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HP model




What is it?

« At the base level is a simple heat pump
model

« Built for CO2 systems, but can be modified
to model other refrigerants

 Steady state

» Subcritical and transcritical operation

e Written in C#

» Object oriented

» Based on individual independent
components that can be ‘dragged and
dropped’ together

Base CO2 HP model
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What is it?

« Model can be expanded with advanced
features

« Examples

Heat recovery

Internal heat exchangers
HP/LP ejectors

Multiple suction stages

Integrate external calculation software from
component manufacturers (compressors,
heat exchangers, ejectors)

Calculation of optimal gascooler and
receiver pressure setpoints

Ejectors
L/
=
=P Ve
==
Heat \ l /
recovery

- — AN
Base model

Multiple T
stages EL!
Component
data

Expanded model

— setpoint
s calculations
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What is it?

Ejector

—
GUI 000 g
‘/Optimal
setpoint

calculations

Multiple
stages

Manufacturer
data

Web service
Expanded model
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Implementations - Custom Ul

C# desktop application
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Implementations - Custom Ul

 Can be tailored to exactly

Pl-diagram IchP—H diagram ]_] YearCalc 1 Safety Valves 1 Heat Recovery Diagram

Count
CALCULATE (F2) LEAERE sy
H Client name Sales engineer
W a t I S n e e e MT Suction Groups £l 1| Rack Size T+2¢0 File name 5
) B30kys ool B300kys  HEHHH 2300 ky's
LT Suction Groups = 0 Project 1D WT capaciy 1BTC agec mpeaT 2T Cascooier 37.2°C e
2.145.T KW 0.0 kW o
Cooling Capaci 311°C
IT Sucton Groups |2 1| dP suction [=] 0.5 barm g Capacty 13758 kW 1375.8 kW I 105.6 bara
Power consumption| 7956 kW 139.7°C
Y | n C u e S High Pressure Side Ceme
Gascooler outlet temp 72 Zglre=l 173H @ ns°c
. 2.766 kg's 2766 kgls  2.766 ko's E Ejzctar
Optimal Optimal ~ COPheat 2701 k ] -
Gascooler pressure 105,6 bara | [] ol T ke 139.2°C Ef’;’”p,’f?“i C  05° b 0.186 kg's; 172 %
. Receiver pressure 35,8 bara Foating pressure o Foia T EIY BEte
° R t t -5 Y Curent draw 13552 A 13652 A
e p O r e n e ra I O n Min. defta P |-= 7.0bara | Maxpressure |5+ 63,0 bara A / S d;
Gascooler  HR/SC / AC/ Lig Dump | Ejector 130801 / 19180 A 140.0°C S
10°C
Heat Recovery in common discharge | [ Subcooling GC retum | [ Lig. dump {Common line: > MT1 suction) 0.000 kg's
. . i -160°C
° I t t t h t | Capacityrate 2] 100 % | Capaciy 2149.7 kW = 300 A
ntegraton with an externa 0 = 0 T S e
Fluid inlet £ 360°C| Temp Dif 734C 0 kW MaptE U aEtet o -1.0°C e
compressor
= " " AXP112 Waterflow  Margin Margin rst. 435.5 mh 0% 1,375.8 kW
S Ste Fluid outlet =l 700°C PinchPoirt 15AT [] AC heatexchanger (HPY outlet) AQW n S =] 100 95 % P = 581.8 kW -16.0°C; 22.2 bara
y m WTapprozch [ 308C|  Ferlos [z % ca B
g ] 000[1| | WaterdP 312kPa| COZdP 19.2kPa
M4 MT1 T
*S | calculat
€asonal Calculation
C Filt
[ Fixed Cooling Capacity Brand: e Nominal FLA ompressor Fitter
] (a)Standard Transcritical
®

S f t | I t- Evaporating temperature £ -160°C 11 O 50 2 | | 8FTE-140K - 69 4m3sh > 1240 kW 2120 A [] (b)PMmotar
] (Rl
a e y Va Ve ( S) S e e C I O n Superheat Evaporator % 504°C 62 O] 50 2| | arTE-140K - 69.4m3h o 1240 kW 2120 A | |[] (d)StandardSubcritical

Superheat Suction line 2 ooaAT [ (eIME-Series

[/ Blocked
i 0= O exe
« Could be extended into a 1 e

true selection tool

() Efficiency
(® Temp.MT1 discharge

[] Gashypass to RecCoil

Enter credentials

e Cooling Capacity
Ealla Power consumption
= &0 Cument draw
CoP

Upload config, PDF, and rack settings

1375.8 kW Suction volume 4858 mvh

581.8 kW
9918 A
1730
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 Can be tailored to exactly

what is needed

e Includes

» Report generation

* Integration with an external
system

 Seasonal calculation

Implementat

ions - Custom Ul

File Options
Plant Design  Details

CALCULATE (F2)

MT Suction Groups
LT Suction Groups
IT Suction Groups
High Pressure Side
Gascooler outlet temp
(Gascooler pressure

Receiver pressure

Min. defta P |- 7.0 bara

1056 bara | ] OPtimal

Job name

Client name
1| Rack Size  7+2¢0
0 Project ID

1 dP suction |5 0.5 bara

3727

Optimal
heat

358 bara Floating pressure

Max pressure |3~ 63,0 bara

Safety valve(s) selection

Could be extended into a
true selection tool

Gascooler | HR/ SC 7 AC / Lig Dump. | Bjector|

Heat Recovery in commaon discharge

Capacityrate = 100 % Capacity 2149,7 kW
Fluid inlet £ 360°C Temp Diff 73 AT
Fluid outlet =l 700°C PinchPoirt 15 AT
WTapprozch [ 308C|  Ferlos [z 0
discharge capacity)
MT1 T

[ Fixed Cooling Capacity

Country
Sales engineer
File name
MT capacity
Cooling Capacity 1375.8 kW 1375.8 kW
Paower consumption 7956 kW
COPcool 1731
COPheat 2701
Voltage
Cument draw 13552 A | 13652 A
FLA 15080 A | / 15180 A
| [ Subcooling GC retum | [ Ug. dump {Comman line > MT1 suction)
= 30,0
- FRERED 0%
0 kW
AXP112 Qty. Waterflow  Margin Margin rst.
[] AC heatexchanger (HPY outlst) -4 54 mvh | 21 100 % 98%
0.00 [] Water dP 31.2kPa | CO2dP 19,2 kPa

Brand: Qe Mominal FLA

Evaporating temperature + -160°C 18 [ 502 | | 8FTE-140K - 69.4m3h - 1240 kW 2120 A
Superheat Evaporator + 508C ) [6z] O 50 2| [8FTE-140K - 69 4m3h o 1240 kW 2120 A

Superheat Suction line +H 0.0AT

Suction ta liquid heatexchanger

MT<>GascoolerLiq ~
() Efficiency 15%

Cooling Capacity
(® Temp.MT1discharge |5 1400 °C

Power consumption
[] Gashypass to RecCoil ~| 60 Curent draw
CoP
Enter credentials Upload config, PDF, and rack settings

1375.8 kW Suction volume 4858 mvh
5818 kW
9518 A
1731

Compressor Fitter:

] (a)Standard Transcritical
] (b)PMmator

O] felcRIl

[ (d)StandardSubcritical
[ (e)ME-Series

[/ Blocked

O Exp

Pl-diagram | LogP-H diagram ]- YearCalc ISafety Walves Heat Recovery Diagram

150

Temperature - [C]
=
ol

w
)

125 |

g
U

50
Enthalpy - [%]

75

100
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Implementations - Custom Ul

 Can be tailored to exactly

what is needed

Includes

» Report generation

* Integration with an external
system

 Seasonal calculation

Safety valve(s) selection

Could be extended into a

true selection tool

File Options
Flant Design  Details

CALCULATE (F2) LhIm
Client name
MT Suction Groups ~ [[2] 1) Rack Size  4+1x(2+2)
LT Suction Groups =/ 2| FroectiD
IT Suction Groups | 1| dPsuction |&| 05bara
High Pressure Side
Gascooler outlet temp_ |5 00°C
Gascooler pressure 77.0 bara
Receiver pressure 36.3 bara Floating pressure
Min. delta P |-= 70bara | Maxpressure 5| 63.0bara

Gascooler HR /5C/AC / lig Dump  Ejector

[[] Heat Recovery in common discharge

=V 0kW

= 360 0AT

=1 0AT
Heatloss = 1%
o of S %
discharge capacity)

M7 LT LTz 1T

[] Fixed Cooling Capacity

Evaporating temperature
Superheat Evaporator = 504AT
Superheat Suction line + 00AT 0=

Suction to liquid heatexchanger

MT<>Gascoalerli ~
() Efficiency 50%

Cooling Capacity
@) Temp.MT1discharge |4 1400 T

Power consumption
[ Gasbypass to RecCoil s 60 Curret draw
CoP
Enter credentials Upload corfig, PDF, and rack settings

Country

Sales engineer

File name
Cooling Capacity 595.9 kW
Power consumption 406.9 kW
COPcoal 245
COPheat 0H
Voltage
Current draw 7029 A
FLA 11668 A

| [ Subcooling GC retum
= 0.0
0 kW
AC heatexchanger (HPV outlet)
Cooling capacity = 1000 kW
cop 343[]

A00°C | 1 ] 50 7 | | 8FTE-140K - 65.4m3/h -
3131 0| 50 2 | | 8FTE-140K - 69.4m3/h -

7136 kW
2879 kW
4383 A
2580

Suction volume

MT capacity LT capacity
T136 kW 1823 kW
/ 753.1A
/ 12168 A

| [ Lig. dump (Common line > MT1 suction)

iE] S 0 0

AXP112 Qty. Waterflow  Margin Margin rskt
= Om¥h | |5 100% 00%
Water dP DkPa CozdpP 0kPa
Compressor Filter:
Qe Nominal FLA
[ (a)Standard Transcritical
179.0 kW 2120A| | (b)PMmotor
O Rl
179.0 kW 2120 A [] (d)StandardSuberitical
[] [e)ME-Series
[ Blocked
] ExP

2776 mh

LogP-H diagram ] \Warnings I YearCalc 1 Safety Valves ]

@ @

5,470 kgls [Enaamaaas| 5470 kgls
156°C Gascooler 0°C
1,390.3 kW
ST 7.0 bars
17.7°C
1724 ks Nom 1724 kgs 1724 kyis 1.724 kyi's
sac ~Uoaric 10°C 10°C
compressor
825 mih 1% 000k
P=8TERW !
3.746 kg's
1265°C
0.000 kg's
=) -10.0°C ®
3746 kgls o,/ 3746 kgls 2992 kg's 2992 ky's
126.8°C 262°C| 50°C 59°C
MT compressor MT evaportor
2776 mh 0% TIZE KW
Pa2BTSKN |75 s -10.0 °C: 26.5 bara
406°C
9 e
. B
0362kys R,/ 0.362kg's 0382 kys  [HEH
487°C -11°C -200°C
LT compressor Coepr
44.6 m*h 0% ]
0.391 kg's o -30.0 °C; 14.3 bar
31 P =156 kW . =
O :
e
0.3 kgls T 0.351 ky's b
X 200°C
LT compressor LT evaporsior
44.6 m*h 0% 947 kW
ARG KN 30.0°C: 143 bars

5.470 k's
21°c

3746 kgls
16°C

0.754 kgfs
16°C

0.362 kgfs
16°C
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Implementations - Custom Ul

 Can be tailored to exactly
what is needed

e Includes

» Report generation

* Integration with an external
system

 Seasonal calculation

Safety valve(s) selection

e Could be extended into a
true selection tool

Options

Plant Design  Details

CALCULATE (F2) TR
Client name

MT Suction Groups ~ [2] 1| Rack Size  4+1x(2+2)

LT Suction Groups =] 7| ProjectID

IT Suction Groups 3 1| dPsuction |4 05bars

High Pressure Side

Gascooler outlet temp [5]  30.0 °C

Gascooler pressure 77.0 bara Sf:lma‘
Receiver pressure 36.3 bara Floating pressure
Min. delta P |2 7.0bara | Max pressure 63.0 bara
Gascooler HR/SC/AC / Lig.Dump  Eector
[ Heat Recovery in commen discharge
+ 100 0kW
+ 360 0 AT
= 700 0 AT
Heatloss . =
{pet. of = *
discharge capacity)
MTT M 2 am
[] Fixed Coaling Capacity
Evaporating temperature 2 -100°C
Superheat Evaporator 3+ 504T
Superheat Suction line 3 004AT o=
0

Suction to liquid heatexchanger

MT<>Gascoolerliq w
() Efficiency 90 %

Cooling Capacity
® Temp MT1discharge || 1400 °C

Power consumption
[ Gasbypass to RecCoil =1 60 Current draw
CoP
Enter credentials Upload corfig, PDF, and rack settings

Courtry

Sales engineer

File name

MT capacity LT capacity

Coaling Capacity 9959 kW T136 kKW 1823 kW
Power consumption 4069 kW
COPcool 245
COPheat 0H
Voltage
Curent draw T25A | 7931 A
FLA 11668 A | 12169 A

| [] Subcooling GC retum

BEL

| [ Lg. dump {Common line > MT1 suction)

0o = 0

D kW

AC heatexchanger (HPV outlet)

Cooling capacity 2| 1000 kW
Ccop 343H

Brand. _Bltzer ~

113 0] 50 2 | | BFTE-140K - 69.4m3h -
3[2 (] 50 2 | | FTE-140K - 69.4m3h -

T13.6 kW
287.9 kW
4983 A
2581

AXP112 Qty. ‘Waterflow  Margin Margin rsit.
> 4 O0mh | 54 100 % 00%
Water dP 0kPa cozdp 0 kPa

Compressor Fitter:

{a)Standard Transcritical

Ge Nominal FLA
179.0 kW 2120 A {b)P Mmator
179.0 kW 2120 A

Suction volume 2776 m*h

Pl-diagram

#larnings | YearCalc ]Saiety Walves ]
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Implementations - EES function

EES C++ interface C# Model

DLL libraries

Teknologisk Institut



Implementations - EES function

e Callable via EES as an
external routine

« Debugging of DLL via EES is
possible

« With a similar setup, it is
also possible to call the
model from other code
languages

2a* 3
100,0 [bar] 100,0 [bar]
157.6 [C] 41,7 [C]
1,143 [kais]

101,0 [bar]
158,0 [CT

40,3 [bar]
16,4 [C]

Function Information

(") Math and string functions
(O Thermophysical properties
(C) Heat Transfer & Fluid Flow
(_) Mechanical Design

() Component Library

?  Function Info

?

(JEES library routines

(® External routines

x

3c
100,0 [bar] 1,143 [kals]
38.2[C]
e
40 3 [bar] {4}
5,6 [C] 33,9 (bar]
~——_]5
0,626 [ka/s]
7 6
_ 56(C]
40,3 [barf 34,902l © o ) ooy o1

S6[C] 30

-MONTECARLO.DLL
-LIBR.DLL
-SSCLIBR.DLL
-NAPROPLIB.DLL

- CURYEFIT1D

- CURYEFIT1DT

- EESCPPDLL
--EESSMARTCD2

- LINEARREGRESSION
. MDAS

- MASA

-~ NH3H20

.. POPROP

Ex: |CALL EESSMARTCO2[X: ¥: 2 : R: 5)

Auto Load ¥  Done

Teknologisk Institut




Implementations - Web service

= ©

Frontend C# model

Web service

Teknologisk Institut



Implementations - Educational web tool

« Accessed via a browser

* Intuitive graphical user
interface suitable for non-
experts

« Backend consists of our
model

Teknologisk Institut



Implementations - Educational web tool

e Accessed via a browser

* Intuitive graphical user
interface suitable for non-
experts

« Backend consists of our
model

Inputparametre

Varmepumpens nominelle
kapacitetet ved 7/35°C

Varmepumpens nominelle
vandflow

Udeluftens temperatur
Akiuelt varmebehov
Fremlobstemperatur

Vandflow i procent af Nominel

Varmetab fra varmepumpens rer
til udeluft i % af nominel kapacitet

Varmetab fra varmepumpens ror
til jord i % af nominel kapacitet

Varmetab fra varmepumpens ror
til huset i % af nominel kapacitet

Beskidt fordamper
Tilfrosset fordamper

Kolemiddel maengde

| L

Aktuel drift . Energiforbrug Manedlig drift

5 kw
3 m3/h
T
7 kw
45 C
0 %
2 %
2 %
2 %
o %
0 %
100 %

Menu
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Implementations -

« Accessed via a browser

* Intuitive graphical user
interface suitable for non-
experts

« Backend consists of our
model

Educational web tool

Outputparametre

Tryk/Temperatur i fordamper og kondensator

199 14 84 0.00

FORDAMPER TRYK KONDENSATOR FORDAMPER
TRYK TEMPERATUR
Temperatur i de fire punkter i varmepumpekredsen
518 73.3 50.25
SUGEGAS - TRYKGAS - UD AF
KOMPRESSOR IND KOMPRESSOR UD KONDENSATOR

Vandets fremlobs- og returtemperatur

45.00 43.43

FREML@B RETUR

KONDENSATOR
TEMPERATUR

-10.18

IND | FORDAMPER

H-log(p) diagram

QT kondensator

QT fordamper

fel

ur [€]

-10
-15

1 22 33 44 56

89 100

67 78
Transferad Heat [%]
1 22 G 44 56 67 78 8% 100

Transferad Heat [%]
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Implementations - Educational web tool

« Accessed via a browser

* Intuitive graphical user H-log(p) diagram
interface suitable for non-
experts

« Backend consists of our
model

<

Pressure [Bar]

% 40 20 0 20 40 60 80 100 120
140 190 240 290 340 390 440 490

Enthalpy [k]/kg]
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Implementations - Web service

Real heat
pump

Web service / real time model

Teknologisk Institut
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