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Motivation: Coupled Simulation the Development Process of Eletrical Vehicles
Focus: Cooling Performance

Refrigeration Cycle
Cabin Comfort
Energy Consumption
Thermal Performance

Operational Safety Effect on Energy
Coolant and Component Temperatures Consumption

Pressures Driving Resistance
Passive Aerodynamic Drag

Cooling WESS

Longitudinal Dynamics , : Performance

Friction Losses Temperatures

Effici .
iciency Battery Derating

Coupled Simulation Operational Strategy
Many different Software Tools Fan-, Pump-, and Valve-Control
* Scope of Application

* Preference of Developer

INTERNAL
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Usage of KULI-Models in the Audi-Co-Simulation-Process

Radiators in the Frontend: | oy ST @\ MathWorks: Refrigerant Cycle

»1X_zu_dimless_Oto1

Best User Experiences with KULI g8 = _ _ EEEr I EERAEE
HX-Models and Scaling Algorithms! Wy it .. Simulink il

»X_cab_init_dimless_Oto1

*lvelocity_mps t Kopf_degCr———

»reset

——»lanzahlinsassen_integer

»Geometrie_dimless

Kabine

Passive
Cooling

IZWIN] software

ENERGY MANAGEMENT OPTIMIZATION

/

&\ MathWorks-
Heat Loads of Combustion Engine -_— . .
Simulink

Other Contributors

INTERNAL



INTERNAL

4 AUDI AG I/ER-313 Bastian Schmandt KULI User Meeting 2023

Audi Cabin Modelling Approach -> To be Compared With Kuli-Model!

Qrad sol,roof (TSR)

Qrad sol,windscreen .
Qrad LW,roof
Ctrans * Grad * Awindscreen * €OS(a) Tro0 f.0 )

Qrad sol,windows

k.. <A
windscreen windscreen Ctrans * Qrad Arearscreen -0,1

Age frost

v

kwall - Awan
Troot Model Scalable w.r.t. Complete Portfolio

&
<«

Temperature Layer Modeling

A0 A AsSUV B B-SUV C D-L

Theaa = Teap + AT
Theaa = Teap — AT

Temp.-Sollwert 15min Typa.—15min = (°C)

Heizleistung Q = Q(G,m)

Heizleistung nenn Q = (kw)

AT = AT (T.qp, Tampient, Vent — Strategie)
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Comfort: More Than Temperature

»Feeling in This Room is Equivalent to Feeling in a Room With XX°C Air- and Walltemperatures Without Draught and Solar Radiation“

Tyau

v

Tskin(‘]skin; Tambient' Tairr Ugir, Twall' CIsol,rad» mevap; )

v

v

v

v

Human or Sensor With Electrical Heating

v

v

v

Ugir, Tair

INTERNAL
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Possible Further Steps -> With AUDI- or KULI-Cabin Model?

a) b) gesamter Kérpel’ 1 e Simulation
Kopfhaut | 4 Messung

Gesicht |

linke Schlafe -
rechte Schlafe
Nacken |

linker Oberarm
rechter Oberarm
linke Hand

rechte Hand

linker Oberschenkel |
rechter Oberschenkel -
linkes Schienbein
rechtes Schienbein
linker Ful® -

rechter Fuld -

Brust | @

10 15

a) Numerical and Experimental Setup of 3D-Comfort Simulation
b) Comparison of Equivalent Temperatures Between Mesasurent and Simulation

=> 1D-Simulation: Simplification of Comfort Model possible?
INTERNAL

20 25

T/'ﬁlquivalent [°Cl

30

35
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Critical Evaluation of EN-ISO 14505

Objective Evaluation of Thermal Comfort in Passenger Cars
Development of Methods for Current and Future Climate Concepts
Dissertation of Andreas Rolle, 2022

TUM School of Engineering and Design

COOpel’atIOn Together W|th AUd| 4T, d & Q Geschlechterspezifischer Vergleich
@18 gesamier Korper |
@17 Kopfhaut //
@17 Gesicht
@17 linke Schilafe -
@17 rechte Schlafe -
@18 Nacken r
@18 Brust - kalt_jedoch komfortabel
013 linker Oberarm \Tc%lrjg';i?ljedoch komfortabel
@13 rechter Oberarm - _g o
@14 linke Hand | -
@ 1,4 rechte Hand

@16 linker Oberschenkel |
@ 1,6 rechter Oberschenkel

@21 linkes Schienbein +
@21 rechtes Schienbein -
@27 linker Fui -
@27 rechter Fuld -

| I i L L 1 I i L L I 1 1 L

10 12 14 16 18 20 22 24 26 28 30 32 34 36
[*C]

Equivalent
Abbildung 39 Allgemeines Komfortzonenmodell (n = 83) im Vergleich zu den geschlechterspezifischen

Grenzen fir clo = 0,72; ATeq entspricht der durchschnittlichen Differenz der Teq zwischen

mé&nnlich und weiblich
INTERNAL
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Evaluation of the KULI-,Extended Passenger Compartment Model“
Interfacing via Air-Flow-Network Modelling of Exchange Rates between differnt Air-Zones via ,,Cabin-CFD* files

E MassFlow2R_Heatup_360kg_h_KULI_WORKSHOP.dat - Editor — O *

Datei Bearbeiten Format Ansicht Hilfe
ﬁ# Input file for cabin model
## Massflow f in [kg/s]

Two row cabin model
Geometric parameters (for KULI cabin model)
a=1.1m

98m

A9m

3m

3m

AAm

.67m

Im

Im

Alpha = 3@8°

Beta = 15°

Gamma = 47°

T ™ Qn O
[
200000003

Eig o o o o i g o

## m_def_lire=1.5/68*g/(2*g+h); % drittelmassenstrom da iber 3 yzonen
## m_def_mi=1.5/608*h/(2*g+h); ¥ drittelmassenstrom da lber 3 yzonen
## m_fuss=3.5/60/4;

H H 1 ## m_mi=0;
Parametric Geometry Description and T oertasl/60/2;
Detalled Layered Wal-l' MOdel's ## x, y, z: Number of Control - wvolumes(CV)
Fahrgastzelle [B9.kuliVbo] 4 3 3
Datei  Extras ## Scaling factor
RIECD) i
@Allgemeines Em Geometrische Daten @9 Wand Eigenschaften aDruck\.rerlust ## Massflow f in [kg/s] - X (yz - face)
Kennung Wert Fahrzeugvelurmen [m’] 0 0 2 0 ° 0 0 0 0
9 ©.0182924229740000 6.088692370370666667 8.8118137789002580 8.08665543032663800 ©.0881859059183
a[m] -8.88390741569000000 ©.088388396553000000 8.8361553774220000 -8.81178631906871080 ©.088127194653€
b [m] 038 g h g 3.31974202200000e-86 -0.008245097709670000  ©.00308158955500008 a 3.91637762610000e -85 -8.8823
c[m] 043 (N { ] ] ] ] ] ] ] ] ]
d [m] 0.3
:[m] ;:1 . f ol 1 ## Massflow f in [kg/s] - Y (xz - face)
Tg dﬁ e ~ ~ e e e ©.08389738820700000 -8.88390279400000e-085 9.57247938700000e-86 -8.883846072155
a[m] 61 a e e e 8.08447660286200000 ©.088185328557999999 -8.88464798994800000 ©.081583874699¢
itml Oh 3 e e e -8.888387936315800000 -8.8182854854190000 -8.880198405660000001 0.014286375055€
alpha [*] N e e e e -8.26241383000000e-06 ©.00372681833200000 e 3.67298873300000e-05
beta [7] 15
gamma 7] 45 ## Massflow f in [kg/s] - Z (xy - face)
e -8.888135704069866667 -8.88268118539834444 e e 6.89361115613600e-85 -8.8802923864332
e 8.08179444636600000 ©.08238039837400000 e e 8.8235883869470000 0.817827972424¢
e -8.882916436256000000 -8.83598442214560000 e e -8.8319899650379870 -8.839345948882
e 9.12596470600000e-86 -8.888215072927700008 B e e 2.41997412400000e-85 e

INTERNAL
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Determination of the Air-Exchange-Rates

Summer Ventilation Case Winter Heatup Case

75 Constrained Planes for Convective Exchange Evaluation

du v ow {> 0, inflow cell

Ox * ay * 9z |= 0, otherwise

|
|
|
T
|
I > 2,0,1 — 2 2IOI1 > 2l0l1
| m>%t = mi + mZ;
|
|
. 2,0,1
| Y
N | >m+x
e | . 2,0,1
\\ —— m—x
A
A
AN
N\

INTERN
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Intermediate Findings

> 75 Constrained Clipping Planes in CFD-Simulation!

> Potentially Erroneus, Scripting (e.g. Java-Script in StarCCM+) Inevitable!

> Convective Exchange Separated Into Linear and ,,Eddy“ Parts (Positive and Negative Parts of Net-Flows Necessary)!
> Resulting Fields Have to be Free of Sources and Sinks -> Conservative

> Exception: Zones Adjacent to Air Nozzles get a Massflow Sourceterm

> Results From CFD Have to be Arranged in KULI-Required Format -> Also Scripting Inevitable!

> Manual Might be Improved for Readability and Clarity!

INTERNAL
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Results Heatup-Case
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Results Cooldown-Case

> Passive Heating due to 1000 W/m"2 Solar Load at 40°C Ambient Temperature During first 3600s
> Completely Different Behaviour of Headroom and Legroom in Heatup Phase Between Both Models

> Agreement Between Headroom Temperatures During Cooling Quite Good
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Conclusion

> Results of KULI-Cabin Modell and AUDI-Model do not Competely Agree
> ldentify Reasons for Deviation -> Documentation of Model Physics Available?

> Develop Simplified Model for Climate Comfort Based on Three-Dimensional-Model

INTERNAL



