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M MAGNA

MAGNA POWERTRAIN

KULI 7.0 What's
base / light N eW?

climate control / hvac . |
advanced Detailed information

com available in the
optimize KULI user manual
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Please download latest
version from

www.kuli.at

and use online help

Examples available on our website www.kuli.at -> support -> examples

I
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http://www.kuli.at/
http://www.kuli.at/

M MAGNA
ULI components MAGNA POWERTRAIN

e The virtual test bench

e Avalilable as standalone version
and additional module to KULI
base

www.magnapowertrain.com

I
31.03.2006, Salomon Disclosure or duplication without consent is prohibited Engineering Center Steyr GmbH & Co KG 3



A MAGNA
ents KULI base MAGNA POWERTRAIN

e Project organization

e Built-in resistance (BIR), definition of loss coefficient

e Medium controller

e Results of COM-objects visible in 2D-inner circuit window
« Information about calculation objects in the postprocessor
e File history implemented

e Additional sensors and actuators available
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organized

Local user directory (ini-files)
Graphic settings

KULI media path

Output units

Component info box

License information
Activated KULI modules

e Project settings

Working directory

e Project / file settings

Analysis options
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MAGNA POWERTRAIN

e Global KULI settings (Extras -> Settings)

Engineering Center Steyr GmbH & Co KG
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M MAGNA
- projects MAGNA POWERTRAIN

1n

Features

e Dialog based management of KULI projects

* Projects will be collected to a project solution

e Existing projects can be imported into a project solution
e Moving or copying of components between projects

e Detect whether a project contains the latest version of a
component
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ing - projects

KULI project solution

- -j% Project:KULI ini
Directary Settings
Analysis Cptions
--Ic% Files

3% ExAC Dualloop.scs
8 ExCAR.scs
i ExCAR BiR.scs
i3 ExCAR_COM.scs
8% ExCAR Subsystern.scs
% ExCAR Trans PM.scs
i3 ExCFD-1.5cs
i ExCFD-CP.scs
&% ExEngine.scs
i3 ExTRUCK scs
% Ex_AC.scs
i3 Ex AC 2.scs
i Ex AL J.scs
i Ex Fluid.scs
i3 excar_drivesim. scs
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M MAGNA

MAGNA POWERTRAIN

Project management implemented in KULI

T KULI Project

Dezcription: | Defauly

Project File

Hame | Default

Location | C:4ProgrammesECS WEULLini ]

Project File: C:\ProgrammeXE CSYKULLinihDefault.ini

Path Settings

Fioot directary | C:MProgrammmehE CSSUL_F0000data B
Settings... |

kemo

Analyziz Settings |

Ok, | Cancel |
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M MAGNA
for project MAGNA POWERTRAIN

TE_',* Files
----- ﬁ ExCAR_BIR multi.scs

----- ﬁ ExTRUCK Tube Medium.scs MNew Project
----- ﬁ ExTruck P%+0pt.scs Open Project

Save Project As

www.magnapowertrain.com

Settings 4
Analze All Files (Batch)

Close Project

Froperties

Fath Settings

Froject Analysis Settings

Apply Project Settings to all Files
Defaults

B
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A MAGNA
enu for files MAGNA POWERTRAIN

- ﬁ F'r||i|.|| -1 E -'””FIh:I: / |_| Add Mew File ..
(2 Directory Settings Add Existing File(s)...
nalysis Options Import File(s) to project (Copy Unpack)

=
% Open File at ather Path

¥CAR BIR multi.scs

Ex _Tuhe hedium.zcs
ExTruck P%+Ont.scs
i ick_Pv+Op
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l Apply Project Settings to selected File
Apply Project Settings to all Files

Open KLULIFile File Analysis Settings

Unpack and open KULI File Compare Analysis Settings

Femove File from Froject
Delete File from Disk

Settings 4
Analysis 4 —>
Verify used Components

Open and Analyze File
Analze Files (Batch)
Analze All Files (Batch)

B
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M MAGNA

MAGNA POWERTRAIN

» Additional definition of pressure loss with
pressure loss coefficient (zeta-value)

e Sensor and actuator available

www.magnapowertrain.com

Il Built-in resistance [ExCAR.ew]*
Eile Extras

Jd2a 8 a

Type of resistance J

General data Preszure loss l

[mput rethod (" Standard

Logz coeff. |
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M MAGNA

troller MAGNA POWERTRAIN
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www.magnapowertrain.com

1 Wiater circuit

1.RAD [I] 1.TUB 1.BMD 2TuB

1.Medium

mean temip )
e =~ eading air speed [==——-=| eading air speed =—=—| cading air speed | . Water/Glycol (Glysantin®G4s)

! I
a0 kmih |EHTI“:.ftEI’ﬂrJEfEITUFE |—' Exitternperature Fo-w  |pi— o _____
. e = iy -
ass flow rate = :
: Heat capacity

|
|
mp*cp*delta T l
|
|
|

L —

I
I
I
I
I
L
I 1
T-——yT————-
I I
I I
I I
I I
I
I
+
I
I

B
31.03.2006, Salomon Disclosure or duplication without consent is prohibited Engineering Center Steyr GmbH & Co KG 11



M MAGNA
OM-objects visible MAGNA POWERTRAIN

Results shown from
e Last active operating point
e Last time step

www.magnapowertrain.com

1.09167 [kuis]

30864.3 [Pa] [
B
|Entwtemperature 1] |—I’ “““““““ =599 2113 [°C] I
[Thermal output oM~ e-——--—--——-———— {34 3654 [KW] [

|ru15|ss flow rate of cooling air, absolute sum |—lh-| 0598278 [kiis] I
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www.magnapowertrain.com

objects

e Information available in the postprocessor

T Calculation object

Z_Calculation controller

Comments | Charge Air Mass Flow

Operation IJzer defined function

Cutput
w1

Funtion

1B 243

le_ .
—

Calculation cantraller

Mumber of lnputz

[ Take unitz into account

M MAGNA

MAGNA POWERTRAIN

—

[ Take boundaries inta account - || 2 Calculation contraller

-

xTurbo_lsentrop

/’N\

Miriirnuirn Label # ztationan
b asirmLir

Formula
. Amplification [-]

Liowsser lirik [¥54]
pper lirmit [¥47]
Cutput [¥77]

[rpLitd [untransformed)
[rput] [untransfarmed]
[nput2 [untranzfarmed]

et N
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0
0126316
203331
203351
210341
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ling — File version history

M MAGNA

E - - - - 113 - - -
& = File can be stored as ,,Original File* which is write protected
£« Modified ,,Original File* cannot be overwritten and MUST be stored under
% another file name
§ e File modifications are logged in a file version history table
§ If thls Optlon IS é [~ Original File
enabled the file will
be Stored Wlth the Date |Diensta.g,2‘l.Juni2I30513:19:2?
write protection E:h' i;:?;ﬂmm
attribute enabled
Camment
Mr e User. Path Comment [
File modifications are —> z itag, ﬁ:ﬂi:::ﬁ? EESTB-NADEF|\\C:\entuE\li[;i::\BijJi\A[l):)al-:tf\components\cpzkuIiEp CF valus modiied 21
|ogged |n th|S tab|e 3l | Dienstag, 21. Juni 2005 13:06:37 | Maderhirn ECSTB-NADERWAC: \entwickMkulitD ata'\Componentshcpl. kuliCp new CP created
The date, user and
path are filled
automatically. A
comment can be set
by the user.
=l
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A MAGNA
KULI drive MAGNA POWERTRAIN

e New component turbocharger
e Improved engine model

S
o)
Q
£
@
=
S
o
=
(o)
o
IS
c
(o))
@
€

I
31.03.2006, Salomon Disclosure or duplication without consent is prohibited Engineering Center Steyr GmbH & Co KG 15



e Consideration of ambient conditions

joo® 08 ®®
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M MAGNA

MAGNA POWERTRAIN

_]'_ 45 ] 1133.32 [Pal

Air Filter 940.554 [hPa]

@ B = =

Simulation parameters

----'—|Amhient temperature

Supertharger

202565 [hPal 2.02463 [bar] [I] 2007 .86 [hP

&
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A MAGNA
ngine model MAGNA POWERTRAIN

 More flexiblitiy for modelling
= 4-mass-model
= 5-mass-model

e Automatically adjustment easier to handle
e Hot-soak phase simulation possible with 5-mass-model

e Extrapolation
= Increase of engine speed or engine load
= Increase of displacement
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A MAGNA
e 4;mass model/ MAGNA POWERTRAIN

£
8 The engine is described by
s directly and indirectly

g heated masses.

@]

g

2  Fraction of heat . Fraction of heat Oil and water side of the

E  from combustion Indirect indirect from combustion engine are modeled

% and friction which mass mass oil and friction which separately.

water

goes into water

goes into oil

Between the masses there
is heat conduction.

The direct masses are
heated by the combustion
Oil circuit and by friction loss.

direct
. mass
water

direct
mass
oil

k.A

Water circuit

The system dissipates heat
to oil- and water circuit and
to the air.

Air

This 4-mass model is relatively simple, but it still manages to describe the main properties of an
engine.
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A MAGNA
4-mass engine mode/ MAGNA POWERTRAIN

S
=} . .
o
¢ Schematic display
©
o .
= Fraction of heat _ Fraction of heat
8  from combustion Indirect indirect from combustion
® d friction which | mMass i icti i
s and friction whicl water mass oil and friction which
g goes into water goes into oil KULI englne model
§ B 5 PM
Out 2 HCC
@_‘___Ln_z_ In32-HCC ’@
Qil circuit Out
Water circuit
In1 1
: In 1 :
Air : :
! 1T HCC !
Ot 1 |
1.PM In In1 iz _
Otz w B - | . _Out
outz
2 il In
Q Fric il OutE o
T
dHCC

i iln'l Inz 2P
1I In__

In | In2 out
__________ Out 1
B
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A MAGNA
modaels — the 5-mass model MAGNA POWERTRAIN

§_ In the 5-mass model the
-E Effective fraction of heat hot pistons are included
g from combustion as an additional mass.
% Hot \I
S , mass ) Now the direct masses are
5 Egarrc;ti‘?ir::t?;nh\?var:ich Imn:gsect indirect | Fraction of heat Orlly. aff(_acted by the
§ goes into water  \ water mass oil | from friction which | friction-induced heat, the
goes into ol heat from the combustion
k.A KA process is added to the
kA kA piston mass.
. g;fscst ‘:ri;escst This model offers better
water k.A oil pOSSibiIitieS to distribute
Qil circuit the heat to the system,
7 KA KA thus the user has more
Water circuit flexibility when adjusting
the system to measured
Air data.

B
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www.magnapowertrain.com

M MAGNA

Schematic display

Effective fraction of heat
from combustion

Fraction of heat Indirect
from friction which| Mmass
goes into water water

Fraction of heat

from friction which KULI engine mOdeI

goes into oil

indirect
mass oil

= Py 4.PM
' B PM

2 0il

0 ater

Qil circuit

Water circuit

Air

Q Fric 0il
D Feiciiiater
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5-mass engine model MAGNA POWERTRAIN
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Adjustrent

Clicking the
Measurement
data file button
opens a table
where the data
of a load step
measurement
has to be
Inserted.

www.magnapowertrain.com

the auto adjustment data

M MAGNA

MAGNA POWERTRAIN

7 Measurement Data
File

Characterstic curves: Temperatures Revolutions I Flawy rate Heat cutput
Time [g] Engine Speed Heater - Entiy Heater - Enlry Heater - Exit Heater - Flow Entry Temperature | Esit Temperature Flow R ate ﬂ
[rpm] Ternperature Air ['C]| Temp. Coolant ['C] | Temp. Coolant ['C] | Rate Coalant [1imin] Qil['C] il c] Qil [Ifrin]
2002 0.2 1] 1] a6 1] 1] 274
[ 2003 04 42 0.8 56.4 17 1.3 211
12 2002 04 97 105 56.5 43 36 273
18 2003 03 127 147 56.3 54 5 274
24 1938 03 158
a0 1932 01 141 Load Step
36 2002 0.3 21.5
4z 2000 0 225 Diagrammfléache
48 1397 05 29 B0
a4 JEEE] 04 k4
50 1998 0.3 278
EE 1393 1] 283
72 13339 01 232 50
78 19532 01 el
o4 2000 0.4 .3
30 1337 05 322
EH 2000 0 33 40
102 200 -0.2 41 =y
108 2002 il ] oy
114 2002 0.2 354 =
20 1957 04 E g 30
N

Afterwards, clicking the button
Adjustment starts the automatic
adjustment process...
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200

400 §00 800 1000 1200
Time [s]
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M MAGNA
Iy auto adjustment MAGNA POWERTRAIN

After successful adjustment...

e The stationary adjustment guarantees that the engine
model correctly reproduces the stationary values
defined in the heat table of the engine model.

WWW.magnapowertrain.com

e The transient adjustment sets the heat capacities so that
warming-up and cooling-down curves are reproduced
correctly.

e The engine model is ready to be used in KULI (transient
and stationary). From the outside there is no difference
between the old and the new KULI engine model.

But simulation of hot-soak phase is possible with 5-mass-
model.

B
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A MAGNA
nts KULI advanced MAGNA POWERTRAIN

e Combination of automatic optimization and parameter
variation implemented

» |dentification of a specific operating point for optimization
of more operating points
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utomatic optimization and M MAGNA
variation MAGNA POWERTRAIN

» for each value of the parameter variation ("outer loop")
the optimization will be performed ("inner loop")
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. . 1 \Water circuit
Simulation parameters

= 1.RAD (]
. Dm ’ i
outlet -= 80°C
In inactive optimization objects are
BOOFO0/BO0  r---=—|Height | e ﬁ nacire op !
i I wvisualized
—_ |E><it termperature I I—"'

u]
|
e [Entry termperature M
1MFan E
[}
_ 1

100-2500 1/min

|
: In
ot = b |
];‘ -------- Input speed
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tion of more operating points
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Simulation paraieters

|ID of operating pnint-'

31.03.2006, Salomon

Disclosure or duplication without consent is prohibited

EngineRPM [rpm] 2650
Mean eff. preszure [bar) 549
Diiving zpeed an
Warm-up temperature [K] 2
Amnbient air preszure 13 13 1013
Ambient temperature 20 20 35
Air hurnidity [%] Al a0 il
Comrents 1 ) 2 3
Calculate Operating Paint Yesz Yes

1 Mater circuit

M MAGNA

MAGNA POWERTRAIN

e |If the "comment” in the simulation parameters Is a
number, then "ID of operating point" gives this number; so
It can be used to identify the operating point.

1.BiR

1.0pt. parameter

ExampleCAR (1]

n
aul

|Entrg.r termperature 1 H 0k
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A MAGNA
ts KULI hvac MAGNA POWERTRAIN

« New component: Orifice valve with bypass

» Additional refrigerants implemented
= R152a, R12, R404a
= Still existing R134a, R744, interface to Refprop®-database

e New hvac-solver
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e with bypass

| YR

" Themosztatic controlled expanzsion-valke [T

www.magnapowertrain.com

" Uncontrolled Orifice
" Controlled Orifice
~
" Ornifice with Bypazz [Char. Line Model)
fo Orifice with Bypass [Parameter Model} d
Or
dT
d BP
d B
S
Smax
C
ABP
B
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M MAGNA

MAGNA POWERTRAIN

Orifice diameter
Tube diameter
Bypass diameter

Bellows diameter

Valve lift

Maximum valve lift

Spring rate (bellows + spring)
Bypass opening Area

Opening pressure (high pressure)
Opening pressure (low pressure)

Engineering Center Steyr GmbH & Co KG
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M MAGNA
ULI components MAGNA POWERTRAIN

e The virtual test bench

e Avalilable as standalone version
and additional module to KULI
base

www.magnapowertrain.com

e Online demonstration

B
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M MAGNA

MAGNA POWERTRAIN

Thank you for your attention!
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