
Ingolstadt, May 2023

Assessment of Thermal Comfort and Energy 
Consumption of Car-Cabin Climatization

Evaluation of the KULI-„Extended Passenger 
Compartment Model“
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INTERNAL

Motivation: Coupled Simulation the Development Process of Eletrical Vehicles

Focus: Cooling Performance
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Coupled Simulation

Many different Software Tools

• Scope of Application

• Preference of Developer

EKEEEBEA
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Usage of KULI-Models in the Audi-Co-Simulation-Process
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Radiators in the Frontend:

Best User Experiences with KULI

HX-Models and Scaling Algorithms!

Heat Loads of Combustion Engine
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𝑘𝑤𝑖𝑛𝑑𝑜𝑤𝑠 ⋅ 𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠

𝑘𝑤𝑖𝑛𝑑𝑠𝑐𝑟𝑒𝑒𝑛 ⋅ 𝐴𝑤𝑖𝑛𝑑𝑠𝑐𝑟𝑒𝑒𝑛
𝛼𝑑𝑒𝑓𝑟𝑜𝑠𝑡
𝑇ℎ𝑒𝑎𝑑

𝑘𝑤𝑎𝑙𝑙𝑠 ⋅ 𝐴𝑤𝑎𝑙𝑙𝑠
𝑇𝑓𝑜𝑜𝑡

ሶ𝑚

ℎ𝑚𝑖𝑥

ሶ𝑄𝑐𝑜𝑜𝑙

𝑇𝑟𝑜𝑜𝑓,𝑜
𝑘𝑟𝑜𝑜𝑓 ⋅ 𝐴𝑟𝑜𝑜𝑓, 𝐶𝑟𝑜𝑜𝑓

𝑇ℎ𝑒𝑎𝑑

𝑘𝑤𝑎𝑙𝑙 ⋅ 𝐴𝑤𝑎𝑙𝑙
𝑇𝑓𝑜𝑜𝑡

Temperature Layer Modeling

𝑇ℎ𝑒𝑎𝑑 = 𝑇𝑐𝑎𝑏 + Δ𝑇

𝑇ℎ𝑒𝑎𝑑 = 𝑇𝑐𝑎𝑏 − Δ𝑇

Δ𝑇 = Δ𝑇(𝑇𝑐𝑎𝑏, 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 , Vent − Strategie)

ℎ𝑒𝑣𝑎𝑝,𝑜

𝐶, 𝑘 ⋅ 𝐴𝑐

ሶ𝑄𝑟𝑎𝑑 𝑠𝑜𝑙,𝑤𝑖𝑛𝑑𝑠𝑐𝑟𝑒𝑒𝑛

𝑐𝑡𝑟𝑎𝑛𝑠 ⋅ 𝑞𝑟𝑎𝑑 ⋅ 𝐴𝑤𝑖𝑛𝑑𝑠𝑐𝑟𝑒𝑒𝑛 ⋅ cos(𝛼) ሶ𝑄𝑟𝑎𝑑 𝑠𝑜𝑙,𝑤𝑖𝑛𝑑𝑜𝑤𝑠

𝑐𝑡𝑟𝑎𝑛𝑠 ⋅ 𝑞𝑟𝑎𝑑 ⋅ 𝐴𝑟𝑒𝑎𝑟𝑠𝑐𝑟𝑒𝑒𝑛 ⋅ 0,1

ሶ𝑄𝑟𝑎𝑑 𝑠𝑜𝑙,𝑟𝑜𝑜𝑓(TSR)

ሶ𝑄𝑟𝑎𝑑 𝐿𝑊,𝑟𝑜𝑜𝑓

ሶ𝑄ℎ𝑒𝑎𝑡

Audi Cabin Modelling Approach -> To be Compared With Kuli-Model!
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Model Scalable w.r.t. Complete Portfolio
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Comfort: More Than Temperature

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

ሶ𝑞𝑠𝑘𝑖𝑛 𝑇𝑠𝑘𝑖𝑛 ሶ𝑞𝑠𝑘𝑖𝑛, 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 , 𝑇𝑎𝑖𝑟 , 𝑢𝑎𝑖𝑟 , 𝑇𝑤𝑎𝑙𝑙 , ሶ𝑞𝑠𝑜𝑙,𝑟𝑎𝑑 , ሶ𝑚𝑒𝑣𝑎𝑝, …

𝑢𝑎𝑖𝑟 , 𝑇𝑎𝑖𝑟

𝑇𝑤𝑎𝑙𝑙

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

Human or Sensor With Electrical Heating
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Possible Further Steps -> With AUDI- or KULI-Cabin Model?
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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?
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Critical Evaluation of EN-ISO 14505
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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

Cooperation Together with Audi
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Evaluation of the KULI-„Extended Passenger Compartment Model“
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Interfacing via Air-Flow-Network

Parametric Geometry Description and

Detailed Layered Wall Models

Modelling of Exchange Rates between differnt Air-Zones via „Cabin-CFD“ files
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Determination of the Air-Exchange-Rates
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Summer Ventilation Case Winter Heatup Case

ሶ𝑚𝑛𝑜𝑧𝑧𝑙𝑒

ሶ𝑚+𝑥
1,0,1

ሶ𝑚−𝑥
1,0,1

ሶ𝑚+𝑥
2,0,1

ሶ𝑚−𝑥
2,0,1

75 Constrained Planes for Convective Exchange Evaluation

ሶ𝑚+

ሶ𝑚−

ሶ𝑚2,0,1 = ሶ𝑚+𝑥
2,0,1 + ሶ𝑚−𝑥

2,0,1

𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑦
+
𝜕𝑤

𝜕𝑧
ቊ
> 0, inflow cell
= 0, otherwise
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Intermediate Findings
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› 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!
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Results Heatup-Case
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Legroom Temp

Too Close to Air Outlet?
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Results Cooldown-Case
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› 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
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› Results of KULI-Cabin Modell and AUDI-Model do not Competely Agree

› Identify Reasons for Deviation -> Documentation of Model Physics Available?

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


