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General

M MAGNA STEYR

« New Module Structure
- License Borrowing
- Improved Handling
« 2D Graphics Window
o CFD-Interface
« Media Data
- Postprocessor
- Simple Mode / Expert Mode

www.magnasteyr.com



KULI - New Module Structure

M MAGNA STEYR

base

e Fluid and air
flow network

e Sensors &
actuators

e Post-
processing

+ RAD70

+ CAC70

+ OC70

+ PFC70

+ Transition

+ Fan
Parameter

+ Subsystems

advanced

e Interfaces

e CFD (SWIFT,
StarCD,
Fluent)

e Matlab
[Simulink

e COM

+ Automatic
Optimization

hvac

e HVAC
System

e Passenger
Compartment

e R134a

e CO,

e Heating

+ Heat pump
mode

drive

e Transient
simulation

e Engine
model

e Driving cycle

e Transient
control by
sensors &
actuators
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Borrowing of License

. Borrowing of a temporary license from a server to e.g. a notebook
is now possible (e.g. for presentation or measurement on a test
bench)

Preconditions

o License file must be renewed from KULI team with feature borrow
on request of customer

« Definition of maximum borrow time (will be handled in license file)
by the customer

How it works

« Client is borrowing a license from the license server for a defined
period (return day and time has to be specified)

- After the defined period KULI don’t works on the notebook, but the
license can be used on the server

- Earlier return of license is possible
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KULI base — New Features

- Improved Handling of
Graphics, Media, Settings

« Additional Sensors & Actuators

- Additional Components

« Control Objects

« Subsystems

www.magnasteyr.com
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KULI base - Enhanced Graphics Handling

- Simple mode / expert mode toolbar

* Multi selection

* Moving of selected components

- Copying of components

 Show comments or show ID

- Zoom with mouse scroll wheel (new shortcuts)
« More sensors/actuators

- Sensors/actuators available at circuit

- 3D-Graphs transparency option

« Open/closed circuits are visible in graphic
window



: A MAGNA STEYR
List of Shortcuts in Graphic Window (Fluid Circuit)

o Ctrl+r rotate object

o Ctrl+s save file

o Ctrl +a save file as

o« Ctrl+c copy selected components
- Left mousebutton mark objects

o Ctrl + left mousebutton move

« scrollwheel move vertical

« Shift + scrollwheel move horizontal

o Ctrl + scrollwheel Zoom in/out
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KULI base — New Components

- Fan parameters (from KULI advanced)

« Transition (from KULI drive)

- Parameter 70 components (from KULI advanced)

. Crossflow heat exchanger (e.g. charge-air coolant)

. Calculation objects, P-controller, constant, delay object
- Improved valve (pressure loss will be considered)

- Two/Multiple pass (U-Flow/S-Flow) heat exchanger
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Controller / Calculation Objects

@ - s |

Out=1In1 + In?

- Cut =1In1 -Ind
1.Calculation controller o
Cut = In1 *Ind

, Out = In1 {In2 b el
Dt = In2 - In
Cut = In2 fIn
i

Out = minumum
Dut = maximum

1.Delay controller

Delay

v Gain———— |15 " Simulations & Seconds
I'I.E |

1.P - controller 1.Constant

v Gain———
23 - 50°C_IX
T |
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Two-Pass (U-Flow) Heat Exchanger

In
Radiator [ExCAR.wik]*
L Ele Extras Tools
B E R
Heat exchanger type | diat J
€ General data |lr:' Innerflowl vl Outerflow] By Heat transfer
User |TZS Layaut
Diate (O=current) |28.EI5.1 996 00:00:00 " Standard
Title |ExampleCAR & Udlow!
hema " SHlow Passes
Type |Cross-f|u:|w Tube data
Mao. |NODD1 Mo of rows of tubes |1
hanufacturer [t Mo, oftubes |46
Series |CLDD1 Tube cross-section [mm?] |4D
Measrd. data file |MFDD1 Wetted perimeter [mm] 122,42
Wiclth [rmrm] (600 SUble'Elﬂn algomalic... |
Height [mm) 1400
Depth [mm] 130 e s ‘
D ivizion Divigion
Weidth [rnrn] Height [rnrn]
200 ﬂ
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KULI base - Improvements

New handling of media data

Units for simulation parameters are selectable

Settings can be imported by loading project file

Enhanced definition of pressure loss (e.g. dimensionless
loss coefficient)

Subsystems



M MAGNA STEYR
New Handling of Media Data

* Media combined to groups (Air, Coolant, ...)
« Company specific Media Folders

» User defined ldentifiers supported

[= I swstem
- triad Zowina Wiovo 7]
Bir = :
§ - ﬂigﬂﬂﬁ;‘* o
=G Mﬂﬁfﬁﬁ;& SR Media Definition

& 5] OIL CIRCUIT
B ATFLTOEL
By A0y 30

B DEXRONE(

L) Refrigerant A ATFLTOEL DAT

“AADERRONE( . dat
Ahdxzn.dat
Aisuvg"rﬁ.dat

18 1_P 342 j

A _Ri34a.dat
A _r744.dat £
AANIST_R134a.dat & KhA_Ri744

i MNIST _R13da

Media Definition
A/C CIRCUIT
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Subsystems Toolbar

Subsystem v |

Fod ¢ o« g O D
A A A A

Create subsystem main input J

Create subsystem main output

Create subsystem controller input

Create subsystem controller output

Exit active subsystem

Enter subsystem

Insert new subsystem

Group active components to subsystem

Export active subsystem

Import a subsystem

www.magnasteyr.com
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Group Components to Subsystem

Main 2D-view

- g

\_ SUbsystem CONTR-OUTI )

ENGINEERING CENTER STE (R Grrorl & Co G

www.magnasteyr.com
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Import / Export Subsystem

Import subsystem 21 x|
Lock in: [ 3 ConlingSystems x| emceE-

& Example_subsystem.sub

.l =

File name: |Evample_subsystem.sub =l Open |
Flesofpe  [Subsystemfles (" sub] = Cancel
I Open as read-only
VA
Import subsystem 20%
Lock in: |E) CaolingSystens - emeiE-

[ Example_subsystem.sub

File: name: [Example_subsystem.sub | (pen |
| Cancel

v

Files of type [Subsysten fils [* sub)

I” Dpen as read-only

NEERING CENTER STE R Grorl & Co (<G

=0
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KULI postprocessor - Improvements

- Improved data management for transient data
(performance improvements)

o More result values are shown
- Double-click for selecting of value (in tree)
- Easy navigating to components‘ values

« Settings can be copied from one component to another
(use context menu)

- Automatic export to Excel (normal, transposed, summary or
one datasheet for each component, optional with diagrams)

- Loading of more output files at once
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Easy navigating to components‘ values

= \/ 1.Area resistance

[

- Comment {simulation)
ExCAR
" Comment {companent)
- Carnment (data File) g L 1 an o
. +- % 1.EFan
- Filename
, +- % 1. ARes
K width - 1.BiR
9 Height ¥ 1.RAD
¥ Depth s 1.cac | YesiMo Fé
¥ x-coordinate @ ZMFLG . E7
- y-coordinate +- % 2,PRESS Fa
¥ z-coordinate . § 2L apply Settings Fo
v/ Entry kermperature 0 llchaafl Ba Copy selection F11
;‘(/ mExit o] Yies Mo F& - nir pat [ Paste selection Fiz
}( Pressi. Vas - " Update all tables ... FS =
e Yl
Fa
§ Excltrap W apply Setkings F2
o MZ:' ; By Copy selection Fil Selected simulation results Diagramsl
aste selection
- el W Paste select Fiz
o Ouksid g
pdate all tables ... FS
El X Patts % View component ! ExCAR
.. 1 BEnilkoim v -
Label # stationarny 1 2 3
E ntry ternperature [*C] 20 35
Ertry preszure [hPa) 10135 1016.72 102576
— ) — S A N\TFE D) o \/C > Lol ) s I (o
=ENGINEERING CENTER STE (R Grnorl & Co (<G
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Interface Postprocessor — Excel (1)

- Different types of export

Display results

- each component in the
postprocessor is displayed

on its own page in Excel %‘ M= el @“
° DISpIay Summary pdf|Display results by Exceli®
. EjDisplay transposed results by Exceli®
. all exported data is bf] Display summary by Excel@
displayed on a single sheet EEDisplay transposed summary by Excel®
. separate sheets for multiple include diagrarns
files

Option to transpose data
Option to include diagrams
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Interface Postprocessor — Excel (2)

M MAGNA STEYR

Selected simulation results Diagramsl

Cross flow H=

1.Radiator

KULI 5.1

Label / ztationany 2 3
Entry temp. [ [*C] 7 88.37aa 1067
bd azz o M [kgds] 1.09167 1.00814 1.54715
Cooling air mass flow [kgds) 0534118 0.834697 1.61756

Ed Microsoft Excel - EXCAR.xls

—

@ Datei Bearbeiten Ansicht Einfiigen Format Exktras Daten Eenster 2

DEEH2|@RY| 2RSS oo |2 &4
| aria ,a,ng|§§§
F25 | =
A, B | ¢ | D | E
1 |1.Radiator
2 |Label ! stationary 1 2 3
3 |Entry temp. IM [7C] 99 F597 | 88.3788 0 1057
4 |Mazs flow I [kaiz] 109167 1.00814 154715
5 |Cooling air mass flowe [kgs] | 0594418 0554697 | 1 61756
3

F Y

[» M 1.RAD {1.CAC

UNG CENTER STE (R Grorl & Co (LG

www.magnasteyr.com
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KULI hvac — New Features

M MAGNA STEYR

« New Components

- Additional Refrigerant Circuit
Layouts

. Triangle Process

- Heat Pump Mode

« Warming Up / Cooling Down
Simulation

www.magnasteyr.com
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KULI hvac — New Components

- Simple Passenger Cabin Model
* Heater Core (in Coolant Branch)
* Auxiliary Heater

* Electrical Heater PTC

* Fuel Heater

- Expansion Valve Multiple Insertable



T IMAGHA sTEVR

Triangle Process — Si-mulation Model

Simulation parameters
2.Characteristic curve
SR
- .
1EXV 1.STO 3.Calculation controller
w“
I
Out. In Q,n-—. In i_ i 'In1
1.EWP ! |
2.Calculation controller |
In Out i n2 i
o In1 out} i
' o | e ] !
3.EWP — Int
1.AIC-system !
. o2 In2 c1)).1COM
Out 1
Qut In In1
4EWP o
owz "™ out " [Compressor driving powel—
‘ Out1 In1 In2
I ' |out
2EWP — ags
iy Loop back of auxiliary load

www.magnasteyr.com
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A/C System With 2 Branches

AC Circuit

* 2 Expansion Valves
« Evaporator 1: 8 Sections
» Evaporator 2: 6 Sections

i 3D Component
- Arrangement

www.magnasteyr.com
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Warming-Up/Cooling-Down of Passenger Compartment

Simulation Parameters

- Ambient Parameters (Temperature, Pressure, Humidity)
- Blower Type and Blower Voltage

- Heater Matrix

* Air Resistances (Pollen Filter, ...)

 Auxiliary Heater (Electrical Heater PTC, Fuel Heater, ...)
* Engine Type

* Operation Points (Engine, Vehicle)

* Fresh-Air Mode, Recirculation Mode

- Body Type (considers angle of the windows, sun radiation,
volume of the cabin, absorption, radiation)



Simulation Model - Warm Up

M MAGNA STEYR

Coolant Circuit

1.COMF 3.CONF
ni

Simulation parameters

[

o

1.FU 1.HEng [ater] o

2.EFan

1.Mater circuit

2. Characteri stic &4
'

Frmostat
n

ez hu
aracteristic:cur wlflow ratio br. 1 [%] [target appropch)

'
Exit temperaturg-
i

Kima 1.0l circuit Kandle

. Fondensatdr n I 1.FFCI] 1.HEnq [0il] ..J_ Kanidle HW4LC
3 2 @-=% O——=8
Condenser QOil Circuit Air Ducts
=NGINEERING CENTER ST R Grorl & Co (G

www.magnasteyr.com
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Passenger Compartment Warm-up: PTC 600 W

60 700

50 600 -

40 500 -

30 "\ /,/'::, 400
20 L// 300 -

— Base
10 - 200 -
0 100 -

( 500 1000 1500 2000 2500

Cabin Temperature [°C]

0 |
Time [s] sec to 20°C

N
o

www.magnasteyr.com
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KULI advanced

« Variation of Parameters
including Components

« Enhanced Optimization

. Interface to Flowmaster® with
COM-objects

« COM-Interface improved
(changes in VBA-script)

. Sensivity analysis
- Ensight® to KULI converter

www.magnasteyr.com
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Variation of Parameters

1. wWater circuit

n 1.RAD £ parameter ¥ariation -10] x|
falh| In ]
1.ParaVar
1.Parafar
——
| " Farameter Waration % Files
. ExCARwk =
Minirmurn |0 ExCFD-1 wk
bA s ||:| ExTRIUCK wk
Step size |0
=
LLInit I untransformed j File select
_ Clear file list |
v active
Ik, | Cancel |

KULI 4.0 optimization stopped

ENGIN=EERING C=RT

R STE(R Grorl & Co ¢

111
171
¢

www.magnasteyr.com
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Direction of Optimization

Er" ~Component parameters ;Iglﬂ

Radiator |1RAD

Comments |

hiclth [mim] IEEIEI Height [mm] IEEID Depth[mm]lEE * |1EIEI |0 Z |0

Direction of inner flow I +y (iny-direct j
Collapse << |
Inlet pas. inner medium ITDp right j

Soiling factor [*6] |IZI

Change of dimensions for optimization and parameterwariation

width | +y (iny-Direction) |

Height | =z (in both directions) j H
+z (in z-Direction) I i
-z (against z-direction)

=z (in both dir

Cornponent |EXTRUCK. wk

[& Ok | Cancel |
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Coupling of Simulation Software

Control,

Auxliaries
NMATT AR

Air
Conditioning
KULI AC

Driving

Simulation

avileriiice “ Therm-al
KULI drive “ imt:lftlon
oooooooooooooooooo ase

3D-Flow
AVL sxswift
S&FLUENT

KULI drive
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Interface Flowmaster® to KULI with COM Objects

4

1 Mater cincuit

Set gauge temp = Analysis.GetGauge (5)
Set gauge press = Analysis.GetGauge (17)
Set gauge press_Z = Analysis.GetGauge (Z24)

WA

Set gauge mwassFlow = Analysis.GetGauge (16)

If (gauge_temp Is Nothing] Or

VN

v

Public Function EuliHeat (tewmp,

m_’. —————————— -—|Mass flowy rate

LR ~—{Temperature

1 RAD End

[gauge press Is Nothing) Or (gauge massFlow

press, massFlow As Double)

'start KULI-analysis to enable iteration

calkOE = KULI.3etCOMValueEByID ("3ecMassFlowKuli™, massFlow)
caloOk EOLI.SetCOMValueByID ("SetPressureluli™, press)
calcOK EULI.SecCOMWalueByID ("SecTempKuli™, temp)

caloOk EOLI.SimulatedperatingPoint (1

Cell=s(3, 7) = EULI.GetCOMValueByID|"GetPressurekuli™)
Cells(3, 8) = EULIL.GetCOMValueByID("CGetTempKuli™)

Cells(3, 9) = EULI.GetCOMValuebByID|"GetHeatFlowKuli™)
KuliHeat = EKULI.GetCOMValueByID|("GetHeatFlowkKuli™)
Function

|EHit temperature |k

|Therma| output 0kd

KULI 5.1

|EHit pressure [k
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Sensitivity Analysis

1. wWater circuit

In 1.RAD
fi.Paratar o n u
Qu
-‘-'Massflow rate ||Entry ternperature | I—- ----- J—m
In
1.hFan

4 Paravar

Tt
P ---- Input speed
Extras ‘Windows | Toolbars  Help . m

Material properties 1.CP Report Diagram

Refrigerant properties 5 Paravar A
Conversion Table Diagram Legend
Calculate air pressure
B 1+ meciankcany

) ' Cpetapke

Prink YWindow [ [T
JCPuale

Fun Analysis {'atch Mode) :Ii:::mcm
Setkings ...
Skark Matlab
IQl.lit [Matlat i oty o=====
: ¥ Ana y I S,
Unpack .53 File
EnSight To KULI Converter

Swstem Tools k

1. Smulaton parame e r

Itz kce o Extry Bmps e Radivon




Facelift for the CFD-interface (1)

= Resistance matrix [-]

File Extras CFD-Data

|8z @,
Resistance matrix « direct CFD data |mp0rt
Input data CFD data SEthL_JLI Resistance matrix « accessible via context
menu
KULICFD file | (LI CFD Fie . conversion to KULI cfd
Cotiizuis WI file and import into
Blocks used for CFD Matrix (e.g. 1:3:4) Impart 48R CD Data. .. . . .
surrounding air pressure [hFa) Import FIRE Data, reSIStance matrlx dlalog
Surrounding temp. [C] Import User Data..., In one Step
Air humidity [74] |
Unit ot field coordinates |
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Facelift for the CFD-interface (2)

File Extras ©CFD-Data

2= EE
Resistance matrix
Input deta CFD deta set KULI Resistance matrx »,Generate*“-button on tab
t ,Resistance matrix* = b
more logical behavior |
Status |generat8d w-coordinate [rmm] z-coordinate [mm] Zeta-values
ATTENTION: The resistance matriil be generated 53 4.01291 J
for the first active simulation p 22 2 164588

:- Output of volume and mass
Generate resistance mafrix : fIOW rates from CFD data

328 183 1.36247

328 218 1.80557

sum absolute  “Wector sum KT 553 T OEE

Air mass flow rate from CFD data [kgfs]1.16841 |0.817147 -328 286 3.84506
. s 328 31 5.27357
Airval. flow rate fror CFD data [mifs] [0.871417 |0.679378 = =7 TTTE
a4 FQ 2 07FRAR
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Ensight to KULI Converter

“=*Ensight To KULI Converter 10| =l

.geo File: |C:"-,Daten"-,CFD LLK D aten\hwk.geo
~hode File: |C:"-,Daten"-,CFD LLEND atenyhwdk Whode_abs
CFDFile: |

Sealing Factarvelacity |1 o E“Slght To KULI Converter

y-misforkULl  Cx Fy Oz « converts Ensight output to
KULI cfd files

%%

z - axis for KLILI i x oy v z
. several options for scaling,
welocity for KUIL i+ x oy iz moving rotating
’

scaling Factary |1

=caling Factar z |1

Offs ety [rmim)] |EI

Offset z [mm) IEI

Rotation [] [

Conwvert Data Cancel

www.magnasteyr.com
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KULI drive

- Transient Operation

« Driving Simulation

. Standard Driving Profiles
o Multi-mass Engine Model

. Transient Control Using
Sensors & Actuators

www.magnasteyr.com
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Transient Simulation — Driving Cycle Specification

-+ - Target

N ,i\,,,{ Driving Speecb . Actual Speed
Driver

Driving Speed

Time, DI
ime, Distance Accelerator Gear Gear Step

Engine Torque

Injection Rate M r .
o > AL —  Vehicle
Engine Start of Injection Thermo- Engine Speed .
. : Mechanics
Management dynamics

Slope ‘
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M MAGNA STEYR

Engine Simulation Model
Coolant part . Oil part
frict
lndlrect ~ / indirect
m-c, _ __m-c,
direct direct

www.magnasteyr.com
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Simulation Model for a Commercial Truck

Simulation parameters

—
ﬁimulinkc&mlle[ 1.1Fan
o

|
[RPr }m !
; , :2 L mt— '—'Input speed

|I\:1ean eff. pressure |—*— ------------------------------------------------------ =

\ i 7 Viscous Clutch

. 7N Y-

|
I i \ :
| |
2 Simulink contraller ! out 1 out 2
aut :
LT n ' :
|
|
|
|

L
]
R I e
|Enlry temperature M B it Hlowe ratio br. 1 [%] [ta...
iz |SL @ I
-
I lout 1 I

I n 1.Charactenistic pume
1. whter circuit \ \ ! : {M
/ i ( I EE T
1.HEng [CDDlanl]\'l.F'Fl: [Outside] : 1.HFL 3.PM :
ot I n ok b out in Put i i

1
| |
1.HEng [Gil] ' PFE [Inzide] LI—'Quanlll_l,l of heat 1k ||Temperalure of mass H

\ B

Engine Y = _‘ A ‘

1.Charge air circuit
n 1.CAC

Cooling Package

- X
=NGINEERING CENTE < Co <G
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Dissipated Engine Power Correlated with Oil Temperature

H
o

w
o
|

Engine Speed = 1500

-
o
|

| — - Engine Speed =2000

Dissipated Power [kW]
N
o

0 l l I I
40 60 80 100 120
Oil Temperature [°C]
=ENGINEERING CENTER STE (R Grorl & Co (LG
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Relative Energy Consumption — 2 Temperature Levels

@ Fan+Clutch
B Fan
O A/C

6
5
N
3
2

Relative Energy [%]

T-max 95 °C T-max 105 °C
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