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KULI within the Development Process of Cooling 

Systems at AUDI

Running Design Verification supported by KULI

Actual Applications using the KULI-Engine Model

Overview



Design Verification – Geometrical Influences

Variation of Air Intake Size
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Design Verification – Engine Power

Demand: AT-Value for increased engine Power

Heat Rejection Forecast using KULI Engine Model or Upsizing Method

Oil and Water Temperatures should be considered
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Charge Air Cooling – System Modeling

Charge Air System:

Considerable Influence of the 
Tubing's and Turbo Charger

1D-Pressure Loss Calculation 
based on Geometric Dimensions of 
Tubes and Hoses

Simultaneously Consideration of 
Heat TransferKULI Model

Subsystem Turbo Charger 



Charge Air Cooling – Turbocharger Modeling
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Predicted Turbo Charger Characteristic
(Based on one measured condition)
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Charge Air Cooling – Turbo Charger Model

Turbo Charger
Charge Air 

Cooling System

Considering influences from Ambient 

Temperature and Charge Air Pressure

Using a Turbo Charger Characteristic 

Map based on Isentropic Efficiency



Influence of Charge Air Pressure to the Pressure Loss
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Charge Air Cooling – Simulation Experiences

Pressure Loss and Charge Air Pressure in Context
at constant Charge Air Flow Rate and Ambient Temp.
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Influence of Charge Air 
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Engine Power requires a
certain Mass Flow Rate
Pressure and Temperature
are not independent



Charge Air Cooling – Simulation Results

Charge Air Cooling System
Overall Pressure Loss

High Speed Trailer Towing
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Easy Parameter Studies

Analysis of different 
Configurations (with 
or without Bypass)

Charge Air Outlet Temperature: Verification of Simulation
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Engine heat fluxes, HEATSIM engine model

Source: ECS

Engine oil cooler

Heat exchanger 
for the passenger 

compartment

AGR-Cooler

V_Coolant

Measurements required

Q° oil; Q° coolant

Temperatures at heat up or cool down



Engine Model

The total heat input as well as the heat flux to oil and coolant depends on the oil 
and coolant temperatures  

const. engine speed

const. Coolant temperature (95°C)
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Oil temperature

Easy Parameter Studies

Analysis of different 
Configurations
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