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Kuli engine model – a progress report

Agenda

• Introduction

• The 5 steps to „happiness“ – the engine model

1. Getting the input data

2. Engine and test rig equipment

3. The engine at steady states � the heat map

4. Driving transient � the load steps

5. Auto adjustment of the engine model

• Comparison of measurement and simulation data

• Conclusion / Outlook
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Engine 
model

Temperature, heat flow, volume flow

Fuel consumption

Temperature passenger compartment

Cooling systems

Engine

Thermal comfort

Heat exchanger

Air-w
ater cooler 

Engine-oil cooler

Introduction
Why constructing an engine model?
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Introduction
Requirements concerning the engine model

- Analysing stationary and transient effects on engine �

- Simulation of cold start and warming up �

- Prediction of fuel consumption �

- Integration / coupling with other models �

- Easy calibration �
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4 masses
- water direct

- water indirect
- oil direct

- oil indirect

ambient air

5 „k* A“-values
heat transfer
coefficients

Introduction
The advanced KULI engine model
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Getting the input data
The engine / the vehicle

Engine Data: 

• Engine power: 103kW

• Cylinder capacity: 1968 cm³
• 4V

• Euro Norm 4

• Unit-injector system (Pumpe-Düse)

• TDI

Car Data: 

• Golf, 5th generation

• Without DPF

• Standard components
from series production

• Gearbox: DSG ®
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Engine general data
– Cylinder capacity, number of cylinder banks

Material data
– Fuel, coolant, oil, air

Enviroment
– Air flow velocity and temperature for engine surfaces

Thermal capacity (k*A)
– Water - oil, water - engine, oil - engine

Coefficient of thermal part of loss
– Drag operation, steady state load points

Engine loss
– Fuel consumption maps from Willans characteristics

– Drag torque characteristics

Heat map
– Maps of exported heat and temperature for water and oil

Getting the input data
Data for the KULI engine model
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Engine and test rig equipment
Engine palett for test rig

A typical real engine

on a palett

The real
engine model



S
ei

te
9

K
ai

 G
on

et
, G

N
S

 m
bH

20
07

-0
6-

14

Kuli engine model – a progress report

Engine and test rig equipment
Equipment - the water circuit

:
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The engine at steady states 
Heat map for steady state condition
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Driving transient
Transient loadcases
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Driving transient
Characteristic curve for coolant and oil temperature of engine
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Auto adjustment of the engine model
How to auto adjust – a flowchart

General engine data
General data load step

Consumption map

Engine characteristics:

-Max. engine torque
-Drag torque

Heat map: Oil and water

Measured data from
load step

Creating: 
advanced engine model

Setting masses

Setting heat coefficients

Setting components
for autoadjustement

Auto 

Adjustment

okay?

Interpolation
Method okay?

yes

no

engine model ready to use ☺

no

yes
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Auto adjustment of the engine model
Data after calibration (temperature)

Oil engine exit regressed

Water engine exit regressed

Oil engine exit simulated

Water engine exit simulated
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Finally – a simulation model for the 2.0l 103kW engine
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Comparison of measurement and simulation data
KULI engine model computes steady state heat map / temperature difference

Measurement Simulation

Section, where engine model was calibrated
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Comparison of measurement and simulation data
KULI engine model computes transient load case
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Comparison of measurement and simulation data
Comparing model and reality – Oil temperatures

Oil temperature engine, exit
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Comparison of measurement and simulation data
Comparing model and reality – Heat flow coolant

Heat flow coolant engine
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Comparing model and reality – Fuel consumption
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- Analysing stationary and transient effects on engine �

- Simulation of cold start and warming up �

- Prediction of fuel consumption ☺

- Integration / coupling with other models ☺

- Easy calibration �

Conclusion
Our requirements concerning the engine model – and our experience
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Conclusion
Our experiences while woking with the engine model

• The technical effort is greater than expected

• Temperature measurement for engine parts complicated

• PT100 1/10 DIN thermal sensors not applicable
everywhere

• Volumetric flow for oil could not be measured directly

• The heat map / heat balance has to be calculated by 
user to fit KULI input

• interpolation method of heat map has no influence on
calibration

• user has to refine the automatic adjustment
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KULI air side successful – KULI engine model needs to be im proved.

Suggestions

• Auto-adjustment should accept more than a single load step

• Engine model should use „real“ masses (e.g. cylinder head)

• Engine fluid masses should be separated from engine metal masses

• Can an engine model be scaled? 

No thermal management without an engine model!
Everybody needs one ☺☺☺☺

Thank you for your attention !

Outlook


