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AKG Group NAG

@ ~402 Million Euro (2024)
@ 14 sales companies

3. Generation
family owned business

3,000 employees worldwide
(840 at HQ Hofgeismar)

11 Production plants @
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R
Core Competence Heat Exchangers NAG

Heatﬁstorage Water-cooled

intercooler

Condenser

High temperature
radiator for internal
combustion engines

Heat Exchanger for
driver’s cabin air

Intercooler

Low temperature radiator for cooling Chiller for battery cooling or Battery cooling unit Liquid cold plate for
battery, e-machine, power electronics, for thermal management system cooling power electronics
intercooler

High-Performance Heat Exchangers for
Coolant/Water
Ol

Manufactured from and Plastic
in

Charge Air/Air : Brazed

Refrigerant «  Welded

Hydrogen and Various Gases *  Glued Construction
Phase Change Material (PCM)
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Market Sectors !__!Zﬁl <-(/;;»
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AKG 2025 — New Technology: Modular & Smart

Full Thermal
Management

Patented
Innovations

Components
and Cooling Systems

Refrigerant Circuit

NANGGreen

Thermal Solutions.

)\

Battery cooling

READY TO DESIGN, DEVELOP and DELIVER TMS SYSTEMS for ALL DRIVETRAINS
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Development workflow at AKG

The aim: Less effort for measurements rather calculated data with consistent accuracy

Question: Which data basis leads to best 1-D models and is widely usable?

Components wms.  Component- wen.  Creation of wmh.  Evaluation
and System Level Design, Simulation and Validation

testing Calibration, Model of the
and Validation Simulation
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Component and System Testing 0 Z”/ﬂﬁ
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Brazed Plate HEX - Chiller !:_!®

T.p coolant header inlet refrigerant header outlet  T,p
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Brazed Plate HEX — Condenser Design

meander flow

AG°
Wall = flow

‘ i _ selection for .
refrigerant

Tp coolant header outlet meander
headerinlet T p Ap

A H4
- -

refrigerant
fittings S e -

|
[
[
I
Il
Il
I
I
[

coolant
fittings

I

Ap,,.. = not possible to measure (meander)

Ap,.., = measured as p,, — P, (2 pressure sensors + 1 diff. pressure
sensor)

Apiying NO result, but single phase = no problem to calculate

C

coolant header inlet

refrigerant
header outlet
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Measured Data for the calibration of 1-D model

> Measurement Matrix 1 — coolant fixed

= Coolant fixed (chiller, condenser)

o flow rate

o Inlet temperature

= Refrigerant with fixed superheating

= Coolant with fixed inlet and outlet temperature

(chiller, condenser)

= Refrigerant fixed

Chiller/Cond SH10_30C_60C|SH10_30C_60C| SH10_30C_45C |SH10_5C_45C[SH10_5C_30C
V_flow_chiller [I/min] 14 28 14 14 14
T_cool_chiller_in [°C] 30 30 30 5 5
V_flow_cond [I/min] 23 49 23 23 23
T _cool_cond_in [°C] 60 60 45 45 30

SH [K] 10,0 10,0 10,0 10,0 10,0
» Measurement Matrix 2 — refrigerant fixed

Chiller/Cond SH10_30C_45C | SH10_5C_30C | SH5_5C_30C
T _cool_chiller_in [°C] 30 5 5
T _cool_chiller_out [°C] 25 0 0
p_in refr. Chiller [bar] 4,9 2,3 2,5

T_in refr. Chiller [°C] 13,7 -8,7 -6,9
p_in_cond_LIN [bar] 16,9 10,3 10,3
SH [K] 10 10 5
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o Inlet pressure chiller

o Inlet pressure condenser

o Superheating
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Approach for Evaluating Kuli-Based Models

Measurement Measurement
Matrix 1 Matrix 2
L KULI_Model: L KULI_Model:
KULI_Model: Chiller 1 Condenser 1 KULI_Model: Chiller 2 Condenser 2
Chiller 1 Calibrate Condenser 1 Chiller 2 Calibrate Condenser 2
and validate Calibrate and validate and validate Calibrate and validate
Evaluate the Evaluate the Evaluate the Evaluate the
extrapolation of extrapolation of extrapolation of extrapolation of
Chiller 1 with Condenser 1 with Chiller 2 with Condenser 2 with
Measurement Measurement Measurement Measurement
Matrix 2 Matrix 2 Matrix 1 Matrix 1

Same physical component for chiller KULI models and same physical component for the condenser KULI models.
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KULI_Model Chiller

» Chiller model with 40% pressure loss in the Tank

File Tools

DeRE

E A/C plate heat exchanger [202304_ECS2025_Chiller1_with 40%_dp_tank.kuliacphe]

B General data @ Configuration . Measured data 0 Status

Parameter Calculation

a
v
»

Errorinner pressure drop [%]
Min

Error outer pressure drop [%]

Min  ERS3EIT

Error heat transfer [%]

Min  ETESE7T
—_—

| Mean value | A0S0

| Mean value | [RB05I00T

| Mean value | [0GBT72900

User AKG
Date (D=current) 18.02.2025
Title Chiller
Memo

4
Type
No.
Manufacturer AKG Group
Series

Measrd. data file

Geometric data
Depth [mm]
Width [mm]
Height [mm]
Effective length [mm]
Metal thickness [mm]
Channel height
© User defined
Inner flow [mm]

Quter flow [mm]

[ Tanks volume inside [cm®]

Tanks volume outside [cm’]

2311
73.6
58.2
184.88
0.6

() Both channels are equal
3

Separation of eff. length
8 Use quick calculation

Effective \E:ch/'

Max

Max

Max

20

Calibrate

Chiller 1

Error heat transfer [34]

Min  S1.68671

Error outer pressure drop [%]

Min 51521330

| Mean value | 100500

| Mean value | |0.687729° 0

Chiller 2
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Min 1267840

Error heat transfer [%4]

Min  [-2.06508°

Error outer pressure drop [%5]

| Mean value | [ 2346350

| Mean value | 107877 0
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KULI_Testbench Chiller

» Test chillers against their calibration data and evaluate their extrapolation

Simulation parameters

1.AC

h[ +  +*
a a
Ot &
+  * o+

L =

Volume flow IM

Temperature

=
|

. od
T in,Coolant ﬁ-l—f L

202504_ECS2025_Chiller1_with 40% _dp_tank.kuliacphe [I]

1CF 202504 _ECS2025 Chiller1_with 40%_dp_tank kuliacphe [O]

@ ASC circuit

File Tools

Type of circuit:
() Closed circuit (equalization)
© Open circuit (definition of inlet)

[E] General data Outlet values

Unit kaglh bar kg
Compressor Inner flow rate Inlet Spec. inlet
speed [1/min] [kg/h] pressure [bar] enthalpy [kl/kg]

1 35317 1.83 315.56
2 301.99 5.01 314.48
E] 227.51 5.06 311.5
4 144.45 5.48 305.78
B 38517 513 31411
6 3233 5.27 312.91
7 2542 5.36 311.78
E] 159.79 5.58 309.32
El 332.15 149 292.42
10 284.63 465 291.83
11 2227 1.85 289.62
12 142.89 5.26 284,54

Compressor Speed
Considered only if there is no compresser in circuit!
() Censtant RPM
© RPM depends on »  RPM Engine

Transmission ratio (Camponent / Reference) [-] 1
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& Circuits / Air path  M* Air side

. Simulation parameters

Type
O Steady state o
Associations
O Transient
Constant during simulatien
Variable during simulation
RPM Driving Warm-up Ambient Ambient Air Comment Calculate
Engine speed temperature pressure temperature humidity opP
[1/min]... [krn/h]... [K] [hPa]... [*Cl... [%]...
1 B0 0 1013 20 20 Yes
2 80 0 1013 20 20 Yes
3 30 0 1013 20 20 Yes
4 30 0 1013 20 20 Yes
5 80 0 1013 20 20 Yes
i} B0 0 1013 20 20 Yes
7 B0 0 1013 20 20 Yes
a 80 0 1013 20 20 Yes
9 80 0 1013 20 20 Yes
10 80 0 1013 20 20 Yes
11 80 0 1013 20 20 Yes
12 B0 0 1013 20 20 Yes
13 B0 0 1013 20 20 Yes
14 B0 0 1013 20 20 Yes
15 80 0 1013 20 20 Yes
16 80 0 1013 20 20 Yes
17 30 0 1013 20 20 Yes
18 80 0 1013 20 20 Yes
19 80 0 1013 20 20 Yes
20 B0 0 1013 20 20 Yes
21 80 0 1013 20 20 Yes
22 80 0 1013 20 20 Yes
23 80 0 1013 20 20 Yes

Volumenflow | T_in,Coolant | Comp. Speed
[I/min]... [*Cl... [1/min]...

13.98 29.78 2493
13.98 30.01 6499

14 30.07 4499
13.98 3012 2499
27.98 20.94 2493
27.98 29.94 5499
27.99 29.92 4499
27.98 3013 2499
13.98 30.05 2498
13.57 30.01 6459
13.99 29.89 44599
13.99 29.79 2499
13.98 5.15 2498
13.98 493 6499
13.98 4,98 4499
13.99 5.03 2499
13.98 4.96 2493
13.98 4.86 6498
13.99 495 4499
13.98 438 2499
30.99 30.07 8498
27.09 3014 7458
2319 30,02 6499

Parameter variation
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Power K [kW]

Power K [kW]

10

10

Results Chiller

» Calibration data: Chiller 1 (with Matrix 1) and chiller 2 (with Matrix 2)

Cooling Power

500
400
8300

£

~
c)_I 200

g
@ Power_Chillerl 100

@ Power_Chiller 2
0
2 4 6 8 10 0 100
Power M [kW]

Ap_Ref

® Dp_Ref Chiller 1
® Dp_Ref Chiller 2

200 300
Ap_M [mbar]

400 500

400

300

Ap_K [mbar]

100

» Extrapolation : Chiller 1 (with Matrix 2) and chiller 2 (with Matrix 1)

Cooling Power_Ext Ap_Ref_Ext
500
400
S 300
£
~
/200
by
® Power_Chillerl
100 @ Dp_Ref Chiller 1
@ Power_Chiller 2
® Dp_Ref Chiller 2
0
2 4 6 8 10 0 100 200 300 400 500
Power M [kW] Ap_M [mbar]

400

300

K [mbar]

Ap_

100
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K= Kuli , M= Measurement

Ap_Coolant

® Dp_Cool_Chiller 1

@ Dp_Cool Chiller 2

100 200

Ap_M [mbar]

300 400

Ap_Coolant_Ext

@ Dp_Cool_Chiller 1
@ Dp_Cool Chiller 2

100

200
Ap_M [mbar]

300 400

20

15

10

Temperature K [°C]

30

25

20

15

10

Temperature K [°C]

T_out_Coolant

@ T_out,Cool Chillerl

® T_out,Cool Chiller 2

0 5 10 15 20 25 30
Temperature M [°C]

T_out_Coolant_Ext

® T_out,Cool Chillerl
® T_out,Cool Chiller 2

0 5 10 15 20 25 30
Temperature M [°C]

Page 14 | 15.05.2025



KULI _Model Condenser

» Condenser model with 40% pressure loss in the Tank

r@ A/C plate heat exchanger [202504_ECS2025_Condenser_with 40%_dp_tank.kuliacphe]
File Tools

D8R

B General data @ Configuration . Measured data o Status

User AKG Parameter Calculation

Date (0=current) 18.03.2025 P P

Title Condenser with meander flow Min  F228HS T | Mean value | [10:1666 Max 5797
Memo Measumentdata by const. Volumenflow , inlet Ter «

- Errar outer pressure drop [%]
Min | Mean value | _ Max _
Type Error heat transfer [%]
No. Min 391308 [Meanvalue | B33 Mo E7AI0STTT
Manufacturer AKG Group
Series Separation of eff. length 20
Measrd. data file 8 Use quick calculation
I ot

Geometric data

Depth [mm] 2311

Width [mm] T3.6

Height [mm] 69 Effective \e:gth/v

Effective length [mm] 184.88 =

Metal thickness [mm)] 0.6 Height

Channel height
() User defined 10 Both channels are equal
Inner flow [mm] ]
Outer flow [mm] ]

[ Tanks velume inside [cm®]
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Condenser 1

Errer inner pressur,

T T R

osus |Meanvalue | [ONGSSHNNNN  Max  RTaRIEH

———— -
- -
e e e e e e e e e e e e e e e

e

q 1M

h--_--

Error outer pressure drop [%]

Pin

|Meanvalue | D262 Max (0863627

Error heat transfer [ %]

Min 3813080

Max

| Mean value| 234396 274109
HEEEEAA— HEEEEEE—

Condenser 2

Error inner pressure drop [38] - o oo oo e e e e

lin | Mean value | 120523 Max

S
-~ -
——— -
- -
T e e e e e e e === = =TT

i

Error cuter pressure drop [%]

Min  [1.52056 | Mean value| 07130527

M ax

Error heat transfer [ %]

Min 346307

Max

| Mean value | 238458 azora
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KULI Testbench Condenser

» Test condensers against their calibration data and evaluate their extrapolation

Simulation parameters

1AC 202504_ECS2025_Condenser1_with 40%_dp_tank kuliacphe [I]

1

1CF 202504_ECS52025_Condenser1_with 40%_dp_tank kuliacphe [O]

Ine

1 Nr=)iy

Volume flow IM

Temperature

Out
Volumenflow

| e

| =

—
@) ASC circuit

File Tools

Type of circuit:
() Closed circuit {(equalization)
© Open circuit (definition of inlet)

[E) General data Outlet values

Unit [ . bar kikg
Compressor- Inner flow rate Inlet Spec. inlet
speed [1/min] [kg/h] pressure [bar] enthalpy [kl/kg]
1 35317 24.14 436.83
2 301.99 2298 42937 11
3 22751 21.56 42513 |
4 144.45 19.91 4206
B 38517 | 2267 43541
6 329.9 21.84 42745
7 2542 20.88 42263
8 159.79 19.42 418.98
9 332.15 18.03 43001
10 28463 17.15 42252
11 2227 16.03 416.71
12 142.89 14.54 411.09
12 174 26 15 30 AT S8

Compressor Speed
Considered only if there is no compressor in circuit!
() Constant RPM
© RPM depends on W RPM Engine
Transmission ratio (Component / Reference) [-] 1
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. Simulation parameters

B General data ‘ Circuits / Air path ‘f Air side

Type
© Steady state

O Transient

Associations

Constant during simulation

Variable during simulation

RPM I Driving Warm-up Ambient Ambient Air Comment Calculate ASC on

Engine speed e P P humidity oP
[1/min]... [km/h]... [K] [hPa].. [*Cl. [%]...

1 80 0 1013 20 20 Yes
| 80 0 1013 20 20 Yes
3 80 0 1013 20 20 Yes
4 80 0 1013 20 20 Yes
5 80 0 1013 20 20 Yes
6 | 80 0 1013 20 20 Yes
7 | 80 0 1013 20 20 Yes
8 80 0 1013 20 20 Yes
9 80 0 1013 20 20 Yes
10 | 80 0 1013 20 20 Yes
11 80 0 1013 20 20 Yes
12 | 80 0 1013 20 20 Yes
13 80 0 1013 20 20 Yes
14 | 80 0 1013 20 20 Yes
15 | 80 0 1013 20 20 Yes
16 80 0 1013 20 20 Yes
17 | 80 0 1013 20 20 Yes
18 80 0 1013 20 20 Yes
19 | 80 0 1013 20 20 Yes
20 80 0 1013 20 20 Yes
21 | 80 0 1013 20 20 Yes

Volumenflow | T_in,Coolant | Comp.Speed
[I/min]... [*Cl.- [1/min]...
23.04 60.02 8498
22.99 60 6499
23.01 59.86 4499
23 59.94 2499
46.93 60.07 8498
49.05 60.11 6499
49.04 60.13 4499
49.02 60.22 2499
23 4512 B498
23.0 45.06 6499
23.02 4498 4499
23 45,08 2499
23.01 4497 8498
23.m 4498 6499
23 45.06 4499
22.99 449 2499
23 30 8498
23 29.83 6498
23 30 4499
23 30 2499
50.02 45.1 8498

Parameter variation
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Power K [kW]

Power K [kW]

20

15

10

20

15

10

Results Condenser

» Calibration data: Cond 1 (with Matrix 1) and Cond 2 (with Matrix 2)

Heating Power Ap_Ref
30 900
E 20 _'E 600
£ £
= >
210 5 300
® Power_Cond 1 ®Dp_ref Cond 1
® Power_Cond 2 ® Dp_Ref Cond 2
0 0
0 5 10 15 20 0 10 20 30
Power M [kW] Ap_M [mbar]
_—

» Extrapolation : Cond 1 (with Matrix 2) and Cond 2 (with Matrix 1)

Heating Power_Extrapolation Ap_Ref_Extrapolation
30 900
- = 600
© ©
o o]
E £
MI ¥|
S 10 & 300
® Power_Cond 1 @®Dp RefCond 1
® Power_Cond 2 @® Dp_Ref Cond 2
0 0
5 10 15 20 0 10 20 30 0
Power M [kW] Ap_M [mbar]
_—
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K= Kuli , M= Measurement

Ap_Coolant

® Dp_Cool_Cond 1
® Dp_Cool Cond 2

300 600
Ap_M [mbar]

900

Ap_Coolant_Extrapolation

o
>
I
]
©
o
Q
IS
[

® Dp_Cool_Cond 1 =

® Dp_Cool Cond 2

300 600 900
Ap_M [mbar]

Temperature K [°C]

T_out_Coolant

70

D
o

50

40
® T_out, Cool Cond 1

® T_out,Cool Cond 2

30 40 50 60 70
Temperature M [°C]

T_out_Coolant_Extrapolation

70

60

50

40 ® T_out,Cool Cond 1
® T_out,Cool Cond 2

30

30 40 50 60 70
Temeperature M [°C]
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KULI model of AKG Compact Modul

| _Inlet Pressure_Cond (W/G ) bar p|—fm

E-motor coolant loop

=

NI

Simulasion parametesrs

N ~ Lvelumen flow OM_Cond _I.fn'lintl—'mI
—Tnsg_Temp_Lon T ] Condereser [0 |_.bkmbir.--n1:_Tr.--n-||:'_t:lr.--gt:.-l—ro“I
~
N Voume fow 1N @m .
~ Temperature In Ambienttemperature
N e —
Tt Ricsver Tukw10 Berud? Tukwsd Cordereser ] Tukwsd Bl Tukw?
_@_ @ Bernds
& 08 -G 5 \B & @ &
=T "
Beruddl ] Nrermal cutput IM o
[Subceding temperature IM_ = =i e com
1 Ot
TCoM @ t
Tubel12
=
@ Canpesec
: H i
Refrigerant loop @
[Cofpress driving power  Jes
Compre ssor Speed 1/min . "'EEE‘ R o
I_ p p 'P Ep }. om)
10.CET[ 5 K «~{ Sufferheating temperature IM_| o
-|C0nlldle1 input: superheating | | RN " -
— N 1ac Becd
N - . _ R o i . =]
(N Evapxranier [ Tuied Berd1 T2 Berxi2 Tl Beredd Tuiesd
N\ o O
N . . . . . . o -
\ =
[_Refigerant Chvgew I Charge | Thermal cutputih B o
~ ]\u‘perheaﬁng nemperalu\l‘rﬂ — o T

| _Inlet Pressure _Evap (W/G) bar pl—rm

| _Volumen flow OM_Evap _I.fminil-r‘:hl

1TOTZ

| Evaporator Exittamperaturs coolarﬂ—'h
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AKG Compact Module 0 Zi‘r@?[

» Application example of our aluminium brazed plate heat exchangers

= Compact Refrigerant Module
= Cooling Performance: 8kW @ 25°C Chiller out / 45°C Condenser in (Coolant)
= Refrigerant: R134a & R1234yf

= Chiller System and Heat Pump Application

-

f N
".,"l\ A ;
>y
; 3,
* A
{ R =)
e

= Easy integration into customer vehicles
= Integrated Controller (CAN J1939)
= AKG Software available

Please contact us for further information.
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AKG Summary and Contacts !‘! R\ /‘,,{'/j’T“'

= The chiller and condenser can be accurately modeled in KULI as A/C plate heat exchangers.
= Both approaches show no significant difference in results.
= The models show good extrapolation capability within certain borders.

o High deviation on refrigerant pressure drop ( up to £30% at certain operating points).

o Further investigation required.

= The impact of the pressure loss deviation on the refrigerant will be further investigated at the
system level.

Christian Djeufack

Simulation Engineer
christian.djeufack@akg-gruppe.de
+49 5671 883-1262

Dr.-Ing. Katerina Hatesuer

Project Manager
katerina.hatesuer@akqg-gruppe.de
+49 5671 883-4624
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