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Analysis of Branched 

Fluid Networks

! Thermostatic Valve Control

! Pumps

! Tubes, Bends, Manifolds

! KULI Heat Exchangers

KULI Fluid

Thomas Anzenberger, ECS Steyr
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Overview

" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification

" Graphical User Interface

" Practical Application

" Further Development
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" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification  

" Graphical User Interface

" Practical Application

" Further Development

Overview
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Pumps, 
Compressors

Input Data (measured 
performance curve)

Non Dimensional 
Characteristic

Transformation

KULI Fluid
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Tubes, 
Bends, Manifolds

Input Data (based only on 
geometric information)

KULI Fluid
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Heat, Pressure 
and Flow Sources

2D or 3D Input Data

Visualization of 
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KULI Fluid
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" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification

" Graphical User Interface

" Practical Application

" Further Development

Overview
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Stream Line Flow Theory

21
2
2

2

21

2
1

1

2
1

2
1

>−
>−

∆++=






∆++ quppup
ρρρ



























=

jm

m
m

m

&

&

&

r

..

..   
2

1

Mass Flow,
Pressure 
Distribution

Specific Energy 
Terms

Pressure Loss
Equation

Heat Transfer
Equation



























=

in
j

in

in

h

h
h

h
..
..   
1

1

r Enthalpy 
(Temperature) 
Distribution



























=

in
j

in

in

p

p
p

p
..
..   
1

1

r

Pressure 
loss

Heat 
Transfer

Specification



- 12 - ENGINEERING CENTER STEYR3rd KULI User Meeting October 2001

Tubes, Resistances, 
Bends, Manifolds

Heat Transfer 
Calculation

Pressure Loss 
Calculation

2

2

21
vp ρξ=∆ >−

Colebrook Diagram

L
Nu Air

a
λα  = Heat flow

Leading Air 
Stream Theorie:

Cross 
leading air 
flow

Specification



- 13 - ENGINEERING CENTER STEYR3rd KULI User Meeting October 2001

Controllers
Controlled Mass Flow

Controller Characteristic

Signal Line

Controller

Controlled Actuator

2D Characteristic Line 3D Map MATLAB/SIMULINK

Specification



- 14 - ENGINEERING CENTER STEYR3rd KULI User Meeting October 2001
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Specification
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" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification

" Graphical User Interface

" Practical Application

" Further Development

Overview
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GUI
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" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification

" Graphical User Interface

" Practical Application

" Further Development

Overview
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KULI Layout
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Air Flow Layout
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Constant Driving Speed: 40 km/h
Constant Engine Speed: 2500 1/min
Ambient Temperature: 20°C

Simulation 
Parameters

Application
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Results

Application
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" Demands for a KULI Fluid Circuit

" KULI Fluid Components

" Technical Specification

" Graphical User Interface

" Practical Application

" Further Development

Overview
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Further Development

" Component Models Considering Thermal Conduction

" Complex Specification for Fluid Pumps

" Characteristic-line Based Model for Tubes/Resistances

" Graphical User Interface Improvements
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Summary

" Modeling of branched Fluid Networks

" No restrictions for all KULI Heat Exchangers

" Complete Integration to KULI Air Flow Network

" Analysis Models for Pumps, Tubes, Manifolds, ...  

" Integrated 2D of 3D Controllers

" MATLAB/SIMULINK Interface using COM

" Graphical User Interface
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Thank You For 
Your Attention

Thomas Anzenberger, 

and the ECS-Steyr KULI Team

The End


