22 115,0 15,66 78 7,145 1,80
@ v

ETS Colibri 50C 28 218,2 19,87 41 7,145 1,06

Performance curve  Performance details

ETS Colibri 24C-22

Liquid line (Dry expansion system. R5313A. Electronic expansion valve).
120

110
100
S0
30
70
60

=0

Opening degree [%)

40

30

20

10

0 20 40 60 80 100 120
Cooling capacity [kWw]
f) ETS Colibri 100C has a higher max capacity of about 428.5 kW, as is evident from the

selection table in Coolselector®2:
Selection: ETS Colibri 100C

Selected Type NS Max. capadty kW] Min, capadty kW] Load [3:] OP [bar] Velodty,in [mfs] Result
O ETS Colibri 24C-16 16 92,79 12,64 97 7,145 3,60
@) ETS Colibri 24C-22 22 115,0 15,66 78 7,145 1,80 o
O ETS Colibri 25C 22 115,0 15,66 78 7,145 1,80
O ETS Colibri 50C 28 218,2 19,87 41 7,145 1,06
® [ETS Colibri 100C | 35 | 428,5 39,01| 21 7,145 0,68

This would be more than enough capacity for running the system under full load
conditions as well as pull-down. However, in the event that the chiller runs into part load,
the size of the ETS Colibri 100C might become an issue since its minimum possible
capacity is 39.01 kW. Thus, the ETS Colibri 100C may be too large for this system.
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As is evident from the example above, it is always recommended to verify if the valve is
suitable for the whole envelope of the system, considering both loads and extreme
conditions.

g) To replace the valve with one from the AKV family, we need to click on the AKV in the
“Product families” list:
Product families

ETS Colibri
ETS

I ap——

AKVH

3 . AKV 10P

s .11 . AKY 10PS
== '?l ICM

= AT e

v AKVA

AKY pulse width modulated expansion valve for small to

mid-size systems. Normally dosed type.

If you don’t change the operating conditions, you will notice that Coolselector®2 keeps the
previous inputs for operating conditions. The suggested valve would be AKV 20-2 in this

case:
Selection criteria:

Load: 80 =g

Distributor pressure drop:

Liquid line {Dry expansion system. R.513A. Electronic ex
Selection: AKV 20-2 Mo code numbers selected

Selected Type MS  Max. capacity kW] Min. capacity Load [%] DP [bar] WVelocty, in [mfs] Result

@] AKV 15-4 | 28 73,33 115 7,145 1,15/ A
@] AKV 20-1 | 32 73,27 114 7,145 0,52 A
|@) BKV 20-2 32 126,4 12,64 W71 7,145 0,52
0 AKV 20-3 | 32 196, 1 19,61 46 7,145 0,52
@] AKV 20-4 | 40 309,9 30,99 23 7,145 0,38
1. AKV is a family of pulse width modulated expansion valves. This means the valve is

either fully open or fully closed. As a result, while the valve is open, the capacity is
the maximum capacity.

2. To calculate the actual velocity for AKV or any of the pulse width modulated
expansion valves, you should replace the capacity to the maximum capacity of the

valve. You will see that for AKV 20-2 the velocity at the inlet would be 0.73 m/s:
Selection: AKV 20-2 No code numbers selected

Selected Type NS  Max. capacity [kW] Min. capacity kW] Load [%%] ODP [bar] Velocity, in [m/s] Result
i AKNV 15-3 22 49,73 4,973 254 7,145 2,7 1
O AKV 15-4 28 78,33 7,833 16 , 145 1,61 |
i AKN 20-1 32 79,27 7,927 159 7,14 0,73 1
@ AKV20-2 | 32 126,4 12,64 100

@ AKV 20-3 32 196,1 19,61 64
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Exercise 4.3 Selecting a solenoid valve
Please select an EVR v2 solenoid valve for a liquid line of a chiller application with an electronic
expansion device. For safety reasons, a solenoid valve shall be installed in front of the expansion

valve.

Please use the following operating conditions:

e Refrigerant: R513A

e  Max cooling capacity: 45 kW

e Evaporator temperature: 0 °C

o Useful superheat: 4 K

e Condenser temperature: +42 °C
e Subcooling: 2 K

e Cooling load: 40% to 100%

o

s ()

Which solenoid valve does Coolselector®2 suggest as the best fit for the system
requirements under the given operating conditions?

What is the capacity range of the system using the suggested valve?

Please explain what should be considered in relation to the cooling load when selecting a
failsafe component for a system matching these operating conditions.

Taking your conclusions from the previous parts into consideration, is the valve suggested
by Coolselector®2, at these operating conditions, the best fit for the system
requirements? If not, which valve should be chosen instead and why?

What is the pressure drop in the solenoid valve?

What is the maximum possible pressure drop without getting flash gas in front of the
expansion device?

Please explain what the limits are for a solenoid valve placed in a liquid line.
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Solution 4.3 Selecting a solenoid valve

Select the solenoid valve from the “Valves and Line Components” and then set the System to
‘Dry’ and choose the Liquid line. Then select the refrigerant (R513A) and the product family (EVR
v2).

Afterwards, type in the operating conditions:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

Cooling capacity: w Temperature: W 0,0 =C Temperature: W 42,0 =C Discharge temperature: 54,5 =C
Mass flow in line: 1263 ka/h Useful superheat: ’ 40 K Subcooling: -ﬁ’ 20 K

Heating capacity: ﬂ 57,13 kw Additional superheat: 0K Additional subcooling: 0K

a) The solenoid valve suggested as the best match for the system under these operating
conditions is the EVR 20:

Liquid line (Dry expansion system. R5134. Solenaid valve)
Selection: EVR 20

Selected  Type NS Kv[m~3f] OP_100 [bar] DP_min [bor] Kv_calc m~3M] DP [ber] DT sat[K] Openingdegree [%] Load [%] Possible partioad [%] Velodity, in [m/s] Valve state  Result
- EVR 15 15 3,3 0,030 0,030 33 018 04 - - - 2,31 Open o
P EVR 18 22 39 0,030 0,030 39 0,092 0,3 - - - 1,08 Open
© EVR. 20 2 3 0,030 0,030 5 0,038 0.1 - - - 1,08 Open o
F EVR 22 28 6 0,030 0,030 6 0,038 0,1 - - - 0,63 Open

EVR 25 3 9,8 0,200 0,088 3,645 0,105 04 27 27 50 0,63 Partyopen o

b} At 100% cooling load the capacity is 45 kW, as specified in the operating conditions. You
can also verify this in the “Performance details | System details”:

Operating conditions:

Capacdity: Evaporation: Condensation: Additional:

Coaling capadity: v Temperature: v 0,0 =C Temperature: v 420 =C Discharge temperature: 54,5 C
Mass flow in ling: 1263 kg/h Useful superheat: 40 K Subcooling: 2,0 K

Heating capacity: 57,13 kw Additional superheat: 0K Additional subcooling: 0K

Selection criteria:
Pressure drop: 0,100 ba Saturation temperature drop:

® Velocity: 1,00 mfs 0,1K

Liquid line {Dry expansion system, R513A, Solenoid valve)
Selection: EVR 20

Selected  Type NS Kv[m*3fh] DP_100 bar] DP_min(bar] Kv_celc (m*3h] OP [bar] OT sat[K] Openingdegree [%] Load [%] Possible partioad [%] Velodty, in [mjs] Valve state  Result
: EVR 15 16 3,3 0,030 0,030 33 0,128 04 - - - 2,31 Open| o
s EVR 18 22 39 0,030 0,030 3,9 0,092 0,3 - - - 1,08 Open v
B EVR 20 2 G 0,030 0,030 5 0,039 01 B B B 108 Cpen W
EVR 22 ] B 0,030 0,030 5 0,039 01 - - - 0,63 Cpen| o
EVR 25 3 3,8 0,200 0,088 3645 0,105 0,4 27 27 50 0,63 Partiyopen

Performance curve | Performance details vh
45,00

System diagram  System: Line:
Capacity Warnings:
Cocling capacity [kW] 50: No expansicon valve in liquid line
Specific cooling capacity [kJ/kg] Total pressure drop [barl ....____.._. = 0,033

Eeating capacity [KW] ............ Tovel saturation temperatuze drop (K] . 0,1

e Specific heating capacity [kJ/kgl . Max svailsble pressure difference [bar] . 8,065
Compressor mass flow [kg/hl ... ... ... Max available saturation temperature drop [K] = 42,0
Evaporator mass flow [kg/hl ... .. ... ... ......l0 Line mass flow [kg/hl ... ... ... .........0 = 1263
Evaporation
Evaporating temperature [Cl ... ... ... ... ... ___ = 0,0
Evaporating dew point temperature [°Cl ............... = 0,0

Thus, at 40% cooling load, the capacity will be 18 kW.
45kW 0.4 = 18 kW

c) Inrelation to the cooling load, it is important to consider that the system design supports
a continuous change of cooling load from 100% down to 40% of its nominal capacity, as
stated in the operating conditions. When selecting a component, please take this into
careful consideration, in order to ensure that the solenoid valve will work failsafe across
the entire application envelope.
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d) Taking your previous conclusions into consideration, it is evident that the EVR 20, as
suggested by Coolselector®2 for the full load condition, is not suited for the system with
the given operating conditions.

Looking at the performance curve, the valve is poorly suited for cooling capacities of less
than 39.547 kW:

Uauid ine (Dry expanson system. RS134, Solenod valve)
Selection: EVR 20

selected_Type 15 v [m~3h) DP_100 bar] D in foar] K cac [n3h] 0P [ber] DT satlK] Opening deores [%) Load [%) _Possbie partiond (5] _Velocty,in ] _valve state _Result
N 2 s 0,00 0,030 6 00® 01 B - 108 o v |
\ BR 22 £ 5 0,030 0,030 8 0,03 o1 0,83 Open o
e 25 = 28 0,20 0,088 3645 05 04 7 7 B 063 Partyopm
! S 167 0.0 0,087 3817 09l 03 15 15 3 0.3 Fatyoom

e [E—
EVR 20

Liquid line (Dry expansion system. RS13A. Solenoid valve)

0.050

Hesting capacty: 50,209 KW Mass fom iine: 1109,8kgh  Presare drop: 0,0300bar  Status: Open

A better fit for the system with the given operating conditions and a continuous change of
cooling load from 40-100% and thereby capacities ranging from 18 kW to 45 kW would be
the EVR 10, which supports capacities starting as low as 14.497:

Uil e (Dry expension system. RS114. Sclenoid valve)

Selection: EVR 10
Sescied Type NS Ku[m~3h) 0P_100 (b O min(bar] Kucac(m~3h] OP (bar] OT_sat(k] Operingdegree (%] Load (%] Possbie partosd (%] Velocty, i [ms) Vahe state Remit
BR LN 2 21 003 0,03 S 11 - 48 O
. =s = = wm_om oW : g W o v
BRIl % ) 7% Tom 3 o X FETI
Rfos (= om wm e s s : Ao
mx 2 ] 003 0,00 L) 01 | | i 18 opm o

curve | performance detais

EVR 10
Liquid line (Dry expansion system. R513A. Solenoid valve)

|

0,00
0 s 10 15 20 2= 30 ES 40 as s0 55 80
Coling capacity [kW]

Cooling capacity: 14,457k || Heating capacity: 18,405k Mass flow ine: 405,35 kgl Pressure drop: 0,0300bar  Stabus: Cpen

As is evident from the performance curve, the EVR 10 supports the entire application
envelope of the proposed system. If you change the load to the minimum from the given
operating conditions (18 kW) and check the suggested valve again, you will notice that
Coolselector®2 suggests “EVR 10”. So, make sure you check the full range of capacity or
other varying parameters to improve your selection.
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e} From the performance curve we can conclude that for the EVR 10, at 45 kW the pressure

drop is about 0.2889 bar, whilst at 18 kW the pressure drop is 0.0462 bar.

45 kW (0.2889 bar):

Performance curve  performance detals

EVR 10

Liquid line (Dry expansion system. RS13A. Solenoid valve)

0,40

LEH

030

0325

020

Fressure difference [bar]

Pressure drops 0,2899 bar

Coding capsdty: 45,0006/ Heatng capasity: 7,132k

18 kW (0.0462 bar):

Performance curve

Meass flow i ne: 1262,8 kgh Status: Cpen

Performance detals

30
Cooling capacity [kw]

EVR 10

Liquid line (Dry expansion system. R513A. Solenoid valve)

Prassure défarence [bar]

L

] s 10 15 20 2=

: 505,17 kg Zbar|  Status: Open

Cooling capacity: 18,000 kW

22,353kW

f) The maximum pressure drop without getting flash gas in front of the expansion device is
0.569 bar. The value can be found under ‘Performance details | System details’:

Liquid line (Dry expansion system. R5134. Solenoid valve)
Selection: EVR 10

Selected  Type NS Kv[m~3h] DP_100 [bar] DP_min [bar] Kv_calc [m~3/h] DP [bar]

- EVR 3 10 1,15 0,030 0,030 1,15 1,087
EVR 10man 12 2,1 0,030 0,030 21 0,317
EVR 10 12 22 0,030 0,030 2,2 0,289
EVR 15 16 3,3 0,030 0,030 33 0,18
EVR 18 2 3,9 0,030 0,030 39 0,092

Performance curve

System:
Capacity
Cooling capacity (kW]
Specific cooling cepacity [kJ/kgl
Heaving capacivy [kH]
Specific heating capacity [kJ/kgl
Compressocr mass flow [kg/hl
aporator mass flew [kg/h]
sporation

System diagram

System details

DT _sat K] Opening degree [%]

30
Coling capacity (k)

Load [%] Possible partioad [%]
3.8

L1 - -

1,0 - - -
0,4 - -

0,3 - -

Line:
Warnings:

50: No expansion valve in liquid line
Total pressure drop [bar]
Toval saturation temperature drop [K]
Max availsble pressure difference [bar]

Line mass flow [kg/hl

sporating temperaturze [°C] 0,0
0,0
0,0
3,208
ful superheat (K] 4,0
Additional superheat [K] o
Compressor discharge
Discharge temperature ["Cl _.......................... 54,5
Condensation
Condensing temperaturs [°C] 42,0
Condensing dew point temperature [°C] . 42,0
Condensing bubble point temperature [°C] 42,0
Condensing pressure [bar] 11,27
Subcooling (K] 2,0
Additional sub o
Rdditional

Mzx liquid

line pressure drop (before flashing) [bar] = 0

Mex available saturation temperature drop [K]

6,11
4,83
4,83
2,31

1,08

Open
Open
Open
Open
Open

velodity, in [m/s] Valve state  Result

ASANANANIS
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g) Most of the Danfoss solenoid valves are so-called “servo operated” and need a minimum
pressure drop (by the mass flow through the valve) to be in a stable open position.

Thus, for a solenoid valve in a liquid line, the limits are: sub cooling, no creation of flash
gas and minimum pressure drop. If one (or more) of those limits has been reached, it will
turn the result in Coolselector®2 red and a warning will come up to inform you that the
valve is not well suited for the system under the given operating conditions.

Exact warning texts can be read by resting the mouse pointer over the warning icon within
Coolselector®2:

Liguid line (Dry expansion system. R5134. Solenoid vaive)

Selection: EVR 22

Selected  Type NS Kv [m~3f] DP_100 [bar]

EVR 6 10
EVR & man 10
EVR B 10
EVR 10man | 12
EVR 10 12

0,030
0,030
0,030
0,030
0,030

DP_min [bar]

0,030
0,030
0,030
0,030
0,030

Ku_cale [mn~3/]  DP [bar]

1,398
1,398
1,057
0,317
0,289

DT_sat[K] Opering degree [%

5.1
51
38
L1
10

] Load[%] Possible partioad [%] Velocity, in [m/s] Vave statef Ref -
i
R R R 611 ope] A\ Warning )
- Flashing in liquid line
- - - 6,11 Opef

8,11
4,83
4,83
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Exercise 4.4 Selecting a check valve with reciprocating compressors

Using the following operating conditions for the discharge line of two circuits with semi-
hermetic reciprocation compressors working in parallel and a small power pack. First, please
explain which check valve version should be selected (NRV or NRVH)? Then check the exercises
for the following operating conditions:

e Refrigerant: R513A

e Cooling capacity: 45 kW

e Evaporator temperature: -10 °C
e Superheat: 8 K

e Superheat suction line: 4 K

e Condenser temperature: +42 °C
e Sub cooling: 2K

a) Which check valve version does Coolselector®2 suggest as the best match?
b) What is the pressure drop across the valve?

c) What is the minimum required pressure drop to fully open the valve?
d) What is the possible system part load?

e} What is the minimum capacity to keep the valve fully open?

f) What is the suggested connection size?
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Solution 4.4 Selecting a check valve with reciprocating compressors
Selection of check valves at the discharge of a compressor needs very special attention.
Depending on the compressor type and application, slightly different results may occur.

If a power pack’s compressor is cut off, the check valve will protect against returning gas from
the discharge line back into the cylinders of the compressor.

Due to mechanical vibrations, in this particular situation, it could happen that a check valve with
a standard spring cannot keep the port tightly closed. If this happens, the refrigerant could
return into the cylinder and in a worst-case scenario, it could condensate, thereby forming a
liquid. When the compressor is next started, its valve place will be damaged, and it will break
down.

Apart from mechanical vibrations, reciprocating compressors tend to create gas pulsations. The
reason for this is the principal of compressing gas in one stack and releasing it into the discharge
line within an extremely short time. With each release, a peak called a “gas pulse” will be
generated. Depending on the design and number of cylinders in the compressor, the effect can
vary. Generally speaking, the greater the number of cylinders, the smoother the running will be
and fewer pulses will be generated.

As a result of the above, two types of Danfoss check valves are available:
e NRV with a standard spring
e NRVH with a stronger spring.

Since the compressors in question in this example are semi-hermetic, it can thus be concluded
that to ensure the tight closure of the port, and to prevent the refrigerant from returning to the
cylinder, the check valve with the stronger spring (namely the NRVH) should be selected.

Now, please set the proper system, refrigerant and operating conditions in check valve selections
based on the given conditions and as explained in the previous exercises.

a) Based on the above input, Coolselector®2 suggests the NRVH 22:

Discharge line (Dry expansion system. R5134. Check valve)
Selection: NRVH 22 Ho code numbers selected

Selected Type NS Kv [m~3h] DP_100 [bar] DP_min [bar] Kv_calc [n~3/h] DP [bar] DT_sat[K] Opening degree [%] Load [%] Possible partioad [%] Velodity,in [m/s] Valve state Result

NRVH 16 | 15 36 0,300 0,280 36 5150 22,0 - 297 7 53,13 Open|
F NRVH 19 20 5:5 0,300 0,280 55 1,271 46 - 194 10 39,95 Open
B NRVHZ2 22 8,5 0,300 0,280 85 0,484 17 - 126 16 24,30 Open
NRVH 25 | 28 16,5 0,300 0,280 10,96 0,284 10 - 55 31 14,38 Partly open| A
NRVH 35 35 2 0,300 0,280 11,03 0,281 1,0 - 37 54/ 8,78 Partly open |

b) The pressure drop across the valve is 0.484 bar:

Discharge line (Dry expansion system. R513A, Check valve)
Selection: NRVH 22 Mo code numbers selected

Selected Type NS Kv[m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [m~3/h] | DP [bar] |DT _sat, Opening degree [%] Load [%] Possible partload [%] Velodty, in [mfs] Valve state Result
NRVH 16 16 3,6 0,300 0,280 3.5 5,150 22,0 - 297 7 53,18 Open

F MRVH1S 20 5,5 0,300 0,280 5.4 1,271 46 - 194 10 39,95 Open

0 MRVH 22 22 8,5 0,300 0,280 8,4 0,484 1,7 B 126 16 24,90 Open
MRVH28 | 28 16,5 0,300 0,280 10,594 0,284 1,0 - 65 31 14,38| Partly open '
MRVH35 | 35 29 0,300 0,280 11,0 0,281 1,0 - 37 54 8,78| Partly open |

c) The minimum required pressure drop to open the valve is 0.3 bar:

Discharge line {Dry expansion system, R513A, Check valve)
Selection: NRVH 22 No code numbers selected

Selected Type NS Kv([m~3fh] [DP_100 [bar] [DP_min bar] Kv_calc [n~3h] DP [bar] OT_sat[K] Openingdegree [%] Load [%] Possible partioad [%] Velocity, in [m/s] Valvestate Result
. MRVH 16 16 36 0,300 0,280 36 5150 2,0 - 297 7 53,18 Open
: MRVH 13 20 55 n,anD/ 0,280 55 1,271 46 - 184 10 39,95 Open
® MRVHZ2 22 8,5 0,30 0,280 85 0,984 17 - 125 16 24,90 Open
s NRVH 28 | 28 16,5 0,300 0,280 10,95 0,254 L0 - 65 31 13,38 Partyopen| A
MRVH35 | 35 2 0,300 0,280 11,03 0,281 1,0 - 37 54 8,78 Partlyopen| A
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d) The possible system part load is 26%. Reading in the selection table, the load (in percent)
is 126%. With this in mind, you can now calculate the possible system part load:
126% — 100% = 26%

Discharge line (Dry expansion system. R513A. Check valve)
Selection: NRVH 22 No code numbers selected

Selected  Type NS Kv[m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [n~3/h] DP [bar] DT sat[K] Opening degree [%] |Load [%] [Possible partioad [%] Velodty, in [mfs] Valve state Result
P MNRVH 16 16 3.6 0,300 0,280 3,6 5,150 22,0 257 7 53,18 Open|
s MRVH19 20 55 0,300 0,280 58 1,271 4,8 194/ 10 39,95 Open
n (MRVHZ2 22 8,5 0,300 0,280 8,5 0,484 1,7 R 12 16 24,90 Open
MNRVH28 | 28 16,5 0,300 0,280 10,96 0,284 1,0 1 65 31 14,38 Partly open A
MRVYH35 | 35 22 0,300 0,280 11,03 0,281 1,0 y 37 54 8,78| Partly open l

e} The minimum capacity required to keep the valve fully open is 36 kW. You reach this
figure by looking at the performance curve and finding the area which is not red or yellow
(partly open valve). The point on the x-axis where the white area starts marks the capacity

limit required to keep the valve fully open:
Performance dewls  Code umber selecton

NRVH 22
Discharge line (Dry expansion system. R513A. Check valve)

30
Cocling capacity [kw]

Casling capacty 36,000k | Hestng capacity: 50,30 KW Mass flownine: 1038,Shoh  Presaure rop: 0,2031bar  Stabus: Open

f) You find the suggested connection size by going to “Performance details | NRVH 22” and
then looking under “Additional”. The correct result here is 28 mm (1 1/8”):
Performance curve Code number selection ‘,
System diagram flue Unit Inlet Outlet Difference

=%. working pressure (DS/MWP) gauge [bar] = 45,00
System detais Pressure bar 11,27 10,79 -0,484 Maximim operating temperature [°Cl ..._..... = 140,0
Temperature oC 65,8 65,1 0,7 Minimum operating temperature [°C] .._...... = -50,0
Cpening degree [%] ... ... . . ..o i iiiaaaoan = 100,00
Bubble point temperature  °C 42,0 40,3 -1,7 CROEEA - oot oo = Falsze
Dew paint temperature °C 2,0 40,3 1,7 Valve SEabE ..o ...oooooooooooooioooeoos = Open
Nominal size inlet [mm] ....._._ ... _........ = 2z,00
Density kg/m~3 51,08 48,62 -2,464 Wominal size inlet [imch] .. . ____ = 0,88
Inlet diameter [mm] ...... ..o o.o.oooo.ooon = 13,00
Enthalpy KIkg 430,9| 430,9 0 Nominal size outlet [mml .- oo ooowoooo... = 22,00
Quality - 1,00 1,00 0,00 Nominal size cutlet [inch] ................ = 0,88
Cutlet diameter [mm] ... ... . ... .._......- = 13,00
Velodity mfs 24,30| 26,16 1,26 Available connections:
DIN-EN soldering ODF. Size: 22
DIN-EN soldering ODF. Size: Z8
ANSI scldering ODF. Size: G5/B"

ANSI soldering ODF. Size: 7/8"

I sgldering E Size. 1 1/8"
Suggested connection:
DIN-EN soldering ODF. Size: 26 |-ffffmsmemmmmn
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Exercise 4.5 Selecting a check valve with scroll compressors

Using the following operating conditions for the discharge line of two circuits with scroll
compressors working in parallel and a small power pack: Please explain, which check valve
version should be selected (NRV or NRVH)? The operating conditions are:

e Refrigerant: R513A

e Cooling capacity: 45 kW

e Evaporator temperature: -10 °C
e Superheat: 8 K

e Superheat suction line: 4 K

e Condenser temperature: +42 °C

G

a) Which check valve version should be selected?

* o
* o

b} What is the pressure drop across the valve?
¢} What is the minimum required pressure drop to fully open the valve?
d) What is the possible system part load?

e} What is the minimum capacity to keep the valve fully open?

f) What is the suggested connection size?
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Solution 4.5 Selecting a check valve with scroll compressors
A hermetic scroll compressor works smoother than a reciprocating compressor when
compressing the gas, which means fewer mechanical vibrations are created.

In addition, the top shell of the scroll compressor acts as a muffler, due to the relatively large

volume, and it will smoothen the remaining gas pulsations.

Keeping the explanation from the previous exercise in mind, it is evident that without the impact
of mechanical vibrations and with smoother gas pulsations, check valves with standard springs

(NRV) can be used in most cases where the compressor is a hermetic scroll.

Please set the appropriate system, refrigerant and operating conditions for check valve
selections based on the given conditions and as explained in the previous exercises.

a) Based on the above input, Coolselector®2 suggests the NRV 28:

Discharge line (Dry expansion system. R513A. Check valve)
Selection: NRV 28 Ho code numbers selected

Selected Type NS Kv[m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [m~3/h] DP [bar] DT_sat[K] Opening degree [%] Load [%] Possible partload [%:] Velodity, in [m/s] Valve state Result
R NRV 16 18 3,6 0,050 0,030 3,6 5,150 22,0 - 716 3 53,18 Open
NRV 19 18 5,5 0,050 0,030 55 1,271 4,6 - 469 4 39,95 Open|
» MRV 2Z | 22 8,5 0,040 0,020 8,5 0,484 1,7 - 339 [ 24,50 Open|
|wn MRV 28 28 15,5 0,040 0,020 18,5 0,123 0,4 = 175 11 14,38 Open
P NRV35 | 35 29 0,040 0,020 28,97 0,040 0,1 - %9 20 8,78| Partly open A
b) The pressure drop across the valve is 0.123bar:
Discharge line {Dry expansion system, R513A, Check valve)
Selection: NRV 28 No code numbers selected
Selected  Type NS Kv[m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [n~3/h] |DOP [bar] |DT_sat[K] Opening degree [3:] Load [%] Possible partioad [%:] Velodty, in [m/s] Valve state Result
F NRY 16 | 16 3,6 0,050 0,030 3,6 5,150 22,0 - 718 3 53,18 Open
NRY 18 | 13 5,5 0,050 0,030 5,5 1,271 46 - 469 4 39,95 COpen
F MNRY 22 22 8,5 0,040 0,020 8,5 0,484 1,7 - 339 [ 24,90 Open
|.;@. NRY 28 28 16,5 0,040 0,020 16,5 0,123 0,4 B 175 11 14,38 Open o
NRV 35 | 35 29 0,040 0,020 28,97 0,040 0,1 - 99 20 8,78 Partly open 0
¢} The minimum required pressure drop to open the valve is 0.04 bar:
Discharge line (Dry expansion system. R513A. Check valve)
Selection: NRV 28 No code numbers selected
Selected Type NS Kuv[m~3jh] [DP_100 [bar] |OP_min [bar] Kv_calc [m*3Mh] DP [bar] DT sat[K] Opening degree [%] Load [%] Possible partioad [%] Velocity, in [m/s] Valve state Result
F NRYV 16 | 16 3,6 0,050 0,030 36 5,150 22,0 - 718 3 53,18 Open
NRY 19 | 18 5,5 0,050 0,030 5,5 1,271 46 - 469 4 39,95 Open
P NRY 22 22 8,5 0,040 0,020 8,5 0,484 1,7 - 339 & 24,50 COpen
|.§. NRV 28 28 16,5 0,040 0,020 16,5 0,123 0,4 B 175 11 14,33 Open o |
= Partlyopen A

MNRY 35 | 35 29 E‘.E‘{'I 0,020 28,97 0,040 0,1 - 99 20 8,78

d) The possible system part load is 75%. Reading in the selection table, the load (in percent)

is 175%. With this in mind, you can now calculate the possible system part load:
175% — 100% = 75%

Discharge line (Dry expansion system. R513A. Check valve)
Selection: NRV 28 No code numbers selected

Selected Type NS Ky [m*3fh] DP_100 [bar] DP_min [bar] Kv_calc [n*3h] OP [bar] OT_sat[K] Opening degree [%] [Load [%] [ossible partioad [%] Velocity, in [m/s] Valve state Result
- NRY 16 | 16 36 0,050 0,030 36 5150 22,0 - 715 3 53,13 Open
NRY 19 18 5,5 0,050 0,030 55 1,271 46 - 269 4 39,95 Open
: NRY22 | 22 8,5 0,040 0,020 85 0484 1,7 - 338 & 24,80 Open
B NRV 28 28 16,5 0,040 0,020 15,5 0,123 0,4 4 175 11 14,33 Open o
NRY 35 | 35 F 0,040 0,020 28,57 0,04 0,1 - 98 i 5,78 Partlyopen A
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e} The minimum capacity required to keep the valve fully open is 25.875 kW. You reach this
figure by looking at the performance curve and finding the area which is not red or yellow
(partly open valve). The point on the x-axis, where the white area starts, marks the

capacity limit required to keep the valve fully open:
Performance detals  Code rumber selection

NRV 28
Discharge line (Dry expansion system. R513A. Check valve)

o H 10 15 20 25 30 35 4 as 50
Caoling capasity (kW]

[Cockng caparity: 25,875 kW] Heating capacity: 36,1670%  Mass flow inlnes 745,42kgh  Pressure drop: 0,0403bar  Status: Open

f) You find the suggested connection size by going to “Performance details | NRVH 28” and
then looking under “Additional”. The correct result here is 28 mm (1 1/8”):
Performance curve Code number selection
System diagram Value \ Unit Inlet Outlet Difference

Mzx. working pressure (BS/MWE) gauge [bar]

System detals | ooUre b 1,277 11,15 40,123 Mawimum cperating temperaturs [°C]
Temperature oC 658 65,6 0,2 Minimum cperating temperature [°C] ...
Cpening degree [%] - o.ooonnooonnooeans
Bubble point temperature  °C 42,0 41,6 0,4 Choked ..o oo

Dew point temperature  °C 42,0 41,6 0,4 Valve STate -.....ooo-cooooooooeoooooos =

Hominal size inlet [mm] ...............
Density ka/m~3 51,08 50,45 40,6295 Nominal size inlet [inch] .............

Inlet diameter [mm]l ___________________
Eoibany kg 430,85 430,39 0 Nominal size cutlet [mm] -..-..-.......
Quality = 1,00 1,00 0,00 Nominal size outlet [inch]l ............

Cutlet diameter [mm] ....... .. ... ... ....
Velodity m/s 14,38 14,56 0,18 Available connections:

DIN-EN soldering ODF. Size: Z8
DIN-EN soldering ODF. Size: 35
ANSI soldering ODF. Size: 7/8"
ANSI soldering ODF. Size: 1 1/8"

ANSI soldering ODF.  Size: 1 3/3"
Suggested comnection- /
DIN-EN soldering ODF. Size: 28
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Exercise 4.6 Selecting a check valve for the condenser line

Please explain, which type of Danfoss check valve (NRV/NRVH) should be used for the situation
where a check valve is added to the condenser line to avoid charge migration from the receiver
to the condenser during longer standstill periods of the compressors e.g. overnight, during the
winter period or similar. Please, also include an explanation as to whether the check valve
should be fully opened or if it can run as partly open under the following operating conditions:

e Refrigerant: R513a

e Cooling capacity: 45 kW

e Capacity control: Two compressors = 50% / 100%
e Evaporator temperature: -10 °C

e Superheat: 8 K

e Superheat suction line: 4 K

e Condenser temperature: +42 °C

e Sub cooling: 2K

a) Which check valve version and size should be selected for the system under the given
operating conditions?

b} For which capacity should the valve be selected and why?

¢} What is the pressure drop across the valve?

d} What is the minimum required pressure drop?

e} What is the saturated temperature drop and what does it mean?

f) What is the suggested connection size and what is the velocity?

g) Would the next larger valve also work?
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Solution 4.6 Selecting a check valve for the condenser line

Since no mechanical vibrations or pulsations happen in the condenser line, a check valve with a
standard spring (NRV) can be used. Also, due to the fact that there are no vibrations or
pulsations, using a partly open condition is possible (down to the minimum pressure drop).

Please set the proper system, refrigerant and operating conditions in the check valve selections
based on the given conditions and as explained in the previous exercises.

a) Based on the above input, Coolselector®2 suggests the NRV 22 (standard spring):

Liquid line (Dry expansion system. R513A. Check valve)
Selection: NRV 22 No code numbers selected

Selected Type NS Kv [m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [n~3/h] DP [bar] DT_sat[K] Opening degree [%] Load [%] Possible partload [%:] Velodty, in [mfs] Valve state Result

MRV 16 | 16 3,6 0,050 0,030 36 0,114 04 - 151 o 2,38 Open o
s NRV 1S | 18 5,5 0,050 0,030 548 0,04 02 - E3 o 1,79 Partiyopen

@ NRVZ2Z 22 8,5 0,040 0,020 7,512 0,025 0,1 - 71 0 1,11 Partiyopen o
NRV 28 | 28 16,5 0,040 0,020 8,467 0,021 0,1 - 37 0 0,64 Partiyopen o

MRV 35 | 35 ] 0,040 0,020 857 0,020 01 - 21 0 0,39 Partiyopen

b) The valve should be selected at the most critical load, which in this case is part load.
Afterwards, the 100% system load should be verified to check if this is also ok, and to
ensure that no pressure/temperature drop, which is too high for the capacity of the valve,
will occur.

c) The pressure drop across the valve at part load (22.5 kW) is 0.021 bar.

Operating conditions:

Capacity: Evaporation: Condensation: Additional:
Cooling capacity: v 22,50 kwl [femperature: [ SIS Temperature: voo42,0 o Discharge temperature: 65,8 °C
Mass flow in line: 649,1kg/h Useful superheat: 8,0 K Subcooling: 20 K
Heating capadity: 31,45 kKW Additional superheat: 40 K Additional subcoaling: 0K
Selection criteria:
Pressure drop: Default bar Saturation temperature drop:
® Velocity: 1,00 m/fs 01K

Liquid line {Dry expansion system. R513A. Check valve)
Selection: NRV 22 Ho code numbers selected

Selected Type NS Kv[m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [m~3/h] |DP [bar] |DT_sat[K] Openingdegree [%] Load [%%] Possible partload [3:] Velocity, in [m/s] Valve state Result
s NRV 16 16 36 0,050 0,030 3,139 0,037 0,1 - 75 0 1,19 Partlyopen
@ MRV 13 18 55 0,050 0,030 3,413 0,032 0,1 - 49 0 0,39 Parflyopen
[o NRV 22 22 8,5 0,040 0,020 4,24 0,021 0,1 - 36 0 0,5% Parfyopen o |
R NRV 28 28 16,5 0,040 0,020 4,291 0,020 ,1 - 13 0 0,32| Partly open|
MRV 35 35 29 0,040 0,020 4,298 0,020 0,1 10 0 0,20 Partlyopen

The pressure drop across the valve at full load (45 kW) is 0.026 bar:

Liquid line (Dry expansion system. R513A. Check valve)
Selection: NRV 22 Mo code numbers selected

Selected Type NS Kv[m~3jh] DP_100 [bar] DP_min [bar] Kv_calc [n+3/h] |OP [bar] |DT_sat[K] Opening degree [%)] Load [%] Possible partioad [%] Velocity, in [m/s] Valve state Result
: NRV 16 | 16 3.6 0,050 0,030 36| 0,114 £ - 151 o 2,38 Open
s NRV1S 18 5,5 0,050 0,030 s48| 0,048 02 - e 0 1,79 Partlyopen o
@ NRVZ2 22 8,5 0,040 0,020 7,512 0,025 0,1 - 71 0 1,11 Pariyopen o
NRVZ8 | 28 16,5 0,040 0,020 8,467 0,021 0,1 - 37 0 0,64 Partlyopen o
MRV 35 | 35 2 0,040 0,020 8,576 0,020 01 - 21 0 0,38 Partlyopen o

d) The minimum required pressure drop is 0.02 bar. Below this value, the valve becomes
unstable.

Liquid ine {Dry expansion system, R513A. Check valve)
Selection: NRV 22 No code numbers selected

Selected Type NS Kv[m*3/h] DP_100 [bar] [DP_min [bar] |Kv_calc [n*3fh] DP [bar] DT _sat[K] Opening degree [%] Load [%] Possible partioad [%] Velocity, in [mjs] Valve state  Result
- NRV 16 16 3,6 0,050 0,030, 36 0,114 0,4 - 151 o 2,38 open|
: NRYV 1S 18 5,5 0,050 0,030 548 0,049 0,2 - 98 0 1,73 Partlyopen
B NRV 22 22 8,5 0,040 0,020 7,512 0,026 0,1 - 71 0 1,11 Partlyopen
NRYV28 28 16,5 0,040 0,020, 8467 0,021 0,1 - 37 0 0,64 Partiyopen| o
NRYV35 35 2 0,040 0,020, 8,575 0,020 0,1 - 21 0 0,39 Partiyopen, o
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e} The saturated temperature drop is 0.1 K.

Liquid line (Dry expansion system. R513A. Check valve)
Selection: NRV 22 No code numbers selected

Selected  Type NS Kv [m~3/h] DP_100 [bar] DP_min [bar] Kv_calc [m~3/h] DP [bar] |DT_sat[K] |Opening degree [3%] Load [%:] Possible partioad [%5] Velodty, in [mfs] Valve state Result
NRV 16 16 36 0,050 0,030 3,6 0,114 0,4 - 151 1] 2,38 Open|
NRV 19 18 5,5 0,050 0,030 5,48 0,049| 0,2 - 99 0 1,79 Partly open v 4
NRVZ2 22 8,5 0,040 0,020 7,512 0,026 0,1 - 71 0 1,11 Partiyopen o |
NRV 28 28 16,5 0,040 0,020 8,467 0,021 0,1 - 37 0 0,64 Partlyopen
NRV 35 35 29 0,040 0,020 8,576 0,020| 0,1 - 21 1] 0,39| Partlyopen,
It is the pressure drop converted into saturated temperature. Usually at the outlet of
condenser, only a little subcooling of the liquid is given. Thus, in the condenser lineg, it is
important to keep the pressure/temperature drop as low as possible to avoid flash gas.
f) You find the suggested connection size by going to “Performance details | NRV 22” and
then looking under “Additional”. The correct result here is 22 mm (7/8”):
Performance curve . Code number selection
System diagram Value Unit Inlet Outlet Difference Additional:
Max. working pressure (BS/MWE) gauge [bar] = 48,00
System detals Pressure bar 114,27 11,25 0,026 Mawimm operating temperasuze [°C] 140,0
Temperature oC 40,0 40,0 0 Minimum operating temperature [°C] -50,0
Opening degree [%] 71,50
Bubble paint temperature  =C 42,0 41,9 -0,1 Choked - oo False
Dew point temperature “€C 42,0 41,9 -0,1 Ezi:a:::zze'iéié‘;' [m] """" Barcly cPf'_l a0
Density kafm~3 1142 1142 a Nominal size inlet [inch] 0:88
oho  mes mes o | e s
Quality B 0,00 0,00 0,00 Heminal size outlet [inch] 0,88
Qutlet diameter [mm] 15,00
Velodity mjfs L1t L1 0 Available connections:

scldering ODF. Size: ZZ
soldering ODF. Size: Z8
ENSI soldering ODF. Size: 5/8"
ANSI scldering ODF. Size: 7/8"
ZNST =oldering ODF iza- 1 12"
Suggested connection:
DIN-EN soldering ODF. Size: 22 +._

You find the velocity also under “Performance details | NRV 22”. The correct result here is

1.11 m/s:

Performance curve

Code number selection

System diagram Value Unit Inlet  Outlet Difference
System detals Pressure bar 11,27 11,25 -0,026
Temperature oc 40,0 40,0 a
Bubble paint temperature  °C 42,0 419 -0,1
Dew point temperature °C 42,0 41,9 -0,1
Density kg/m~3 1142 1142 0
Enthalpy kifkg 256,5 258,5 1]
Quality - 0,00 0,00 0,00
Velodity mfs 1,11 1,11 1]

Additional:

Max. working pressure (DS/MWE) gauge [bar] = 48,00
Maximum ocperating temperature [°C] = 140,0
Minimum operating temperature [°C] -50,0
Opening degree [%] 71,50
Choked ............... False

Valve SCETE ... eecoooa.- Partly open

Nominzl size inlet [mm] 2z,00
Nominzl size inlet [inch] 0,88
Inlet diameter [mm] ........ 19,00
Nominzl size cutlet [mm] 2z,00
Nominzl size outlet [inch] 0,88
Outlet diameter [mm] 15,00

Available connections:

scldering ODF. Size: 22
soldering ODF. Size: 28
ANSI scldering ODF. Size: 5/8"
ANST soldering ODF. Size: T/8"
ANSI scldering ODF.  Size: 1 1/8"
Suggested comnecticn:
DIN-EN scldering ODF. Size: ZZ
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g) The next size in NRVs is the NRV 28. According to Coolselector®2, this valve is also suitable
for the required operating conditions. However, looking closer at this valve, it is evident
that the part load pressure drop is almost equal to the minimum pressure drop needed
before the valve becomes unstable. Thus, it might not be the best choice for this system
due to the lack of safety margins.

Part load pressure drop = 0.20 bar:

Operating conditions:
Capadity: ’ Evaporation: Condensation: Additional:

| Cooling capadity: W 22,50 le [femperature: R ISUEIES Temperature: w 42,0 o Discharge temperature: 65,8 °C
Mass fiow in line: 649,1kah Useful superheat: 8,0 K Subcooling: 2,0 K

Heating capadity: 31,45 kW Additional superheat: 40 K Additional subcooling: 0K

Selection criteria:
Pressure drop: Default bar Saturation temperature drop:

*) Velocity: 1,00 mfs 0,1 K

Liquid line {Dry expansion system. R5134. Check valve)
Selection: NRV 28 No code numbers selected

Selected Type NS Kv [m~3/] DP_100 [bar] DP_min [bar] Kv_calc [n~3/] |DP [bar] [DT_sat[K] Opening degree [%] Load [%] Possible partioad [%%] Velocity, in [mfs] Valve state Result
F MRV 16 15 3,6 0,050 0,030 3,139 0,037 0,1 - 75 Q 1,19| Partlyopen
NRV 18 18 5,5 0,050 0,030 3,413 0,032 0,1 - a3 ] 0,89 Partiyopen o
F MRV 22 22 8,5 0,040 0,020 4,24 0,021 0,1 - 36 1] 0,56 Partlyopen &/
|.;@. NRV28 28 16,5 0,040 0,020 4,291 0,020 0,1 - 18 (] 0,32 Partyopen o
NRV35 35 29 0,040 0,020 4,296 0,020 1 - 10 1] 0,20) Partlyopen o
Full load minimum pressure drop = 0.20 bar:
Operating conditions:
Capadity: ‘ Evaporation: Condensation: Additional:
| Cooling capacity: v 45,00 kw Temperature: v -10,0 ¢ Temperature: v 42,0 =C Discharge temperature: 65,8 =C
Mass flow in line: 1298 kg/h Useful superheat: 80K Subcooling: 2,0 K
Heating capadty: 62,90 kw Additional superheat: 40 K Additional subcooling: 0K

Selection criteria:
Pressure drop: Default bar Saturation temperature drop:

®) Velodity: 1,00 mfs 0,1 K

Liquid line (Dry expansion system. R513A. Check valve)
Selection: NRV 28 No code numbers selected

Selected  Type NS Kv [m~3fh] DP_100 [bar] |DP_min [bar] |Kv_calc [m~3/h] DP [bar] DT sat[K] Openingdegree [%] Load [%] Possible partioad [%] Velocity, in [mfs] Valve state Result
F NRY 18 16 3,6 0,050| 0,030| 3,6 0,114 0,4 - 151 Q 2,38 Open
s NRY 18 18 5,5 0,050| 0,030| 5,48 0,049 0,2 - 99 Q 1,79 Partlyopen &/

@ NRY 22 22 8,5 0,040/ 0,020/ 7,512 0,025 0,1 - 71l ] 1,41 Partiyopen o

kﬂ INRV23 28 18,5 0,040] 0,020] 8,467 0,021 0,1 = 37 1] 0,64 Partlyopen

NRV 35 | 35 29 0,040] 0,020] 8,570 0,020 0,1 - 21 1] 0,39 Partlyopen|
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Exercise 4.7 Selecting an evaporation pressure control valve for a one-to-one

system

We would like to guarantee that the temperature in the evaporator of our system will not go
below a specific value. This can be done by controlling the different system conditions such as
avoiding that the goods freeze. Let us assume that the evaporator is connected to a condensing
unit with a fixed speed compressor and the system runs with the following operating conditions:

e Refrigerant: R134a

e Cooling capacity: 1 kW

e Evaporator temperature: 4 °C with a minimum of 0 °C
e Condenser temperature: +40 °C (summer conditions)

a. Avoiding system failure, which effect(s) or condition(s) can make such a system run at a
lower evaporation temperature?

b. At the position specified by the red circle in the diagram above, which kind of valve can
be used? What is the parameter that the valve controls?

c. What is the appropriate control valve “offset” to keep the evaporation temperature to a
limit of 0 °C?

d. Which size control valve should be used? What are the possible impacts to the system
based on your choice of a specific control valve?
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Solution 4.7 Selecting an evaporation pressure control valve for a one-to-one

system

82

a) The system will run in balance (meaning, without system failure) at the design condition
only if the surrounding conditions remain static compared to the design conditions both at
the evaporator and the condenser.

1.

If the ambient temperature drops, the condensing temperature decreases and
hence the cooling capacity increases. This will result in a lower evaporation
temperature.

If the evaporator inlet temperature drops below the design value (e.g. an air
conditioning taking fresh air in from outdoors), the evaporation temperature
decreases.

Reducing the air flow rate results in the evaporator running at part load and hence
the required capacity will also be lower than the capacity provided by the
compressor. This also causes a balance point at a lower evaporation temperature.

b) The pressure control has to be towards the evaporator, i.e. the valve should control
evaporator outlet pressure. A “KVP” valve is suitable for the capacity range and function.

¢} To calculate the offset a step-by-step process should be followed:

1.

The evaporation temperature change needs to be converted into saturated
pressure change. Like all mechanical pressure control valves, the KVP will change its
opening degree if the pressure changes. This change is called ‘a proportional band’
or ‘offset’, if only referring to the move from a closed position to a certain open
position.

The value for this offset can be entered in Coolselector®2.

Step 1: Offset
Utilizing the evaporation input field in Coolselector®2, we get the following values
for evaporation pressure and thus, we can calculate the allowed offset for the valve:

e 4°C=3.378 bar
e (0°C=2.929 bar
e dT =4K; pressure change/Offset: 3.378 bar — 2.929 bar = 0.449 bar

Enter the design condition in Coolselector®2 and select the product family “KVP”.

Change the selection criteria to “Offset”
Control valve selection: Selection criteria:

eyl | Saturation temperature Load: 80 %

Saturation temperature drop \

Pressure drop

Suction line (Dry expansion system. K¥34a. Control valve).

Enter the calculated Offset (from 1.):

Control valve selection:
Setting: Offset v
. 0,449 bar
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Dt

5. Select the valve that is the best fit:.

Suction line (Dry expansion system. R 134a. Control valve).

Selection: KVP 15

No code numbers selected

Selected Type NS Ky [m~3h] Kv_calc [m~3/h] Offset [bar]

F kP 12
@ KVP 15
KuP 22
KvP 28
KVP 35

12

35

2,5

1,512
1,512
1,512
2,564
2,564

0,449
0,449
0,449
0,449
0,449

DF [bar]
0,015
0,015
0,015
0,005
0,005

DT _sat [K] Load [36]

0,1
0,1
0,1
0,0
0,0

o o o o o

Velodity, in [mfs] Valve state Result

6,41
3,07
1,494
0,33
0,51

Open
Open
Open
Open
Open

As is evident from the table above, there are two main sizes of the KVP valve, which
share the same Kv-value (2.5), and thus, the same capacity; namely the KVP 12 and
the KVP 15. The difference between the two valves is that they are equipped with
different connector sizes.

Suction line (Dry expansion system. R134a. Control valve).

Selection: KVP 15

Selected T
KVP 12
® KVP 15
KVP 22
KVP 28
KVP 35

NS
12

22
28

Kv [m~3f] Kv_calc [n~3/h] Offset[bar] DP [bar] DT_sat[K]

No code numbers selected
2,5 1,512
16 2,5 1,512
7 2,564
7 2,564

35

0,449
0,449
0,449
0,449
0,449

0,015
0,015
0,015
0,005
0,005

0,1
0,1
0,1
0,0
0,0

Load [%] Velodty,in [mfs] Valve state Result

o o o a o

6,41
3,07
1,44
0,83
0,51

Open
Open
Open
Open
Open

v

LR NENL

d) The large types of KVP valves will give less pressure drop, but a saturated pressure drop of
only 0.1 K with the small sizes is very low and will result in negligible losses. A system
capacity of 1 kW would typically have a suction pipe of 15 mm or 16 mm. So, the correct
selection would be the KVP 15.
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Exercise 4.8 Selecting an evaporation pressure control valve for a power-pack

system

Let us set up this scenario for the exercise; an air-conditioning evaporator shall be connected to
a power pack unit. The unit maintains cooling cases and cold rooms in a food store.
The unit works under the following conditions:

Refrigerant: R449a

Cooling capacity: 2 kW to 15 kW

Evaporator temperature: -10 °C

Condenser temperature: +40 °C (summer conditions)

&9

Te 2°C

TR

Te-10°C

a) What are the important aspects to consider when selecting the evaporator pressure
control valve in this system?

b} What is the suggested KVP valve?

¢} Check that the evaporation temperature at part load cannot run below 0 °C.

d) Check if the minimum load capacity can be controlled by the valve?
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Solution 4.8 Selecting an evaporation pressure control valve for a power-pack

system

a) The selection of an evaporation pressure control valve connected to a power pack system
is subject to two important aspects:

1. The valve needs to create a pressure drop at the nominal load condition. This is
because, typically, the connected evaporator will run at a higher evaporation
temperature than the system provides.

2. Possible part load conditions at the evaporator should be considered.

b) Enter the design operating conditions and select the KVP valve product family.

1. The evaporation temperature should be 3 °C, but the system runs at -10 °C.
Therefore, the valve must provide a saturated pressure drop of 13 K. Thus, in
Coolselector®2, you should enter 13 K as the saturation pressure drop :

Operating conditions:
Capacity: Evaporation: Condensation:
Cooling capadty: v 10,00 kw Temperature: W 3,0 =C Temperature:
Mass flow in line: 234,5ka/h Useful superheat: 8,0 K Subcooling:
Heating capacity: 12,22 kw Additional superheat: 0K Additional subcooling:
Control valve selection: Selection criteria:
Setting: Saturation temperature drop v Load: 80 %
13,0 K*—_
2. A KVP of the small port series (meaning, one of the first three in the selection table

below) would fit the system requirements:
Suction line (Dry expansion system. R4494A. Control valve).
Selection: KVP 22 No code numbers selected

Selected Type M5 Kv [m”~3fh] Kv_calc [n*3/h] Offset [bar] DP [bar] OT_sat[K] Min. capadty (kW] Max. capacity W] Load [%%] Velodty, in [mfs] Valve state Result

kP12 12 25 1,34 03 2,05 13,0 1,158 7, 56 23  open o
- K15 | 15 25 1,349 0,360 2056 13,0 1,168 17,72 56 20,27 Open
@ kP22 2 2,5 1,39 0,30 2,05 13,0 1,168 17,72 56 9,49 Open
KvP 28 T 28 7 1,349 0,282 2,056 13,0 4,470 50,36 20 548 Open o
KvP 35 35 7 1,349 0,282 2,056 13,0 4,470 50,36 20 3,35 Open o

The KVP 22 will give an inlet velocity of about 9.49 m/s and would be the preferred
type.

c) An offset (=opening) of 0.36 bar creates a pressure drop of 2.056 bar and through this, the
evaporation pressure is increased to the target value of 3 °C.

If the evaporator gets less heat load, the mass flow will in turn also be less, which will
make the evaporation pressure drop. Due to this, the valve will go to a lower opening
degree.

It is important to note, that to avoid ice building up, the lower evaporation should not be
less than 0 °C.

When converted to saturated pressure, 3 °C is about 5.64 bar:

Evaporation:

[T - | 564 bar
Useful superheat; 3,0 K
Additional superheat: 0K
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Calculate 5.64 bar — 0.36 bar (offset) = 5.28 bar. Change the evaporation pressure to 5.28
bar and switch afterwards to check the resulting temperature:

Evaporation:

[Dev point temperature: I JERIES
IUseful superheat: 8,0 K
Additional superheat: 0K

At 1 °C there is no risk for ice building and thus, we can conclude that one of the smaller
KVP valves can be used for this system design.

d) The minimum possible part load, at which the valve is still in stable operation, is about
1.168 kW. Whereas the minimum evaporator capacity is 2 kW. The valve is also suitable
for part load.

Suction line (Dry expansion system. R449A, Control valve).
Selection: KVP 22 No code numbers selected

Selected Type NS Kv[m~3/h] Kv_calc [m~3/h] Offset [bar] DP [bar] DT_sat [K] |Min. capadty kW] [Max. capacty (kW] Load [%] Velodty, in [m/s] Valve state Result

KPR 12 25 138 03,0 20% 130 1168 uvn % 2% opn o

KW 15 16 2,5 1,349 0,360 2,056 13,0 17,72 56 20,27 Open

° 2,5 1,348 0,360 2,056 13,0 17,72 56 9,49 Open
7 1,34 0,282 2,056 13,0 4,470 50,36 20 5,48 Open

KWP35 35 7 1,348 0,282 2,056 13,0 4,470 50,36 20 3,35 Open
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Exercise 4.9 Calculating heat load and selecting components for a cold room
Using Coolselector®2, please calculate a cold room for vegetables storage. The cold room is
located inside a building, but the back of the room is affected by ambient conditions.

Please use the following information to calculate the cold room:

a) Dimension of the room will be:

e Length:10m
e Width:5m
o Height:4m

b) Insulation:

e Polyurethane, 100 mm
¢} Floor:

e Not insulated. Made of concrete to withstand fork-lift trucks.
d) Ambient conditions:

e Ambient condition: 32 °C, 45% RH
e Inside the building: 23 °C, 55% RH
e Below floor: 12 °C

e} Goods stored:

e Type: Fresh vegetables

e Usage: Medium time (several weeks)

e Stored mass: Unclear, but room volume will be used as much as possible. To
pick up goods, only a small space to walk through is needed.

f) Refrigeration system:

e Refrigerant: R448A
e A condensing unit can be installed outside behind the room.
e An electronic controller shall be used.
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Solution 4.9 Calculating heat load and selecting components for a cold room
Vegetable storage requires that you pay close attention to the storage conditions.

Therefore, please consider the following before starting the cold room calculation in
Coolselector®2:

e Room temperature shall be close to the freezing point to keep respiration
activity low.

e Humidity shall be as high as possible, preferably 95% or even 98% RH

e No goods will be affected by the direct air flow; this keeps a micro climate
around the goods.

e Do not store goods all the way up to the ceiling and keep a good distance to
the walls and between the boxes.

Next, in Coolselector®2, go to ‘Commercial Applications’ and start a cold room calculation:
VALVES AND LINE COMPONENTS

<t

COMPONENTS IN SERIES

D

COMMERCIAL APPLICATIONS

9

INDUSTRIAL APPLICATIONS

s

Starting a cold room calculation opens up a dialog box, which allows you to use a wizard, which
not only guides you through but also helps with educated estimations of all room parameters. If
you are already aware of all relevant values, you can also choose the ‘Manually define room
loads....” option within Coolselector®2:

Cold Room - Step 1 of 4: Load Wizard

Cold room

The following steps will help you calculate the required cooling capacity for a Cold Room.
Using the Wizard will provide you with good default values, but you should always carefully review all values before using the results.

/ Use Wizard to Define Cold Room Load...

x Manually Define Cold Room Load...

.. You can always change values generated by the wizard in the next steps

0
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The help function in the bottom left corner provides further information about the methods and
processes used in the cold room calculations:

e Help

Since in this example some essential parameters like “mass of goods” is not known, it is
recommended to use the wizard for this assignment:

Cold Room - Step 1 of 4: Load Wizard x

The following steps will help you calculate the required cooling capacity for a Cold Room.
Using the Wizard will provide you with good default values, but you should always carefully review all values before using the results.

/ Use Wizard to Define Cold Room Load... *—_—

x Manually Define Cold Room Load. ..

... You can always change values generated by the wizard in the next steps

Wizard - Step 1 of 3: Dimensions and surroundings

Enter the known dimensions and surrounding conditions. Since the maximum load will be
calculated, the maximum surrounding values should be entered:

Wizard - Step 1 of 3: Dimensions and surroundings x

Dimensions

Length: 10,00 m ® Inner dimensions

Width: 500 m Outer dimensions
. r

Height: 4,00 m

Foom surroundings:

Temperature of surroundings: 23,0 =C  Relative humidity: 55 %%
Temperature below floor: 12,0 =C Floor is insulated
Cancel Mext =

Tip: Do not use values that may occur rarely and only for a short time
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First of all, we know from the assignment that the goods to be stored are “vegetables”, so
choose this in the first drop-down list.

Wizard - Step 2 of 3: Goods

In the assignment, only a little information is given about the usage of the storage. A calculation
based on storable mass per m3 will help: Click on “Estimate mass from room volume...”.

To baseline the estimation, the percentage of room effectively used for placing goods can be
entered. Remember, air needs to flow around the goods and a person also needs to be able to
walk between the racks to pick up goods.

The longer the time goods are stored for, the less space is needed for walking through the room.
The goods can just be stacked up if the storing time is long:

Wizard - Step 2 of 3: Goods x
Goods:
Vegetable
Mass of goods from volume x

Quantity |
Percentage of room used for goods: 50 =%

Inlet temp 0000 kg
Percentage of goods changed each day: 20 =%

< Prew Mext =

Our case is somewhere in between short-term and long-term storage. The standard value of
50% for vegetables seems to be a little bit too low. Thus, we will increase it to 55%.

Since the goods will be stored on average for ‘some weeks’, the exchange rate per day will be
much lower than 20%. Thus, we will reduce it to 2%:

Wizard - Step 2 of 3: Goods x

Goods:
Vegetables
Mass of goods from volume x
i}
Quantity pe Percentage of room used for goods: 55 %%
Inlet tempel i00 kg
Percentage of goods changed each day: 2 %

< Prev Mext =

If you now click “OK”, Coolselector®2 will do the necessary calculations and update the values
for “Total mass in room” and the “Quantity per day”.
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By default, the inlet temperature is set to 5 K above the recommended storage temperature (see
Step 3 of 3). The goods are assumed to have been pre-cooled. In case the vegetables are stored
directly after harvesting, the inlet temperature would naturally be higher.

In our case, we assume the goods are pre-cooled, and we keep the standard inlet temperature
as it is and click on “Next”:

Wizard - Step 2 of 3: Goods x

Goods:
Vegetables L
Quantity per day: 990 kg  Respiration heat load;
Inlet temperature: 5.5 =C Total mass in room: 48500 kg

f Estimate mass from room volume. ..

< Prev Mext =

Wizard - Step 3 of 3: Review recommended values

In most cases, vegetables are stored differently in the cold room compared to on, for example, a
sales shelf and often the humidity has to remain high.

To reach a high humidity level within the cold room, the dehumidification needs to be kept low.
Two parameters are available for adjustment to achieve this, namely:

e Temperature difference between evaporator and room temperature.
e  Working time (on-time) of the refrigeration system.

Based on these parameters, the operating hours are estimated/recommended. If you want the
humidity to be higher than the default value of 95%, enter a new value like 98% and click
“Estimate the operating hours”. Coolselector®2 will now change the operating hours and it is
evident that the refrigeration system should only run for 11 hrs (estimated) to achieve the
higher value:

Wizard - Step 3 of 3: Review recommended values x

Recommended values based on selections in step 1 and 2:

Room conditions:

Temperature: 0,5 =C

Relative humidity: L

Operating hours: 11 h <- Estimate operating hours
Panels:
Type: Polyurethane ]
Thickness: 60,00 “omm

< Prev Select
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However, in our case, 95% RH will suffice. Thus, change the value back to 95% RH and click on

“Estimate operating hours...” again:
Wizard - Step 3 of 3: Review recommended values x
Recommended values based on selections in step 1 and 2:

Room conditions:

Temperature: 0,5 =C

Relative humidity: 95 =%

Operating hours: 12,6 h <- Estimate operating hours
Panels:

Type: Polyurethane e

Thickness: 60,00 O mm

”,

Set the insulation panels to Polyurethane and 100 mm thickness and click “select”:

Wizard - Step 3 of 3: Review recommended values x

Recommended values based on selections in step 1 and 2:

Room conditions:

Temperature: 0,5 =C

Relative humidity: 95 %

Operating hours: 12,6 h <- Estimate operating hours
Panels:

Type: Palyurethane w

Thickness: 100,0 o mm
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All values are now transferred to the overview “Review Cold Room Load”. All typically relevant
values impacting the heat load are listed and available for adjustment if necessary:

Cold Room - Step 2 of 4: Review Cold Room Load X

The inputs below are necessary to calculate the required cooling capacity of the Cold Room:

Room conditions: Goods:
Length: 10,00 m
Temperature: 0,5 =C Vegetables v
Width: 5,00 m X e =
Relative humidity: 95 % Quantity per day: 2700 kg Respiration heat load:
Height: 4,00 m .
Operating hours: 126 h Inlet temperature: 5,5 °C Total mass in room: 54000 kg

@ Inner dimensions
Outer dimensions

Air exchange (infiltration):
Temperature: 23,0 =C
Relative humidity: 55 %
@ Door openings:
Regular v

3

Air exchange rate: 3,54

(times room volume per 24 hours)

Heat transfer:
@ Standard panels Custom panels
Type: Polyurethane v
Thickness: 100,0 v mm
Temperature of surroundings: 23,0 °C
Temperature below floor: 12,0 =C Additional loads
v Defrost
» Lights: 400 W ® Electric Natural
\ o Fans: 429,2 W Power: 3064 W
\ People: 2 h/day Defrosts per day: 3
Floor is insulated Other: ow Defrost time: 30 min
o Help < Prev Next >

Some values on the overview were not specified using the Wizard. These include:

a) Air exchange: Each door opening causes air exchange and will thus impact the heat load.
In our case, we stated that the door will only rarely be opened (990 kg might be just one
or two boxes).

Select “Rare” option for “Door openings” and the resulting air exchange rate per 24h will
be re-calculated.

Air exchange (infiltration):

Temperature: 23,0 =C

Relative humidity: 35 %

® Door openings:

| Rare W |

Air exchange rate: 2,12

(times room volume per 24 hours)

b} Different ambient temperatures: The backside panel of the room will be exposed to the
ambient temperature of 32 °C. By selecting “Custom panels”, each room side can be
defined individually.
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96

c)

d)

f)

Tip: ‘Conductivity value’ counts for insulation material only. If no floor insulation is used,
the conductivity of concrete is automatically taken into account.

Heat transfer:

Standard panels ® | Custom panels

Thickness Conductivity Temperature

Wall mmm Wim-K) °C
Front: 100,0 0,023 23,0
Left: 1000 0,023 23,0
Right: 100,08 0,023 23,0
Back: 100,08 0,023 32,0
Ceiling:  100,0 0,023 23,0
Floar: 100,08 0,023 12,0

Additional heat loads: Additional loads by refrigeration system equipment also need to be
added.

Light: Based on the room area. A value is calculated based on 8 W/m?2. Here energy-
optimized light will be used, which requires only 5 W/m?2. As a result, this reduces the
light power from 400 W to 250 W.

Fans and defrost heater: Since no equipment has been selected at this moment, it can
only be estimated. In the background, the required cooling capacity has already been
calculated. Based on this and typical evaporators, both fan and defrost heater power is
calculated and suggested. Naturally, these values can be changed if necessary.

People: Due to the rare door openings, people may only stay inside the room for a total of
1 h (assumed).

Other: A fork-lift truck is required to transport the boxes. Assuming a small electrical
vehicle with a power of 1.2 kW is used, usage time inside the room is estimated at 20
min/day. Calculate:
1200 0.331h] 16,5
Wy = 16501
Defrost: Defrosting by natural air circulation is not possible at 0.5 °C. Therefore, electrical
defrost is selected. Since the room is only rarely opened, the amount of incoming

humidity is below average. Thus, the defrosts per day can be set to 1:
Additional loads

Lights: 250 W ® | Electric Matura

Fans: 3798 W Power: 2705 w
People: 1 hfday Defrosts per day: 1
Other: 16,5 W Defrost time: 30 min
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Now all inputs are done, and you can click “Next”:

Cold Room - Step 2 of 4: Review Cold Room Load X

The inputs below are necessary to calculate the required cooling capacity of the Cold Room:

Room conditions: Goods:
Length: 10,00 m
Temperature: 0,5 °C Vegetables v
Width: 5,00 m . e g5
Relative humidity: % Quantity per day: 990 kg Respiration heat load:
Height: 4,00 m .
Operating hours: 126 h Inlet temperature: 5,5 °C Total mass in room: 49500 kg

@ Inner dimensions

Outer dimensions

Air exchange (infiltration):
Temperature: 23,0 °C
Relative humidity: 55 %

® . Door openings:

Rare v

Air exchange rate: 2,12

(times room volume per 24 hours)

Heat transfer:
Standard panels @ Custom panels

Thickness Conductivity Temperature

wall mm W/(mK) o
Front:  100,0 0,023 23,0
Left: 100,0 0,023 23,0
Additional loads
Right:  100,0 0,023 23,0
g O < o
Back: 1000 0,023 32,0 Lights: 250 W Becirc Natuxel
Ceiling:  100,0 0,023 23,0 Fans: 3798 W Power: 2705 W
Floor:  100,0 0,023 12,0 People: 1 h/day Defrosts per day: 1
Floor is insulated Other: 16,5 W Defrost time: 30 min
o Help < Prev Next >
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For the next step in the cold room calculation, you are required to select the relevant
condensing unit. To do so, follow these steps and then click “Next”:
e Select your region to get the available condensing unit series (in our
example we use ‘Europe’).
e Select a housed condensing unit, which can be placed outdoors behind the
cold room.
e Select the refrigerant: R448A.

Cold Room - Step 3 of 4: Condensing unit x
Region, range and refrigerant is necessary to optimize selection of a condensing unit for the Cold Room

1: Select Region

Europe w

2: Preferred Riange (if selected range does not meet requirements, another will automatically be selected)

® Optyma™ Plus New Generation

Housed plug and play outdoor condensing units, stackable, service doors, electronically
controlled, fan speed controller, main switch, fuses, connection board, contactors, overload
relays, pressure switch, receiver, stop valves, filter drier, sight glass.

o Optyma™ Slim pack

Housed outdoor condensing units, fuses, connection board, contactors, overload relays,
pressure switch, receiver, stop valves, filter drier, sight glass.

Optyma™

Open frame condensing units for indoor installation, electrical box, connection board, pressure
switch, receiver, stop valves.

3: Select Refrigerant:
R4434 v
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For the 4™ and final step of the cold room calculations, you need to tell Coolselector®2
something about the given operating conditions.

This is also where the heat load calculation results can be reviewed, as well as the recommended
system conditions. The suggested evaporation temperature and superheat values have been
calculated based on the required temperature difference between the evaporator and the room
(please also refer to “Wizard - Step 3 of 3”).

As was the case previously, all recommended values can be adjusted if deemed necessary.

Select your preferred thermostatic expansion valve material. In our case, we will choose
stainless steel:

Cold Room - Step 4 of 4: Operating conditions x

Carefully review calculated cooling capacity and all operating conditions before pressing "Select":

Operating conditions:

Required capacity: Evaporation: Condensation:
Cooling capacity: 7,030 kw Dew point temperature: -7,5 " Ambient temperature: 32,0 =C
Useful superheat: 5,2 K Subcooling: 3,0 K
Additional superheat: 0K Additional subcooling: 0K
Return gas temperature: -2,0 =C
Cold room: Preferred thermostatic expansion valve material: Air-cooler {evaporator) will not be selected. Please contact your
Temperature: 0,5 *C Brass H¥-supplier
Relative humidity: 95,0 % #® Stainless Steel
Operating hours: 12,6h
pering o
Load details:
Transmission: 2
Infiltration: 0,415 kw ==
Ice on evaporator: 0,023 kw ] ?"
Goods total: 1,793 kw
Goods, cooling: 0,424 kw

Connection type:
Goods, respiration: 1,368 kw

DIN-EN soldering ODF ~
Light: 0,020 kw
People: 0,021 kw
Fans: 0,330 kw
Other: 0,031 kw
Defrost: 0,084 kW
Totak 7,030 kw
9 Help < Prev Select

After you have done this, click on “Select”, and Coolselector®2 will now start the component
selection and create the cold room application as specified (this may take some seconds).

99



Coolselector®2 Exercises M

Based on the required cooling capacity, the best fitted condensing unit will be selected.

All other components will be sized and selected based on the condensing unit found:

£ Coolselector2 - Untitied.cspry _ & X
Fle Qptions Tooks About Report  Billof Materials ) Copy Selection [} Screen Dump
Coldroom1 X 4+ New

St selectors. Selecte ok rocm cmponeits: Cick on each component 0 s detal, et pare s, code ussber, ek

Condensing unit Controller Liquid line Suction line
= & |
s ™ | = | =
«7 J
i e CopperppeDNENI)  ER6m:n  TU-BISI  Dsvbuor Coper ppecaian
OP-MPXMOSEMLPOCE
Refrigerant. Re48A Power supply 230 VAC # 10% 50/60Hz  DP distribution: 0% 0% 2% ™ Total DP distribution: 100% Total
7 u P

Cooling [kw] 7,645 Max absorbed power TVA nqtﬁ(::; ¥ u [mE 100
Telc 75 Operating temperature 510 +50°C Angle o - =
T [-() 26 = Nominal capacity [kWJ: 2710 AL g
o < - o e 0P (bark o002 oo02
cop wiw) 23 1 - 192

S~ ;"""""‘ e oT_sat [K: 00 00

3 < 1300w Load (% g » -

Total power [kw] 203 Compressor 1 W (AC3) N[ k Ve tn (mfsk 6,26

i 3 < W (ACT] OP [bar): 0,013 0,051 12,74 1,000 1381
Total current [A] 5,5 Defrost 000w (D) (bark S -
. Wl ® " <sow ey oT_sat K 00 o1 e 6s 513
requency (Hz] ans wacy sat Kk = =
Power supply 380 -400V(415V) 3ph*  Room light <800 W (AC1) Velocity, i [m/s]): 0,57 0,97 1,00 0 - v

esuit: v

Codenumber 114031 Code number os0z3200 Valve state: o open open
Filter drier incoed Connection: o o o avhe
Sight glass Induded Result: v v v v v

Coclng capacty: 7,645 v

Dew point tempersture: 75
Ax inet temperature: 05
Mean temperature dfference: 109K
Estmated fan power maw
Estmated defrost power: 5w

For the evaporator selection, all required values are listed on the screen.

If you want to adjust the calculation, simply click on “Edit selections...” at the top of the screen:

Cold room1l X 4+ Mew

Edit selections... Seh

Doing this will bring up the following dialogue box:

You can edit the selected components by choosing:

- Wizard: Run the wizard again

- Manual: Manually edit selections

Mote: if you select Manual, you will not be able to return to the overview page

Wizard Manual Cancel

“Wizard” will restart the wizard from the beginning, of course keeping all inputs intact.

“Manual” will split all selections and allow you to manually select all individual components.
Note: From there it is not possible to return to the wizard. It is recommended that if you wish to
use this option, you first do a “Copy selection” from the top right-hand corner in order to ensure
that you have a back-up copy:

[[] Copy Selection i_i Screen Dump

100



Coolselector®2 Exercises

“Manual” may be a relevant option if, for example, the pipe calculation has to be adapted to the
real installation with all bits and pieces (Please also refer to the section about ‘components in
series’).

Finally, you can now create a report as explained in detail in chapter three:

t e Bill of Materials

s

And/or create a “Bill of Materials” which contains all components and their order numbers:

Coolselector®2

Version 2.3.1 | Database 33.33.1.13.3.14

Project name: Cold Room for vegetables
Comments: Test run
Created by: Cold Room Engineering
Printed: Mittwoch, 8. August 2013
Preferences used: My preferences
Quantity Product Description Code Type Code Sales
number Price
Cold room 1
1 Condensing unit: OP-MPXMOSEMLPOOE, R448A. 1144311
1 Cold reom controller: AK-RC 101 080£3200
Liquid line
1 Solenoid valve: EVR & man
1 THWV:TU -8 NS 10 068U3859
1 Distributer: Distributor
Cold room 1 - Copy
1 Condensing unit: OP-MPXMOSEMLPOOE, R448A. 1144311
1 Cold room contraller: AK-RC 101 080Z3200
Liguid line
1 Solenoid valve: EVR & man
1 TXV:TU -8 NS 10 068U3859

1 Distributer: Distributor
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5

Industrial applications

Exercise 5.1 Selecting a valve in liquid feed line

a)

b)

c)

d)

Select a single EVRA solenoid valve in a pump system in the liquid feed line using the
following operating conditions:

e Refrigerant: Ammonia

e Mass flow in line: 800 kg/h

e Evaporating temperature: -10 °C
e Superheat: 0 K

e Circulation rate: 2.5

e  Pump pressure rise: 2.0 bar

Which EVRA was selected?

Which criteria did Coolselector®2 use to select this valve? What is the cooling capacity
corresponding to the 800 kg/h?

In part load conditions, the required cooling drops to 90 kW — how will the selected valve
perform under these conditions?

Return to the full load capacity (800 kg/h). Select each valve in the result list:

1. If a warning is raised for the valve:
e Explain the warning to yourself — try to understand why it occurs.
e How many different warnings does the valve have?

2. Why does the performance curve change between the different valves?
Should you always avoid selecting valves where a warning is displayed?

Select a manual regulating valve in the liquid feed line using the same operating
conditions as above. Use selection criteria of 0.1 bar.

How many times should you turn the manual regulation valve to get a 0.10 bar pressure
drop?
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Solution 5.1 Selecting a valve in liquid feed line
a) Go to “New” tab, select “Valves and Line Components” and click on the “Solenoid valves”
button. Select “Pump” system, click on the “Liquid feed line” and select “R717
(Ammonia)” as the refrigerant:

System: | Pump n

Click on diagram to select line:
Mo line selected...

! Liquid feed line

Refrigerant: | R717 (Ammaonia) “

Connections: Al ¥

In operating conditions, select “Mass flow in line” as capacity input:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

[200,0]keh 10,0 ¢ 30,0 =C Discharge temperature:  115,8 =C
Cooling capacity: 115, 1 kW Superheat before compressor: 0 K Subcosling: 20 K Circulation rate:
Heating capadity: 143,5 kw Additional subcooling: 0K DF pump: bar

Note that all inputs colored blue are optional —i.e. what you enter does not affect the
selection, but some of the results will be affected (even though the condensing
temperature is optional, it will affect the heating capacity). Select EVRA in the “Product
families” list.

b} EVRA 25 is selected
Coolselector®2 used a selection criterion of 1 m/s to select the valve:
Selection criteria:

Pressure drop: 0,100 bar Saturation temperature drop:

& Velodty: 1,00 mfs 0,1K

¢} You can either read the Cooling capacity right under the entered mass flow value, or

change the capacity input to “Cooling capacity”. In either case, you will get 115.1 kW:

Operating conditions: Operating conditions:

Capadity: Capadty:

Mass flow in line: W | 800,0 kg | ™ | 115,1 kw
Cooling capacity: 115,1 kW Mass flow in line: 200,0 ka/h
Heating capacity: 143,5 kW Heating capaity: 143,5 kW
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Dt

d) Coolselector®2 will now suggest EVRA 15 as the suggestion (it will be colored green), but it
will keep EVRA 25 as the selected valve, and you can examine performance under the new

operating conditions.

Coolselector®2 does not report any errors or warnings for this operating condition, so
EVRA 25 will probably still be OK.

A few things to note about the different EVRA valves:
EVRA 3 is a direct-operated solenoid. It is too small for the given capacity and flow will be
choked and the pressure difference will be larger than the available pressure difference.

Choked flow means that the mass flow though the valve has reached a maximum under
the given conditions. l.e. even though the pressure drop across the valve increases, the
mass flow will no longer increase.

The available pressure difference for the liquid feed line is the pump pressure (= 2 bar).

Pressure drop through a component cannot be larger than this value.

If you look in “Performance details” and “Component performance details”, you will see
that Coolselector®2 reports 4 warnings for the EVRA 3:

Performance csve | Performance details g

System diagram  Value Unit  Inlet Outlet Difference
ked flow - selected component (or opening degree) is too small
Systemdetals | PoE bar 4914 0934  -3,980 shing in liquid line
Temperature o 10,0 -350 -25,0 ssure drop (3,980 bar) up to and including component is larg vailable pressure difference (2,000 bar)
ssure drop (3,980 bar) is larger than available pressure dif: 2,000 bar)
EVRA3 Bubble point temperature  °C 36 -350 -38,6
Dew point temperature  °C 36 35 0,6 opening pressure differential [bar]
rking pressure (PS/MWP) gauge [bar]
Density kg/mA: 7 981 6422 Maximum operating temp AR
Minimum operating temp
Enthapy kg 154 154 0 Opening degree (%] ...
- 0,00 0,08 0,08 Choked ......
Valve state ......
Velodity mfs 2,14 142,0 139, Wisipal aise dntee
larnings:

10: Choked flow - selected compcnent (or copening degree) is toc small

20: Flashing in liquid line

54: Pressure drop (3,980 bar) up to and including component is larger than available pressure difference (2,000 bar)

53: Pressure drop (3,980 bar) is larger than available pressure difference (2,000 bar)

EVRA 10, 15 and 20 are diaphragm valves, so they have a minimum pressure drop of 0.05
bar below which they are closed. This is illustrated in the performance curve for the

valves.

EVRA 20 is too large as the pressure drop is below the minimum so the valve is closed (and
it is not possible to draw the performance curve).

EVRA 25, 32 and 40 are all servo-piston type valves, so below a certain minimum opening
they will start to flutter (open/close rapidly) — this is illustrated in the performance curve
as increasing red color as the mass flow decreases.

Note that the selected EVRA is not fully open in the given operating conditions. This might
at first be an unfamiliar concept — i.e. that a solenoid valve is not fully open in normal
operating conditions — but it is quite normal behavior for servo-piston solenoids

(especially in liquid lines).

105



Coolselector®2 Exercises M

f) Warnings in Coolselector®2 are chosen based on experience, with the main purpose to
warn you that the selected product under the actual operation condition may create
problems.

Warnings consider typical operation variations a system may experience, like possible
pulsations in a discharge line caused by, for example, reciprocating compressors, or a
similar impact.

The purpose of warnings is to make you aware that you need to consider the actual
selection/operation. A warning does not always mean that the product cannot be used.

Typical in repeatable applications, e.g. OEM solutions, where the customer conducts a
specific application test, or has built up experience that shows that the product operates
perfectly, it is possible to ignore the standard warnings.

But if in doubt, or if you do not know the exact application where the valve will be used,
you should be careful selecting a valve with a warning — depending on the type of
warning.

g) Specify selection criterion to be 0.10 bar and select either REG angle or REG straight.

Selected  Type NS Kv[m~3h] Kv_calc [n*3fh] Opening degree [%] Tums DP [bar] DT sat[K] Min. capacity [l Max. capacity [kafh] Load [%] |Velodity, in [m/s] |Valvestate Result
O REG 15-Astraight | 15 15 1,5 100 s 0,100 06 14,91 382,7 209 1,56 Open A
o REG 158 straight 15 5 3,135 5 534 0,100 06 36,88 1276 53| 1,56 Open o
O REG 20-Astraight | 20 L5 1,5 100 s 0,100 06 14,91 382,7 209 0,67 Opsn A
® REG 20 Bstaight 20 5 3,135 59 534 0,400 06 3,38 1276 53 0,87 Open

As can be seen, the suggestion is 15-B. If you look at the velocity, you will notice that 20-B
has a velocity of 0.87 while the velocity in 15-B is 1.56. While having a velocity of 1.56 is
not problematic, in this case 20-B is probably a better choice. This is a good example of
where you can see the options and calculation results based on the inputs, and should
choose according to the system requirements, despite the Coolselector®2 suggestion.

h} You can see the number of turns required in the table for any of the valves:

Selected Type NS Kv[m~3/h] Kv_cale [m~3/h] Opening degree [%] [Turns |DP [bar] CT_sat K] Min. capacity [ka/h] Max. capadty ko/h] Load [%%] Velodty,in [m/s] Valvestate Result
(@] REG 15-A straight 15 1,5 1,5 0,100 0,6 14,91 382,7 209 1,56 Open )
0 REG 158 straight 15 5 3,135 0,100 0,6 36,38 1276 &3 1,56 Open o
(@] REG 20-A straight 20 1,5 1,5 0,100 0,6 14,91 382,7 209 0,87 Open )
® REG 20-Bstraight 20 5 3,135 0,100 0,6 36,38 1276 &3 0,87 Open

106



Coolselector®2 Exercises M

Exercise 5.2 Selecting an expansion valve
Select an AKVA electronic expansion valve for a pump system with ammonia with the following
operating conditions:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

Cooling capacity: o 500,0 kw Temperature: W -30,0 =C Temperature: W 0,0 =C Discharge temperature: 83,7 °C
Mass flow in line: 1473 kg/h Superheat before compressor: 0K Subcooling: 0K Circulation rate: 3,00
Heating capadty: 597,5 kw Additional subcooling: 0K DF pump: 2,000 bar
To lql I e
compressor | @ I
suction line ' AKS 41 |

00/4100U !
. sea [ skn SVA ! @ ! E ® EKC 347
L N |
SVA - é’ " | P
. I
B— | DSV [ '
/ ® From
| F'% receiver
[ Liquid T
i q . 1
LLG | separatOr AKS 38 () SVA
\ ; EVRAT
a—
- ——&—— From evaporator
SVA ‘ P
SNV —I{[Bp
A
@ SVA
Danfoss
To evaporator QDV Tapp_0050_02
10-2012

a) What type of system can have a condensing temperature of 0 °C and an evaporating
temperature of -30 °C?

b} What is the velocity out of the selected AKVA?
c) Select an ICM expansion valve instead

1. Why does the performance curve look so different?
2. What is the difference between “Load [%]” and “Opening degree [%]” for the ICM?

d) Change the evaporating temperature to -50 °C; what will the velocity out of the selected
ICM be?
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Solution 5.2 Selecting an expansion valve

a)

108

For example, the low stage in a two-stage system with open intercooler:

Low stage

Note that even though Coolselector®2 only supports a limited number of cycles, you can
almost always make the selections you want by selecting the right line type and specifying
proper operating condition. For example, if you want to select the expansion valve for the
high stage of the two-stage system, you must add the condensing heat from the low stage
system to the cooling capacity of the high stage system.

It is worth mentioning that operating conditions which are highlighted with a mate blue
are optional ones which would not affect your current selection. You can see that they
would differ based on the system and the line that you choose.

AKVA 20-3 is the selected valve. The velocity out of the valve is 37 m/s. It can be found in
the performance details:

System diagram Value Unit Inlet OCutlet Difference
System details Pressure bar 4,301 [1,198 -3,103
Temperature e 0,0/ 1-30,0 -30,0
AKVA 20-3 Bubble point temperature  °C 0,0 |-30,0 -30,0
Dew point temperature °«C 0,0 |-30,0 -30,0
Density ka/m~3 638,5 |10,17 628,3
Enthalpy kJfkg 199,59 |199,9 ]
Quality = 0,00 | 0,10 0,10
Velodty my's 0,59 r 37,01 36,42
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c)

d)

The AKVA 20 is a servo-piston valve, which can also be used as a solenoid valve. For this
reason, the performance curve shows 4 different areas:

AKVA 20-2
Liquid line (Flooded ., pump ci ion. R717. i ion valve)

60 .

Capacity [%]

| | | [ MinCapacity | | |
Mintagadty

0 100 200 300 400 500 600 700
Cooling capacity [kW]

Mass flow at current opening

o ) ) . .
The load % is defined as: Mass flow at fully open " The ICM is an electronic stepper

motor-controlled valve. And because the opening curve for the ICM is not completely
linear, there will be a difference between the load percentage and opening degree.

1CM 25-A33
Liquid line (Flooded evaporator, pump fon. R717. i ion valve)

Opaning deores (%)

a 100 200 300 400 s00 600 700
Caling capacity (kW]

Caolkng capacity: 500,00 KN Heatng capaditys S37,45KW  Mass fow i ne: 1472,3kgh  Opening degree: B5,0%  Status: Partly open B

At -50 °C the velocity out of the selected ICM (ICM 25-A33) will be 277.5 m/s! This is a very
high velocity but given the operating conditions and the size of the selected valve, this will
be the velocity out of the expansion valve. In real systems, there will be piping, and
additional pressure drops after the expansion valve, so that some of the expansion partly
takes place in the piping after the valve. We'll look closer into this when we get to
“Components in series”. But you should, as far as possible, always select (expansion)
valves using “Components in series”, as this will give a more realistic picture of the
operating conditions surrounding the valve.
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Exercise 5.3 Selecting an ICF

a) Select an ICF valve for a liquid line in an ammonia pump system using the following
operating conditions:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

Cooling capacity: o 400,0 kw Temperature: v -20,0 eC Temperature: v 30,0 =C Discharge temperature: 140,0 =C
Mass flow in line: 1302 kg/h Superheat before compressor: 0K Subcoaling: 2,0 K Circulation rate: 3,00
Heating capacity: 522,6 kW Additional subcooling: 0K DP pump: 2,000 bar

Inspect the ICF Quick selection list and select the ICF 20-6 which you think best matches

your system.

1. Explain why you selected the specific
ICF

2. Change the cooling capacity to 500
kW. If you get a warning, try to figure
out why this warning is raised.

3. If you get a warning, try to remove the
warning by changing the solenoid
valve module.

4, Add the selected ICF to your favorites.

b) Select a new ICF for a liquid feed line in an ammonia pump system using the following
operating conditions:

Operating conditions:

Capacity: Evaporation: Condensation: Additional:

Cooling capacity: W 80,00 kw Temperature: v -20,0 °C 30,0 =C Discharge temperature: 1400 =C
Mass flow in line: 650,6 kg/h Superheat before compressar: 0K Subcooling: 2,0 K Circulation rate: 3,00
Heating capacity: 104,5 kW Additional subcooling: 0K DP pump: 2,000 bar

R

Select the first ICF from the Quick selection list.

ICF 20-6-2

1. Select the high capacity solenoid valve instead of the standard valve. Will this lower
the pressure drop?
2. Minimize the pressure drop in the selected ICF by changing the predefined solenoid

valve module and/or the predefined control valve module. What is the lowest
pressure drop you can get?

For your own practice:

3. Check if the configuration you have made is an existing configuration (has a code
number).
4. Add the selected ICF configuration to your Favorites.
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Solution 5.3 Selecting an ICF

a) Go to the menu for valves and line components in a new tab and choose the “ICF valve
station” from the options. Enter the operating conditions.

1. Given the operating conditions, you are presented with 6 options:
ICF Quick Selection © DIN-EN Butt weld DIN-EN S5 Butt weld (stainless) ANSI Socket/Butt weld
House Connection M1 M2 M3 M4 M5 Type code Appcode Codenumber Kv[m~3/h] Load[%] Result
ICF-20-6 25D IEC‘DP E‘IEC‘;E;E;:?:H (I‘CEF“EE : M;;:;';Ef:”g o ;j = [CF-20-5-25DSXFXEXOXMASX65XX | 5 02703036 0.5887 136.7 :
I Stop valve | Standard fiter Solenoid valie Marual opening ve
‘[CF-ED-G 3D ];;Spéﬂamrg Sg:gafgﬁrﬂer Séi;iéﬂ\:an‘:de M;:E;igg::ng mr:;i;‘?,gﬁé" ];;Spéﬂaﬁl ICF-20-6-32DSXFXEXOXM2SX65XX 5 0273374 1417 526
e Spuve | Simiadher | sdemdbawmosn sk s cver | Motrwava | Sopoon e S = .
e Siop vave  Stomimd Rler | Soennidvabe, Hgh i cpen | Bk g Goer | Motar v | Stomave S = v
B Sopidie | St Soenodubemmopen  Harkiop dover | Motarvaive | Stop ’ A "2 v
We select the shown ICF because of the load % — it is not too low and there is plenty
of excess capacity (the default selection criteria for expansion valves is a load
percentage of 80%).
2. For the selected ICF you will get a warning stating that the saturation temperature
drop in front of the valve is larger than 1K. This warning is used because a very high
mass flow (and thereby pressure drop) in front of the expansion valve will lead to
high velocities after the expansion valve (check the outlet velocity of the ICF). The
maximum allowed saturation temperature drop in front of the expansion valve in
an ICF can be changed in preferences.
3. You can remove the warning by changing to a high-capacity solenoid and changing
the manual opening module to a blank cover. Double click on the IC and select
“Customized ICF” and apply the changes. When you’ve done this, remember to go
back and check operation at 400 kW.
Housing: Modules: Connection:
Predefined ICF ICF 15 ICF 50 ICF 55 20 4 Type: DINEN Butt weld I
toT e Tme Sie: | DINEN 32 (1 4 .
Type code: ICF-20-6-32DSXFXEHBXM2SX65XX -B Paste Type string: ICF 20-6-5HMBS66  Code number: - [ Paste Add to Favorites
¥ E] .
Condenser House in ICFS 20_m ICFF 20_m ICFE 20-H_m ICFE 20_m ICM 20-B66_m ICFS 20_m House out Separator
Stop Filter Solenoid Blank EEV Stop
DP distribution: [ 0% i 0% il 1% ] % [ 0% [ N7=% [ 9% ][ 8% ] Total
Opening degree [%]: - / - 59 - 81 - -
Max. capacity [kWw]: - e 742,1
Min. capadty [KW]: - 4,054
Load [%]: 67
DF [bar]: 0,021 0,034 0,081 0,170 0,033 7,762 0,857 0,305 9,772
DT_sat [K]: 0,1 0,1 0,2 0,5 0,1 339 6,9 8,2 50,0
Velodty, in [m/s]: 0,70 1,94 1,94 1,94 1,94 1,94 49,15 26,90
Velodity, out [m/s]: 0,70 1,54 1,94 1,54 1,94 49,15 74,85 43,81
Valve state: Cpen Open Partly open Open Open Open Cpen
Result: v b v v o v b v
4, Press the <Add to Favorites> button to the left. Note that your favorites are saved
per line type (meaning that this favorite will not be visible when you have selected
another line type).
b)
1. In this case, changing to the high-capacity solenoid does lower the pressure drop
because the solenoid will be partly open.
2. You can lower the pressure drop by, for example, changing the Solenoid and REG

valve to an ICM and selecting an ICF 20-4 instead.
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Exercise 5.4 Selecting components in series
a) Select the following components in a liquid feed line in an ammonia pump system using
the following operating conditions:

Operating conditions:
Capacity: Evaporation: Condensation: Additional:

Cooling capacity: o 80,00 kw Temperature: v =200 °C 30,0 =C Discharge temperature: 1400 =C
Mass flow in line: 650,6 kg/h Superheat before compressar: 0K Subcooling: 20 K Circulation rate: 3,00
Heating capacity: 104,5 kW Additional subcooling: 0K DP pump: 2,000 bar

Stop Control Check Solenoid Filter Stop

1. Why does Coolselector®2 start by selecting a size 15 stop valve?

2. Select appropriate valve sizes so that it is possible to remove all expanders and
reducers and still have no connection warnings.

3. Select a new line and add the standard ICF you selected in Exercise 5.2-(b) (code
number 027L3011). Then change the opening degree of the REG valve to 80%

4, Compare the pressure drop between the line with individual valves and the line
with ICF.

b} Create a new liquid line in a pump system with ammonia with the following operating
conditions:

Operating conditions:
Capadity: Evaporation: Condensation: Additionals

Cooling capadity: W 430,0 kw Temperature: w o -30,0 =C Temperature: w 0,0 =C Discharge temperature: 83,7/ °C
Mass flow in line: 1267 kg/h Superheat before compressor: 0K Subcooling: 0K Circulation rate: 3,00

Heating capacity: 513,8 kW Additional subcooling: 0K DP pump: 2,000 bar

1. Add an AKVA electronic expansion valve to the line. Add a pressure drop of 1 bar to
the line after the expansion valve and a pipe of 1 m. Is the AKVA still large enough?

2. Add a 10 m pipe before the AKVA. Is it possible to remove warnings by just changing
component sizes? How should they be removed?

3. Change the Cooling capacity to 300 kW and check the velocity in the pipes. Review
your results, considering that the AKVA is a pulse-width modulated valve. What will
the real velocity through the pipes be?

4. Note that changing the system capacity to the max. capacity for the AKVA again
changes the maximum capacity of the AKVA. Why?
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Solution 5.4 Selecting components in series

a)

114

4.

Coolselector®2 always uses the default selection criteria specified in your
preferences to select the different component types. Try to open your preferences
and see what the default selection criteria for a stop valve are in a liquid feed line.
(for more information check the last exercise from Chapter 1).

The resulting selection should look like this, with a total pressure drop of 0.259 bar:

Pump Evaporator
oy @ | I
o 1 ol |
SVA 20 straight FIA 20-150 ICS 25-10 + CHV 20 REG 206 SVA 20 straight
straight-p EVM NS 20 straight
DP distribution: [ 2% il 5% [ 62% [ 16% i 12% i 2% | Total
Opening degree [%]: - - 51 - 80
Turns: - - - - 712
DP [bar]: 0,008 0,013 0,162 0,040 0,031 0,008 0,259
DT_sat [K]: 0,0 0,1 1,1 0,3 0,2 0,0 1,8
Velocity, in [m/s]: 0,70 0,70 0,43 0,70 0,70 0,70
Valve state: Open - Partly open Partly open Open Open
Connection: Ok Ok oK Ok QK oK
Result: v v v v 4 v v

Note that flow direction in Coolselector®2 is always left to right. Among opening
degree, number of turns, pressure-drop or saturated temperature-drop, you can
choose one as input for the mechanical control valves. The input will be shown in
bold font and the rest will be calculated based on the specified input.

You can add the ICF by going through the list of available choices or by choosing it
using the code number or through the search menu. When you select the ICF to be
added to the line, Coolselector®2 recognizes that there is a control valve in the
selected ICF. Hence, it will ask for the control choice in the valve. You can skip this
step by pressing “OK” and then input the opening degree by double clicking on the
specific field:

ICF-20-6-25D

DIN-EN Butt

&7 Edit ICF -0 X

DP distribu’

DP [bar]: ® predefined ICF

DT_sat [K]. R Quick select Search for ICF

velocity, in

Vale statz Type code: ICF-20-6-25DSXFXEXOXRANXE2KX I Paste Type string: 1CF 20-6-2RA  Code number:[0273011] T Paste Add to Favorites

Connection

= Pk N

e O DIPA IR, TR L, <] B

Pump House in ICFS 20_m ICFF 20_m ICFE 20_m ICFO 20_m ICFR 20-A_m ICFN 20_m House out Evaporator
Stop Filter Solenoid Manual Control Check

DP distribution: [ 1% i 2% 1[ 4% i 11% 1[ 3% 1[ 62% i 15% 1[ 1% ] Total
Opening degree [%]: - - - e_______' 80
Turns: - - - - - 314
DP [bar]: 0,003 0,005 0,012 0,031 0,009 0,171 0,042 0,003 0,275
DT_sat K: 0,0 0,0 0,1 0,2 0,1 12 0,3 0,0 18
Velodity, in [mfs]: 0,43 0,70 0,70 0,70 0,70 0,70 0,70 0,43
Velocity, out [mfs]: 0,43 0,70 0,70 0,70 0,70 0,70 0,70 0,43
Valve state: Open Open - Open Open Open Partly open Open
Result: 4 v v 4 v 4 v v

lifference [bar]

o

The total pressure drop in the ICF solution is 0.276 bar —i.e. practically the same as
the individual valves.
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The AKVA is just large enough (96% load):

Condenser Separator
()
2 | oP —
~ {
ARKVA 20-2 Constant DP Steel pipe l
DIN-EN 40
DP distribution: [ 67% | 32% | [ 0% | Total
Length [m]: - - 1,00
Angle [deg]: - - 0
Max. capacity [kW]: 449, 7 - -
Miin. capacity [kW]: 44 97 - -
DP [bar]: 2,039 0,014 3,103
DT_sat [K]: 16,6 13,2 0,2 30,0
Velocity, in [m/s]: 0,51 i} 23,27
Valve state: QOpen - -
Connection: oK oK Mo
Result: v, v, v v

Also, note that Coolselector®2 gives a warning for connection size after constant
pressure-drop element. This is because the tool does not know the connection sizes
for the constant pressure drop.

Adding any component in front of the expansion valve will issue a warning because
the subcooling is 0 K.

Changing the subcooling to 1 K and changing the pipe size to DN 32 will remove all
warnings:

Operating conditions:

Capacity: Ewaparation: Condensation: Additional:

Coaling capacity: v 430,0 kw Temperature: w  =30,0 °C Temperature: ~ 0,0 =C Discharge temperature: 83,7 C
Mass flow in line: 1262 kg/h Superheat before compressor: 0K Subcooling: Circulation rate: 3,00
Heating capacity: 513,5 kW Additional subcooling: 0K DP pump: 2,000 bar

Condenser Separator

D | ap =
) o 3

Steel pipe AKVA 20-2 Constant DP Steel pipe

DIN-EN 32 DIN-EN 40

DP distribution: [ 0% [ e7% [ 32% ]I 0% ] Total
Length [m]: 10,00 - - 1,00

Angle [deg]: ] - - (1]

Max. capacity [kW]: - 451,5

Min. capacity [kW]: - 45,15

Load [%]: - 95

DP [bar]: 0,005 2,084 1,000 0,014 3,103
DT_sat [K]: 0,0 16,6 13,2 0,2 30,0
Velocity, in [m/s]: 0,50 0,50 0 22,43

Valve state: - Open

Connection: oK oK oK Mo

Result: 4 v 'd 4 4

Note that the pressure drop of 1 bar after the expansion valve significantly
decreases the capacity of the expansion valve. So it is always a good idea to check
selection of an expansion valve in a line.

As the AKVA valve is a pulse-width operated valve, it will be fully open when it is
open. So, to find the velocity in the pipes, we need to change the capacity to the
max. capacity of the AKVA. You will discover that as you change the cooling capacity
of the system, the flow in the pipes will change, which will affect the maximum
capacity of the AKVA. This means that you must iterate a few times to find the
maximum capacity.
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Exercise 5.5 Selecting a safety valve

a) Select a safety valve based on the following information (R717, external relief, 1 bar back

pressure):
im
0,5m
2m
3m Cutlet
Pipe = 10,5m
.4 L}
m SFY Bends=6
+ DSV Custom losses = 1
Inlet
- Pipe = 0,5m
Set preéssure (gauge) =16bar
4
2m

sm

b) What happens if you select the largest safety valve? Why?
c) Add 2 more vessels, so that you get a system with common outlet:

To open air

Main discharge line
Pipe = 20m

Bends = 5
Custom losses = 1

Collecting point
im
2m
QOutlet Qutlet
Fipe = 18 %m = 16,5m Pipe = 10m
SFY Bends= =7 SFA Bends= 6
+ DEy Custom losses = 1 + DSy Custom losses = 1
Inlet
Inlet Inlat Fipe = 0,5m
- Fipe = 0,5m - Pipe = 0,5m . Set pressure =
Set pressure (gauge] =16bar Set pressure = 22bar 12 bar

o o
]
¥

0,5m 0,5m

| am 2m 1,5m

d) Adjust pipe and valve sizes so that all selections are OK.
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Solution 5.5 Selecting a safety valve
a) To keep the outlet pressure below the allowable, you will need to change the outlet pipe

diameter to DN 40 and the selected valve should be “SFV 20 + DSV 2 (25-25)":

Calculations according to EN 13136:2013 :) .'ﬁ
®  External relief (to ambient) Refrigerant: R717 (Ammonia) 3
Addvalve - discharge from Add valve - discharge from Add valve - required mass
Internal relief Back pressure, absolute: 1,000 bar vessel compressor flow known
£ Copy =[1 Rename o Delete
+ Vessel 1
Outlet pipe: Qutlet bends: Custom outlet elements:
Length: 10,50 m Diameter as valve MNumber: 3 b=t Number: 1 -
¥ | Outlet losses
Friction coeff.: 0,02 Diameter: 43,10 = mm Type: Bendr = 3d v Pressure loss coeffident: 0,5
Operating conditions: Results:
Safety relief valve and changeover valve: Relieving pressure, absolute: 13,60 bar
Setpoint pressure, gauge: 16,00 bar Required capadty: 1271 kafh
Inlet temperature: 46,6 °C Selected valve capadty: 1716 kgt
Adjusted val H 1373
Select valves: fusted valve capadty kafh
|SF\I‘ 20 +DSV 2 (25-25) - Inlet pressure loss: 0,251 bar 1,3 %
Outlet pressure loss: 1,656 bar 8,9 %
Result: OK
Inlet pipe: Inlet bends: Custom inlet elements:
Length: 0,50 m |+ Diameter as valve MNumber: 0 b=t Number: a -
¥ Inletlosses
Friction coeff.: 0,02 Diameter: 28,50 * mm Type: Bendr = 3-d b Pressure loss coeffident: 0,5
Connection:  Flush sharp edged v Angle: 95 % deg

® Cylindrical vessel Diameter: 2,00 m == ==
Box-shaped vessel Length: 500 m

Surface area known

b} If you select the largest valve (SFV 25), then the valve capacity also increases. In EN13136
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losses in inlet and outlet pipes are based on valve capacity, so even though you can adjust
the valve capacity in EN 13136, if it’s much larger than the required capacity then the
adjusted capacity gives a too high pressure drop in the outlet line.

To remove the warning:

1. For each selection, select the smallest safety relief valve that is large enough to
handle the capacity

2. Change the diameter of the common outlet pipe to a very large pipe size

3. One by one change the diameter of the individual outlet pipes until there are no
errors for that selection

4. Change the diameter of the common outlet pipe until you reach the smallest
diameter without warnings

5. Check whether individual outlet pressure losses are close to 10% for back pressure-
dependent valves or 20% for back pressure-independent valves. If they are,
evaluate whether it is possible to increase the individual outlet size and decrease
the common outlet size without introducing errors. This last point is fine-tuning and
you should evaluate whether it is worth increasing individual pipe size so that
common pipe size can be decreased.



Coolselector®2 Exercises

d) Following the above procedure resulted in these pipe sizes:

1.
2.
3.
4.

Surge drum:
Economizer:
Oil cooler:

With the following results:

Surge drum:

‘Commen outlet for 3 valves

|
bt

/ Surge drum |/ Economizer

Fipe:
Length: 20,00 m
Auto diameter
Diameter: 70,30 ~ mm
Friction coeff.: 0,02
Bends:
Number: 5 5
Type: Bendr v
Custom elements:
Number: 13
Pressure loss coeffident: 0,5
Outiet pressure drop: 0,949 bar

Economizer:

Common outlet for 3 valves

Common outlet: DN 65

DN 50
DN 32 (could be DN 25 if common outlet was DN 100)
DN 20 (same as valve).

[l copy

| Outlet losses

¥ Inlet losses

[\l Copy

+ Surge drum

Rt
bt

Pipe:
Length: 20,00 m

Auto diameter
Diameter: 7,30 v mm
Friction coeff.: 0,02
Bends:
Humber: 5 B

Custom elements:
Humber: s

Pressure loss coeffident: 0,5

Outlet pressure drop: 0,549 bar

v Outlet losses

¥ Irlet losses

#) Cyjiincrical vessel
Box-shaped vessel Length:

Surface area known

Diameter:

0,50 m

2,00 m

=]) Rename ¥ Delete
+ Oil cooler
Outiet pipe: Outlet bends:
Length: 16,50 m Diameter as valve Number: 6
Friction coeff.: 0,02 Diameter: 54,50 v mm  Type:
Operating conditions: Results:
Safety relief valve and changeover valve: Relieving pressure, absolute: 18,50 bar
Setpaint pressure, gauge: 16,00 bar Required capacity: 1271 kg
Inlet temperature: 46,6 °C Selected valve capacity: 1716 kafh
Select valves: Adjusted valve capadity: 1373 kgfh
SFV 20 +DSV 2 (25-25) - Inlet pressure loss: 0,251 bar 1,3 %
Total outlet pressure loss: 1,564 bar 8,4 %
Result: ok
Inlet pipe: Inlet bends:
Length: 0,50 m ¥ Diameter as valve Mumber: 0
Friction coeff.: 0,02 Diameter: 28,50 « mm Type: Bendr = 3«d
Connection: | Flush sharp edged v A 45 3
® Cylindrical vessel Diameter: 2,00 m
Box-shaped vessel Length: 5,00 m
Surface area known
= Rename XK Delete
+ Economizer /' Ol cooler
Outlet pipe: Outlet bends:
Length: 10,00 m Diameter as valve Mumber: 6
Friction coeff.: 0,02 Diameter: 37,20 v mm  Type: Bendr = 3d
Operating conditions: Results:
Safety relief valve and changeover valve: Relieving pressure, absolute: 25,20 bar
Setpoint pressure, gauge: 22,00 bar Required capadity: 247,6 kafh
Inlet temperature: 58,5 °C Selected valve capacity: 879,8 kgh
Select valves: Adjusted valve capacity: 03,9 ki
SFA 15-50 + DSV 1(25-20) - Inlet pressure loss: 0,102 bar 0,4 %
Total outlet pressure loss: 1,617 bar 6,4 %
Result: oK
Inlet pipe: Inlet bends:
Length: 0,50 m |+ |Diameter as valve Number: 0
Friction coeff.: 0,02 Diameter: 28,50 v mm  Type: Bendr = 3
Conmection:  Flush sharp edged v 45 3

Custom outlet elements:

= Number:

Pressure loss coeffident:

Custom inlet elements:

¥ Number:

v Pressure loss coeffident:

Custom outlet elements:

- Number:

~  Pressure loss coeffident:

Custom inlet elements:

- Number:

v Pressure loss coeffident:

0,5

0.5

0,5
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Oil cooler:

Common outlet for 3 valves Copy =] Rename ¥ Delete

+ Surgedrum  +/ Economizer |+ Oil cooler

Outlet pipe:

Length: 1500 m
| Outlet losses e

Friction coeff.: 0,02

Operating conditions:

Safety relief valve and changeover valve:

Pipe:
Setpoint pressure, gauge:
Length: 20,00 m
Auto diameter Inlet temperature:
Diameter: 0,30~ mm Select valves:
B5V 8 +DSV 1(25-20)

Friction coeff.: 0,02

Bends:

Humber: 5 B

Custom elements: Inlet pipe:

: B Length: 0,50 m

Humber: 1%V Inletlosses

Pressure loss coefficient: 0,5 Friction coeff.: 0,02
Outiet pressure drop: 0,548 bar

Connection: Flush sharp edged

®) Cylindrical vessel
Box-shaped vessel

Surface area known

Outlet bends:
+ Dismeter as valve Number: 4+ 2
Diameter: 22,30 v mm  Type: Bendr = 3d v
Results:
Relieving pressure, absolute: 25,21 bar
22,00 bar Required capacity: 98,27 kg/h
58,5 Selected valve capacity: 338,4 kgh
Adjusted valve capadity: 310,7 kot
i Inlet pressure loss: 0,020 bar 0,1 %
Total outlet pressure loss: 2,623 bar 10,4 %
Result: oK
Inlet bends:
+/ Diameter as valve Mumber: o B
Diameter: 28,50 v mm  Type: Bendr = 3d v

v Ange: 45 3 deg

Diameter:

Length:

Custom outiet elements:
Number:

Pressure loss coeffident:

Custom inlet elements:
Mumber:

Pressure loss coeffident:

0,5

0,5
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Exercise 5.6 Selecting components in hot gas defrost
a) A system has 10 evaporators, each on 80 kW. With the following operating conditions:

Operating conditions:

Capacity: Evapaoration: Condensation: Additionals

Cooling capacdity: o 80,00 kw Temperature: W -20,0 °C Temperature: v 30,0 =C Discharge temperature:  140,0 =C
Mass flow in evaporator: 650,6 kg/h Superheat before compressor: 0K Subcooling: 20 K Circulation rate: 3,00
Heating capadity: 104,5 kw Additional subcooling: 0K DP pump: 2,000 bar
Hot gas defrost
Defrost capadity factor: 2,00 Main hot gas supply temperature: 40,0 °C  Defrost temperature, dew paint: v 10,0 =C
Mass flow in line: 454,6 kg/h Reduced hot gas supply temperature, dew point: 150 °C  Dimensioning quality: 0,05 0 Help

Select an ICS + CVC in the main defrost line, assuming that 3 evaporators are defrosted
simultaneously.

b) The ICS + CVC is placed near the compressors. The distance to the evaporators is 150 m.
Evaluate what the reduced supply pressure will be at the evaporators.

c) Select the shown components in a hot gas defrost line and a hot gas defrost drain line:

CHV T

Drain line

1 EVRS 3 v »
SVA Y | g i Vi -

1 -
Ics 1 ria - Hot gas line

Using the same operating conditions as above (or modified conditions depending on your
evaluation in the previous part of the exercise).

How much gas can the selected ICS + CVP handle? (as a percentage of total mass flow).
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Dl

Solution 5.6 Selecting components in hot gas defrost
a) When 3 evaporators are defrosted simultaneously, the capacity of the ICS + CVC should be

dimensioned for 3*80 = 240 kW. You will find the ICS under “Control and regulating

valves”. For 240 kW and the given operating conditions, Coolselector®2 will select an “ICS

25-25 + CVC” which will be loaded 77%.

b) Add 150 m pipe after the ICS + CVC. The result is that the ICS + CVC is now loaded 84%.
But more importantly: Coolselector®2 is designed so that a main hot gas defrost line is
calculated given the inlet pressure (30 °C) and the reduced pressure (15 °C). You can see
this by inspecting the results:
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Compressor

O

DP distribution:
Length [m]:
Angle [deqg]:

Humber:

Max. capacity [kg/h]:

Min. capacity [ko/h]:
Load [%o]:

DP [bar]:

DT_sat [K]:
Velocity, in [m/s]:
Valve state:
Connection:

Result:

¢o)
K EI —
ICS 25-25 +  Steel expander Steel pipe
CVC NS 32 DIN-EM 32 x 50 DIM-EM 50
72% [ 0% [ 27% |
- - 150,0
- - 0
- 1 -
1615 - -
323,86 - -
a4 - -
3,177 0,008 1,202
10,3 a,0 4,7
69,10 55,85 26,04
Open - -
QK QK Ok
W W W

Hot gas line

—e

Total

4,385
5= 15,0

(%]

L]
T

—h

W

But the ICS+CVC is constructed so that it tries to keep the pressure right after the valve at
the given set point, which in this case is 15 °C. So, if the ICS is maintaining a pressure of 15
°C, then the pressure after the 150 m pipe cannot possibly be 15 °C. In fact, by looking at
the results, the 150 m pipe lowers the pressure corresponding to 4.7 K, so in order to have
15 °C after the pipe, the set point of the ICS + CVC should be 19.7 °C (corresponding to 8.5

bar absolute).

About 14%. This means that at the end of the defrost, the valve might reach its maximum
capacity, but as the gas bypass is pure loss this will normally not be a problem. If you have
a system without reduced pressure, you should check whether the evaporator is designed
for condensing pressure or select a larger drain valve. If the drain valve is too small, the
pressure can rise in the evaporator to the condensing pressure at the end of the defrost
process. If the valve is too large, on the other hand, it will operate unstably at the
beginning of the defrost period as flow will be mostly liquid.
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Dt

Exercise 5.7 Selecting components for an industrial evaporator valve station
Select an industrial evaporator valve station using only individual components and the following

operating conditions:

Operation conditions
System:
Flooded evaparator, pump circulation
Refrigerant:
R717 (Ammonia)

Operating conditions:
Capadity:

Cooling capacity: w8000 kw
Mass flow in evaporator: 622.0kgh
Heating capadity: 107.4 kW
Hot gas defrost
Defrost capacity factor: 2.00
Mass flow in line: 454.6 kg/h

-
o
Y
v —>
>
-4
a =4
L——r [><}
[——
Evaporation: Condensation: Additional:
Temperature: v 400 s Temperature: v 300 = Discharge temperature:  140.0 °C
Superheat before compressor: 0K Subcooling: 20K Circulation rate: 3.00
Additional subcooling: 0K DP pump: 2.000 bar
Main hot gas supply temperature: 40.0 =C  Defrost temperature, dew point: ~ 10.0 =
Reduced hot gas supply temperature, dew peint: 150 °C  Dimensioning quality: 0.05 | @ Help ]

a) What is the total pressure drop in the four lines? Select an ICF solution using the same
operating conditions. What is the total pressure drop in the four lines?

b} Knowing the two solutions, what would you select as the final choice?

c) Add 8 m pipes to the solution you have chosen. Does it change the results significantly?

d) Go to manual mode. What is the available pressure difference for the evaporator, drain
pan etc. in hot gas defrost mode?

e} Remove the pipes. Does it change the available pressure difference significantly?
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Solution 5.7 Selecting components for an industrial evaporator valve station

a) The table below summarizes the results (drain line not included — pressure drop is the
same in both cases):

Line Liquid feed Wet return Hot gas

AP [bar] AP [bar] AP [bar]
0.249 0.013 0.559
ICF 0.180 0.070 0.457

b} You could select a solution with ICF in liquid feed and hot gas lines and individual in wet
return line.

¢} Pressure drops do increase (except in the liquid feed line) but it seems the wet return line
suffers the most.

d) Use the Defrost pressure graph to measure the available pressure difference to 0.62 bar.
e} Without pipes, the pressure difference is 0.67 bar, which is not significant in this case.

Note that if you use float valves as drain valves, then the pressure drop before the drain valve is
significant — simply because the pressure drop increases the gas content before the valve.
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6

CO, system calculations

Exercise 6.1 Selecting a high-pressure valve

a)

b)

Please explain which components characterize a transcritical booster system.

Please explain the role that the high-pressure valve plays in a transcritical booster system,
and how this is different to a conventional refrigeration system.

Please explain why the receiver pressure is kept slightly above freezing and which
pressure it should be kept at.

Please list some of the pros and cons of a transcritical booster system.

In warmer climates, which system concept could be used to enhance the efficiency of a
transcritical CO, system?

In Coolselector®2, select a high-pressure valve (CCMT) with the following operating
conditions:

e Cooling capacity, LT: 25.00 kW

e Cooling capacity, MT: 80.00 kW

e Evaporation, LT: -32 °C

e Evaporation, MT: -10 °C

e Gas cooler outlet temperature: +40 °C
e Receiver temperature: +2 °C

Which model is the suggested CCMT?
What is the differential pressure (in bar) of the selected valve?

Now modify the operating conditions to +20 °C for the minimum gas cooler outlet
temperature (keep all other values the same as in f)). Which model of the CCMT does
Coolselector®2 suggest now?

What is the differential pressure (in bar) of the selected valve?

Please explain the relation between the capacity of the high-pressure valve and the inlet
conditions of the valve.

Please explain for which conditions the valve should be sized and why.
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Solution 6.1 Selecting a high-pressure valve

a)

126

The booster system is the most common system when talking about transcritical CO,
systems. The system is mainly used in colder climates and on smaller systems in warm
climates. The system is the simplest system that can accommodate two suction
temperatures and multiple evaporators. The system is characterized by having one
compressor group for MT and one for LT and also by having a high-pressure valve and a
gas bypass valve.

Gas-Cooler

The cycle is as follows: After the compressor (1) the high-pressure and high-temperature
gas is transferred to the gas cooler where it is cooled. The pressure here is typically
between 45 and 110 bar. If the pressure is higher than the critical pressure (73 bar), the
gas is cooled in a gas cooling process where there is no change of state (no condensation).
If the pressure is lower than the critical pressure, the cooling in the gas cooler will happen
mainly as condensation. Typically, the gas is cooler using ambient air, but water and other
media can also be used. After the gas cooler, the low-temperature, high-pressure gas (2)
is transferred to the high-pressure valve.

The high-pressure valve is used to control the high pressure in the system in such a way
that the optimum efficiency or capacity is obtained. This is different to conventional
refrigeration systems because there is not a natural relation between pressure and
temperature, as is the case with condensing refrigerants.

After the high-pressure valve (3 in the system diagram) the refrigerant is expanded and is
now a mixture of gas and liquid. The ratio between the gas and liquid varies with the
temperature out of the gas cooler. Typically, the ratio is between 5% and 50% gas
depending on the temperature out of the gas cooler and is highest at high temperatures.

In the receiver the flow mixture is separated into gas and liquid. The gas (4) is sent to the
gas bypass valve that is controlling the receiver pressure. Typically, the receiver pressure is
kept slightly above 37 bar to avoid freezing of the condensed water on the outside of
receiver and liquid lines. After the gas bypass valve, the gas (9) is put back in the suction
line to the MT compressors.

The liquid from the receiver (5) is transferred into the expansion valves, where it is
expanded into the MT and LT evaporators (6/11). Then it evaporates and is returned as
superheated gas (7/12). The expansion is controlled by superheat. Typically, the superheat
is 6 K -10 K depending on the evaporator. Often higher superheat is seen on CO, systems
compared to conventional systems. A special control algorithm for CO, evaporators is
used to control the evaporators to the minimum superheat. Typical evaporation
temperature for MT is from -6 °C to -10 °C, and on LT the evaporation temperature often
ranges from -35 °C to -30 °C.
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The gas out of the LT evaporators (12) is compressed in the LT compressor (13) and is
mixed with the gas from the MT evaporators (7) and the gas from the gas bypass (9) and is
then compressed in the MT compressors. This closes the cycle.

Oil transport in the system is very simple since the oil is mixed in the CO; liquid, and after
the evaporators the oil is transferred back to the compressors using the gas flow. Oil
transfer with CO, is easier than with conventional refrigerants due to the high density of
the gas and good miscibility of the oil and liquid.

The booster system is simple and has been used in supermarkets on a larger scale since
2007 and has the largest install bases of all transcritical systems.

The pros of the booster system are simplicity and good scalability (from small to large
systems).

The cons are that in warm ambient temperatures, the energy consumption is too high
compared to conventional systems. The high energy consumption can be addressed using
some of the other system designs on the market.

Parallel compression is one of the system concepts that can be used in warmer climates to
enhance the efficiency of a transcritical CO, system. The system uses the same layout as
the booster system with an extra suction group.

12 /Q\lS 8
=4

Gas-Cooler

t®l @

In cold periods the system works as a booster system, but in warm periods the amount of

flash gas from the HP expansion (9) gets bigger and the parallel compressors (4) take over,
and the gas bypass valve closes (9).

In very warm periods the mass flow ratio between MT and parallel compressors is 55% MT
VS. 45% parallel. Because of the higher suction pressure of the parallel compressors the
efficiency and total swept volume of the system is smaller than a booster system.

There are some things that need to be considered when designing a system with parallel
compression:

1. One thing is that with higher suction pressure for the parallel compressors, the oil
carryover of the compressor increases. That in itself is not necessarily a problem,
but it can be a challenge for the oil management system because all the oil
consumed by the parallel compressors has to be fed back because there is no oil in
the suction gas.

2. If the oil amount in the system is too large, the LT compressors can also be flooded
because they receive more oil than can be discharged with the gas.
3. Another thing is selection of the size of the parallel compressor. Very often only one

parallel compressor is on the system, and if this is sized for maximum load, then it
will often be too big to have a good part load. The consequence of using an
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oversized parallel compressor is running periods that are too short, and thus many
unnecessary start-stop cycles. On the energy usage side, this configuration offers a
very limited saving since it only runs in periods with high ambient temperature and
high load. Very often it results in a better system if the parallel compressor is sized
to run at low temperatures and in part load. The consequence is that the parallel
compressor will then be undersized in warm periods with high load, but the system
will compensate partly by increasing the receiver pressure and bleeding the
remaining gas through the gas bypass valve. This very often results in better total
energy consumption because the parallel compressor has more hours of operation.

Parallel compression systems have been on the market in larger scale since 2011, mainly
in southern Europe where the higher temperatures justify the higher investment. Systems
show good improvement of energy efficiency in warm periods and make transcritical CO,
an alternative to HFC.

f) Go to the “New” tab, select “Valves and Line Components” and click on the “Transcritical
high-pressure valves” button.

The gas cooler line is selected as default, as is the refrigerant (R744 (CO,)); just select the
CCMT from ‘Product families’:

High pressure valve 3 X 4+ New

Sysbem;  Transcritica

Selected line: Gas cooler line

Refrigerant:
Connections:

Product families

The CCMT is an electric operated valve designed
spedifically for operation in CO2 systems. The valve is
capable of functioning either as an expansion valve, as a
pressure regulator for the gascooler or as a gas bypass
valve with back-pressure regulation in trans-critical or
subcritical applications.

Max. working pressure (PS/MWP): 140 bar (2030 psi).
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Next, type in the given operating conditions:

Operating conditions:
Capadty:

Cooling capacity, LT:
Cooling capacity, MT:
Cooling capacity, AC:

Heating capadity:
Mass flow in line:

Selection ariteria:
Load:

25,00 kw

30,00 kw

179,9 kW
2931 kgt

0 kw

80 =%

Evaporation, LT:

Temperature: iV

Useful superheat:
Additional superheat:

Efficiency, internal HX:

Discharge temperature:

8,0 K
0K
0,30 -

41,9 =C

-32,0 =C

Evaporation, MT:

Temperature:

v -10,0 =C

Useful superheat: 8,0 K
Additional superheat: 0K
Discharge temperature: 120,4 =C

Gas cooler:
v Optimal gas cooler pressure

Pressure: 102,4 bar
Min outlet temperature:
Receiver condition: ) l
Temperature: v
Subcooling: 0K

g) The model suggested by Coolselector®2 for the given operating conditions is the CCMT 8:

Gas cooler line (Transcritical system. R744. High pressure valve)

Selection: CCMT 8 Selected code number: 027H7202
Selected Type M5  Max. capacty [kafh] Min. capadty [kafh] Load [3¢] OP [bar] Velodty, in [mfs] Result
CCMT 2 15 792,58 12,46 370 65,63 581 &

_ CCMT 4 15 2100 32,98 140 65,63 581 A\
@ CCMT 8 15 3733 58,04 73 65,03 581 o |
(3] CCMT 168 25 7469 354,9 39 65,63 1,99 v’

CCMT 24 25 11200 5324 268 65,63 1,99

h} The differential pressure of the suggested valve under the given operating conditions is

65.63 bar:

Gas cooler line (Transcritical system. R744. High pressure valve)

Selection: CCMT 8 Selected code number: 027H7202
Selected Type M5 Max. capadty [ka/h] Min. capadty [ka/h] Load [36] |DP [bar] |Velocy, in [mfs] Result
CCMT 2 15 7928 12,46 370 65,63 581 A\

; CCMT 4 15 2100 32,98 140 65,63 5,81 &
@ CCMT& 15 3733 58,64 73| &5,63 581 |
() CCMT 16 25 7469 354,9 39 65,63 1,99

CCMT 24 25 11200 532,4 28 65,63 1,99

i) Modify the minimum gas cooler outlet temperature to +20 °C in the operating conditions:

Operating conditions:
Capacity:

Cooling capacity, LT:
Cooling capadity, MT:
Cooling capacity, AC:

Heating capadity:

Mass flow in line:

Selection criteria:
Load:

25,00 kw
80,00 ki
0 kW
137,1kw
1998 kah

80 %

Evaporation, LT:

Temperature: W

Useful superheat:
Additional superheat:

Efficiency, internal Hx:

Discharge temperature:

-32,0 =C

8,0 K

0K

0,30 -

41,9 o

Evaporation, MT:

Temperature: w o -10,0 =C
Useful superheat: 8,0 K
Additional superheat: 0K

Discharge temperature: 73,0 =C

Gas cooler:
v Optimal gas cooler pressure

58,78 ba

Pressure:

Min outlet temperature:

Receiver condition:
Temperature: ~

Subcooling: 0K
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Coolselector®2 now suggests the CCMT 16 as the best suited match for the given
operating conditions:

Gas cooler line (Transcritical system, R744, High pressure valve)

Selection: CCMT 16 Selected code number: 027H7231

Selected  Type MS  Max. capadty [ka/h] Min. capacity [kg/h] Load [%] DP [bar] Velodty, in [mfs] Result

CCMT2 | 15 506, 7,968 394 22,05 3,25 A

CCMT4 | 15 1343 21,09 143 22,05 3,25 A
: CCMTE | 15 2391 37,50 84 22,05 3,25
|.;@. CCMT 16 25 4776 227,0 42 22,05 i
CCMT 24 | 25 7174 340,4 28 22,05 1,12)

i) The differential pressure of the CCMT 16 suggested by Coolselector®2 for the given
operating conditions is 22.05 bar:
Gas cooler line (Transcritical system, R744, High pressure valve)
Selection: CCMT 16 Selected code number: 027H7231

Selected Type NS Max. capadty [ka/h] Min. capacty [ko/h] Load [3&] | DP [bar] Welocity, in [mfs] Result
CCMT 2 15 50e,9 7,968 399 22,05 3,25 1
CCMT 4 15 1343 21,09 145 22,05 3,25 1
p CCMT 8 15 2391 37,50 39 22,05 3,25
|.;@. CCMT 16 25 4775 227,0 41 27,05 1,12 |
CCMT 24 25 7174 340,4 b | 22,05 1,12 V"

k) The capacity of the high-pressure valve is varying with the inlet conditions of the valve. At
high pressures the differential pressure is high and the inlet density is high, giving the
valve a high capacity.

Below on the chart you can see the opening degree of the valve at different inlet
temperatures (Pressure is the setpoint from the controller algorithm). The chart shows
that the valve has the lowest capacity at low inlet pressure/temperature.

High pressure valve opening VS temperature

100

ree
= z =

Valve opening deg

[=]

0 10 20 30 40 S0

Temperature out of gas cooler [°C]

In principle, the valve should be designed for the lowest temperature out of the gas
cooler. However, this would result in a very large valve, and very often the system would
not run at full load under this condition. Therefore, a better choice is often to select the
valve at 80% load at 20 °C. If the system goes to 100% at lower temperatures and
pressure, the valve will open 100%. If this is not enough, the pressure will increase to a
level where the valve capacity fits the needed capacity. This will often happen 5-10 bar
higher than the set-point, but it will not in any way bring the system to a situation where it
is close to pressure switches and safety valves.
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Exercise 6.2 Selecting a gas bypass valve

a)

b)

c)

d)

e)

)

What temperature should the gas bypass line be kept above, and why?

How would you calculate the total mass flow out of the gas cooler and the MT
compressors in a gas bypass system providing the gas fraction is known?

Select a high-pressure valve (CCM) with the following operating conditions:

e Cooling capacity, LT: 25.00 kW

e Cooling capacity, MT: 80.00 kW

e Evaporation, LT: -32 °C

e Evaporation, MT: -10 °C

e Gas cooler outlet temperature: +40 °C
e Receiver temperature: +2 °C

Which model is the suggested CCM?

Now modify the operating conditions to +20 °C for the minimum gas cooler outlet
temperature (keep all other values the same as before). Which model of the CCMT does
Coolselector®2 suggest now?

Which model is the suggested CCM?

Why is the gas bypass valve in Coolselector®2 selected at the highest pressure/
temperature out of the gas cooler? Please explain.

Please explain how higher suction pressures can be achieved.

Please explain how selecting the best valve for a liquid ejector system differs from
selecting a valve for a gas bypass system.

Please explain which considerations should be taken into account when selecting the best
valve for a parallel compression system.

Would you recommend downsizing a gas bypass valve in a gas ejector system? Why? Why
not?
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Dt

Solution 6.2 Selecting a gas bypass valve

a)

It is recommended to keep it above 0 °C to avoid frost on piping, and as low as possible to
minimize the liquid fraction in the expansion in the gas bypass valve. A typical receiver
pressure would be 35-40 bar.

When the temperature and pressure out of the gas cooler is known, the gas fraction after
the high-pressure valve can be calculated.

Using the MT and LT evaporators’ capacity and working conditions, the mass flow-rate
through the evaporators can be calculated. If you know the gas fraction, then as a result,
the liquid fraction is also known and the mass flow for the MT compressors can then be
calculated. This is because the mass flow needed by MT and LT evaporators divided by the
liquid fraction yields the total mass flow out of the gas cooler and the MT compressors.

The following diagram shows how at low temperatures the gas fraction after the HP
expansion is low:
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And as you will see from the next diagram, at high temperatures the gas fraction after the
HP expansion is high:
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The equations would look like this:

m

IT comp = (X) = (45%) = 45%

mMTcomp =(1-X)=100% —45% = 55%
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¢} Gotoa “New” tab, select “Valves and Line Components” and click on the “Transcritical gas
bypass valves” button.

The gas bypass line is selected as the default line and R744 (CO,) as the refrigerant. Just

select the CCM from ‘Product families’:
Gas bypassvalvel X 4+ Mew

System:  Transcrifical

Selected line: Gas bypass line

Refrigerant: R744(CO2)

Connections: Al ¥

Product families

CCMis an electric operated valve designed spedifically for
operation in CO2 systems. The valve is capable of
functioning both as an expansion valve, and as a gas
bypass valve with back-pressure regulation in subcritical
applications.

Max., working pressure (PS/MWP): 90 bar (1305 psi).

Next, type in the given operating conditions:

Operating conditions:
Capadty: Evaporation, LT: Evaporation, MT: Gas coaler:

Cooling capacity, LT: 25,00 fkw Temperature: ~ | -32,0 =C Temperature: w | -10,0 = v | Optimal gas cooler pressure

! 80,00 i Useful superheat 30K Useful superhest B0k e 102,3) ber
Cooling capacity, MT: i seful superheat: / / seful superheat: S
Max outlet temperatures 40,0 =C
Cooling capadity, AC: 0 kW Additional superheat: 0K Additional superheat: 0K J
Heatt 173,53k Eff ternal Hi 0,30 Receiver conditon:
: A iciency, internal HX: ;30 -
eating capacty ¥ Temperature:
Mass flow in line: 1374 kg/h X
Discharge temperature: 41,9 =C Discharge temperature: 120,4 =C Subcooling: 0K
Selection aiteria:
Load: 80 %

d) The model suggested by Coolselector®2 for the given operating conditions is the CCM 30:
Gas bypass line (Transcritical system. R744. Gas bypass valve)
Selection: CCM 30 Selected code number: 027H7186

Selected  Type MS  Max. capadty [ka/h] Min. capadty [ka/h] Load [%] DP [bar] Velodty, in [mfs] DT sat [K] Result

CoM 1D | 15 97,0 12,23 197 10,23 16,78 12,0/ A
7 ccM20 20 1451 30,19 93 10,23 9,41 12,0
) CCcM30 25 2178 89,67 63 10,23 5,76 12,0 /
CCM40 25 3659 152,1 s 10,23 5,76 12,0
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e} Modify the minimum gas cooler outlet temperature to +20 °C in the operating conditions:

f)

j)

Operating conditions:

Capacity: Evaporation, LT: Evaporation, MT: Gas cooler:
Cooling capadity, LT: 25,00 kw Temperature: v 320 C Temperature: v -10,0 =C ¥ Optimal gas cooler pressure
Pressure: 58,78 bar
Cooling capacity, MT: 80,00 kw Useful superheat: 80K Useful superheat: 80 K
) . Min outlet temperature:
Cooling capacity, AC: 0 kw Additional superheat: 0K Additional superheat: 0K
Heati . 137 1k Eff: internal HY 0.30 Receiver condition:
H , ICIency, INternal H r -
ealing capadty ¥ Temperature: v 2,0 =C
Mass flow in line: 1998 kg/h
Discharge temperature: 41,8 =C Discharge temperature: 73,0 =C Subcooling: 0K
Selection criteria:
Load: 80 %

Coolselector®2 now suggests the CCM 10 as the best suited match for the given operating
conditions:

Gas bypass line (Transcritical system. R744. Gas bypass valve)

Selection: CCM 10 selected code number: 027H7188

Selected  Type MS  Max. capadty [kg/h] Min. capadty [kg/h] Load [%%] OP [bar] Velodty, in [mfs] DT _sat [K] Result

||a_ ‘CCM10 15 897,0 12,23 83 10,23 5,39 12,0)
ccMz0 | 20 1451 30,19 30 10,23 3,02 12,0 o

’ ccM30 25 2178 89,87 0 10,23 1,35 12,0
ccM40 | 25 3659 152,1 12 10,23 1,85 12,0

The gas bypass valve is calculated using the highest pressure/temperature out of the gas
cooler. This is where the gas amount is the largest and will give the largest valve. As a
default setting, Coolselector®2 selects the valve at 80% opening, which gives the valve
some reserve.

It is possible to override the default setting in Coolselector®2 by changing the load
percentage in the selection criteria area:

Operating conditions:

Capadity: Evaporatior
Cooling capadity, LT: 10,00 kw Temperatu
Cooling capacity, MT: 20,00 kw Useful super
Cooling capacity, AC: o kw Additional su
Heating capacity: 40,54 kw Effidency, ir
Mass flow in line: 305,1kg/h
Dischare
Selection criteria:
Load: 80 %

Gas bypass line (Transcritical system. R744. Gas bypass valve)

Suction pressure optimization can give higher suction pressures. To compensate for this, it
would be necessary to raise the evaporation pressure in Coolselector®2.

There is no difference. Selecting a valve for a liquid ejector system is done in exactly the
same way as selecting a valve for a gas bypass system.

Very often, the gas bypass valve is selected and sized in the same way as in a gas bypass
system, but in reality, the valve in a parallel compression system will never open 100%
because the parallel compressors will take over. Therefore, the valve could be downsized.

However, in reality the Danfoss CCMT valves perform very well at low opening degrees
and therefore there is no real need to downsize when using a CCMT.

In gas ejector systems, the flow in the gas bypass valve can be higher than what is normal
for other system types, because the ejector is also pumping gas. However, if the parallel
compressor is not started, the gas bypass valve needs to be able to handle this. As a result
of this, it is not recommended to downsize gas bypass valves for gas ejector systems.
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Exercise 6.3 Selecting an expansion valve

a) Select an expansion valve (AKVH) for CO; in a liquid line (LT), and with the following
operating conditions:

e  Max cooling capacity, LT: 5.00 kW
Highest possible evaporation, LT: -32 °C
e Superheat: 8 K

e Receiver pressure: +2 °C

b} Which model is the suggested expansion valve?

¢} Please explain how sizing of expansion valves for CO, systems differs from sizing of
expansion valves for other refrigerants, and why.
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Solution 6.3 Selecting an expansion valve
a) Goto “New” tab, select “Valves and Line Components” and click on the “Electronic

expansion valves” button. Next set the “System” to ‘transcritical’ and you will see that
‘Liquid line, MT’ is chosen by default and the refrigerant is set to R744 (CO,).

Electronic expansion valve 1 X 4+  Mew

System: Transcritical { !
Selected line: Liguid line, MT
- .
Refrigerant: R744 (CO3Z) /
Connectons: All ¥

Next select the AKVH product family:
Product families

CCM
CCMT

AKVH pulse width modulated expansion valve for small to
mid-size systems designed for high pressure systems

(CO2). Mormally dosed type.

Then type in the operating conditions:

Operating conditions:
Capadity:

Evaporation, LT: Gas cooler:
+ | Optimal gas cooler pressure

5,000 kw Temperature: w | -32,0 5C Temperature: w  -10,0 =C
Pressure: 89,37 bar
8,0 K Useful superheat:

Evaporation, MT:

Cooling capacity, LT:

Cooling capacity, MT: 10,00 kwi Useful superheat:
Outlet temperature: 35,0 =C
Cooling capadity, AC: 0 kw Additional superheat: 0K Additional superheat: 0K
Heati 24 31 kw Effici internal HX 0,30 Receiver condition:
H IcIen: internal H -

leating capacity: 2 CYr g Temperature: v

Mass flow in line: 149,2 kg/h
41,9 =C Discharge temperature: 110,9 =C Subcoaling: K

Discharge temperature:

Selection criteria:

Load: 80 %%

Distributor pressure drop: 0 bar
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b} The AKVH which Coolselector®2 suggests for the given operating conditions is the AKVH
10-6:
Liquid line, MT (Transcritical system. R744. Electronic expansion valve)
Selection: AKVH 10-6 No code numbers selected

Selected Type NS Max. capacity [ka/h] Min. capacity [kg/h] Load [%%] DF [bar] Velocity, in [m/s] PS/MWP [bar] Result
AKWVH 10-2 10 37,96 3,746 398 10,23 0,90 90,00 i
AKVH 10-3 10 55,09 5,508 271 10,23 0,50 90,00 1
AKVH 10-4 | 10 101,4 10,14 147 10,23 0,20 90,00 i
F AKVH 10-5 10 141,1 14,11 105 10,23 0,50 50,00 1
| @ AKVH 106 10 251,5 25,15 58 10,23 0,90 90,00 o |

¢} Sizing of expansion valves for CO, systems is not different from other refrigerants in
general, but one thing is different, and that is the temperature of the liquid supplied to
the valves.

In CO; systems, the subcooling is very low and the temperature is lower than the ambient
temperature. This results in heat input to the liquid lines and evaporation of the liquid.
Therefore, the expansion valve(s) needs to be able to handle some gas and as a result
needs to be oversized.

An example of calculation of heat input and gas quality at the expansion valve in the
following conditions:

e Ambient temperature: 32 °C

e Liquid temperature: 2 °C (saturated at receiver)

e 7/8” Cu Pipe, 100 meters, 20 mm insulation (A=0.033 W/mK)
e 1K pressure drop

e Cooling capacity: 100 kW (1500 kg/hr)

2xmxLxAxAt  2xmx100mx0,033W/mK x 30 K
) - 0,035m
n("*/r) in( /0,015m)

The heat input and pressure drop in total equates to a total gas fraction of approx. 2% in
total. Since the density of the gas is 9 times lower, the liquid is approx. 18% of the volume.
In part load, this will get even higher. This will reduce the capacity of the valve and
therefore, the valve needs to be oversized.

In reality, an oversizing of 70% is commonly used and seems to be a very good value.
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Exercise 6.4 Selecting a high-pressure ejector

a)

)

Which types of systems can utilize high-pressure ejectors? What is the benefit of using
high-pressure ejectors?

Please explain the cycle in a high-pressure ejector system in cold temperature mode.
Please explain the cycle in a high-pressure ejector system in warm temperature mode.

Using Coolselector®2, size the high-pressure capacity of the ejector using the following
operating conditions:

e Cooling capacity, LT: 26.00 kW

e Cooling capacity, MT: 180.00 kW

e Cooling capacity, AC: 0.00 kW
Evaporation, LT: -30 °C

Evaporation, MT: -10 °C

e Gas cooler outlet temperature: 40 °C

Which ejector model (if any) is suggested by Coolselector®2?

Set receiver temperature to 5.7 °C, which model does Coolselector®2 suggest now, and in
which quantity?

Please explain whether the receiver pressure can be used to enhance performance.
What is the capacity load on the ejectors? Is this optimal?

Please suggest an alternative way to get the same cooling capacity but without using
multiple ejectors.

Comparing mass flow for MT and IT combined, which is the more efficient option (multiple
ejectors or the alternative design)?

Please discuss the pros and cons of selecting the ejectors at 2K higher suction pressure.

141



Coolselector®2 Exercises M

Solution 6.4 Selecting a high-pressure ejector

a)

142

High-pressure lift ejectors are always used in systems with parallel compression:

Gas-Cooler

&

&)

High-pressure ejector systems entered the market in 2015 with the first test installation.
The ejector is an add-on to the parallel compression system, enhancing the parallel
compressor.

The high-pressure flow from the gas cooler enters the ejector, which in this system works
like a high-pressure control valve. The opening of the different ejectors is controlled to
give the optimum high pressure and optimize the COP. In the ejector, the energy in the
high pressure from the high-pressure side is used to entrain gas from the suction side of
the MT compressors and lifts it to the receiver. In the receiver, the gas and liquid are
separated, and the gas is sent to the parallel compressor.

The benefit of the ejector is that it enhances the parallel compressor by feeding gas that
should have been compressed by the MT compressor to the parallel compressor instead
and thereby increases the efficiency of the system by up to 9% (on an annual basis) in
warm climates compared to parallel compression and up to 17% compared to a booster
system. In very warm periods, the mass flow ratio between MT compressor and parallel
compressors is 30% MT vs. 70% parallel. This will produce a significant reduction in swept
volume and energy consumption. A saving on swept volume of up to 15-35% is possible
(largest in warm climates).

As for parallel compression, the oil management of the parallel compressor needs
attention and because the mass flow ratio for the parallel compressors is so high, this
requires special attention. However, it is still possible to build a system with safe oil
return, if the oil carryover is managed.

Energy studies show that this system type can show better results than HFC systems, not
only in peak warm conditions but also annually.

At the same time, the cost of the larger systems (100-150kW and up) can be reduced,
whereas for smaller systems the cost is not significantly impacted due to the number of
components needed.

In cold temperature mode, the high-pressure ejector system operates like a booster
system.

The gas bypass valve takes the flash gas from the receiver and puts the gas into the MT
compressors.

The gas from the gas bypass valve mixes with gas from the MT evaporators and from the
LT compressors. It is compressed by the MT compressors, which need to be able to
compress enough gas to handle the capacity in this situation.
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In this mode, the ejector will work as a high-pressure valve and adjust the high pressure
according to the normal algorithm.

>-10°C >-10°C
26 bar 26 bar
I 9% 100%
Gas-Cooler
41 41 I
>0 15°C
1 >0 53 bar
o >{1] 100%

c) When the temperature out of the gas cooler is warmer, the ejector starts to pump. The
gas from MT is pumped through the ejector and is lifted to the receiver where it is
separated with the gas from the expansion. The liquid flows to the evaporators as well, as
the gas is moved to the parallel compressors, where it is compressed. The parallel
compressor will do approx. 75% of the total flow and the MT compressors will do the
remaining 25%.

>-10°C
26 bar
— | — Gas-Cooler
T/ T/ -1°CCB}§ \ A
T LT T MT 36 bar 41
T y T y 69% . — 4 <&
1°C
T 36 bar [>E|
| E 125% >0
- -1°C >{]| 36°C
;‘618 C 36 bar 96 bar
ar 56% 100%
25%
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d) Goto “New” tab, select “Valves and Line Components” and click on the “Multi Ejectors”

144

button.

You will find that Coolselector®2 is by default set to Transcritical HP ejector system and
the refrigerant is set to R744 (CO,). Also by default, the Multi Ejector HP is chosen as the

product family.
Ejectorl X 4 New

Transcritical HP ejector w

System:

Refrigerant: R744 (COZ) V]

Product families

[ Muiti Ejector HP

Multi Ejector HP, is a high pressure lift ejector with 4 or 6
gjectors, The solution must be controlled by a AK-PC
I?B 1A/782A pack controller.

Next, set the given operating conditions:

Operating conditions:

Capacity: Evaporation, LT:
Cooling capadty, LT: 26,00 kW Temperature: ~
Codling capacity, MT: 180,0 kw Useful superheat: 5,0 K
Coaling capadity, AC: 0 kw Additional superheat: 0K
Effidiency, internal HX: 0,30 -
Discharge temperature: 37,6 =C

Evaporation, MT:
Temperature:
Useful superheat:

Additional superheat:

Discharge temperature:

116,56 =C

Gas cooler:
v | Optimal gas cooler pressure

Pressure: 102,4 ba
Qutlet temperature:
Additional cooling: 0K

Receiver condition:

Temperature: v 3,0 =C
Subcooling: 0K
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e} Coolselector®2 does not find a suitable model for the given operating conditions. The

f)

warning given is that “Ejector suction mass flow limited to MT evaporator mass flow”. This
can be handled by adding the LT condensing load to the MT capacity and adjusting the
superheat at the MT compressors (looking at LT as a large MT evaporator with high

superheat).
Operating conditions:
Capacity: Evaporation, LT: Evaporation, MT: Gas cooler:
Cooling capacity, LT: 26,00 kW Temperature: v -30,0 °C Temperature: w50 °C /| Optimal gas cocler pressure
Pressure: 102,4 ba
Cooling capacity, MT: 180,0 kw Useful superheat: 80K Useful superheat: 80K
Outlet temperature: 40,0 °C
Cooling capacity, AC: 0 kw Additional superheat: ok Additional superheat: 0K
Efficiency, internal Hx: 0,30 - Additianal codling: oje
Receiver condition:
Discharge temperature: 50,3 °C Discharge temperature: 109,7 =C Temperature: v 3,0 =C

Subcooling: 0k

[Selection: Multi Ejector HP 3875. Ejector suction mass flow limited to MT evaporator mass flow

Selected  Type Number Capacity [%] m_evap_LT (kg/h] m_evap_MT (kg/h] m_comp_MT (ka/h] m_comp_IT (kg/] m_motive kgl m_suction ka/h] Entrainmentratio Heating capadty kW] Code number [Result
Mult Ejector HP 1875 3 87 381,0 2723 381,0 5752 6164 2723 0,44 06,4 03F5673| A

B Multi Ejector HP 3875 2 64 381,0 2723 331,0 5581 6137 2723 0,47 329,89 03F5674| A

Envelope  Performance details

Motive envelope Suction/Receiver envelope
50 16
55
4
e £
4 &
£ 3 12
2 4s £
H g
a 5
£ . I
2 2 Receiver pressure
E] b Min Max
3 35 = v - v
i e ¢
& 30 K]
a i
H < s
kS g
Z 20 ﬁi 4
E a
5 15 :
i g 2
@ 5
1o w
0
5
[ -2
20 40 &0 &0 100 120 140 160 20 25 30 35 40 45
Ejector motive (= gas cooler) pressure [bar] Pressure (suction = MT evaporation) [bar]

With the change in receiver condition temperature to 5.7 °C, Coolselector®2 now finds a
suggested model.

The suggested ejector model is the Multi Ejector HP 3875 (Code number 032F5674) and
the suggested number of multi ejectors is ‘2':

Selection: Multi Ejector HP 3875

Selected Type Number Capacity [%] m_evap LT kgl m_evap MT kgl m_comp MT [ka/h] m_comp_IT [kgjh] m_motive [ka/h] m_sucton [ka/h] Entrainmentratio Heating capacity W] Code number Result
Multi Ejector HP 1875 3 85 390,5 2803 1125 5018 5143 2069 0,34 307,6 ‘D}ZFSEB v
o Multi Ejector HP 3875 2 62 390,5 2803 1013 5147 6160 2181 0,35 307,0 032F5674 o

Understanding the results:

e m_comp_MT [kg/h] is the mass flow in MT compressors

e m_comp_IT [kg/h] is the mass flow in IT compressors. This is used for
compressor selection.

e m_suction [kg/h] is the mass flow moved by the ejector from the MT to the
IT compressor.

e Entrainment ratio is the ratio of suction mass flow divided by high pressure
(motive) mass flow.

Selection: Multi Ejector HP 3875

Selected  Type Number  Capacity [%] m_evap_ LT [kgh] m_evap_MT (ka/h] [m_comp_MT [kg/h] m_comp_IT [ka/] | m_motive [ka/h] [m_suction [kg/n] _ Entrainment ratio | Heating capacity (kW] Code number  Resuit
Multi Ejector HP 1875 3 85 390,5 2803 1125 5013 6143 2089 0,34 307,6)  03FTI
° Multi Ejector HP 3875 2 62 3%0,5 2803 1013 5147 6160 2181 0,35 3070 03FE4

Yes, the receiver pressure can be used to enhance performance, particularly if, as in this
example, there is no AC. In cases where AC is present, the receiver pressure is often fixed
to ensure the correct temperature.
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h} The capacity load on the ejectors is 62%. This is not optimal, and it might be feasible to

)

146

consider a 1-ejector solution instead.

One way, in which an alternative selection could be implemented would be to consider a
design with a parallel installation of an ejector taking care of 80% of the cooling capacity
and a high-pressure valve taking care of the remaining 20%.

To calculate which is the more efficient option, we must first go back to our example from
d) and e) and look at the Mass flow for MT and IT respectively:

m_comp_MT + m_comp_IT = Total Mass Flow

Selection: Multi Ejector HP 3875

Selected  Type Mumber Capacity [3%6] m_evap_LT [kg/h] m_evap_MT [kg/h] |m_cornp_MT [ka/h]l m_comp_IT [ka/h] | m_mat
Multi Ejector HP 1875 3 85 390,5 2803 1125 5018
@ Multi Ejector HP 3875 2 &2 390,5 2803{ 1013 514?{

1013kg/h + 5147kg/h = 6160kg/h

To calculate the total mass flow for our alternative suggestion is slightly more
complicated. First, we must calculate what the 80% load for the ejector will be:

Cooling Capacity,IT * 80% = 26kW * 0.8 = 20.8kW
Cooling Capacity, MT * 80% = 180kW * 0.8 = 144kW
And then we can derive that the 20% load on the high-pressure valve will be:
Cooling Capacity, IT * 20% = 26kW * 0.2 = 5.2kW
Cooling Capacity, MT * 20% = 180kW * 0.2 = 36kW

Using these figures in Coolselector®2 for the Multi Ejector and the high-pressure valve
respectively, we can now find the mass flow in MT and IT compressors respectively for
both components:

Multi Ejector HP:

Change the Cooling Capacity, LT to 20.8kW and the Cooling Capacity, MT to 144 kW. It is
now possible to read both the m_comp_MT and the m_comp_IT directly in the selection
table:

Ejector1 X + New

System;  Transcritical HP ejector v
Evaporation, LT: Evaporation, MT:

Temperature: v oo-30,0 T Temperature: v 506
Useful superheat: 8,0 K Useful superheat: 8,0 K
Additional superheat: 0K Additional superheat: 0K

Efficiency, internal HX: 0,30 -

Discharge temperature: 51,2 ¢ Discharge temperature: 10,1 =C

Subcooing: 0k

Refrigerant: R744 (C02) v
‘Selection: Multi Ejector HP 3875
Product families
It Bjector e Selected  Type Number Capadty [%] m_evap LT (ka/h] m_evap_MT [ka/h] _M,cumu,MT [kg/hl _m_comp_IT [kg/h] | m_motive (ka/n] m_suction [ka/h] Entrainmentratio +
ulti Ejector
Multi Ejector HP 1875 3 68 312,4 2243 899,7 4015 4814 1655 0,34
‘m ° Multi Ejector HP 3875 1 99 3124 2 810,4 4118} L 1744 0,35

m_comp_MT = 810.4 kg/h
m_comp_IT=4118 kg/h

For the high-pressure valve, in Coolselector®2 go to ‘high-pressure valves’ and you will see
that Coolselector®2 carries over the operating conditions (just remember that Cooling
capacity, LT should be set to 5.2kW and Cooling capacity, MT should be set to 36kW).
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Dol

Select the CCMT to be used as the high-pressure valve, and you will see that
Coolselector®2 suggests the CCMT 4:

Eector 2 High pressurevalved X + New

<) Operating conditions:

System:  Transcritical
Capacity:

Gas cooler:
Optimal gas cooler pressure

Evaporation, LT: Evaporation, MT:

Cooling capacity, LT: 5,200 kW Temperature: v -30,0 T Temperature: v 50 eC
Selected line: Gas cooler line pressure: 102,4 bar
Caoling capaity, MT: 44,00 kW Usefud superheat: 80K Useful superheat: 8,0 K
Min utiet temperature: 0,0 °C
o Cooling capacity, AC: 0w Additionsl superheat: 0k Additionsl superheat: 0k
s S cireeny, i o Receiver condition:
: " ciency, internal Hi: 30 -
| leating capaaty ’ i Temperature: v 57
Mass fiow i fne: 1382 kgh
: o Discharge temperature: 51,2 °C Discharge temperature:  108,5 °C Subcooling: 0k
[ e
5 E Selection aiteria:
r Loadh a0 %
Gas cooler ine Gas cooler ine (Transaritical system. R744. High pressure vahe)
achigerant: oD Selection: CCMT4  Selected code number: 027H7201
Cormections: W w Sekcted Type NS Max. copadty lgh] Min.capacity [kah] Load [%] DP [bar] Velocity, in [m/s] Result
caMrz | 15 7.3 12,11 11 619 27 A
Procuct families -
° cama 15 200 32,05 & 619 2% |
Jeaur = -
s ] cams | 15 5529 5,57 = L% 7%
CCMT 16 25 7258 3448 19 61,96 0,95
g ccMT 24 25 10890 517,3 13 61,96 0,95

If you go into the Performance details section of Coolselector you will find the “Mass flow,
evaporator MT” and the “Mass flow, gas bypass” values for the CCMT 4 here:

Gas cooler line (Transcritical system. R744. High pressure valve)

Selection: CCMT 4 Selected code number: 027H7201
Selected Type NS  Max. capacity [ka/h] Min. capacity [ka/h] Load [3] DP [bar] Velocity, in [mfs] Result
F CCMT 2 15 70,3 12,11 151 61,596 2,3 &
@ ‘ccMT4 | 15 2040 32,05 57 6196 2,31 |
© 'ccMTs | 15 3629 56,97 32| 61,96/ 2,31 V’ [
CCMT 16 = 25 7258 34,8 15 61,96 0,79
CCMT 24 25 10890 5173 11 61,96 0,79

Performance curve | Performance dEta'IIST Code number selection

System diagram

Mass flow, evaparator LT: 78,10 kg/h

System details Mass flow, evaparator MT: 560,6 kg/h
Mass flow, gas bypass: 525,8 kg/h .

CCMT 4 Mass flow, MT compressor: 1165 kg/h

Using simple mathematics, we can now calculate the combined Mass Flow, MT and Mass
Flow, LT for the alternative solution:

Combined Mass Flow, MT
= Mass Flow, MT,HP Ejector + Mass Flow, evaporator, HP Valve
810.4kg/h + 560.6kg/h = 1371kg/h

Combined Mass Flow, IT
= Mass Flow, IT,HP Ejector + Mass Flow, gas bypass, HP Valve
=4118kg/h + 525.8kg/h = 4643.8kg/h

Total Combined Mass Flow,HP Ejector and HP Valve
= 1371kg/h + 4643.8kg/h = 6014.8kg/h

If we now compare this to the example with the multiple ejectors, we see that running the
alternative option gives a better total mass flow, compared to running two multi ejectors
at 62% load:

Primary Selection Alternative Selection
No of HP devices 2 HP 3875 ejectors 1 HP 3875 + 1 CCMT

Mass Flow, M 1013 kg/h 1371 kg/h
Mass Flow, IT 5147 kg/h 4643.8 kg/h
6160 kg/h 6014.8 kg/h
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k) By selecting the ejectors at 2K higher suction pressure, the parallel compressors are
reduced by more than 10%. This will of course damage the performance at the design
point, but only for a very limited number of hours per year. On the other hand, the
smallest compressor step on the parallel compressors also gets smaller and that will
increase the number of running hours with the ejector significantly and benefit the annual
energy consumption. Remember to always use minimum 2 parallel compressors when
using ejectors.
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Exercise 6.5 Selecting a low-pressure ejector

a) Which types of systems are low-pressure ejectors always used in? What are the
advantages and drawbacks of using low-pressure ejectors?

b) Please explain the cycle in a low-pressure ejector system in cold temperature mode.
c) Please explain the cycle in a low-pressure ejector system in warm temperature mode.

d) Using Coolselector®2, size the low-pressure capacity of the ejector using the following
operating conditions:

e Cooling capacity, LT: 12.00 kW
e Cooling capacity, MT: 55.00 kW
e Cooling capacity, AC: 0.00 kW

e Evaporation, LT: -32 °C

e Evaporation, MT: -8 °C

e} Which LP ejector model is suggested by Coolselector®2?
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Solution 6.5 Selecting a low-pressure ejector
a) Low-pressure lift application is used in systems without parallel compression

150

(Y (Y
= =

QIX, Gas-Cooler
P | E&) I

Low-pressure ejector systems are simpler systems than high-pressure ejector systems,
since they do not need the parallel compressor to work and provide an energy saving. In
winter time, the system works like a normal booster system where the gas bypass valve
controls the receiver pressure and the evaporation pressure is controlled by adjusting the
compressor capacity according to the required suction/evaporation pressure. At 20-25 °C
out of the gas cooler, the ejector starts to pump enough to pump all the gas from the
evaporator and lift the gas to the receiver with a pressure lift of approx. 3 bar. As a result
hereof, the check valve in the suction line closes and the compressor is then connected
directly to the receiver (the gas bypass valve is opened 100%). The consequence of this is
that the suction pressure of the compressor is raised 3-7 bar, depending on the
temperature out of the gas cooler. This will give a better COP of the system, but the
higher suction pressure will also result in higher mass flow in the same compressor and
therefore the result is a smaller installed capacity and therefore a first cost saving. The
saving in swept volume can be as much as 30% at high ambient temperatures and 15%
energy saving compared to a booster system.

RN

In booster/winter mode, the system has a safe oil return, but when the system is in
ejector mode, the oil will end in the receiver and will stay there if nothing is done about it.
There are many ways to recover the oil and get it back to the compressor. If the oil
separator has a low efficiency, the oil problem will be bigger. A part of a safe oil return can
be the LT compressors. The LT compressors receive an oil-rich gas mixture from the
evaporators. The oil is passed through the LT compressor and can be transferred to the
MT compressors if the LT discharge is connected directly to the MT compressor suction.
The big question is whether it is enough, and that depends on the load ratio between MT
and LT compressor capacity, oil quantity in the system and efficiency of the oil separator.
To be on the safe side, an oil recovery system is needed. Here the oil type and type of oil
recovery can be useful to think about. An oil with low miscibility, like PAG, can be a better
option than oils with high miscibility (like POE). If the receiver is designed for high
concentration of the oil, a richer oil rich mixture can be harvested and therefore a smaller
amount of energy is needed to boil off the refrigerant.

Another thing which is important when designing the system is that the pressure lift of the
LP ejector is relatively low. The system therefore needs to be designed for this. One thing
is that AKV valves need to be selected for this, but it is more important to have a look at
the evaporators and focus on not having too high a pressure drop. As a rule of thumb, one
bar in the suction line, one bar in the evaporator and one bar for the AKV. Pressure drops
in the liquid line can normally be neglected. The limitations on max. pressure drop are also
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setting the limits for where the system can be used. In systems with very big evaporators
with distributers, the pressure drop can be too high for the ejector.

The next question is: why a pressure lift of approximately 3 bar? The system can run at
higher pressure differences, but then the system needs higher temperatures out of the
gas cooler to perform the lift and that limits the operation hours. In turn, this will be a
problem for the energy consumption. Differential pressures lower than 3 bar would, on
the other hand, be a benefit, but can be difficult to handle in practice. The general
consensus is that 3 bar is the best compromise.

Cost of an LP system is assumed to be on the same level as a booster system based on the
assumption that savings on the compressors will pay the extra cost of the ejector (system
target size 40-150 kW).

In cold temperature mode, the gas coming from the LT compressor and the MT
evaporators is sucked through the check valve in the suction line and mixed with gas from
the gas bypass valve. The ejector is not capable of lifting the gas from evaporators (maybe
a smaller part that will flow back through the gas bypass valve).

The MT compressors are then compressing the gas that flows through the gas cooler to
the high-pressure side of the ejector.

In winter mode the ejector is simply controlling the high pressure as a high-pressure valve
would have done.

The flow from the ejector will flow to the receiver where liquid and gas from expansion is
separated and the gas flows through the gas bypass valve to the MT compressors and the
liquid is expanded to the evaporators.

In winter mode the system operates like a normal booster system.
>-10°C
26 bar

(Y 100% ("

Open Gas-Cooler
--- AP: 3 bar 4
)
4 = 4 7°C
29 bar
‘ 100% >0 .

>0 15°C

T ' 7°C > 53 bar

29 bar —1 100%

In warm temperature mode, the temperature out of the gas cooler is so high that the
ejector can lift all the gas from evaporators through the ejector and to the receiver (check
valve in suction line between compressors and evaporators is closed due to pressure
difference).

Inside the ejector, the gas from the evaporators is mixed with the gas/liquid flow from the
gas cooler and flows to the receiver.

In the receiver, the gas and liquid are separated and the liquid is expanded in the
evaporators and the gas flows through the gas bypass valve, which is fully open and has a
very low pressure difference.
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The compressors are sucking the gas directly from the receiver and compressing to the

high pressure. The flow is then cooled in the gas cooler and expanded in the ejector.
3,5°C
32 bar
100%

\dl Gas-Cooler

(¥

36°C
92 bar
100%

oot

-2°C
26 bar
35%
d) Goto “New” tab, select “Valves and Line Components” and click on the “Multi Ejectors”
button. Set the “System” to ‘Transcritical LP ejector system’ and you will notice that by
default the refrigerant is set to R744 (CO,). Also by default, the Multi Ejector LP is chosen

as the product family.
Ejector2 X -+ New

‘ System: |Transcriﬁca| LP ejector W ||

Refrigerant:

Product families
[ Multi Ejector LP

Next, set the given operating conditions:

Operating conditions:

Capacdity: Evaporation, LT: Evaporation, MT: Gas cooler:
Cooling capacity, LT: 12,00 kw Temperature: Temperature: v + | Optimal gas cooler pressure
Pressure: 89,37 bar
Cooling capacity, MT: 55,00 kw Useful superheat: 8,0 K Useful superheat: 8,0 K
Qutlet temperature: 35,0 =C
Additional superheat: 0K Additional superheat: 0K
Additional cocling: 0K
Efficiency, internal HX: 0,30 - 9
Receiver condition:
Discharge temperature: 4,9 =C Discharge temperature: 104,0 =C

e} The suggested ejector model is the Multi Ejector LP 1935 (Code number 032F5676)

Selection: Multi Ejector LP 1935

Selected  Type Mumber  Capacity [%] m_evap LT (ka/h] m_evap MT ko] m_BP ko] m_comp MT [kgh] Entrainmentratio P_receiver bar] T_receiver [°C] Heating capacity kW] Coderumber Result
Muli Ejector LP 935 2 82 168,2 788,7 1642 1510 0,44 32,88 22 99,40 03FITS o
@ Muli Ejector LP 1935 1 78 167,5 785,1 1640 1808 0,43 32,45 -2,7 95,77 03F5676 o |
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/7 Compressors

Exercise 7.1 Selecting a compressor and finding related technical information
a) Select a compressor with the following criteria:

e Application: Refrigeration Medium Temperature

e Refrigerant: R404A

e Power supply: 50 Hz // 400 Volts

e Type: Reciprocating with fixed speed

e Cooling capacity required 10KW at Evaporating T° -10 °C and condensing T°
35 °C with 8K superheat and 2K subcooling

b} Which model is the suggested compressor?
c) Explain which performance details are available for this model.

d) Please explain how you can extract the performance details tables for a given compressor
from Coolselector®2 to an Excel sheet.

e} Please locate the envelope and explain what the green “dot” in the envelope signals.

f} How would you check the evolution of the power input or cooling capacity versus the
condensation or evaporation?

g) Which tab would you use information from to get details about the thermodynamic
calculations of the compressor?

h} What is the estimated discharge temperature (T°) for the suggested compressor?
i) Find the following information about the suggested compressor:

e MCC

e Power connection type
Connection type

Oil charge

Swept volume (Cm3)

IP protection class

e Refrigerant charge [kg] [Max]

i} Which compressor series does Danfoss have available for R134a?
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Solution 7.1 Selecting a compressor and find related technical information

a) Go to “New” tab, select “Compressors and condensing units” and click on the
“Compressors” button.

Select application, refrigerant, power supply (Frequency and Voltage), and compressor
types on the left-hand side of the screen:
Application:

M Refrigeration Heating

' | Medium temperature, MT

Air conditioning

Refrigerant:
24044 | %

Power s

® 50Hz 60 Hz DC

380 - 400 V (415 V) 3 ph™ ggfffemmem v

* for dual frequency voltage

Compressor types:

M | Recproc Scroll
' Fixed speed Fixed speed
Variable speed Variable speed

In order to simplify the selection among all compressors, we have classified the
compressors in 3 applications types:

1. Refrigeration (low temp/medium temp)

e Condensing units

e Racks
e Low temp is for application with evaporating T° for -30 °C, -20 °C, freezing
application

e Medium temp is for application with evaporating T° ~-15 °C, 5 °C, food
preservation

2. Heating

e Heat pumps
e Heating only
e Optimized for heating

3. Air conditioning

e Chillers

e Rooftop units

e Reversible & non-reversible
e IT cooling

e Process chiller

The classification is done based on the most common use of the specific compressor
model as well as on the refrigerant, envelope and connection type.
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Select the specified cooling capacity, the evaporating condensing superheat and the
subcooling conditions in the operating conditions segment:

Operating conditions:
Required capacity: Evaporation: Condensation: /
Cooling capadity: s~ 10,00 kW Dew peint temperature: ~  -10,0 Dew point temperature: W 350 y
Show all models Useful superheat: 8,0 K Subcooling: 2,0
® Show: 11 3 models
M Additional superheat: 0K Additional subcooling: 0K
Rating conditions: pay H
Return gas temperature: -2,0 =C Total subcooling: 20K
Custom h Liquid temperature: 326 °C

b} The suggested compressor is model MTZ064-4.

¢} The performance details available for this compressor can be found under the
“Performance” tab:

Selection: MTZ064-4, R404A

Mass fow Bk Match

[Performance] cvatioe  perfomance detas infomaren

Evaporating stsester SO K Condensng tenpsstwe st 50K Gah Table

Cooling capacity [k MTZ064-4, RA04A - Cooling capacity (kW]
Saner crmmpten k]

Heating i
ing capadity (k] Conoensing

P onpenmrs
B
coe -
sss low D) el oo

\
\

Cooling capacity [kw]
\
\
\
\

The available performance details are:

e Cooling capacity [kW] - This is the cooling effect at evaporator side
including useful superheat.

e Power consumption [kW] - This is the electrical power input of compressor.

e Heating capacity [kW] - This is the heat rejected at condenser side including
subcooling.

e Current [A] - This is the current drawn by compressor.

e COP[W/W] - This is the ratio between cooling capacity and power
consumption.

e Mass flow [kg/h] - This is the mass flow of refrigerant.
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You can browse through the performance details for the compressor by using the tabs to
the left of the graphs:

Performance Envelope Performance details Information

Evaporating temperature step: 50 K Condensing temperature step: 50 K ® Graph Table

Cooling capadity [kw] “.—.—"
800

Power consumption [kKW]

Heating capadity [k 700

Current [A]

600
COP Wi

M flow [ka/h
ass flow [kg/h] c00

1¥h]

Each tab displays the performance details for the given compressor selected in the table
above (in this example the MTZ064-4).

By default, all performance details are shown as graphs. However, by using the radio
buttons above the table, it is possible to have the performance figures shown in a table:

Envelope Performance details Information

Evaporating temperature step: 50 K Condensing temperature step: 50 K Graph ® Table
Cooling capacity [kW] MTZ064-4, R4044 - Cooling capacity [ki] \
Pawer consumption (K] TcliTe -35,0 -30,0 -25,0 -20,0 -15,0 -10,0 5,0 0 5,0 10,0 15,0
25,0 =
gy [ 30,0 - 3,609 4,976 6,633 8,732 11,32 14,36 17,95 22,14 26,98
Current [A] 35,0 - 3,133 4,402 5,982 7,923 10,28 13,10 16,44 20,34 24,87
40,0 - 2,671 3,840 5,289 7,070 9,234 11,83 14,92 18,54 22,78
coP [ 45,0 - 2,224 3,291 4,606 5,223 8,193 10,57 13,40 16,74 20,64
Mass flow [kg/h] 50,0 - 1,794 2,754 3,933 5,384 7,157 9,305 11,88 14,93 18,52
55,0 - - 2,232 3,272 4,554 6,128 8,048 10,38 13,13 16,40
50,0 - - 1,725 2,625 3,736 5,110 5,800 8,858 11,34 14,29
65,0

d) To export the performance details tables to Excel for a given compressor, you need to go
to the performance details table, right click and choose “Export to Excel...”:

Performance Envelope Performance details Information

Evaporating temperature step: 50 K Condensing temperature step: 50 K Graph ® Table

Cooling capacity [kw] MTZ064-4, 4044 - Cooling capadty kW]

Power consumption ]| | TEVTe -35,0 -30,0 -25,0 -20,0 -15,0 -10,0 -5,0 0 5,0 10,0
25,0 - - - - 1
) .
P EE 30,0 - 3,609 4,976 6,683 8, 11,32 14,35 17,95 22,14 26,98
Current [A] 35,0 - 3,133 4,402 5,2@ 7, 10,28 13,10 16,44 20,34 24,87
40,0 - 2,671 3,840 5, Export to Excel... 14,92 18,54 22,76
COP [W/W]
45,0 - 2,224 3,291 4,606 %223 5,193 10,57 13,40 16,74 20,64
Mass flow [ka/h] 50,0 - 1,794 2,754 3,933 5,384 7,157 9,305 11,88 14,93 18,52
55,0 - - 2,232 3,272 4,554 6,128 8,043 10,36 13,13 16,40
50,0 2,625 3,736 5,110 6,800 8,858 11,34 14,29

65,0
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Save the autogenerated Excel file on your computer by giving the file a name and clicking
on “Save”:

Savein: [l Desktop v & T e~

rhe 2 r ‘.—| Libraries

Recent Places LIE

Peckham Trine Okholm
Systemn Folder

Desktop

Computer
Systern Folder

Libraries
- Metwork
' System Folder
A ,
Computer Case controllers
@ l | File folder
S
L]
MNetwork ' Tonleclastor Tranclade
File name: || . Save
Save as type: Bxcel files (" xds) v Cancel
P

You can now access the performance data directly in Excel:

Insert Page Layout Formulas Data
e
%Cm Tahoma '|8_5 '| A A .E = | »' _ General
ER Copy -
e - = - = = €= 3= - . s (S8 8
S ~ Farmat Painter ! | O - A . = = | €2 3% | E Merge & Center % ho 3.
Clipboard [P Faont [P Alignment [P MNumber

30 - 3,609 4,976 6,683 8,782 11,32 14,36 17,95 22,14 26,98 -
35 - 3,133 4,402 5,982 7,923 10,28 13,1 16,44 20,34 24,57 -
40 - 2,671 3,84 5,289 7,07 9,234 11,83 14,92 18,54 22,76 -
45 - 2,224 3,291 4,606 6,223 8,193 10,57 13,4 16,74 20,64 -
50 - 1,794 2,754 3,933 5,334 7,157 9,305 11,88 14,93 18,52 -
55 - - 2,232 3,272 4,554 6,128 8,048 10,36 13,13 16,4 -
80 - - 1,725 2,625 3,736 5,11 6,8 8,858 11,34 14,29 -
65 - - - - - - - - - - -
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e} You will find the envelope by clicking on the tab called “Envelope” underneath the
selection table (next to the performance details):

Selection: MTZ064-4, R404A

Scected Model  Tecwology  Configuaton Achigeront Capacty control Speed [rpm]  Cooling (W] COP cooling (WM Hesting [é4] | COP heating [W/W]  Power (kW] Cumrent [A]  Frequency [He]  Power mapply

MTZ050-4 | Recpracaling Snge R4 Fuedspeed 8164 27 375 2971 50| =0
MTZ0564 | Recorocating Soge RS Fiked spesd = 257] 367 3,254 50| 390 - 400
Sege  RMMA  Faedspesd 10,28 263 363 3,503 50380 -400V (M5 V) 3ph
Thge | RWw  Feedspeed Lo 2] ) £ 0] 0 300¥ (415.0) 3phe
Soge R4 Fixedspeed 200 13,31 258 3= 5167 5 3ph”
Performance detsts Informaton
MTZ064-4, R104A
= Superheat = 11,1 [K]
w0 = Superheat = 30,0 [K]

Condensing temperatura [°C]

10
Evaporating temperature [°C]

Tes 00 Tc 350 RGT= 20°C OTshiot=80K GQe= WKW Qr= 14,18V P 3S03KN  COP263WW I= 7474
Status: 06

The green “dot” positions the operating conditions selected above within the envelope.

Operating condibons:
Resuired capacity: Evaporation: Condensation:
Coning capecty: v 000 ky D peint tempersture: v T Dewpont temperature: v st
Show sl modes usefd sperheat: 306 Subooolng: 20K
. : 1% models
Show addibonel aperheat: oK kAol subsoing: oK
Ratig cancibers: .
Retum gas tenperatures 20 Totalsubeocing 20K
Custon - Liqad temperatre: 26%

Selection: MTZ064-4, RAG4A

Tedmoogy  Configurabon Refrgerant Capacty conrol  Speed frgm]  Cookg V] | COP coding [W/W]  Heatng [MY] | CGP heoting [W/W] Power (W] Curent [4]  Frequency [He]  Pomer supply Mass fom D] Match
Recorocats sege  Rew sesd 0 8154 275 114 3| 2w sew 50 30900V (4151) 3ph 255 [
srge  Raow 2900 e 267 11,54 367 50 30400V (4151) 3ph 216
Er 2500 028 263 1418 363 50 380- 500V (415V) 3ph* 9,5 [105%]
MIZ072-4 | Recprocating srge R 2500 15 264 1551 264 50380500V (415V) 3ph s+ NS
MTZoe04 | Recoro srde e B B 25 o a5 50 30400V (4151) 3ph o,

Perfomance  Envelope  Performance detals  Information

MTZ064-4, RA04A

== Superheat = 11,1 [K]
. = Superheat = 30,0 [K]

Condensing temperature [°C)

-10
Evaporating temperature [°C]

Te= 00 Te IS0 RET= 20 OThlot=B0K Ge= I02SKW Qc= 148KN  P= 903KV COP ZEIWMW 1= 2474
Status: 0K
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f) To check the power input or cooling capacity versus the condensation or evaporation,
move your cursor around inside the envelope and look at the data changing underneath
the graph:

Betirrace  Dwelope  Purlrurce deshs  borraten

MTZOG-1, RA0AA

&

e Te (evaporation temperature) [ °C] - This is the dew T° corresponding to
suction pressure.

e Tc (condensation temperature) [ °C] - This is the dew T° corresponding to
discharge pressure.

e RGT (Return Gas Temperature) [ °C] - This is the suction T°.

e DT_sh_tot (useful superheat) [K] - This is the total superheat (useful
superheat at evaporator outlet) + (superheat on compressor suction line
(Non-useful superheat))

o Qe (cooling capacity of evaporator) [kW]

e Qc (heating capacity of condenser) [kW]

e P (compressor power consumption) [kW]

e COP (coefficient of performance (see also previous solution)) [W/W]

e | (Current) [A]

g) To get details about the thermodynamic calculations of the compressor, you need to
locate the “Performance details” tab within Coolselector®2, underneath the selection
table:

e

Mass fiowin evaporator: 301, 1kg/h S
Temperature Pressure Density  Enthapy Entropy - 0 @)

Point Description I bal Ko~ [Okal [l
1 Compressor suction { 200 432 205 ;e 163
2 Compressor dscharge (estimated) 63,1 1608 69,75 4137 16%

||
L
PN
Tt

25 Condensation dew point 350 16,08 87,33 3794 1,589

35 Condensation bubble point 346 1608 9963 2512 1,173 . Dvﬂ .

32 Condenser out 326 16,08 1007 248 1,163
3 Induding additonal subcooiing 326 16,08 1007 248 1,163
4 After expansion valve -i0,4 4342 59,67 248 1,184

: -/_7 .
4 Evaporation bubble point (106 432 L0 1856 0,948 38 39
15 Evaporation dew point 0,0 432 206 3801 1611
12 Evaporator out 20 432 206 W76 1,63
1s

In this tab you will find the values of all the thermodynamic parameters used for
calculation within Coolselector®2.
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h} The estimated discharge temperature (T°) for the suggested compressor (MTZ064-4) is
63.1 °C. You will find this information on row 2 in the table within the “Performance
details” tab:

Performance | Envelope IPerformance deta'llsl Information

Mass flow in evaporator:  301,1kgfh

Temperature gPressure Density Enthalpy Entropy

Point Description [=C] [bar] [kgfm=3] [kJfkg] [/ (kg K]

1 Compressor suction P a3 21,08 376 1,639
2 Compressor discharge (estimated) 63,1 16,08 69,75 413,7 1,696
25 Condensation dew point 35,0 16,08 87,33 379,4 1,589
35 Condensation bubble paint 34,6 16,08 295,3 251,2 1,173
3a Condenser out 32,6 16,08 1007 248 1,163
3 Induding additional subcooling 32,6 16,08 1007 248 1,163
4 After expansion valve -10,4 4,342 58,67 248 1,184
4z Evaporation bubble point -10,6 4,342 1180 185,6 0,9463
1s Evapaoration dew paint -10,0 4,342 22,06 360,1 1,611
1a Ewvaporator out -2,0 4,342 21,06 367,56 1,639

Estimated discharge T value can be useful to double check the suction superheat:

If the actual discharge T has more than 15K difference compared to the estimated
discharge temperature, it may mean that something is wrong:

e Either the suction superheat is measured and/or controlled incorrectly
e Orthe compressor is damaged

i) To find the information about the compressor, go to the “Information” tab and select the
code number you wish to see the data for. In this case we choose MTZ64-4VM as
industrial pack (6 pcs):

Performance  Envelope Performance details

Select code number:

Select  Code number  Model number Packing format  Packing quantity

@ MTZ64-4'M MTZ64HM4CVE Industrial pack -1
MTZ64-01 MTZ64HM4CVE Single pack 1
Spare parts Phase
e Frequency [Hz] 5060
Compressor power supply [V/Ph/Hz] 400/3/50 460,360
Electrical Specifications | oy value of nominal voltage at 50Hz [V] 380V
Mechanical Connections High value of nominal voltage at 50Hz [V] 400
Low value of nominal voltage at 60Hz [V] 450 Y
0 Data High value of nominal voltage at 60Hz [V] 450 Y
Packaging Low value of voltage range at 50Hz [V] 340V
High value of voltage range at 50Hz [V] 4a0Y
il Low value of voltage range at 60Hz [V] 414V
High value of voltage range at 60Hz [V] 506V

Winding resistance for three-phase compressors with identical windings [Ohm] 2.44 Chm
MCC 13.5A
LRA 644

Underneath you will now see a new list of tabs; it is within these you will find all of the
information to answer the question.
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To find the MCC and the power connection type go to the “Electrical Specifications” tab:

Performance | Envelope Performance details

Select code number:

Select  Codenumber  Model number Packing format  Packing quantity

@ MTZ64-4VM MTZ64HMACVE Industrial pack 6
MTZ64-4V1 MTZE4HM4CVE Single pack 1
Spare parts Phase

Frequency [Hz]

Dimensions

Mechanical Connections

Compressor power supply [V/Ph/Hz]
Low value of nominal voltage at 50Hz [V]

High value of nominal voltage at 50Hz [V]

Low value of nominal voltage at 60Hz [V]

Oi Data High value of nominal voltage at 60Hz [v]
Packaging Low value of voltage range at 50Hz [V]
High value of voltage range at 50Hz [V]
Technical Data

Low value of voltage range at 60Hz [V]

High value of voltage range at 60Hz [V]

50/60
400/3/50 460/3/60
380V
400V
460V

460V
340V
460 v
414V
508V

Winding resistance for three-phase compressors with identical windings [Ohm] 2,44 Oh

[mecc 13.54
LRA 54 A K
| Power connections Spade |

From this you will see that the answer is:

e MCC:135A
e Power connections: Spade

To find the connection type go to “Mechanical Connections”:

Performance | Envelope

Select code number:

Performance details

Select  Code number  Model number Packing format  Packing quantity

MTZ64-4M MTZ64HMACVE  Industrial pack &

MTZ64-41 MTZ64HMACVE  Single pack 1
Spare parts Connection type Rotolock
) . Suction connection pipe size [in] 0.875in
Dimensions
Suction connection rotolodk size [in] 1.75in
Electrical Specifications Discharge connection size [in] 1.25in
Mechanical Connections Digcharge connection rotolock size [in] 1.25in
Suction connection size [in] 1.75in
Oil Data Suction connection mounting torque [Nm] 110 N-m
Packaging Suction connection sleeve pipe size [in] 0.875in
Discharge connection mounting torque [Nm] 90 MN-m
Technical Data ) . R -
Discharge connection sleeve pipe size [in] 0.75in

Fitting remark

Fitting sleeve

Fitting standard

Mounting torgue [Mm]
Glass torque [MNm]

GP LP torque [Nm]

Cil equalization torque [MNm]
Torque earth [MNm]

From this you will see that the value is:

e Connection type: Rotolock

(shipped with rotolock version only)
QDF

Rotolock

15 N-m

50 N-m

15N-m

30 N-m

2 MN-m

161



Coolselector®2 Exercises

To find the oil charge, go to “Oil Data”:
Performance details

Performance | Envelope

Select code number:

Select  Code number  Model number Packing format  Packing quantity
@ MTZ54-4M MTZ54HMACVE Industrial pack ]
MTZ54-41 MTZ54HMACVE Single pack 1
Spare parts Oilreference {17592
) . Cil charge [L] 1.8L
Dimensions
Shipped oil Initial oil charge

Electrical Spedfications

Mechanical Connections

0il Data |

Packaging

Technical Data

From this you will see that the value is:
e Oilcharge:1.8L

To find the Swept volume [cm3], refrigerant charge [kg] [Max] and the IP protection class,
go to “Technical Data”:

Performance  Envelope Performance details

Select code number:

Select  Code number  Model number Packing format  Packing quantity
@ MTZ64-4M MTZ54HM4CVE Industrial pack
MTZ64-W1 MTZ54HM4CVE Single pack
Spare parts Capacity control EFixed speed
P Economizer Mo
Configuration code Single
Electrical Spedifications | Swept volume [cm3] 107.71cc
Cylinder 2

Mechanical Connections
Oil Data

Packaging

Technical Data

Motor protection

Internal overload protector

|Reﬁ'igerant charge [kg] [Max]

5kg

Factory HP [bar]

Factory LP [bar]

Test dif [bar] [Max]

Test HP [bar] [Max]

TestLP [bar] [Max]

Number of starts per hour [Max]
Rotational speed at 50Hz [rpm]
Brand technigue

Colour

Rotational speed at 60Hz [rpm]

25 bar\
25 bar

30 bar

30 bar

25 bar

12

2900 rpm

Reciprocating compressor

3500 rpm /

Blue

I IP protection dass

IP55 (with cable gland)

Glass mounting

Threaded

From this you will see that the answer is:

e Swept volume (Cm3): 107.71 cc

o [P protection of electrical Box: IP55 (with cable gland)
o Refrigerant charge [kg] [Max]: 5 kg

e Refrigerant charge [kg] [Max]: 5 kg is the charge limit.
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This is not the maximum charge allowed in the system. Above that limit you need to take
some countermeasure to protect against refrigerant migration dilution. Details of
countermeasures are described in the application guidelines for the given compressor.

To see which compressors (or other products) Danfoss has available for a specific
refrigerant, go to the “Tools | Products and Refrigerant Overview”.

£ Coolselector? - Untitled.csprj

File Options Tuolswrc Bill of Materials

Compressors Show Operating Conditions Overview

Products and Refrigerants Overview -
conditions:

Required capacity:

0 Select con

Amelimm e

Scroll through the list both vertically and horizontally until you get to compressors and

R134a:
7 Products and refrigerants overview — 0O x
- Product approved l:l Product not spedifically approved. Calculation is performed l:l Product not approved. Calculation is not performed
Safety dass: Al Al Al Al Al Al Al Al Al Al Al Al Al ~
Refrigerant type: HFC HFC HFC HFC HFC HFC HFC HFC HFC HFC HFC HFC HFC
Refrigerant name:
Product type Product family R114 R125 | R134s |R152a R227 R236fa R404A R407A R407B R407C R407F R407H  R410A
:
e |
o T
i [
D
oc) Il
DL
DLE
DsH [
FF
- —
es |
HCI Il
HCM
Hee Bl
HHP ||
HLH Bl
HL B
HLM
HLP [ |
HRH \
HRM g
< >
Refrigerant safety dass according to IS0 817 or ANSI/ASHRAE 34 Export

The answer to which compressors are available for R134a is:

B, BD, D, FF, FR, GS, L, MLZ, MTZ, NF, NL, NLV, NT, P, PL, S, SC, SY, Sz, TF, TL, TT, U, VTZ, X
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Exercise 7.2 Understanding the challenges for compressor selection
a) Please explain how to reset your compressor selection.

b) Then try to select a compressor with the following criteria:

e Model: DSH series

e Cooling capacity: 35 kW

Dew point temperature for evaporation: +5 °C
Useful superheat: 10 K

e Dew point temperature for condensation: +35 °C
e Subcooling: 0 K

¢} Which compressor model does Coolselector®2 suggest?

d) What is the cooling capacity in kW of the suggested compressor model as well as the
other suggested alternative?

e) Now reset your compressor selection and instead select a compressor with the following
criteria:

e Model: VZH series
e Rating conditions: EN 12900 | HT | SH 10 K

f) How many Danfoss VZH models have a 100% match to these operating conditions?

g) What is different in the way results are displayed compared to the compressors with
“fixed speed”? Please explain.

h}) Why can a single variable speed compressor give many different capacities?

i) Now reset your compressor selection and try to select a compressor with the following
criteria:

e Application: Refrigeration, Low Temperature (LT)
Refrigerant: R452A
Power supply: 50 Hz // 400V
Compressor type: Reciprocating — fixed speed
Operating conditions:

o Cooling capacity: 10 kW
Dew point temperature for evaporation: -10 °C
Useful superheat: 8 K
Dew point temperature for condensation: +30 °C
Subcooling: 2 K

o O O O

i} Which compressor model does Coolselector®2 suggest?
k) Explain what the challenge in choosing this compressor for these operating conditions is.

[} Please try to explain why this challenge arises and how you could overcome it.
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Solution 7.2 Understanding the challenges for compressor selection
a) To reset the selection criteria for a compressor, click on the “reset” icon near the top left
corner:

|Ca-mpressorsl ¥» +  New

0 Select compressor:

' | Refrigeration v | Heating
o |Low temperature, LT
v | Medium temperature, MT
' | Air conditioning
Refrigerant:
Al e
Please note that this will not reset the operating conditions but will reset the selection
criteria.

b} To select a compressor with the suggested criteria, use the selection pane on the left-hand
side of the screen and input the given selection criteria:

e Refrigerant: R410A
e Power supply: 50Hz and 400V
e Product filters: DSH

The list of possible models will give you an overview of which exact compressors in the
selected model series (DSH) Danfoss has available for the given selection criteria:
O Select compressor:
Application:
v | Refrigeration v |Heating
v |Low temperature, LT
v | Medium temperature, MT
' | &ir conditioning

Refrigerant:
oo M .

Power supply;
O Hz{su Hz oc
380 - 400V (415V) 3ph* 4— %

*: for dual frequency voltage

Compressor types:

v | Redprocating v | Scroll
v | Fixed speed v | Fixed speed
v | Variable speed v | Variable speed
Product filters:

Discontinued models
Select model:
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Next turn to the operating conditions and type in the given criteria:

Operating conditions:
Required capacity: Evaporation: Condensation: ’
Cooling capadity: o 35,00 kw Dew point temperature: A 5,0 =C Dew point temperature: w350 =C
Show all models Useful superheat: 10,0 ¥ Subcooling: * 0K
® Show: 11 5 models
M Additional superheat: 0K Additional subcooling: 0K
Rating conditions: .
Return gas temperature: 15,0 =C Total subcooling: oK
Custom v Liquid temperature: 34,9 °C

c) Coolselector®2 suggests the DSH120-4.

Operating conditions:

Required capacity Evaporation Condensation
Cooling capaity: v 35,00 kW Dew point temperature: 50 ¢ Dew point temperature: v o0
Show all models Useful superheat: 10,0 K Subcooling: 0k
®) Show: 11 % models y
Additional superheat: 0k Aditional subcooling 0k
Rating conditions ;
Return gas temperature: 150 Total subcooling: 0K
Custom M Liauid temperature (no giide): 35,0°C
Selection: DSH120-4, R410A
Selected Model  Technology Configuration Refrigerant Capacity control Speed [rpm] Cooling [W]  COP cooling [W/W]  Heating (W]  COP heating [WW] Power (kW] Current [4] Frequency [Hz] Power supply Mass fiow kg/h]  Match
2 DSHO20-4 sarol single; R410A Fixed speed 2900 2471 5,42 2,27 6,42 4,556 9,998 50| 380-400V (415V) 3ph*, 503,6
e DSH105-4 Scrol Single R4DA Fixed speed 2000 29,16 5,50 34,56 6,40 5,401 12,3 50| 380400 V (415 V) 3ph* 534,2
B DSH120-4 Scrol single R41DA  Fixed speed 2900 33,12 5,51 35,12 6,51 6,007 12,84 50 380400V (415V) 3ph* 674,8
o DSH140-4 Scroll Single: R410A Fixed speed 2900 37,47 5,43 44,37 6,43 6,899 14,80 50 380 -400V (415V) 3ph= 763,5
DSH161-4 Sarol Single R4IDA Fixed speed 2800 43,05 5,54 50,82 6,54 7,765 15,83 S0 380400V (415V) 3ph* 77,3

d) The cooling capacity in kW of the suggested compressor (DSH120-4) is 33.12 kW.
Selection: DSH120-4, RA10A

Selected  Model Technology Configuration Refrigerant Capacity control  Speed [rpm] | Cooling [kW] |COP cooling [W/MW]  He:z

DEHO20-4 Scroll Single R410A Fixed speed 2900 24,71 5,42

F DSH105-4 Seroll Single R4104 Fixed speed 2900 29,16 5,40
@ DSH120-4 Scrall Single R410A Fixed speed 2900 33,12 5,51
D5H140-4 Scroll Single R4104 Fixed speed 2900 37,47 5,43

DSH161-4 Scroll Single R410A Fixed speed 2900 43,05 5,54

The cooling capacity of the other possible alternative (DSH140-4) is 37.47 kW.
Selection: DSH120-4, R410A

Selected Model Technology Configuration Refrigerant Capacity control  Speed [rpm] | Cooling (kW] |COP cooling [W/W] Hez

DSHO90-4 Scroll Single R4104 Fixed speed 2900 24,71 5,42

F DSH105-4 Scroll Single R410A Fixed speed 2900 29,16 5,40
@ DSH120-4 Seroll Single R410A Fixed speed 2900 33,12 5,51
DSH140-4 Scroll Single R4104 Fixed speed 2900 3747 5,43

DEH161-4 Scroll Single R4104 Fixed speed 2900 43,05 5,54

Coolselector®2 always gives the suggestion that matches your capacity request in the
operating conditions. Only compressors that match the cooling capacity given in the
operating conditions (+/-10%) will be valid choices. By choosing a compressor model
series to the left under “Select model:” where we in this example chose DSH, you limit the
choices suggested in the selection table.

e) Inthe selection panel on the left-hand side, go to the ‘Select model:’ field and choose
VZH:
Product filters:

Discontinued models

Select W/
VZH - M
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Now turn to the “Operating conditions:” and in “Rating conditions:” choose: “EN 12900 |
HT | SH 10 K”. This will reset the operating conditions within Coolselector®2 to match
those set forward by this pre-configuration.

Operating conditions:

Required capadty: Evaporation: Condensation:
Cooling capacity: ~ 35,00 kw 50 =C Dew point temperature: ~ 50,0 =C
Show all models 10,0 K Subcooling: 0K
® Show: 11 3 models
M Additional superheat: 0K Additional subcooling: 0K
Rating conditions: B
Return gas temperature: 15,0 =C Total subcooling: 0K
EN 12900 |HT | SH 10K hd Liquid temperature {no glide): 50,0 °C

As you will see from the drop-down list under rating conditions there are multiple pre-
configurations to choose from. If you wish to set these rating conditions yourself, you can
also do this. Coolselector®2 will then inform you that they correspond to a given
preconfigured rating condition by changing this field.

f) There are 7 VZH compressors which have a ~100% match to these operating conditions.
You find the given compressors by using the +/- buttons next to the compressor models
within the selection table:

Operating conditons:
Required capadty: Evaporation: Condensation:

Cooling capacity: v 3500 kw Dew point temperature: A4 50 =C Dew point temperature: v 50,0 *C
Show all models . Useful superheat: 0,0 K Subcooling: 0Kk
8 show: B 7 ok Additonal superheat: 0K Addtional subcooling: 0k
Reting condions Return gas temperature: 150 °C Total subcoolng: oK
EN 12900 | HT 15H 10K M Liquid temperature: 349
Selection: VZH065CG, R410A - 6600 rpm
Selected  Model Technology Configuration Refrigerant Capacity control  Speed [pm]  Cooling W] COP cooiing [WAW]  Heating [] COP heating [W/W] Power [W] Current [A] Frequency [Hz] Power suppl Mass flow [kg/h]  Match
@ VZHD28CG Serol Single R410A Ve 6000 12,93 2N 17,69 3,71 4,762 6,743 50/ 380 V) 3ph=* 3137 |§
VZHO35CG Serol Single: R410A 6000 16,36 2,87 22,06 3,87, 5,693 8,305 50| 380 3ph*
VZHD44CG Serol Single: R410A 6000 21,04 2,93 28,22 3,93, 7,179 10,39 50| 380 3ph*
VZHD52CG Serol Single R410A ricble speed 6600 27,05 2,85 36,53 3,85, 9,480 15,01 50/ 380 -400V (415V) 3ph™
: VZHO85CG Seral Single R410A Variable speed 6600 33,62 2,81 45,18 3,91 11,56 18,52 50 380 -400V (415V) 3ph™
| VZH088BG Seral Single R410A Variable speed 5022 35,00 2,98 46,15 3,93 11,74 19,41 50/ 380 -400V (415V) 3ph™
VZHO88AG Seral Single R410A Variable speed 5042 35,00 3,05 45,89 4,00 11,46 19,47 50/ 380 -400V (415V) 3ph™
VZH1178G Seral Single R410A Variable speed 3712 35,00 3,14 45,60 4,09 11,16 19,18 50/ 380 -400V (415V) 3ph™
VZH117AG Seral Single R410A Variable speed 3755 35,00 3,19 45,41 4,14 10,96 19,75 50/ 380 -400V (415V) 3ph™
VZH170AG Seral Single R410A Variable speed 2587 35,00 3,26 45,20 421 10,73 16,93 50 380 -400V (415V) 3ph™
(@) VZH170BG Seral Single R410A Variable speed 2583 35,00 3,21 45,36 4,16 10,90 19,74 50 380 -400V (415V) 3ph™

You can get a better and larger overview by temporarily removing the selection and
performance details from your view. You do this by clicking on the arrows on the edge of

soceaton: Condencatin
0 i Dewpont emperats 50 Dempoit temperatee 500
sehd merrests ©a bending I3
! rodls Additonl s.peheat: o Additional subcooing: 13
Reten gas e et mbcocing u
412900 |HT | 10K o emperare (ro hke) s

Selection: VZHIS8R), RA1A - 5062 rpm

o o Sdected Modd  Tedroogy Confmston Aefgerent Mass fom Bkl Mateh

- 7
otsge o7
o
¥ Foxed speed 7
—— /vD
by W VZHOBSR), R410A - 5062 rpm - COP [W/W]
. Hedwn L] A /’/. Condenwing
~ ®00C
" — ) P
I ot - -
e Pl e
< o 60,0 %C
~ ~

You can always make the panels reappear by clicking on the same buttons.
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You can also configure the number of columns in the table by right clicking with your
mouse on any of the table headlines and choosing “Manage columns...”:

Selection: VZHO88B], R410A - 5062 rpm

Selected  Maodel

VZHO44CH
VZHO44C]
WZHOBBE]
VZHOBBE]

Terhnnlnaw

Confinnration

Manage celumns...

Refrinerant  Capadty control

F

Scroll
Scroll

Scroll

Sin
Single

Single

Check chapter 1 for more information.

R410A
R410A
A

Variable speed
Variable speed
Variable speed

Variable speed

Speed [rpm]

&000
6000
5062
1500

Cooling [kW]

21,04
21,04
35,00
10,03

COP «

g) For variable speed compressors like VZH in this example, the display is quite different. By
using the +/- signs you will be able to see all the capacities of the selected model at
different speeds:

Selection: VZHO65CG, R410A - 6600 rpm

Selected  Mode! Technology Configuration Refrigerant Capadity control |Speed [rpm] [Cooling (kW]  COP cooling [W/W] Heating (kW]  COP heating [W/W] Power kW] Current[A] Frequency [Hz] Power supply
VZHO28CG seroll single R410A  Varisble speed 6000 12,93 2,71 17,69 3,71 4762 6,743 50 V) 3ph=
® VZHO35CG seroll single R410A  Variable speed 6000 16,36 2,87 22,06 3,87 5,693 8,305 50 3ph=
® VZHO44CG seroll single R410A  Variable speed 6000 21,04 2,93 28,22 3,93 7,179 10,39 50 V) 3ph=
® VZHO52CG seroll single R410A  Variable speed 6600 27,05 2,85 36,53 3,85 9,480 15,01 50 V) 3ph=
5 @ VZHO85CG seroll single R410A  Variable speed 6600 3362 2,91 45,18 3,91 11,56 18,52 50 - 400V (415 V) 3ph*]
h ® VZHOESCG seroll single R410A  Variable speed = 50| 360 - 400 V (415V) 3ph?
® VZHOESCG sarol single R410A  Variable speed 50| 360 - 40 V) 3ph]
® VZHOESCG sarol single R410A  Variable speed - = 50| 360 - 40 V) 3ph]
VZHOESCG seroll single R410A  Variable speed 1800 8,374 2,68 11,50 3,66 3,124 6,155 50| 360 - 40 V) 3ph]
VZHOESCG seroll single R410A  Variable speed 2100 9,875 2,7 13,45 3,76 3,577 6,770 50| 360 - 40 V) 3ph]
VZHOESCG seroll single R410A  Variable speed 2900 11,39 2,82 15,43 3,82 4,041 7,407 50| 360 - 40 V) 3ph]
VZHOESCG seroll single R410A  Variable speed 2700 12,91 2,8 17,42 3,86 4,514 8,064 50| 360 - 40 V) 3ph]
VZHOB5CG Seroll Single R410A variable speed 3000 14,44 2,89 19,44 3,89 4,997 8,743 50 ) - 40 V) 3ph*|
VZHOB5CG Seroll Single R410A variable speed 3300 15,98 2,91 21,47 3,91 5,489 9,442 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 3600 17,53 2,93 23,53 3,93 5,992 10,16 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 3300 19,10 2,94 25,60 3,94 6,504 10,50 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 4200 20,67 2,94 27,70 3,94 7,026 11,67 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 4500 22,25 2,94 29,81 3,94 7,558 12,45 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 4800 23,85 2,94 31,95 3,94 8,100 13,25 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 5100 25,45 2,94 34,10 3,94 8,652 14,08 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 5400 27,06 2,94 36,28 3,94 9,213 14,92 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 5700 28,69 2,93 38,47 3,93 9,784 15,79 50 380-40 (415 V) 3 ph=|
VZHOB5CG Seroll Single R410A variable speed 6000 30,32 2,92 40,69 3,92 10,37 16,68 50 380 - 400V (415V) 3 ph*|
VZHOESCG Serall Single R410A  Variable speed 6300 31,97 2,92 2,92 392 10,96 17,53 S0 380 - 400V (415V) 3ph|
VZHOESCG Serall Single R410A  Variable speed 6600 33,62 251 45,18 391 11,5 18,52 S0 380 - 400V (415V) 3ph|
[ VZHOB3EG Seral Single RAI0A  Variabie speed 5022 35,00 2,38 .15 333 11,74 15,41 S0 380 - 400V (415 V) 3ph=,
[ VZHOBBAG Serall Single R410A  Variable speed 5042| 35,00 3,05 45,89 4,00 11,46 19,47 S0 380- 400V (415V) 3ph=
[ VZH11786 Serall Single R410A  Variable speed 3712) 35,00 3,14 45,60 4,09 11,16 13,18 S0 380- 400V (415V) 3ph=
[ VZH117AG Serall Single R410A  Variable speed 3755 35,00 3,13 45,41 4,14 10,96 13,75 S0 380- 400V (415V) 3ph=

[ Serall Single R410A  Variable speed 2587 35,00 10,73 16,93 50 380

VZH170AG

1

45,20

Only lines with a combination of speed/cooling capacity that matches your given
operating conditions within a reasonable range will be marked in black; the rest are
marked in red to indicate that they do not match your operating conditions criteria. The

range is set to £10% by default. You can change this range in the compressor and

- 400V (415

V) 3ph=

condensing units preferences. For more information check chapter 1, advanced settings.

The capacity of a variable speed compressor depends on the RPM (revolutions per
minute). The lines within the selection table in Coolselector®2 show the cooling capacity
for any given variable speed compressor with 300 RPM (rounds per minute) or 5 RPS
(revolutions per second) steps between them. This is different to a fixed speed
compressor table as seen before where there is only one cooling capacity listed per
compressor.

The first line gives the exact speed to match the required capacity, in this case 6600 RPM.
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i)

)

170

Choose the compressor by resetting your previous compressor selection and making the
new selection as well as entering the new operating conditions:

Compressors1 X +  New

(5 select compressor: Operating conditions:
applicaton: Required capadity: Evaporation: Condensation:
B Refrigeration Heating Cooling capacity: v 10,00 kW Dew point temperature: wv -10,0 Dew point temperature: w300 ¢
+ | Low temperature, LT Show all models Useful superheat: 80K Subcoaling: 2,0 1‘-
Medium [ 2 sha 115 megel AEATETS SOperTEaT K Lilsle lnolg?= =1 cJasls] o TR I
Air conditioning T

Return gas temperature: 2,0 = Total subcooling: 2,0K

REfngEra"t?/ Custom - Liquid temperature: 24,3°C
R452A ¥

Selection: NTZ096-4B, R452A

Power syt
o sofiz 60 Hz o Selected  Model Technology ~ Configuration Refrigerant Capacity control  Speed [rpm]  Cooling [kW]  COP cooling [W/W]  Heating (kW]  COP heating [W/W]
380400V (415V) Iph™ atlffem v : NTZD48-95 | Recprocating Single R452A Fixed speed 2500 4,866 2,99 6,496 3,99
NTZ088-%8 | Recprocating Single R452A Fixed spead 2800 7,25 2,52 10,14 3,52
= for dual frequency voltage -
@ NTZ096-98  Recprocating Single R452A  Fixed speed 2900 9,752 3,2 12,72 4,29
Compressor types: =
— NTZ108-48 | Recprocating Single R4524 Fixed speed 2300 11,59 3,23 15,13 4,23
B Recprocating ol
| Fixed specd ixed specd NTZ136-4 | Recprocating Single R4524 Fixed speed 2500 14,64 2,96 13,59 3,96
Variable speed Variable speed

The suggested compressor model is NTZ096-4B (reciprocating, fixed speed).

Selection: NTZ096-4B, R452A

Selected  Model Technology  Configuration Refrigerant Capacty conrel Speed [rpm]  Coolng (W] COP cooling [W/W] Heating (W] COP heating [WAY] Power (kW] Current [4] Frequency [Hz] Pawer supply Mass flon kgh]  Match
NTZ048-48 | Reciprocating Single R452A Fixed speed 2900 4,856 2,99/ 6,496 3,99 1,630 2,892 50| 380 -400 V (415V) 3ph* 1356 JRE
NTZ068-48 | Reciprocating Single R4524 Fixed speed 2900 7,256 2,52 10,14/ 3,52 2,879 4,480 50| 380 V (415V) 3ph* 202,2

| @ NTZ09646  Recprocating Single R4S2A Fixed speed 7800 9,752 3,29 12,72 3,29 2,964 5053 50 380 -400V (415V) 3ph* 718

The challenge is that the compressor (NTZ096-4B) has an operating point which is at the
extreme of the operating envelope. Click on the tab ‘Envelope’ to see the operating

envelope for the selected compressor. The green dot marks the operating point:
= i

f NTZ096-4B, R452A

ing temparaturs [+C]

\

-4

-25 -20
Evaporating temperaturs [C]

Te= -00°C T WO RGT= 20°C DT hlot=80€ Qe=97SKN Q= 1272KW  P=I064KN  COPIIWM 1= 5053
Status: OK

This example leads back to an important point when using Coolselector®2 to select a
compressor; namely that you need to know at least your application before starting your
selection process. This is the best way of ensuring that Coolselector®2 provides you with a
suggestion for a compressor with an appropriate envelope. In other words, in our example
here, if you select a low-temperature application, an evaporator temperature at -10 °C is
at the limit of the envelope and therefore the compressor may not run properly.

When considering which compressor to choose for these conditions, it is suggested that
you specify your application with extra care. It would be advisable to make a distinct
choice as to whether it is, for example, a low-temp or a medium-temp application, and
whether you could consider using a different range (e.g. medium-temp), and check if your
operation criteria match your selections. In general, software like Coolselector®2 cannot
replace a minimum of knowledge of a technical engineer. At a minimum, it needs to be
clear whether the refrigeration system you are building is being built to preserve food
(medium temperature), to freeze food (low temp) or if it is a HVAC system.

It is important to note, that the selection criteria are not optional. Intentionally, they are
set to show all products when you first start Coolselector®2, but in order to get a relevant
suggestion from the software, you need to put in the exact selection criteria that you need
for your particular application.
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Exercise 7.3 Selecting spare parts for compressors and creating a report

a) Which drive should be used with a VZH170AG compressor for R410A (with cooling
condition 20 kW and rating conditions EN 12900 | MT | SH 10 K)?

b) What is the code number of the oil can, which will allow you to do oil top-up on the
compressor VZH170AG?

c) Please explain how to add this drive and oil can to the Coolselector®2 report.
d) Which information is available in the detailed report for this compressor?

e} Which code numbers are available in the bill of materials after selecting this compressor
and the two suggested spare parts (drive 01 and oil can)?
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Solution 7.3 Selecting spare parts for compressors and creating a report

a) First locate VZH170AG by resetting any previous compressor selections and going to
“Product filters:” and then “Select model:” and locate “VZH170AG, R410A” in the list:

Product filters:
Discontinued models
Select model:
VZH170AG, R4104 -
-- 5 ~

]
]
[ ]

- WZHD2BCG, R410A
- VZHO2BCH, R410A
- VZHO2BCI, R410A
- WZHO35CG, R410A
- WZHO35CH, R410A
- WZHO35C], R410A
- VZHO44CGE, R410A
- VZHO44CH, R410A
- VZHO44CT, R410A
- WZHD52CG, R410A
- WZHOS52CH, R410A
- WZHOS2C], R410A
- WZHOG5CG, R410A
- WVZHOS5CH, R410A
- WZHOB5C], R410A
- WZHOBBAG, R410A
- VZHOBBAD, R410A
- WZHOBBEG, R410A
- WZHOSBE], R410A
- VZH117AG, R410A
- VZH117AJ, R410A
- VZH117BG, R410A
- VZH117B], R410A

- WVZH170AD, R410A
- VZH170BG, R410A
- WZH170B], R410A W

Next, in the “Operating conditions:” pane locate “Rating conditions:” and choose ‘EN
12900 | MT | SH 10 K” and set cooling capacity to 20 kW:

Operating conditions:

Required capacity: Evaporation: Condensation:
Cooling capacity: s~ 20,00 kw Dew point temperature: -10,0 =C Dew point temperature: ~ | 450 =oC
Show all models Useful superheat: 10,0 K Subcooling: 0K
® Show: 11 3 models
M Additional superheat: 0K Additional subcooling: 0K
Rating conditions: _,
Return gas temperature: 0 =C Total subcooling: 0K
EN 12900 | MT | 5H 10K v Liquid temperature {no glide): 45,0 =C
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After this, go to the “Information” tab and select the correct code number (120G0018).
Then select the “Spare parts” subtab and locate the drive choices, and you will find the

following results:

Performance  Envelope Performance details _

Select code number:

h S

Select  Code number  Model number Packing format  Packing guantity

120G0030 VZH170AGBMA  Single pack 1

| @ 120G0018 VZH170AGANA  Single pack 1

Spare parts Available spare parts (double-dick will add to Report):

Type Description Code number
Dimensions
Capacitor C Coil {24 and adaptor 12070522
Electrical Specifications Converter RS232/RS5485 converter 12070351
D T — Converter 1 Accessory bag IP20 12020345
Converter 2 Accessory bag IP55 12070349
Oil Data Converter 3 USB/RS435 converter 12070352
Packaging Crankcase heater Belt type crankcase heater, 75 W, 230V, CE mark, UL 7773108
Discharge temperature protection  Discharge thermostat kit 7750009
jecacaaa Discharge valve 2 Rotolock adaptor (1-3/4" rotolock, 1-1/8” ODF) 12020364
Drive 01 CDS303 22.0kW; without coating; IP20; without LCP; H3; B4 134G3582
Drive 02 CD3303 22.0kW; with coating; IP20; without LCP; H3; B4 134G3583
Drive 03 CDS303 22.0kW; without coating; IP20; without LCP; H2; B4 134F9371
Drive 04 CD3303 22.0kW; with coating; IP20; without LCP; H2; B4 134G3584
Drive 05 CD5303 22.0kW; without coating; IPS5; without LCP; H3; B2 134G4020
Drive 06 CDS303 22.0kW; with coating; IP55; without LCP; H3; B2 134G4021
Drive 07 CD5303 22.0kW; without coating; IPS5; without LCP; H2; B2 134G4022
Drive 08 CDS303 22.0kW; with coating; IP55; without LCP; H2; B2 134G4023
Ebox Terminal box, induding cover 12070533
Ebox cover Terminal box cover 12070537
Electronic board 1 Power card IP21/55 12070428
Electronic board 2 Control card 12070337
Electronic board 3 Fan 2 (internal) IP55 12020336
Fan 1 Switch mode power module P55 12070419
Fan 2 Fan 1 (main) IP20 12020330
Fan 3 Fan 1 (main) IF55 12070333
Freauencv converter LCPffreauency converter 12020326

There are several choices of drive for this compressor depending on whether you need

~

board with coating or not, the required IP level, with and without display (LCP), and filter.
For more detailed information on this option, please refer to the product guideline.
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b} The code number for the oil can be located in the same place as the drives in the previous
exercise. Once you locate the oil can, look in the column for “Code number” to get the

answer to the question, namely; 7754023.

Performance | Envelope

Select code number:

Performance details

Select  Codenumber  Model number Packing format ~ Packing quantity
120G0030 VZH1T70AGEMA Single pack 1
120G0013 VZHI70AGANA  Single pack T |

Dimensions

Electrical Spedifications

Mechanical Connections

Oil Data
Packaging

Technical Data

Available spare parts {double-dick wil add to Report):

Type Description Code number
Fan 2 Fan 1 {main) IP20 12020330
Fan 3 Fan 1 {main) IP55 12020333
Frequency converter LCP/frequency converter 12070326
Frequency converter 2 LCP blind coverffrequency converter IP20/IP21 13081088
Frequency converter 3 LCP blind cover ffrequency converter IP55/IP6S 130B1077
Gasket set Gasket set, 1-1/4", 1-3/4", 2-1/4", OSG gaskets black and white 8156013
Injection component Coilf24v 12020144
Injection component 2 Qil level sensor screw in mechanical part 12070560
LCP 4 Power card IP20 12020425
Mounting kit 1 Mounting kit for one-scroll compressor, including 4 grommets, 4 sleeves, 4bolts, 4 washers | 8156138
oil 1 EPOE lubricant, 16052, 1ditre can 7754023
Oil sight glass Ol sight glass with gaskets (black and white) 8156019
Cil sight glass gasket Gasket for ail sight glass {white teflon) 8156129
Relays card Relays card 12020350
Solder sleeve set Solder sleeve adaptor set, (2-1/4" rotolock, 1-5/8" ODF), {1-3/4" rotolock, 1-1/8" ODF) 7765028
Starting device 1 Discharge temperature sensor fconverter 12070157
12020158

Starting device 2

Discharge temperature sensor

¢} To add a spare part to the Coolselector®2 Report, click on the spare part you wish to add
(in this case the oil can and e.g. ‘Drive 01’) and click on “Add to Report” (or alternatively,
double click on the line with the selected spare part to add it directly):

d) To generate the report, go to the top taskbar and select “Report”:
Bill of Matenals
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e T
Select code number:

Select  Codenumber  Modelnumber  Pacdng format  Packing quantiy

1060030 VIMITOAGBMA  Snolepack 1
B TG00 VZHIZOAGANA  Srolepad 1
[Avaiable spare parts (double-cick wil acd o Repord): Selected spare prts (double-cick wil remove from Report)
— Tree Desapion Code number  ~ Tye  Desaipton Code number
[oveot CDS303 22.0KVW; without coating; 1P20; WOULLCP; H3, B4 | Add toReport -> oi1 POE ubricant, 16052, Hitre can 7759023
Electical Specifications | Drive 02 13463583 Drive 01  CDS303 22.0W; without coating; IP20; withoutLCP; H3; B4 13463582
Mecharical Cormectons " 2> ik femeve ranregart
Drive 04 ithout LCP; H2; B4 13463584
O Data Drive 05 CDS303 22.0kW; without coating; PSS; without LCP; H3; B2 13464020
- Drive 06 (CDS303 22.064; with coating; IPS5; without LCP; H3; B2 13462021
Drive 07 CD5303 22.0kW; without coating; PS5; Without LCP; H2; 82 13964022
TR Dive0s CDS303 22.06W; with costng; IFSS; without LCP; H2; B2 13464023
Ebox Terminal box, incuding cover 12070538
Ebox cover Terminal box cover 12020537
Blectroric board 1 Power card P21/55 12070428
Bectronic board 2 Contrl card 12020337
Bectronic board 3 Fan 2 (nternal) 5 12070336
Fan 1 Switch mode power modie PSS 1200413
Fan2 Fan 1 (main) P20 1200330
Fan3 Fan 1 (main) PS5 1200333
Frequency converter L frequency converter 12020326
Frequency converter 2 LcP bind cover frequency converter P20/IP21 13081085
Frequency converter 3 LCP bind cover frequency converter IPSS/IPG6 13081077
Gasket set Gasket set, 1-1/4", 1-3/4', 2-1/4", 056 gaskets black and white 8156013
Injection component coifasy 12070144
Injection component 2 Ol level sensor srew n mechanicalpart 12070560
P Power card P20 12020425

Mounting kit 1 Mounting kit for one-srol compressor, including 4 grommets, 4sleeves, 4bolts, 4washers 8156133

e

B T —

You will now see the spare parts (and their code numbers) added on the right-hand side of

the screen.

File Options Tools About | BEEEeIES | Report

Compressors 1 X 4+ Mew

(_5 Select compressor:

Operating conditions:
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The report contains all relevant technical data for the project you are currently working on
in Coolselector®2, including the operating conditions for each individual component,
technical data such as COP, Power, current etc. (for compressors) as well as the selected
code numbers and spare parts. In this example the report should look like this with the
code number 120G0018 and drive code numbers 134G3582 and oil can 7754023:

Coolselector2 M

Project information

Project name:

Comments:

Created by:

Coolselector? version: 2.3.2. Database: 34.34.1.13.3.15
Printed: 13. august 2018

Preferences used: All applications

Operating conditions

Refrigerant: R410A

Evaporating dew point temperatura: -10,0 °C Condensing dew point temperature: 450 °C

Evaporating pressure: 5,724 bar Condensing pressure: 2718 bar

Useful superheat: 10,0 K Subcooling: 0 K

Additional superheat: 0K Additional subcooling: 0K

Return gas temperature: [ Total subcoaling: 0K
Liquid temperature (no glide): 450 °C

Rating cond itions: EN 1&2900 | MT | SH 10K

Required cooling capacity: 20,00 kW

Selection: VZH170AG, R410A - 2389 rpm

Configuration

‘Capacity control

COP cooling [W/AW]

Heating [KWW]

COP heating [WAW]

Current [A]
Frequency [Hz]

Mass flow [kgh]

Selected code number and spare parts
Code number: 120G0018. VZH170AGANA, Single pack pcs, 1
Spare parts
1754023 Oil 1. POE lubricant, 160SZ, 1-litre can
134G3582 Drive 1. CDS303 22.0kW; without coating; IP20; without LCP; H3; B4

Page 11
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176

The report will expand as you add more components or calculations to your project in
Coolselector®2. To add additional information about the compressor to your report, click
on the +/- sign to the left of ‘Compressor 1’ and add more features to the report. Once
done, click “Update” and the report will now be reloaded with further content (e.g.
envelope, polynomials and power consumption):

124 Print X roF Export ~ H 4 r M @ w0% ~ 5L, Pag
+' Update
Project information:
Projectname: Coolselector2
Comments: Project information
Project name:
Created by: Comments:
Created by:
Ttems to include in report: Coolselector2 version: 2z
Select Al = Expand Al Printed: T
Preferences used: Mi
[ Deselect Al B Collapse Al

[El| | Compressors 1
- of | Code number

W] Envelope Operating conditions
W | System performance details Refrigerant:
Technical data
|| Polynomials * Evaporating dew point tempera
| Cooling capacity Evaporating pressure:

Useful superheat:

- of | Power consumption «

Heating capacity Additional superheat:
Current
COP

Mass flow

Return gas temperature:

Ratinn randitinne:

It is also possible to add Project name, Comments and Created by to the report by filling in
this fields and clicking “Update”:

1 Print X ror Expart + M| 4 »r M & w0% v (&, Pagelof10
+ update
Project information: \
Project name: Coolselector2
Compressors1 F— |
Crnoz Project information
Danfoss Compressors “ Project name: Compressors1
Craa:d g Comments: Danfoss Compressors
D:
anfoss e Created by Danfoss
Items to include i report: Coolselector2 version: 223, Database: 28.28.1.12.10
select Al T Expand 4l Printed: 7. March 2018
Preferences used:
[] eselect al Tz collapse Al
B +| Compressors 1 Compressors 1
----- | Code number
----- | Envelope | Operating conditions
| system performance details | Refrinarant- RAINA

To go back to your selections overview, click on “Selections”. You can always return to the
report at any point by clicking again on “Report”. The report will remember any additional
information you added to it and/or your project name, comments and created by data:

File Optiocns Tools About Report  Bill of Materials

Compressors1 X |+ MNew

0 Select compressor: i<: Operating conditions:
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e} You will find the “Bill of Materials” in the top task bar next to “Selections” and “Report”:

File Opticns Tools About | Selections  Report  PeillRes i Ei=iels
Excel I

The bill of materials contains information about the selected code numbers in your
current Coolselector®2 project as well as any spare parts and accessories you have added
(and their code numbers):

A

Coolselector®2

Version 2.3.2 | Database 34.34.1.13.3.15

Project name:

Comments:

Created by:

Printed: 13. august 2018

Preferences used: All applications

Quantity Product Description Code | Type Code Sales

number Price

1 Compressor: WVZH170AG, R4104A - 23859 rpm. i 120G0018 i
1 0il 1 i 7754023 i
1 Drive 01 i 134G3582 i

The Bill of Materials will carry over any additional information you added to your project
in the Report (and vice versa) such as your project name, comments and created by data —
this can also be set up/updated directly from the Bill of Materials itself:

Excel Rich Text Format +/ Include piping
+ update
Project information: \
Project name:
Compressors1 -‘-
Comments:
Danfoss Compressors -~ Coolselector®2
Created by: Version 2.2.3 | Database 28.28.1.12.10
Danfoss  ffmem—
Project name: Compressors
Comments: Danfoss Compressors
Created by: Danfoss
Printed: 7. March 2013
Preferences used
Quantity Product Description Code
number
1 Compressor: VZHITOBG, R410A- 2434 rpm. 12060019
1 Ebox 12020838
1 Drive 01 13463582

The report and the bill of material synthetize all selections done in Coolselector®2. For
example, if you made an expansion device selection in the same session, you will find it
here as well.

177






Coolselector®2 Exercises M

8

Condensing units

Exercise 8.1 Selecting a condensing unit

a)
b)
c)

d)

1)

Select a condensing unit using the Coolselector®2 default conditions and selection criteria.
Which condensing unit is suggested by Coolselector®2?
Explain why there is a challenge in identifying the correct selection.

Now make a selection using the following criteria using the default operating conditions:

e Region: Europe

e Application: All

e Refrigerant: R448A

e Power Supply: 50 Hz //380-400V (415 V) 3 ph
e Product Range: Optyma™ Slim Pack

Which product versions of the Optyma™ Slim Pack can you choose from with the given
selection criteria?

If the ambient temperature is reduced to +28 °C, what happens to the capacity match for
the condensing unit model suggested by Coolselector®2?

Why is the capacity match important?

In the application part of the selections on the left-hand side, choose “Low back pressure
(LBP)”. What result do you get?

Now in the same segment, only put a check mark in “universal”. What happens and why?

Please explain why keeping the application in mind is important when selecting a
condensing unit.

Now clear all selections, and instead select the most suitable condensing unit using the
following selections:

e Region: Europe

e Refrigerant: R404A

e Power Supply: 50 Hz //380-400V (415 V) 3ph

e Product range: Optyma™ Plus new generation

e Product version: POO | Optyma™ Plus — Standard version

e Operating conditions:

o Cooling capacity: 9.8 kW
Dew point temperature: -10 °C
Useful superheat: 8K
Additional superheat: 4 K
Ambient temperature: +32 °C
Subcooling; 1 K

O O O O O

Which code number does the selected condensing unit have?

m}) Check if the chosen condensing unit can run under the following operating conditions:

n)

e Cooling capacity: 9.8 kW
e Dew point temperature: -9 °C
e Ambient temperature: +32 °C

Explain what the challenge is.
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o) Reset the selection criteria and determine instead which condensing unit could be a
better match if the operating conditions are as follows:

e Cooling capacity: 10 kW
e Dew point temperature: -10 °C
e Ambient temperature: +32 °C
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Solution 8.1 Selecting a condensing unit

a) Go to “New” tab, select “Compressors and condensing units” and click on the “Condensing
units” button.

Before you start selecting, please remember the basics of component selection:

e The type of application for which the equipment is expected to provide
cooling

e Required duty, minimum & maximum

e Refrigerant

e Power supply

e Location & ambient temperature

b} The condensing unit suggested by default by Coolselector®2 is the OP-LGQD 136NTA02D

Condensingunits 2 X £ few

(5 select condensing unit: conditions:

o Evsporston: Condersation:

Regen

e - 10,00 Dew pont temparanre: 00 Anbient tempersae, 320 €
Usefil superheat: BOK  Subcosing: vk

Sopicaton S ] addncnsl superhest: 0% addnesl subosdng: oK

o Universal (.09 MG FEF) Rating corvdbons: R

V Low backpressure (87) - .

f Medum bak pressure (VEF)

[

u =
Fower suoply: OptymaT

o P soc e s053 = Cutyma™ 2 Resn 1, 5.5 ; % 30- -

u s TeGie Cptyma™ = ] X 1 5 - %7 (k]
. OPMCZCITIMTALE FECErE MTZ100 Optyma™ z 2 )

for dusl ey volage ! § B .
o ceaPBUROE | 1180 MLIETS Cptyma™ Pl nem gererason 3 [H055%
roduct

FR—p—

Performance Eveipe | Perfmance detaks | infomaten | Exodesgn
product range
r % Evootnglespestresies 50€  Ambentwmpershrestmp 50K ® Gk Tabe
Srodhct verson:
Coaling capacity [kw] OP-LGQD136NTAQ2D, R4S2A - Cooling capacity [kw]
1

st amer coresmpeen ]

- %

c) Itis a challenge to see the correct selection clearly in the results list as there are 11
models to choose from, ranging from 98% capacity to 102%.

Selection: OP-LGQD136NTAD2D, R452A

Selected  Model Code number  Compressor model ~ Product range Product version Refrigerant  Cooing (kW] COP cooling [W/W]  Total power (kW] ~ Total current [A]  Frequency [Hz]  Power supply Te[T] Match
s OP-HPXMI0EMLPOOE 114x4344, MLZ048T4  Optyma™ Plus new generation o0 RA07A 9,841 190 5,180 10,16 50 380-400V(415V)3ph*| 44,5
OP-HSXMI0BMLWOSE 114X7072. MLZ048T4 Optyma™ Siim Pack wos RA07A 9,841 1,90 5,180 10,16 50 380-400V (415V)3ph= 44,5
OP-HSXMIOBMLVIOSE 114x7206 MLZ048T4 Optyma™ sim Pack oo RA07A 9,841 L90 5,180 10,16 50 380-400V(415V)3ph* 44,5
OP-LGQC136NTAOZD 114X5086 NTZ136-4 Cptyma™ A02 R4524 10,09 1,69 5,973 10,33 50 380-400V (415V)3ph=| 45,7
s OP-LGQC 136NTADZE 1145093 NTZ136 Optyma™ a0z RAS2A 10,09 L7 5,893 10,17 50 380-400V(415V)3ph*| 45,7
@ OP-LGQD136NTAOZD 114K5148 NTZ136-4 Optyma™ A2 RA52A 10,09 1,69 5973 10,33 50 380-400V(415V)3ph* 45,7
s OP-HCZCI7IMTADZE 1145023 MTZ100 Optyma™ A0z RA07C 10,14 165 6,145 13,80 50 380-400V(415V)3ph* 44,8
OP-HPXMI08MLPOOE 114%4344 MLZ048T4  Optyma™ Plus new generation PO0 R4498 10,14, 1,93 5,268 10,37 50 380-400V (415V)3ph= 44,9
OP-HSXMIOBMLVOSE 114X7072, MLZ048T4 Optyma™ sim Pack wos RA9A 10,14 1,93 5,268 10,37 50 380-400V(415V)3ph* 44,9
OP-HSXMI0BMLWOSE 114X7206 MLZ048T4 Optyma™ Siim Pack wos R4498 10,14, 1,93 5,268 10,37 50 380-400V (415V)3ph= 44,9
OP-HPXMI08MLPOCE 114X4344, MLZ048T4  Optyma™ Plus new generation o0 R4 10,16 1,93 5,270 10,57 50 380-400V(415V)3ph* 44,9

d) To set the selection criteria, first use the menu on the left-hand side to select the

following:
e Region—itis best to select a Region
region to get the correct product Europe / &
range — in this case: ‘Europe’
e Application —it is always a good Application:
idea to select the application, ¥/ | Universal {LBP/MEP [HEF)

but in this case, we will leave it ¥ | Low back pressure (LBP)
as the default (all selected). ¥/ Medium back pressure (MEF)

e Refrigerant —it s also a good RefrigeranV
idea to make this selection —in R448A

this case: R448A
. . Power supply:
e Power supply — to avoid making e con
F4 F4
the wrong selection, this should
380 - 400 V (415 V) 3 ph® ¥

be selected —in this case: 50 Hz
// 380-400V (415 V) 3 ph *: for dual frequency voltage
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Also from the left-hand side menu, make the following selections in product filters:
product range set to Optyma™ Slim Pack.
Product filters:

Discontinued models

Product range: /

Optyma™ Slim Padk v

Product version:
All -

Select model:

Code number:
| v %

e) The available models are:

e WO05 | Optyma Slim Pack — Standard version
e W09 | Optyma Slim Pack with build-in fan speed controller and external
main switch

You will find the available product versions in the drop-down box on the left-hand side of

the screen called ‘Product version’. Please be aware that what is available here will

depend on your previous choices, particularly refrigerant selection. Therefore, also be

aware that if you change anything in any of the selection boxes above, your selections in

product filters are not affected:
Product filters:

LT R RN Rl E T

@ OP-MSXM108MLW
Discontinued models -

Product range:

Optyma™ 5lim Pack v

Product version:

All
W05 | Optyma Slim Pack - Standard version
W09 | Optyma Slim Pack with build-in fan speed controller and external main switch

Ok

(]

Alternatively, you can also see the models by looking in the selection table:
Selected  Model i

OP-MSXMOB0MLWOSE

OP-MSXMOB0MLWOSE

OP-MSXMOSSMLWOSE

OP-MSXMOSSMLWDSE

p OP-M5XM108MLWDSE
i@ OP-M5XM108MLWDSE
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f) Change the ambient temperature in the ‘Operating conditions’ at the top of the screen
and set it to +28 °C:

Operating conditions:
Required capadty:

Cooling capacity: 10,00 kw
Show all models
® Show: 11 3 models
Rating conditions:
Custom -

Evaporation:

Dew point temperature:
Useful superheat:
Additional superheat:

Return gas temperature:

Condensation:

Ambient temperature:

Subcooling:

Additional subcooling:

0K

0K

This means that the capacity match for the suggested model (OP-MSXM108MLWOQ9E)

goes from 102% to 108% (please note that the suggested model changes):

Ambient temperature +32 °C - OP-MSXM108MLWO9E - 102%:

Operating conditions:
Required capaity:

Cooling capacity: 10,00 kw
Show all models
) Show: T models
Rating conditions:
Custom

Selection: OP-MSXM108MLWOSE, R48A

Selected  Mode!

Code number

Evaporation:

Dew point temperature: ~ | 10,0 o

Useful superheat:
Additional superheat:

Return gas temperature:

Compressor model  Product range

80K
0K
2,0 °C

Product version  Refrigerant Cooling (kW] COP cooling [W/W]  Total power W] Total current [&]  Frequency [Hz]  Power supply

Condensation:

Ambient temperature:
Subcooling: 0K
Additional subcooling: 0K

Te[C] Match

OP-MSKMOBOMLWOSE 11467070 MLZO38T4 Cptyma™ Slim Pack wos R448A 8,010 2,25 3,556 6,709 S0 380 - 400V (415 V) 3ph*
OP-MSXMOSOMLWOSE 11417204 MLZ038T4| Optyma™ Slim Pack woa R448A 8,010 2,25 3,556 6,709 50 380-400V (415V) 3ph* ,
OP-MSKMOSSMLWOSE 11447071 MLZ045T4  Optyma™ Slim Pack wos R448A 9,581 2,05 4,669 9,360 50 380-400V (415V) 3ph* \

s OP-MSXMOIIMLWOSE 114(7205 MLZ045T4  Optyma™ slim Pack wo9 R448A 9,581 2,05 4,669 9,350 S0 380-400V (415V) 3 ph‘&

® OP-MSXM10BMLWOSE 114x7072 MLZ048T4  Optyma™ Shim Pack wos R448A 10,16 1,93 5,270 10,37 50 380 - 400V (415V) 3ph* "

e OP-MSXM 108MLWOSE 114X7206 MLZ048T4  Optyma™ Slim Pack W09 R448A 10,16 183 5,270 10,37 50 380-400V (415V) 3ph*

ez

Ambient temperature +28 °C - OP-MSXM108MLWO9E - 108%:

Operating conditions:
Required capacity:

Cooling capacity: 10,00 kw
Show all models
&) show: T models
Rating conditions:
Custom

Selection: OP-MSXM108MLWOSE, R348A

Selected  Model

Code number

Evaporation:
Dew point temperature:

Useful superheat:

Additional superheat:

Return gas temperature:

Compressor model  Product range

v -10,0 «C
80Kk

0K

2,0 <C

Condensation:

Ambient temperature:
subcooling: 0K
Additional subcooling: 0K

Product version Refrigerant Cooling k]  COP cooling [Wi/W]  Total power k]

Total current [4]

Frequency [Hz]

OP-MSKMOGEMLINDSE 114X7068 MLZQ30T4| Optyma™ 5iim Pack o5 R445A 7,33% 2,64 2,750 6,003 50 V) 3ph™
OP-MSYMOGEMLWOSE 114X7202 MLZ030T+| Optyma™ Siim Pack wog R448A 7,338 2,64 2,780 6,003 50 V) 3ph=
OP-MSXMOBOMLOSE 114X7070 MLZ038T4| Optyma™ Slim Pack wos R443A 8,496 2,61 3,254 6,328 50 \) 3ph=
OP-MSXMOSOMLUNOSE 114X7204) MLZ033T4| Optyma™ Slim Pack wioa RA448A 8,49 261 3,254 6,328 50 V) 3ph*
ORMSYMOSSMLOSE 114X7071 MLZ045T4| Optyma™ Slim Pack. wos R443A 10,13 2,38 4,263 8,857 50 380-400V (415V) 3ph=
OP-MSXMOISMLOSE 1147205 MLZ045T4  Optyma™ Slim Pack wos R448A 1,18 2,39 4,263 8,897 50 380 -400V (415V) 3ph*
5 OP-MEXM 10BMLWOSE 114X7072 MLZ045T4 | Optyma™ Slim Pack w5 R448A 10,82 2,25 4,801 9,520 50/ 380 -400V (415V) 3ph™
|:ga. OP-MSXM 108MLWOSE 119X7206 MLZ048T4  Optyma™ Slim Pack. wog R448A 10,82 22 4,801 9,820 50 380-400V (415V) 3ph™

g) The capacity match is important because it is preferable to have a condensing unit running
more often, rather than having a constant stop/start cycle on the thermostat.

In relation hereto, it is important to remember that all selections in Coolselector®2 are
made for a ‘worst case scenario’ and therefore it is important to keep the application in
mind at all times.

h} Go to the ‘Applications’ part of the selection menu on the left-hand side and uncheck
‘universal’ and ‘MBP’. You will get the message that “No condensing units available for the
selected filters or operating conditions”:
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The reason for this error is that Danfoss have no Optyma™ Slim Packs which are approved
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i)

j)

If you just tick ‘Universal’ (LBP/MBP/HBP), Coolselector®2 again returns the same error
that: “No condensing units available for the selected filters or operating conditions”:

Mo condensing units available for the selected filters or operating conditions

The warning is generated because the selection in Coolselector®2 is based on factory
logic. Choosing ‘Universal’ means using a household compressor and based on the
selection for electrical supply there is no match for this.

We have just seen how both checking ‘LBP’ and ‘Universal’ generates no result. This is due
to the selection criteria (and product availability for those). This makes it evident how
important it is to consider the application before starting to select a condensing unit in
Coolselector®2.

As an example, if it is a simple cold room operating at -20 °C evaporation temperature,
then the NTZ compressor is better for this application.

If, however, it is a blast freeze you are looking for, then the MLZ compressor is better
since it can cope with a higher suction pressure to begin with during the pull-down cycle.

As is evident — always consider your application before using a selection tool!

First clear the current selections by clicking on the blue arrow icon near the top left corner
of the screen:

File Options Tools About BEEE&lEN Report

Condensing units 2 X +  Mew

Select condensing unit:

Region

Europe -

Application:

Next, use the menu on the left-hand side to select the following:

® Region: Europe (5 select condensing unit:

e Refrigerant: R404A Region

* Power supply: 50 Hz // 380 - 400 V Europe ¥
(415 V) 3 ph Application:

v | Universal {LBP MBPHEF)
v |Low back pressure {LBP)

' | Medium back pressure (MBP)
Refrigerant: /
R404A -

Power supply:
® 50Hz ‘-'s‘u'H:-

Al ¥

. *; for dual frequency voltage
Also, from the left-hand side menu, make the

following selections in product filters:
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e Product range: Optyma™ Plus new generation
e Product version: POO | Optyma Plus — Standard version
Product filters:

Discontinued models

Product range: /

Optyma™ Flus new generation -
Product version: X
POO0 | Optyma Plus - Standard version >
Select model:

- x

Code number:
| v x

Set the operating conditions as specified in the assignment:

Operating conditions:

Required capacity: Evaporation: Condensation:
Cooling capadity: 9,800 kw Dew point temperature: e -10,0 °C Ambient temperature: , 32,0 =C
Show all models Useful superheat: ] 8,0 K Subcooling: 1,0 K

® Show: 11 3 models / ,
e Additional superheat: 4,0 K Additional subcooling: ljll(
Rating conditions: —1
Return gas temperature: 2,0 =C

Custom -

An overview of the “operating conditions” options for condensing units in Coolselector®2:

e Required capacity:
o Cooling capacity: Default set 10 KW
o Show all models or show a number: Depending on what is selected
in the left-hand side menu, this will determine how many models
are shown here
o Rating conditions: Leave as custom unless you want a specific rating
condition. The way back is to change a condition, it then reverts to
custom
e Evaporation:
o Dew point temperature: -10 °C is the default
o Useful Superheat: Meaning SH in the evaporator — 8 K
o Additional superheat: Meaning suction SH — 4K average value.
Depending on the length of suction pipe returning to the
compressor & the condition of the insulation on the suction line
(heat transfer is from warm to cold)
o Alternatively, you can specify a return gas t

T T - *

emperature
T

Liguid phase

F V. Saturation area
(2-phase)

Pressure abs [bar]
|
|
Superheateq

Vapor phase

L liquid to vapor
—L P a0cro+10°C
L 1 1 1 / ‘ J -

Enthalpy [ki/kg]
e Condensation
o Ambient temperature: Default set to 32 °C
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o Isthe unitinside or outside? We assume it is outside, but it is
advised that you always check this condition

o Subcooling: SC at the condenser outlet. Enter 1K subcooling, to
avoid errors when continuing with further component selections
such as TEV

o Additional subcooling: Leave at 0 K.

[} The selected condensing unit has code number 114X3365.

Operating conditions:

Required capacity: Evaporation: Condensation:
Cooling capacity: 3,800 ki Dew point temperature v 100 °C  Ambient temperature: 320 ¢
Shom all models Useful superheat: 50K Subcooing: 10K
® show: 1T models
Additional superhet: 40K Additional subcooling: [
Rating conditions: o
Retum gas temperature: 20 =

Custom -

Selection: OP-LPQM136NTPOOE, R404A

Selected Model Code rumber  Compressor model  Product range Product version Refrigerant Cooling W]  COP cooling [W/W] ~ Total power [kW]  Total current [A] Frequency [Hz]  Power supply Te[°C] Speed [rpm]  Mateh
OP-MPXMOSOMLPOOG 114X4321 MLZ038T5| Optyma™ Plus new generation P00 RA04A, 8,183 2,05 3,992 21,13 50 20-290V1ph| 421
OP-HPXMOSOMLFO0E 114X4324) MLZ038T4| Optyma™ Plus new generation F00 RA04A, 8,262 217 3812 7,135 50| 380-400 (415V) 3ph* 42,0

5 OP-LPQU136NTPODE 1149(3365 NTZ136-4 Optyma™ Plus new generation P00 RAD4A 9,803, 161 6,103 11,08 50 380-400V (415V)3phT 45,3
OP-MPXM108MLPOOE 114X4344 MLZ048T4| Cptyma™ Plus new generation P00 RA04A 10,22 189 5,39 11,63 50 380-400V (415V) 3ph= 45,0
OF-PXM 125MLFO0E 119X4414) MLZ0S8T4| Cptyma™ Plus new generation F00 RA04A, 13,68 2,06 6,19 11,87 50 380-400 (415V) 3ph* 42,2

m) It cannot run under those conditions, because the new cooling criteria is outside of the
operating envelope.

Click on the tab ‘Envelope’ to see the operating envelope for the selected condensing unit.
The green dot marks the operating point, as given by the operating conditions, whilst you
can check the performance details, such as COP, on any other combination of ambient and
evaporation temperature in the envelope by moving the mouse pointer to the new point.

The COP is a measure of the cooling capacity, compared to the amount of power input to
the system. The power input is the sum of the compressor and fan power:

_ Cooling capacity
" Power input

cop

Thus, the cursor point on the graph shows where the green point would be for any given
combination of evaporation and condensation temperature.

If you move your cursor to fit with -9 °C on the image of the envelope, you will clearly note
that the perpendicular vertex is outside of the envelope:

Selection: 0P-LPQH1IGNTPDOE, R404A
selected Model Code rumber Comoressor model  Product range Product versan Refigerant  Cooing [lw]  COP cooling [W/W]  Total power o] Total cument [A]  Frequency [zl Power supoly. Telc] Sosed from] Match

@ CP-LPQM1IGNTPOGE 13365 PO e 9803 161 6103 1106 S0 W0-A0VESIT 53 2900 [100%
P MPXMI0EMB00E 113 PO R40WA 0,22 189 536 1,63 450 2900/ [10%%
R o R . - 00 EE

Performance Performance detals | Information | Ecodesgn

T OP-LPQM136NTPOOE, R404A
a5

recl

Amblent temperature

Evaparating temperature [*C]
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The challenge is that the condensing unit (114X3365) has an operating point which is at
the extreme of the operating envelope.

Selection: OP-LPQM1IGNTPOUE, RABAA
Selected Mode! Code number  Campressar madel  Product range Product version Refrigerant  Coing (KA]  COP cooing [WW] Totalpawes (W]  Total cument [A] Frequency (4]  Power supply

T[] Spesd ] Mach
oenarater 0 2 am 2.1 ) a2 2500 I
st Po0|  Ras 21 3812 5| =0 Waghs 20 2000 [
° OPLPQMIISNTPOOE 11MINS NTZ136-4  Opeyma™ Phis new generation POO RA04 9,903 161 6103 106 90 30-400V(415¥) 3ph* 453 2900 | 100%
OP-MPYXM 108MLPO0E 11404344 MLZ048T4 Optyma™ Plus POD R404A 0,22 1,89 5,39 11,63 50 380-400V(415V) 3ph™ 450 2500 [104%
Performonce Performanc dets | Informston | Ecodesin
OP-LPQM136NTPOOE, R404A
.
= Superheat = 0 K]
s
=
£
£
2
=
2
20 s 10 s

0) When considering which condensing unit to choose for these conditions, 114X4344 is a
better match, since its operating envelope is more adapted to the application.

In addition to that, 114X4344 is equipped with a scroll compressor, which will have a

better COP and will accept more fluids. This means that it will be more flexible for future
retrofit.

Sclection: OP-MPXMIOBHLPODE, R404A

Selected  Madel Code number  Compressor model  Product range

Product verson  Refgerant  Coolng W] COP cooling IWAW]  Total power B Total cument [8]  Frequency [biz] - Powes supely
prc 5,183 208 3,902 21,13 5

Telc] speed o] Match

0P 4PQMIIENTPOIE 20%5 NTZ136-4 Optyma™ Pus new penerston 9,803 161 603 196 £ (a5 achs a3 00 | 100 |
° 0P-MPYM 10BMLPOOE 1434 MLI04T4  Optyma™ Pius new generason 10,22 18 5,35 11,63 S0 380-400W(415%) Iph® 450 2900 [104%
P M 125 P00 P MLZOSST4 Optyma™ Pis new genesatior w0 Raow 5 2 514 137 o 3 a5 3 422 o0 |
Parformance performance detals | Informaton | Ecodeson
f OP-MPXMLOSMLPOOE, R404A
45
— superhest = 0 [k]
W
S
H
g
=
25
20
15
2 15 10 5 0 B 10 15
Evaporating temperature [*C]

= B0 Tamh 120%C RGT=

20% Drshiots= 120K Qe= 10,2KW Qo= ISMEN P= 536k COP LAWAW [= 11634

The important lesson to learn here is to ensure you consider alternative selections given
your operation conditions. Coolselector®2 always suggests the best matched selection for
the exact given capacity, but your knowledge of the application and specific operating
conditions should also be taken into consideration before making the final choice.
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Exercise 8.2 Selecting spare parts for a condensing unit

a) Find the code number for the receiver and filter drier spare part for an Optyma™ Slim
Pack condensing unit available in Europe with code number 114X7406.

b) What are the code numbers of the suggested filter drier and receiver?

c) Add the spare parts to the Coolselector®2 report.
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Solution 8.2 Selecting spare parts for a condensing unit

a) Go to “New” tab, select “Compressors and condensing units” and click on the “Condensing
units” button.

Go straight down to “Product filters” and type in code number: 114X7406
Product filters:

Dizcontinued modelz

Product range:
Optyma™ Slim Pack v

Product version:
All ¥

Select model:
Code number;
11447406 H v X

Locate the “Information” tab and find the lines for “filter drier” and “receiver”:
Product filters:

Discontinued models

Performance | Envelope Performance details | Information  Ecodesign
Product range:

Optyma™ Slim Pack

Spare parts Available spare parts {double-dlick will add to Report):
Product version: i . Description Code number
Al ¥ pimensiers Run capacitor 440V, 40 F 8173231
Select model: Electrical Spedfications Compressor o MLZD15T5A 12118630
vy x . Compressor MLZ015TS5A 12118631
Mechnical Connections
Code number: Condenser D7 11803493
114X7406 voX Technical Data Contactor kit 118U3867
Crankcasze heater Belt type crankcase heater, 70'W, 240V, CE mark, UL 12075040
Dual pressure switch 060-5397566

— =1 Fan blade Fan blade 11803481
Fan capadtor 3,5pF 11803297
Fan cowlfgril @ 457 mm 118U3484
3 i Fan motor Fan motor 11803823
= j ? el Filte drier 02325041
_— Liquid valve Valve Liquid 118U3751
j 'i Main switch kit CBOH2P25AC 118U3869
s ¥ ail 1 POE lubricant, 215PZ, 14itre can 120706438
Overload relay 118U3879

Plug and play outdoor condensing units with microchannel

R 34 118U3475
condenser for reduced refrigerant charge. Low sound and eeiver
qualified for multiple refrigerants. Light and compact for Sequence phase relay | SM500-MGT3EF 11803382
easy handling and transport.

Sight glass 0140173

Suction valve 11803762
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b) The code numbers are:

Product filters:

Filter drier: 02375041
Receiver: 118U3475

Discontinued models

Product range:
Optyma™ Slim Pack

Product version:
All

Select model:

Performance | Envelope Performance details ~ Information = Ecodesign

Spare parts

Dimensions

Electrical Specifications

- X
Mechnical Connections
Code number:
114K7406 W X Technical Data
e m—
e e
[
B bl
.
-
o
- |

Plug and play outdoor condensing units with microchannel
condenser for reduced refrigerant charge. Low sound and
qualified for multiple refrigerants, Light and compact for

easy handling and transpaort.

Available spare parts (double-click will add to Report):

Description Code number
Run capacitor 440V, 40 pF 8173231

Compressor MLZO15T5A 12118630
Compressor MLZO15T5A 12118631
Condenser D7 11803493
Contactor kit 1183867
Crankcase heater Belt type crankcase heater, 70 W, 240 V, CE mark, UL 12075040
Dual pressure switch 060-539756
Fan blade Fan blade 11803481
Fan capacitor 3,5F 118U3297
Fan cowl/grill @ 457 mm 11303484
Fan maotor Fan motor 118U3823
Filter drier 02325041
Liquid valve Valve Liquid 11803761
Main switch kit CE0H2P25AC 11813869
0l 1 POE lubricant, 215PZ, 1itre can 12070648
Overload relay 118U3879
Receiver 34 1183475
Sequence phase relay  SM500-MG738F 11813882
Sight glass 0140173
Suction valve 11803762

c) Click on the line with “filter drier” and then click on “Add to Report ->":

performance | Envelope
Spare parts
Dimensions
Electrical Spedifications
Mechnical Connections

Technical Data

Performance details

Information | Ecodesian

Available spare parts (double-click will add to Report):

Type

Capacitor A
Compressor
Compressor
Condenser
Contactor kit
Crankcase heater
Dual pressure switch
Fan blade

Fan capacitor
Fan cowl/grill

Fan motor

e il crier

Liquid valve

Main switch kit

0il 1

Overload relay
Receiver

Sequence phase relay
Sight glass

Suction valve

Description

Run capacitor 440V, 40 |F
MLZO15T5A

MLZO15T5A

D7

Belt type crankcase heater, 70 W, 240V, CE mark, UL

Fan blade
3,50F
¢ 457 mm

Fan motor

Valve Liquid
C60H2P25AC
POE lubricant, 215PZ, 1ditre can

34
SMS00-MG738F

Selected spare parts (double-click will remove from Report):

Code number Type Desaiption

8173231 Add to Report ->

12118630 Receiver 3,4
12118631 Remave from report

11803493
11803867
12025040
060-539766
11803451
11803297
11803484
11803823
02325041
11803761
11803869
12020648
11803879
118U3475
11503852
0140173
11803762

Code number

02325041

11803475
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192

If you now go to the “Report” you will see that these two spare parts are added to the
condensing unit:

Coolselector2 - Untitled.csprj

File Options Tools About —Selections Bill of Materials
1 print T ror Export r M 4 r M @& 100% v (@, Pageiofi
+ Update ey, 1 ewuar 2u 1o
Preferences used Mine prasferencer |

Project information:

Praject name: Condensing units 6

Comments: Operating conditions
Refrigerant- R134a
Created by: Evaporating dew paint temperature: -100 °C Ambient temperature 320 °C
Evaporating pressure: 2,006 bar Subcoaoling: 0K
Useful superheat: 8.0 K Additional subcooling: 0K
Ttems to include in report:
coect Al [ra— Additional superheat: 0K
Return gas temperature: -2.0 °C
[] Deselect All B Collapse Al Rating conditions: Cusfom
/| Condensing units 6 quired cooling 1 10,00 kW

| selection: OP-MSXM034MLW05G, R134a |
|Malch percentage (21.9%) is lower than minimum (90%). |

OP-MSXMO34MLW05G

Selected code number and spare parts
Code number:  114X7061. OPMSXMO34MLWO5G
Spare parts

02375041 Filter drier. 4..———

118U3475 Receiver. 3,4L
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Exercise 8.3 Selecting a condensing unit in systems with long suction lines
Select a condensing unit with the following selection criteria:

Region: Europe

Application: Low Back Pressure (LBP)
Refrigerant: R452A

Power supply: 50 Hz, 380-415 V 3 ph
Product range: Optyma

Cooling capacity: 10 kW

Evaporator dew point temperature: -25 °C
Useful superheat: 8 K

Additional superheat: 4 K

Ambient temperature: 32 °C
Condenser subcooling: 1 K

a) What is the suggested condensing unit? What is the match percentage (duty match)?

b)

c)

What is the proper velocity in the suction line of condensing units in general for horizontal
and vertical pipes? Can you explain why?

In this system there is 20 m of DIN-EN 35 copper pipe in the suction line. How does this
suction pipe affect the duty match?

What is the effect on duty match if the length of the suction pipe is 70 m? Can you explain
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Solution 8.3 Selecting a condensing unit in systems with long suction lines
Following the steps similar to exercise Exercise 8.1, Coolselector®2 would suggest the following
options for this selection criteria and operating conditions:

Operating conditions:
Required capacity: Evaporation: Condensation:

Cooling capacity: 10,00 kw Dew point temperature: ~ 250 °C  Ambient temperature: 32,0 °C
Shaow all models Useful superheat: 8,0 K Subcooling: L0 K
) Show: 1 % models
Additional superheat: 40k Additional subcooling: 0k
Rating conditions: o
Return gas temperature: 13,0 =€
Custom -

Selection: OP-LGQN271NTAO2E, R452A

Selected  Model Code number  Compressor model Productrange  Product version  Refrigerant  Cooling (W] COP cooling [W/W]  Total power (kW]  Total current [A] Frequency [Hz] Power supply Tc[*C] Match
o] OP-LGQN 10BNTAOZ 1445769 NTZ108-45 Optyma™ Az R452A 4,583 1,60 2,364 5,670 50/ 380 - 400 Japh=, 37,0
o) P-LCON136NTADZE 114X5772 NTZ135-48 Optyma™ A02 R4524 5,493 1,39 3,966 8,136 50| 380 - 400 13ph™ \39,1 e |
o] OPYGQN 136NTAD2E 114X5771 NTZ136-45 Optyma™ AD2 R452A 5,554 1,44 3,881 7,431 50/ 380 - 400 Yaphe Xy

@] OP-(MQN21SNTA0ZE X5774 NTZ215-98 Optyma™ A02 R4524 8,183 133 6,136 10,87 50| 380- 400 ) 3ph™

® OP-GQN27INTAOZE 11445776 NTZ271-45 Optyma™ AD2 R452A 10,39 1,33 7,786 13,28 S0 380 - 400V (415 V) 3ph*

a) The suggested condensing unit is OP-LGQN271NTAO2E with code number 114X5776. The
duty match is 104%.

b) For good oil return, velocity should be between 4 to 8 m/s for horizontal pipe & between
8 to 12 m/s for vertical pipe. Gas velocities greater than 12 m/s will create high noise
levels and high suction line pressure drop, which will decrease system capacity.

c) The selected copper pipe size gives a velocity of 10. m/s and a saturation temperature

drop of 0.6 K:

Selected Type MS  DP [bar] DT sat[K] DP [Kfm] Velodty,in [m/s] WVelodty, out [mfs] Result
D DIM-EM 22 22 0,663 3,2 0,411 26,56 37,98
D DIM-EM 28 28 0,193 2,2 0,112 17,00 18,09
® DINEN3S | 35 0,053 06| o032 10,37 10,65|
D DIN-EN42 ....... 42 0,022 0,2 0,012 6,99 7,05
D DIM-EM 54 54 0,007 0,1 0,004 4,25 4,20

This means the suction saturated temperature in the condensing unit now would be -25.6
°C (-25 °C original selection - 0.6 K suction saturated temperature drop = -25.6 °C)

If we then run the selection of the condensing unit again with this new lower evaporating
temperature, the capacity available only drops by 3% and the condensing unit still has a
capacity match of 101% against the required duty.

Selection: OP-LGQN271NTAO2E, R452A

Selected Model Compressor model Product range Code number Cooling [kwW] Total power [kW] Frequency [Hz] Speed [rpm] Tc[°C] Match
OP-LCQN108NTADZE NTZ105-4B Optyma™ 114X5768 4.385 2.896 50 2900 37.4
OP-LGQN108NTADZE NTZ105-4B Optyma™ 114X5769 4.446 2.819 50 2900 36.9
OP-LCQN136NTAOZE NTZ136-4B Optyma™ 114X5772 5.335 3.903 50 2900
OP-LGQN136NTAOZE NTZ136-4B Optyma™ 114X5771 5.430 3.818 50 2900

= OP-LGQN215NTAOZE NTZ215-4B Optyma™ 114X5774 7.939 6.045 50 2900

0 OP-LGQN271NTAQZE NTZ271-4B Optyma™ 114X5776 10.09 7.661 50 2900 39.8

d) It can be seen that if we keep the same pipe, it would keep the velocity high enough to
ensure good oil return in a mix of vertical & horizontal pipe sections. However, the suction
saturation temperature drop would be 2.4 K. This means the condensing unit would now
be evaporating at -27.4°C.

If we then run the selection of the condensing unit again with this new lower evaporating
temperature, the capacity available drops by 12%, meaning the capacity match is now
only 92% against the required capacity.

This highlights the need to understand the consequences of having a long suction pipe and
how it effects the capacity of the condensing unit.
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Exercise 8.4 Selecting an Optyma Plus™ inverter

a) Select an Optyma Plus™ inverter using the following selection criteria and operating
conditions:

e Application: MBP

e Refrigerant: R407F

Power supply: 50 Hz // 380 - 400 V (415 V) 3 ph
Product range: Optyma Plus™ Inverter

e Cooling capacity: 9 kW

e Dew point temperature: -5 °C

b} Which Optyma Plus™ inverter is suggested by Coolselector®2?

¢} What is the speed at 98% of the load?

d) What is the speed at 90% load?
)

e} Please explain what is important to remember about speed in relation to the

evaporator(s).

f) Please explain what happens if the ambient temperature drops.
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Solution 8.4 Selecting an Optyma™ Plus inverter
a) Go to “New” tab, select “Compressors and condensing units” and click on the “Condensing
units” button.

To set the selection criteria, first, use the menu on the left-hand side to select the
following:

e Application: MBP

e Refrigerant: R407F

e Power supply: 50 Hz // 380 - 400 V (415 V) 3 ph
e Product range: Optyma Plus™ Inverter

Condensingunits 1 X -+ MNew
o Select condensing unit:
Region

Europe -

Application:
Universal (LBP/MBP/HEF)
iLow back pressure (LEP):

+' | Medium back pressure (MEF)

Refrigerant;

R407F \ L4
Power supply:

® 50 Hz &0 Hz /

380 - 400V (415V) 3ph™ ¥

*: for dual frequency voltage
Product filters:

Discontinued models

Product range:
Optyma™ Plus INVERTER -
Product version:
All -
Select model:

- X
Code number:

vooX

Next, type in the given operating conditions:

e Cooling capacity: 9 kW
e Dew point temperature: -5 °C

Required capadty: Evaporation: Condensation:
Cooling capacity: Dew paint temperature: v Ambient temperature: 32,0 =T
Show all models — Useful superheat: Subcooling: 0K
&) Show: u = | models Additional superheat: 0K Additional subcooling: 0K

Rating conditions: .
Return gas temperature: 3,0 =C

Custom -
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b} Coolselector®2 suggests the Optyma Plus™ inverter model OP-MPPMO035VVLPO1 (code
number 114X4316) as the best match for the given selections and operating conditions:

Selection: OP-MPPMO35VVLPO1, R407F - 6000 rpm

Selected  Model Code number  Compressor model  Product range Product version Refrigerant Cooling W]  COP cooling [W/W]  Total power (kW] Total current [A]  Frequency [Hz] - Power supply Te[*C] Match
s OP MPLMO3SVVLFO 1E 114¥4315  VLZO3STGNES Optyma™ Plus INVERTER. FOL R4OTF 5,503 2,33 3,656 5,067 50 380-400V (415V) 3ph™
GP-MPLMO3SVVLPO IE 11464315 VLZO3STGNE9 Optyma™ Plus INVERTER POL R407F 5,869 2,27 3,906 5,376 50 380-400V (415V) 3ph®
= @ OPMPPMO3SVULPOL 119X4316 VLZ035TGA  Optyma™ Plus INVERTER POL RA07F 5,869 227 2,906 5,576 50 380-400V(415V) 3ph*
5 TP WPPHO35VILPOT T30 VLZ035TGA| Optyma ™ Plus INVERTER P01, = 7,805 75 T8 T 16 50 380400V (415 V) 3ph*

CP-MPPMO3ZSVVLPOL 11444316 VLZO3STGA| Optyma™ Plus INVERTER POL R407F 3,314 2,60 1,275 1,678 50| 380-400V (415V) 3ph*

c) Asis evident from the screen dump of the selection table in the previous answer snippet,
it is not possible to find the speed directly in the table. However, if you right click with
your mouse in the headline area of the selection table, a menu will pop out that allows
you to choose additional data columns:

Selection: OP-MPPMO3SVVLPO1, RA07F - 6000 rpm —
selected  Model Code number  Compressor model  Product range Pl version s ettt Total power (kW] Total current [A]  Frequency (H2]  Power supply T[] Match

‘Manage columns...

OP-MPLMO35VVLPO 1E 114X4315 VLZO35TGNE9  Optyma™ Plus INVERTER PO1 3,656 5,067 50 380 - 400V (415V) 3ph*
OP-MPLMO35VVLPO 1E 114X4315 VLZO35TGNES  Optyma™ Pius INVERTER PO1 3,806 5,376 50 380 - 400V (415V) 3ph*
OP-MPPMO35VVLPO 1 114X4316 VLZ0O35TGA Optyma™ Pius INVERTER PO1 3,906 5,376 50 380 - 400V (415V) 3ph*
OP-MPLMO44vVLPO 1E 114%4333 VLZ044TGNES  Optyma™ Pius INVERTER. P01 RA07F 9,000 2,47 3,652 5,265 50 380 - 400V (415V) 3ph*
Manage Columns

Code number 4\
Compressor model
Product range
Product version
Refrigerant
Cooling

COP cooling

Total power

Total current
Freguency

Power supply

Tc

Technology

Speed

Fan power

Fan current

Mass flow

L

CALALCGG LSS

<

Default Cancel

You can now read the result for the speed at 99% of the load (6000 rpm) directly in the
selection table:

Selection: OP-MPPMO35VVLPO1, RA07F - 6000 rpm

Selected  Model Code number  Comp Refrigerant Cooling [kW]  COP eaoing [WAW]  Total power ] Total current [A]  Frequency [Hz]  Power supply < [°C] [speed [rom] |Match
£ OP-MPLMOISWIPOIE 1194315 VLZ035TGNE3| Optyma™ Plus INVERTER PO1 RA0TF 8,503 2,33 3,656 5,067 S0 380-400V (415V) 3ph*
OP-MPLMOISWIPOIE 114X4315  VLZ035TGNES | Optyma™ Plus INVERTER PO1 RAOTF 8,869 227 3,906 5,376 50 380-400V (415V) 3ph*
OP-MPRMO3SVVLPO1 1194316 VLZ035TGA  Optyma™ Plus INVERTER h RA0TF 8,869 277 3,906 5,376 50 380-400V (415V) 3ph*
=GP TPLNORANIPE TIXa333]  VLZOAATGNES| Optyma ™ Plus INVERTER P01 RA0TF 5,000 747 3652 5,265 50 380400V (415 V) 3 p-
OP-MPPMO44VVLPO1 1144334 VLZD44TGA Optyma™ Plus INVERTER POL RA0TF 9,000 247 3,652 5,265 50 380-400V (415V) 3ph*

197



Coolselector®2 Exercises

d) To see the speed at 90% load, you must first click on the + sign on the left-hand side of the
selected model. This drills down just that selected unit and shows the duty at the various
speed levels. After doing this, you need to make the middle window bigger to get the full
drop-down list. You do this by clicking and dragging the line separating the selection
window from the operating envelope window with your mouse pointer:

Selection: OP-MPPMO35VVLPO1, R407F - 6000 rpm

Selected  Model Code number  Compressor model  Product range Product version Refrigerant  Cooling (kW] COP cooling [W/W]  Total power [W] Total current [A]  Frequency [Hz]  Power supply Tc[*C] Speed [rpm]  Match
s OP-MPLMOZBVVLPDIE | 1144300 VLZDZETGNES Optyma™ Plus INVERTER PO1 RA0TF 7,187 2.2 3,144 4,152 S0 380-400V (415V) 3ph* 413
OP-MPPMO2BVVLPO1L 11414302 LZ028TGA | Optyma™ Plus INVERTER PO1 RA0TF 7,187 2.2 3,14 4,152 S0 380-400V (415V) 3ph* 413
OP-MPLMOSSWLPOIE = 114X4315  VLZ3STGNES Optyma™ Plus INVERTER POt RAOTF 5,863 2,27 3,908 5,376 S0 380-400V (415V) 3ph* 43,5
OP-MPPMO3SVVLPOL 144316 VLZ035TGA Optyma™ Plus INVERTER POL R4 8,863 227 3,506 5,376 S0 380-400V (415V) 3ph 43,5
® OP-MPPMO3SVVLPOL 114X4316 WLZ035TGA | Optyma™ Plus INVERTER PO1 RA0TF 2,805 24 1,128 1,416 SO 380-400V (415V) 3ph* 354
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 3,314 2,60 1,275 1,678 50 380 -400V (415V) 3ph* 36,0
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 3,810 2,66 1,430 1,943 50 380 -400V (415V) 3ph* 36,6
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 4,293 2,69 1,594 2,211 50 380 -400V (415V) 3ph* 37,2
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 4,765 2,70 1,765 2,982 50 380 -400V (415V) 3ph* 37,8
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 5,224 2,69 1,94 2,756 50 380 -400V(415V) 3ph* 38,4
® OP-MPPMO3SVVLPOL 114X4316. VLZO3STGA ~Optyma™ Plus INVERTER PO1 RA0TF. 5,672 2,66 2,130 3,052 50 380 -400V (415V) 3ph* 39,0
OP-MPPMO3SVVLPOL 114X4316 VLZO3STGA ~Optyma™ Plus INVERTER PO1 R40TF. 6,108 2,63 2,325 3,312 50 380-400V (415V) 3ph* 39,5
OP-MPPMO3SVVLPOL 114X4316 VLZO3STGA ~Optyma™ Plus INVERTER PO1 R40TF. 6,533 2,58 2,527 3,504 50 380 -400V (415V) 3ph* 40,1
OP-MPPMO3SVVLPOL 114X4316 VLZO3STGA ~Optyma™ Plus INVERTER PO1 R40TF. 6,947 2,54, 2,737 3,881 50 380 -400V (415V) 3ph* 40,7
OP-MPPMO3SVVLPOL 114X4316 VLZO3STGA ~Optyma™ Plus INVERTER PO1 R40TF. 7,351 2,49 2,955 4,171 50 380 -400V(415V) 3ph* 41,3
OP-MPPMO3SVVLPOL 114X4316 VLZO3STGA ~Optyma™ Plus INVERTER PO1 R40TF. 7,745 2,44 3,181 4,465 50 380 -400V (415V) 3ph* 41,8
OP-MPPMO35VVLPOL 114X4316 VLZO35TGA  Optyma™ Plus INVERTER PO1 R40TF 8,128 2,38 3,415 4,764 50 380-400V(415V) 3ph* 42,4
OP-MPPMO3SVVLPOL 1144316 VLZ035TGA Optyma™ Plus INVERTER Po1 Ra0TF 8,503 233 3,6% 5,067 S0 380-400V (415V) 3ph* 43,0
OP-MPPMO3SVVLPOL 1144316 VLZ035TGA Optyma™ Plus INVERTER Po1 Ra0TF 5,869 2,27 3,906 5,57 SO 380-400V (415V) 3ph* 43,5
® OP-MPLMOS4VVLFOIE | 1194333 VLZD4TGNES Optyma™ Plus INVERTER FO1 Ra07F 5,000 2,47 3,652 5,265 SO 380-400V (415V) 3ph 43,4
El OP-MPRMO4/VLPO1 119X4334 VLZ044TGA  Optyma™ Plus INVERTER FO1 Ra07F 5,000 2,47 3,652 5,265 SO 380-400V (415V) 3ph 43,4
OP-MPPMO441VLPD 1L 11404334 VLZD44TGA  Optyma™ Plus INVERTER P01 Ra0TF 3,568 2,80 1,573 1,801 S0 380-400V (415V) 3pht| 35,3
OF-MPPMO441VLPO 1L 11404334 VLZD44TGA  Optyma™ Plus INVERTER PO1 Ra0TF 4,07 2,68 1,564 2,150 S0 380-400V (415V) 3phT| 37,1
OP-MPPMO44VVLPO1 1144334 VLZD44TGA | Optyma™ Phus INVERTER P01 Ra07F 4,828 2,7 1,788 2,483 50 380-400V (415V) Sph*| 37,8
OP-MPPMO44VVLPO1 1144334 VLZD44TGA | Optyma™ Phus INVERTER P01 Ra07F 5,431 2,75 1,078 2,820 S50 380-400V (415V) Spht| 38,6
OP-MPPMO44VVLPO1 1144334 VLZD44TGA | Optyma™ Phus INVERTER P01 Ra07F 5,016 2,7 2,201 3,183 50 380-400V (415V) Sph*| 33,3
OP-MPPMO44VVLPO1 1144334 VLZD44TGA | Optyma™ Phus INVERTER P01 Ra07F 6,584 2,71 2,434 3,50 50| 380-400V (415V) Sph*| 40,1

Performance Envelope | Performance detais | Information | Ecodesign
Evaporating temperature stepi 5,0 K Ambient temperature step: 50K (® Graph Table

Cooling capacity (kW1 OP-MPPMO35VVLPO1, R407F - 6000 rpm - Cooling capacity [KW]

You can now read directly in the table that the speed at 90% of the load is 5400 rpm.

Selection: OP-MPPMO3SVVLPO1, RAOTF - 6000 rpm

Selected  Model Code number  Compressor modsl  Product range Product version Refiigerant Cooing (kW] COP cooing [W/w] Total power k] ~ Total current [4]  Frequency [Hz]  Power supply Telec] [pesd fpm]  Match
OP-MPLMO2BVVLPO1E 11964300 VLZO2BTGNES| Optyma ™ Plus INVERTER PO1 RADTF 7,187, 2,29 3,144 4,152 50| 380-400V(415V)3ph= 41,3 5000 | [JEEER |
OP-MPPMO28VVLPDL 11444302 VLZOZETGA| Optyma™ Plus INVERTER POl RATF 7,187 2,29 3,144 4,152 50| 380-400V(415V)3ph® 41,3 5000,
OP-MPLMDISVVLPOIE 11944315 VLZ03STGNES| Optyma™ Plus INVERTER P01 RA07F 8,363 2,27 3,906 5,376 50| 380-400V(415V)3ph= 43,5 6000
OP-MPPMO3SVVLPD1 1144316 VLZO3STGA  Optyma™ Plus INVERTER P01 R4 8,869 2,27 3,906 5,376 S0 380-400V(415V)3ph= 43,5 6000
OP-MPPIMO35VVLPDL 11414316 VLZ03STGA| Optyma™ Flus INVERTER PO1 R407F 2,805 24 1,128 1,416 S0 380-400V(415V) 3ph= 35,4 1800
OP_MPPMO3SVVLPDL 119x4316 VLZOZSTGA| Optyma™ Plus INVERTER P01 Ra0TF 3314 260 1,275 1678 50| 380-400V(415V)Sph= 36,0 2100
OP-MPPMO3SLPOL 1144316 VLZ03STGA| Optyma™ Plus INVERTER POl RATF 3310 266 1,430 1,943 50| 380-400V (415V) 3ph" %6

OP-MPPMO3SWLPDL 1194316 VLZ035TGA | Optyma™ Plus INVERTER P01 RATF 4293 269 1,54 2,211 50| 380-400V (515V) 3ph=| 37,2
OP-MPPHO3SVVLPDL 11404316 VLZO3STGA| Optyma™ Plus INVERTER P01 RAOTF 4765 27 1,765 2,482 50| 380-400V (415V) 3ph=| 37,8
OP-MPPIMO35VVLPDL 11914316 VLZ03STGA| Optyma™ Flus INVERTER P01 R40TF 5,224 269 1,99 2,756 50| 380 - 400V (415 V) 3ph™
OP_MPPMO3SVVLPDL 119x4316 VLZOZSTGA| Optyma™ Plus INVERTER P01 Ra0TF 5672 266 2,130 3,082 50| 380 - 400V (415 V) 3ph~
OP-MPPMO3SLPOL 1144316 VLZ03STGA| Optyma™ Plus INVERTER POl RATF 6,108 263 2,325 3312 50| 380 - 400V (415V) 3ph=

® OP-MPPMO3SWLPDL 11444316 VLZ035TGA| Optyma™ Plus INVERTER P01 RA07F 6,533 2,58 2,527 3,594 50| 380 - 400V (415V) 3ph=

® OP-MPPIO35VVLPDL 1194316 VLZ035TGA| Optyma™ Plus INVERTER P01 Ra07F 6,947 2,54 2,737 3,881 50| 380 - 400 V (415V) 3ph*
OP-MPPIMO35VVLPDL 11914316 VLZ03STGA| Optyma™ Flus INVERTER P01 R40TF 7,351 24 2,855 4,171 50| 380 - 400V (415 V) 3ph™
OP_MPPMO3SVVLPDL 11914316 VLZOZSTGA| Optyma™ Plus INVERTER P01 Ra0TF 7,785 2,44 3,181 4,965 50| 380 - 400V (415 V) 3ph~
OP-MPPMO3SWLPOL 114316 VLZ035TGA _Optyma™ Plus INVERTER P01 RATF 8,128 2,38 3,415 4,764 S0 330-400V(415V) 3ph®
OP-MPPMO3SWLPOL 1194316 VLZ035TGA Optyma™ Plus INVERTER P01 RA07F 8,503 2,33 3,656 5,067 SO 330- 400V (415V) 3ph*

© OP-MPPMO35VVLPO1 1144316 WVLZO3STGA  Optyma ™ Plus INVERTER PO1 R407F 8,869 2,27 3,906 5,376 50 380 - 400V (415V) 3ph*
OP-MPLMDS4VVLPO1E 11404333 VLZOHTGNES| Optyma™ Plus INVERTER P01 R40TF 5,000 2,47 3652 5,285 S0 380 - 400V (415V) 3ph~

| OPMPPMO44VLPO1 1194338 VLZOA4TGA Optyma™ Plus INVERTER P01 Ra07F 9,000 2,47 5652 5,265 50 380- 400V (415V) 3ph~

OP-MPPMO44VLPDL 1144334 VLZO44TGA | Optyma™ Plus INVERTER POl RATF 3,568 260 1,373 1,801 50| 380 - 400V (415V) 3ph=
5 DI LaAN B4 v N FOLITER| osbuma™ Ble TVEDTED o0t nanme 2907 5 sa e > 140 o 215 2

e) Itis important to consider that the condensing unit capacity at minimum speed is not
higher than the cooling capacity of the smallest evaporator. If it is, this can lead the
compressor to work outside of its operating envelope and consequently have a reduced
lifetime of the compressor. From the selection table in Coolselector®2, you can see that
the minimum duty at 1800 rpm is 2.805 kW:

‘Selection: OP-MPPMO35VVLPO1, RAOTF - 6000 rpm

Selected  Model Code number  Compressor model ~ Product range Product version  Refrigerant | Cooling kW] |COP cooling [W/W]  Total power (kW] Total current [A]  Frequency [Hz] Power supply Tcl=c] Speed [rpm] Match
OF-MPLMD2BVYLPDIE 114X4300|  VLZOZSTGNES| Optyma™ Plus INVERTER P01 R07F] 7,187 2,2 3,194 4,152 0| 380-400V (4154)3ph 413 so00 A |
OP-MPPMO2BUVLPO 1 114X4302 VLZ028TGA| Optyma™ Plus INVERTER P01, R407F| 7,187 2,29 3,144 4,152 50| 380-400V(415V) 3ph= 41,3 eooo IEREA |
OP-MPLMOISVLPOIE 114X4315|  VLZO3STGNES| Optyma™ Plus INVERTER PO1 RA0TF 8,859 2,27 3,906 5,376 S0 380-400V(415V)3phT 43,5 6000
OP-MPPMO3SWLPO L 1144316 VLZ035TGA Optyma™ Plus INVERTER P01 R4O7F| 8,869 2,27 3,906 5,376 S0 380-400V(415V)3phT 43,5 6000

© OP-MPPMO3SVLPO | 1144315 VLZO35TGA| Optyma™ Plus INVERTER P01 RA07F] 2,805 2,4 1,128 1,416 50| 380-400V (415V) 3ph= 35,4 1300

O OO | TenE VLZG35TGA] Gotyma™ Flus TWERTER o wor] ma\ ™ = o R I L R oo
OF-MPRMO3SUULFD 1 1144315 VLZD35TGA| Optyma™ Plus INVERTER P01 R07F] 3,810 266 1,430 1,943 5 380-400V(415V)3ph= 36,6 2400
OP-MPPMO3SVULPD 1 114v4318 VLZD3STGA| Optyma™ Plus INVERTER P01 Ra07F] 4,203 269 1,504 2211 50| 380-400V(415V)3ph= 37,2 270
OP-MPPMO3SLPO L 1144316 VLZO35TGA| Optyma™ Plus INVERTER PO1 RA07F] 4,755 27 1,765 2,482 50| 380-400V(415V) 3ph= 37,8 3000

® OP-MPPMO3SLPO 1 11444316 VLZ03STGA| Gptyma™ Plus INVERTER PO1 RA07F] 5,224 2,69 1,944 2,756 S0 380-400V(415V) 3ph= 38,4 3300

© OP-MPPMO3SWLPO | 11444315 VLZD3STGA| Optyma™ Plus INVERTER PO1 RA07F] 5,672 2,86 2,130 3,032 S0 380-400V (415V) 3ph= 39,0 3600

(6] OP-MPPMO3SVLPO1 114X4316. VLZO3STGA| Optyma™ Plus INVERTER PO1 R407F| 6,108 2,63 2,325 3,312 50| 380-400V(415V) 3ph* 39,5 3900
OP-MPRMD3SVLPO L 114X4316 VLZ035TGA| Optvma ™ Plus INVERTER Po1 R407F 6.533 2.58 2527 3.594 50/ 380-400V(415W)30h=  40.1 <200/ IR |
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f) We just concluded that the minimum duty at 1800 rpm is 2.805kW for the selected
condensing unit. However, remember to consider your operating conditions. This figure is
relevant only for an ambient temperature of +32 °C. If the ambient temperature is lower,
the capacity goes up.

You can test this by setting a lower ambient temperature in Coolselector®2, e.g. +25 °C,
you will now see that the minimum duty at 1800 rpm has gone up to 3.036 kW:

Selection: OP-MPPMO35VVLPO1, R407F - 5583 rpm

Selected  Model Code number  Compressor model  Product range Product version  Refrigerant [Cooing kW] [COP cooling [W/W]  Total power [cw]  Total eurrent [3]  Frequeney [Hz]  Power supply Te[oC] Speed [rpm]  Mateh
ERO OP-MPPMO35VVLPO1 11943316 VLZ035TGA Optyma™ Plus INVERTER POl RAF 9,000 2,7 3,232 4447 50 380-400V(515V)3ph* 36,0
5 OP-MPPMO35VVLPO1 11444316 VLZ035TGA _Optyma™ Pius INVERTER. PO RA07 3,0 5,06 0,992 1,261 507380 - 400V (415 V) 8,5
OP-MPPMO35VVLPO1 11404316 VLZ03STGA  Optyma™ Pius INVERTER P01 R40F 5,573 3,18 1,123 1,488 50 380 -400V (415 6,1
OP-MPRMO35VVLPO1 1144316 VLZ03STGA  Optyma™ Plus INVERTER FO1 Re07 4110 3,25 1,263 1,722 S0 380-400V (s15V) 3ph* 28,7
OP-MPPMO35VVLPO1 1144316 VLZ035TGA| Optyma™ Plus INVERTER POl RaO0FF 4,628 3,8 1,410 1,91 S0 380-400V (415V)3ph* 30,3
OP-MPPMO35VVLPO1 114%4316 VLZ035TGA  Optyma™ Plus INVERTER POL RA0FF 5134 3,28 1,566 2,204 50 380 -400V (415 V) 0,9
OP-MPPMO35VVLPO1 1144316 VLZ035TGA | Optyma™ Pius INVERTER PO1 RA0F 5,628 3,25 1,730 2,452 50 380 -400V (515 316
OP-MPPMO35VVLPO1 11444316 VLZ03STGA | Optyma™ Pius INVERTER POt R0 6,110 31 1,901 2,704 50 380 -400V (515 V) 321
OP-MPPMO35VVLPO1 11464316 VLZ035TGA  Optyma™ Plus INVERTER POl Re07F 6,580 3,16 2,080 2,959 S0 380-400V(s15V)3ph* 32,7
OP-MPRMO35VVLPO1 1144316 VLZ03STGA  Optyma™ Plus INVERTER FO1 Re07 7,058 3,10 2,267 3,218 S0 380-400V (415V) 3ph* 33,3
OP-MPPMO35VVLPO1 1144316 VLZ035TGA| Optyma™ Plus INVERTER POl RaO0FF 7,984 3,04 2,462 3,479 S0 380-400V (415V)3ph¥| 33,9
OP-MPPMO35VVLPO1 114%4316 VLZ035TGA  Optyma™ Plus INVERTER POL RA0FF 7,919 2,97 2,665 3,743 50 380-400V(415V)3ph® 345
OP-MPPMO35VVLPO1 11944316 VLZ035TGA  Optyma™ Plus INVERTER PO1 RAO0TF 8,343 2,9 2,875 4010 50 380-400V(515V)3ph* 351
OP-MPPMO35VVLPO1 1149%4316 VLZ03STGA Optyma™ Pius INVERTER. PO1 RO 8,755 283 3,094 4,280 50 380-400V(415V)3ph® 357
OP-MPPMO35VVLPO1 11464316 VLZ035TGA  Optyma™ Plus INVERTER PO1 RA0TF 9,156 2,76 3,320 4,553 50 380-400V(415V) 3ph* 36,2
OP-MPPMO35VVLPO1 119x3316 VLZ03STGA  Optyma™ Plus INVERTER. POl RAOFF 5,547 2,69 3,553 4,830 S0 380-400V(315V)3ph* 3,8
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Exercise 8.5 Finding AWEF values for condensing units in North America
a) Please explain what AWEF is an abbreviation of.

b) What is AWEF defined as?

c) When is an AWEF value required?
d) Using standard operating conditions and the following settings:

e Region: North America
e Power supply: 60 Hz

What is the AWEF value for the condensing unit with code number 114N3496 for R404A?

e} What could be the cause of the AWEF tab not appearing for a condensing unit in
Coolselector®2?

f) Please find the model and code number within Coolselector®2 of a condensing unit that
can be used in a walk-in cooler in North America after July 10, 2020 with the following
operating conditions:

e Region: North America

e Application: Medium back pressure (MBP)

e Refrigerant: R404A

e Power supply: 60 Hz // 208 — 220V 1 ph

e Cooling capacity: 1.833 TR (22,000 BTU/h or 6448 W)
e Rating conditions: ARI 520 | MT | RGT 40°F

g) What is the AWEF value for the condensing unit from the previous question?

h) Can the unit also be used with R449A and, if so, what is the AWEF value for this?
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Solution 8.5 Finding AWEF values for condensing units in North America
a) AWEF is an abbreviation of ‘Annual Walk-in Energy Factor’.

b) AWEF is defined as the ratio of heat removed from the envelope to the total energy input
of the refrigeration system over one year.

For the first time, the Department of Energy (DOE) in the United States rule establishes
minimum energy efficiency standards expressed in terms of Annual Walk-in Energy Factor
(AWEF):

e EERE-2015-BT-STD-0016] RIN 1904-AD59
e Energy Conservation Program: Energy Conservation Standards for Walk-in
Cooler and Freezer Refrigeration Systems

AWEF values are governed by;

e EERE-2016-BT-TP-0030] RIN 1904-AD72
e Energy Conservation Program: Test Procedure for Walk-in Coolers and
Walk-in Freezers

c) AWEF is required on new walk-in coolers and freezers (cold rooms) or their components
installed on or past January 1, 2020 or July 10, 2020 depending on the component.

AWEF is valid for (this list is not exhaustive, there may be other examples not included
here):

e Complete Walk-In Cooler or Freezer if supplied complete

e  Multiplex Refrigeration System — Low or Medium Temperature (Unit
cooler/Evap)

e Dedicated Condensing System Indoor and Outdoor (Condensing Unit)

e Doors

e Wall panels

d) To find the AWEF value in Coolselector®2 for code number 114N3496 for R404A, you must
first set the region to North America:
(_5 Select condensing unit:

Morth America h ¥

Next, change the Power Supply setting to 60 Hz:

Refrigerant:

All w

Power supply: A""""
S0Hz  (®)ig0 Hzi

All -

* for dual frequency voltage
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Once this is done, go down to the ‘Product filters’ and in ‘Code number’ type “114N3496,
R404A” (or choose it from the drop-down menu):

* for dual frequency voltage
Discontinued models
Product range:

all -

Product version:
All -

Select model:

Code number:
11413496, R4044 R 4

Underneath the selection table, you will now see the tab called “Annual Walk-in Energy
Factor (AWEF). Within this tab you can now see that the AWEF value for 114N3496 for
R404A is 10.83:

Custom -

Selection: OP-HNXMO0400UWG000Q, R404A. Match percentage (85,8%) is lower than minimum (90%).

Selected  Model Code number Compressor model Productrange  Product version Refrigerant Cooling [TR] E

@ OP-HMXMO400UWGO00Q 114N3496 MLZOSOT2LQ9A  Optyma™ Slim WG R404A 2,440

Performance = Envelope Performance details Information | Ecodesion | Annual Walk-in Energy Factor (AWEF)

This refrigeration system is designed and certified for use in walk-in cooler applications

AWEF 10,83 ‘\.
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e} The tab for AWEF will only appear if the condensing unit you have selected is rated for
walk-in coolers and freezers. If there is no AWEF tab within Coolselector®2, the
condensing unit you have selected cannot be used for walk-in coolers and freezers on or
past the enforcement date, which is as follows:

204

Minimum
Equipment Class Capacity AWEF (Btu/W- Enforcement Date

Multiplex 1.575%10°*Q, . +
Refrigeration S UL 3.91 "

Systems - Low
Temp
Unit Cooler / Evap
Multiplex
Refrigeration
Systems - Med All 9 July 10, 2020

Temp Unit Cooler /
Evap

Dedicated
Condensing System

- Med Indoor

Condensing Unit >9,000Btu/h 5.61 January 1, 2020
Outdoor

Condensing System
- Med Outdoor >9,000Btu/h 7.6 January 1, 2020

Dedicated
Condensing System
— Low, Outdoor with

a Net Capacity
Condens]ng Unit > 6,500 BtU[h 3.15 JLI|Y 10, 2020
Outdoor

Dedicated
Condensing System
- Low, Indoor with

a Net Capacity
Condensing Unit > 6,500 Btu/h 2.4 July 10, 2020

July 10, 2020

Qutdoor
Note: Qq.: = Net Capacity
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f) To find a condensing unit that can be used in a walk-in cooler in North America after July
10, 2020, first ensure you input the given selections:

Region
Morth America h -

Application:
Universal {LBF /MEF /HEBF)
iLow back pressure (LBP);

' | Medium back pressure (MBP) h

Refrigerant:
R4044 -

Power supply:

50 Hz ® 50 Hz *
208 - 220V 1ph h -

* for dual frequency voltage

Next, input the given operating conditions:

Operating conditions:

Required capacity: / Evaporation:

Cooling capacity: 1,833 TR |Dew point temperature:
f .

S all models

11 3 models

Rating conditions: /
-

ARI 520 | MT | RGT 40 °F

v |Return gas temperature:

Condensation:

Ambient temperature:

Subcooling:

Additional subcooling:

You will now see that the condensing unit Coolselector®2 suggests

e Model Number: OP-HNXM0300UWGOOON

e Code Number: 114N3491

90,0 =F
0 =
0 =

Since the AWEF tab is displayed, you can conclude that this condensing unit can be used in
a walk-in cooler in North America after July 10, 2020:

Selection: OP-HNXMOZ00UWGQOON, R404A

Selected  Model Code number Compressor model  Product range  Product version  Refrigerant  Cooling [TR] EER c
OP-HMXMOZ250UWG000MN 1143489 MLZO19T1LP3A  Optyma™ Slim WG R4044 1,762
OP-HNUMO250UWGO00M 114M3462 MLZ019TILPS  Optyma™ Slim WG R4044 1,762

@ OP-HMXMO300UWG000MN 114M3491 MLZOZ1TITIA Optyma™ Slim WG R4044 1,349
OP-HMUMO300UWGO00M 114N 3464 MLZO2ITUTS Optyma™ Slim WG R4044 1,349
OP-HCZCO300UWE3DON 114M6320 MTZ040-1 Optyma™ WE R4044 1,964

Performance Envelope Performance details Information = Ecodesign Annual Walk-in Energy Factor (AWEF) I
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g) The AWEF value of the condensing unit (code number 114N3491) is 9.66:
Selection: OP-HNXMO300UWGOOON, R404A

Selected  Model Code number  Compressor model  Product range  Product version  Refrigerant  Cooling [TF
OP-HMXMO 250U G0a0MN 114M3489 MLZO19TILP9A  Optyma™ Slim WG R4044 1,7

F OP-HMUMO250UW GOO0M 114M3462 MLZ0O19TILPS  Optyma™ Slim WG R4044 1,7
@ OP-HMNXMO 300UWG000MN 114M3491 MLZO2ITILT9A Optyma™ Slim WG R404A 1*5
OP-HNUMOQ300UWGO00MN 114M3404 MLZO2ITILTS | Optyma™ Slim WG R4044 1,&
OP-HCZCO300UNWE3DON 114M6320 MTZ040-1 Optyma™ WE R404A 1,5

Performance  Envelope | Performance details Information  Ecodesign |Annual Walk-in Energy Factor (AWEF)

This refrigeration system is designed and certified for use in walk-in cooler applications

AWEF 9,66 iy

h) To check if this unit is also available with R449A, please change the ‘refrigerant’ in the

filtering panel on the left:
Universal (LBP MBP fHEF)

Low back pressure (LBF)
' | Medium back pressure (MBF)

Refrigerant:

R4454

Power supply:
50 Hz ® 50 Hz
IR - IV 1 rk -

As is evident from the selection table, this model is still the model suggested by
Coolselector®2. Thus, we can conclude that; Yes, this unit can also be used with R449A:

Selection: OP-HNXMO300UWGO00N, R449A
Re449A ‘_\ ¥ | selected Model Code number  Compressor model Productrange Product verson Refrigerant Cooling [TR]  EER cooling [BTU/(W-h)] Total power kW] T
Power supply: OP-HIXMO1SOLWGODON 11403485 MTZ018-1  Cptyma™ Slim W6 R445A 0,89 6,62 1,624
50Hz * 60 Hz [#] OP-HNXMO 200UWGD00N 114N3487 MLZ015T1LT9A| Optyma™ Slim Wa R449A 1,331 7,09 2,252
208 -220V 1ph ¥ [#] OP-HNXMO250UWGD00N 114N3489 MLZ019T1LPSA  Optyma™ Slim WG R445A 1,693 714 2,845
@ (OP-HNXMO 300UWGO00N 114N3491 MLZ0Z2ITILT3A Optyma™ Slm WG R445A 1,795 7,20 2,99#
= for dual frequency voltage :
OP-HNXMO 350UWGO00N 114N3493 MLZ026T1LPSA | Optyma™ Slim Wa R4459A 2,276 7,80 3,502

Product filters:

Discontinued models =
Performance | Envelope | Performancedetsls | Information | Ecodesign Annual Walk-in Energy Factor (AWEF)
Product range:

i) When using R449A, the AWEF value of the condensing unit model is 9.29:

Performance | Envelope Performance details Information | Ecodesign | Annual Walk-in Energy Factor (AWEF) |

This refrigeration system is designed and certified for use in walk-in cooler applications

AWEF 9,29 s
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Exercise 8.6 Evaluating a condensing unit based on the Ecodesign Directive

a) What is the annual energy consumption for an Optyma™ Slim Pack W09 model with a
cooling capacity above 5 kW?

b) Create an Ecodesign report in pdf for the above-selected model.
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Solution 8.6 Evaluating a condensing unit based on the Ecodesign Directive
a) According to the Ecodesign directive, the annual energy consumption and SEPR calculation

208

results are published for models above 5kW for MBP models, and above 2kW for LBP
models while for lower capacities only the COP at specific points is used.

EcoDesign/Directive 2009/125/EC (ENTR Lot 1)
(Application and requirements: Condensing units)

Medium Temperature (-10°C):

cop SEPR**

0,2-1 kW* 1-5 kw* 5-20 kW* 20-50 kw*
07/2016 1,20 1,40 2,25 2,35
07/2018 1,40 1,60 2,55 2,65

Low Temperature (-35°C):

Ul
=

CoP SEPR**
0,1-0,4 kW* 0,4-2 kW* 2-8 kw* 8-20 kW*
07/2016 0,75 0,85 1,50 1,60
07/2018 0,80 0,95 1,60 1,70

*Rated capacity at full load with ambient temperature set at 32 °C (Standards: EN13215 / 13771-2)
**SEPR: is the efficiency ratio for providing cooling at standard rating conditions, representative of
the variations in load and ambient temperature throughout the year and calculated as the ratio
between annual cooling demand and annual electricity consumption, expressed to two decimal
places (Standards: EN13215 / 13771-2).

Mandatory Information
Rated COP (9 Mandatory Values)

Information requirements for a cooling capacity of:

e MBP < 5kW
e LBP<2kW
Ambient temp. 25 °C 43 °C

Cooling capacity 2 3
(kw)
Power input (kW) 5 6
COP4 (rated)
COP; 8
COP; 9

Condensing units operating both at MBP and LBP shall comply with the requirements of
each category (Medium temperature: -10 °C ; Low temperature: -35 °C).
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SEPR (17 Additional Values)

Information requirements for a cooling capacity of:

e MBP > 5kW

e LBP2>2kW

Ambient temp. 32°C 25 °C 15 °C 5°C 43 °C

Cooling capacity (kW) 10
COP, (rated)

COPc
COP,
SEPR

Within Coolselector®2, first go to “New” tab, select “Compressors and condensing units”
and click on the “Condensing units” button.

Go straight down to “Product filters”. Select Product Range: Optyma™ Slim Pack and
Product version: W09 | Optyma Slim Pack with build-in fan speed controller and external
main switch:

Product filters:

|:| Discontinued models

Product range:

Optyma™ Slim Pacdk v

Product version:
Select model:

Code number;

Then set the operating conditions to 5 kW:

Operating conditions:
Required capacity: Evaporation: Condensation:

Cooling capadty: 5,000 kw Dew point temperature: m =C Ambient temperature: 32,0 =C

Show all models
(@) Show: 11 3 mode

Useful superheat: 8,0 K Subcooling: 2,0 K

Additional superheat: 0K Additional subcooling: 0K

Rating conditions:
" turn gas temperature: -2,0 =C

Custom hd
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210

Select a model with a cooling capacity above 5 kW (for a MBP model):

Selection: OP-MSXMO57MLWO9E, R407A

Selected  Model Code number Compressor model  Product range

L SQMO74FHWOSE 11457186 TFH2511Z Optyma™ Slim Pack
OP-LSQMO74FHWOSE 114%7186 TFH2511Z  Optyma™ Slim Pack
OP-LSQMOGENTWOIE 114%7184 NTZ068-4 Optyma™ Slim Pack
iOP—MSKMUS?’MLWUQE 11457200 MLZ026T4 Optyma™ Slim Pack

Product wersion Refrigerant | Cooling [kW] |COP cooling [w /]

OP-MSXMO30MLWOSE 114X7204 MLZ038T4 Optyma™ Slim Pack

Next, click on the “Ecodesign” tab and locate the “Annual electricity consumption” in
kW/h (the Ecodesign tab is only available for European condensing unit models):

Performance = Envelope Performance details Information

Ecodesign

Model: OP-MSXMOS57MLWO2E. Compliant with Ecodesign 2018 .

Refrigerant: R407A

Item Value Unit
Evaporating temperature -10,0|=C
Seasonal Energy Performance Ratio 2,95

Annual electricity consumption

Parameters at full load and ambient temperature 32,0 °C

Rated cooling capacity 5,157 kW
Rated power input 2,834 kw
Rated COP 1,82

Parameters at full load and ambient temperature 25,0 °C

Cooling capacity 5,694 kw
Power input 2,434 kw
Cop 2,34

Parameters at full load and ambient temperature 15,0 *C

Cooling capacity 5,402 kw
Power input 2,010 kw
Cop 3,18

Parameters at full load and ambient temperature 5,0 °C

Cooling capacity 7,045 kw
Power input 1,713 kw
COopP 4,11

Parameters at full load and ambient temperature 43,0 °C

Cooling capacity 4,240 kw
Power input 3,695 kw
Cop 1,15

With this information, you can now make a competitor comparison in your country by
getting the same data for the competitor product and time it up with the electricity rate

per kW/h.

W09
wos
Wwos
woe
W9

10.758 kwvh |*-—‘

R452A
R4044
R404A
R407A
Ri34a

4,393
4,399
4,902
5,026
5,073

1,6
1,5
1,5
1,7
2,2
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r2 - Untitled.csprj

b) Stay on the selection from a) and click on “Report” in the top menu bar:

Tools About Bill of Materials

ts2 X 4+ Mew

densing unit:

BF/MEP/HEF)
‘eszure (LBF)
k pressure (MBP)

60 Hz

Jency voltage

d models

Pack

Operating conditions:

Required capadity: Ewaporation:

Cooling capacity: 5,000 kw Dew point temperature:

Show all models
® ) Show: 11 3 models

Useful superheat:

Additional superheat:

Rating conditions:
Return gas temperature

Custom -

Selection: OP-MSXMO57MLWO9E, RA0OTA

Selected  Model Code number Compressor model  Product range
OPLSQMO74FHWOSE 114X7136 TFH2511Z Optyma™ Slim Pz
OPLSQMO74FHWOSE 114¥7136 TFH2511Z Optyma™ Slim Pz
OP-MSXMOSTMLWO0SE 114X7200 MLZ026T4 Optyma™ Slim Pz

(:j OP-MSXMOB0MLWOSE 114¥7204 MLZ033T4 Optyma™ Slim Pz

Performance | Envelope Performance details Information = Ecodesign
Model: OP-MSXMO57MLWOYE. Compliant with Ecodesign 2018

Refrigerant: R407A

Thmee LEEN R S

Once you are in the Report, unfold the “Condensing units” menu (by clicking on +) and
check the box next to “Ecodesign”, then click “Update”:

+' update

Project information:
Project name:

Comments:
Created by:

Items to indude in report:
Select All = Expand all

[] Desele F= Collapse Al

| lensing units 2

- || Code number
Envelope

System performance details
Technical data
Ecodesign

Coaling capacity
Power consumption
Heating capadity
Current

Cor

Mass flow

File Options Tools About = Selections Bill of Materials

1= Print X roF Export * H 4 P M & w0%

Coolselec

Project inforr
Project name:
Comments:
Created by:
Coolselector2 ve
Printed:
Preferences usec

Operating co
Refrigerant:

Evaporating dew
Evaporating pres
Useful superheat
Additional supert
Return gas temp
Rating conditio

Required coolin
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Now, click on “PDF”:

ons Tools About  Selections Bill of Materials

K= Print

+ Update

mation:
e

You can now save the file on your computer:

Export to PDF x

Export Information Security Viewer
Page range
® Al
Current page
Pages:

Enter page numbers and/or page ranges,
separated by commas. For example, 1,3,5-12

Export settings
PDF/A Print optimized
Embedded fonts Outline
Background Transparency
JPEG Quality 95

v Open after export

”

Make sure you give the file a name and click “Save”:

Savein: | Desktop v @ 7T e E-
= A
“| Libraries
=l Quecterm Falder
Pedersen Mathilde Kaae
System Folder
o 1 } Computer
: _é System Folder
Libraries
w m ) Metwork
Comr .
q folder
- . A
Network [ 2. Llnrben mire
File name: v Save
Save as type: Adobe PDF file (*pdf) v Cancel
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