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| advanced

Interfaces, CFD and Optimization

KULI cfd
Integration of 3D effects from CFD analysis
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KULI optimize
Toolbox for automatic variations and optimization
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'!l'ﬁpical %plication_—l_‘_slystem Calibration (Optimization) .
BN - ZFtrE (RIUL) M MAGNA

1.BiR Simulation parameters

Find loss coefficient of Built-In Resistance such 10-500 - A .
that measured coolant top tank temperature | ou

from Vehicle Test is met! )
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Eﬁpical A pIication_—l_‘_Slystem Calibration (Optimization + CFD) .
RIS (SAHLCFD) 4 MAGNA

Simulation parameters 1.CF

1.CP 1.ARes
1.RADTI
Find loss coefficient of Built-In Resistance such . a A
that mass ﬂOW rates from CFD_CaICUIatIon are m +{Volume flow IM | [Air mass flow rate (absolute sum) ¢
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'El'épical %)plication — Minimize Package Size (Optimization) .
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1.CAC
1.CACI]

1T
Reduce heat exchanger sizes 100-450 rm @_ ._@_' 60°C

according to performance limits B Exit omperature i — -+ @)
IRIE AL MEEER
T —
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Eﬁpical %’)plicatio\r) — Multiple Configurations (Parameter Variation) .
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Quickly evaluate multiple configurations using parameter variation
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Flow Directions Build in Situation

mala™E Overlapping
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Fan Speed
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Temperature
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Find best performing component selection

plication — Best Fitting Components (Parameter Variation)

- SHE

ETEMEF (Z2201H)

from your |

ibrary
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p
PV Variation of parameters
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2.Parameter variation

Comments

|

active

e
PV Variation of parameters

=[5 ] |

Type
) Discrete

I Files

CAC_25_605:410.01k
excar.llk
ExCFD-1.1lk
CAC_40_615:550.11k
CAC_40_260:160.11k
exllk_50_290:300. 11k

File select

1.Parameter variation

Comments |
active

Type
(@) Discrete

I Files

() Distribution

@ Files

excarwk
ExCFD-Lawk
extruck.wk
RAD_20_650x425 1wk
RAD_27_565:380_Lrad
RAD_16_520x365 Lrad
RAD_30_600x400_Lrad
RAD_30_600x400_Lwk
RAD_30_630x450_Lwk

File select

Clear file list

Ok ] [ Cancel ]

1.CAC [I]

Out
In
Filename

M MAGNA

[Exit temperature IM_}—,=[CAC Exit Temperature [C] 1]

1.CAC
T
1.PARAVAR @_'om
out
1.CF

2.PARAVAR

out

Filename

Entry temperature IM

+{Top Tank Coolant ['C] ll]

iy Top Tank Temperature

| Minimum

/" exllk_s0_290x300.llk
/" Excro-1lik

/' CAC_40_260x160.1k

/' CAC_25_605x410.1k
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plication — Sensitivity Studies

- SHRWEDH

Find out which parameter can influence
the cooling system the most!
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Simulation parameters

BMEP Engine
Driving speed

+{RPM Engine |

1.nFan

&

1.StageFan

Entry temperature IM_f—= ‘n0-| Top Tank Coolant [°C i]

1.CAC T

1.RAD ]

Dut

ut
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Exit temperature IM_—s—|CAC Exit Temperature ['C] [}

i i |
Type of simulation in E&A simuiation
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KULI cfd — Interface CFD#E[ M MAGNA

e Run (isothermal) CFD calculation m
-0

TTEISIMRIACFD CFD Air Velocity

* Generate Velocity Map .
EAVALIE B gttt

e Input Velocity Map to KULI
S NIRE HEZEKUL

e Run KULI Calculation
BATKULETE

* Generate Rejected Heat Map of HX EEEEEE
R BRI =ESERERE

e Input Rejected Heat Map to CFD Code
I NIRIREIEIEECFD

e Go to Step 1 (-> “hot” CFD calculation)
REE—E (I8 "#miz” CFD)

KULI Model

Air Exit Temperature

._H H Hot
B =

Step 4 (optional)
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KULI com — KULI controlled froFQﬁ Excel ® (Interfaces)
KULI com — MExcel (3ZF[) #=HIKULI

Run KULI from Excel and fill your Excel sheet automatically with calculation data!

MExcelZ{TKULIF BEIE1ITREEURES AExcel®

Private Sub CommandButtonl Click()
Dim calcOK As Boolean

"set a new KULI-controller
Set EULI = New FEulifnalysisCtr2
"Definition of coolingsystem

KULI.KuliFileName = "C:%“WCoolingSwv

'"initialize the cooling system
calcCl = EULI.Initialize ()

M MAGNA

Simulation parameters

| MeanEffPressure [bar] :'—-Om
Out

[DrivingSpeed [km/h] OF+

[EngineRPM [1/min] O

= Out
RelHumidity [%]

ut

BMEP Engine
Driving speed
RPM Engine

Relative humidity

[Air mass flow rate (absolute sum) j—s n-| MassFlowRateAir [kg/s] il

\ Thermal output OM | —

—{QuantHeatAir [kW] §

T 1.RAD]
Ambient
Temperature 20
Rel;i\.ne RUN KULI
Humidity 50
%
Engine RPM | MeaN eff-| DIVING 0 o O [Mass flow rate
) pressure | speed S
1/min bar kmvh heat of cooling air
KW kg/s
1500 6 0 75.982 19.750
2650 6 40 100.607 35.323
3300 6 60 115.242 A7 397
3400 9 100 114.791 61.851 <
3500 9 130 102.205 64.938
3600 9 180 88.232 67.986
3600 9 180 88.232 67.986
2400 6 50 90.202 31.554
1700 6 20 79.883 22135
1000 6 10 75.413 19.754
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Interface KULI — Python

PY KULI - Pythoni&[

* KULI advanced contains the Python controller
KULISZRIRIRE &7 Pythont= =S

* Introduced with version 17.1

I KULI MIRZAR17.1FF54

*  Functionality ZH8E
* Part of signal path
SRR —EED
*  Receives multiple inputs

IS TEA

Python In KULI . processgstheinputs

(by running a Python script)
QRN (BITIETTPythonfiIA)

* Returns an optional number of outputs

Al E AT

Date: May 2024 Author: ECS Plakolm 13



What is Python? {24 &Python? A MAGNA
* High-level, general-purpose programming language
=R ERREES
* One of the most popular languages BiR{THNES Z—
— Focus on high code readability FERESTENS
— Well-known by Al such as Chat GPT#Chat GPTZEAI] ;{5
* Free and open-source

SEBEETTR

“give me a python routine with

inputs time, value, interval that

returns the moving average for
the given time interval”

Copy @

def (time, value, interval):
moving average =

for i in range( (value) - ):

23— Pythonf2RE, BWINHRT(AL.
HUEFEMR, R[ESER BB
AREEh (B

average value[i:i+] ) / interval
moving_average.append(average)

return movin g _average

Date: May 2024 Author: ECS Plakolm 14



What is Python? {4 2Python? M MAGNA

* Comprehensive Modules

IhRESHEHAIEIR

— broad standard library
WNERET 2

— wide range of (commercially applicable) modules
HESR (BWWER) Bk

— huge community with open-source mentality
and many out-of-the-box solutions

e R XA RREAR SRR B RST =

Python logo from
python.org

I H
scipy logo from numpy logo from x m a tp ‘\ *Jt' ' b
scipy.org numpy.org m I —
L > |

i l matplotlib logo from github.com/matplotlib

MATLAB logo from
mathworks.com

|:EI pandas

Interface logo from
fmi-standard.org pandas logo from pandas.pydata.org

CoolProp logo
from coolprop.org

Date: May 2024 Author: ECS Plakolm 15



Process data

&iEahig

draw plots (matplotlib)
LHIEZR (matplotlib)

extract results or import
boundary conditions (pandas)

IRNGERFSNDRK MY
(pandas)

PYCHYER

Modeling
FEL ]

simplification of signal
paths/control strategies

ES R/ SRR

Applications of the PYC
AU A

Maths & Physics
51 b

mathematical functions and
optimizers
(numpy, scipy, etc.)

I REISMAES (A0 numpy.
scipy &)

physical models (e.g. coolant
properties and other fluids with
CoolProp)

YRR (f5I90EIE CoolProp 32
DUSAIFI R B AR &)

M MAGNA

Co-simulations with
Python as interface

FKAPythoniZESIHE

MATLAB Simulink (MATLAB engine
API)

MATLAB Simulink (IBIXMATLABS|
EAPIEFR)

FMUs (FMPy) any other app with a
Python API...

FMURRER (fERFVPYTEE) LA
RAF(AZF5PythoniZRINL FAFE




Examples — KULI with Python Controller component

S =5 — TEKULIFR{EEPythonis |28 M MAGNA
Calculate moving average over time
(Al generated code) 5 o
IRIEAT L A T
(AIEERRICRD)
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Examples — KULI with Python Controller component .
S =25 — TEKULIFR{EEPythonis |28 M MAGNA

Simulation parameters

SP

1 PYC Tt = Ambient temperature |
Read external data base (Excel sheet) oo -
to import simulation parameters e
A 2rysls a5 PY I
l;ﬁﬂ&g FELB;&?E (EXCE|§§) %’A{EE _ -mj" Di‘j'w Speed-controlled fan

*& oS
24 @
.

Stage-controlled fan
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Examples — KULI with Python Controller component

%%KWJ = KULIE:'{E)EHPython} 34|28 M MAGNA

100

SimPar. Time &} relude MY
- L
" IN_1 20 4
SimPar.Start time &} .
o IN_2 2"~ FMU output 1 [rad/s] 0
SimPar.End time & 1 PY _.OUT_Q
o . +—{FMU output 2 [rad/s] ] «
SimPar.Timestep & IN_4
Out -
FMU input[ 0 - s

Import FMU (“blackbox component”) into KULI using
the Python interface

{EMPythoniZ[ASAFMU ( "EENMFER" ) Z=KULl

Date: October 25 / Author: ECS St. Valentin © MPT Engineering / Disclosure or duplication without consent is prohibited



Existin ﬁz%Solutlons/Examples for PYC

PYCI= 2 R 7o =2/ 2= M MAGNA
Statistical quantities
Import MATLAB® (moving average)
o _ Export results to
boundary Simulink #itE (Bh¥E)
conditions co-simulation other fcz:\w:at.;, (:mf4,
from Excel® Matlab/Simulink e AL At
MExcel 2N BEASEL ANETPRER
52 I
R Transient Live plots
optimization Sraw Mol SCHHEE
BRI r.aw ofer control COM
EMU d|?grams of interface
co-simulation ﬁﬂ:nr%ur\lie‘ri J;"Eji . f=iHlcomiz
FMUBK & {5 EL BRI TR

Visit our Online Libraryi[B)EA JBITELREUEZE: https://kulihelp.magna.com/wiki/spaces/KOL

Date: May 2024 Author: ECS Plakolm 20
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'!l'ﬁpical %}plication — KULI and Matlab/Simulink ®

— KULIFOMatlab/Simulink ©

Input Simulink-Controllers to operate your auxiliary components

41\ Simulink-f2 Il 28 AR TRI 1=l

Simulation parameters

RPM Engine

TRAD

1.CF

|Entry temperature IM_—e

1.CAC

'"_T_ 1.CAC]

& @

\Entry temperature IM )—0

KULI Model

1.SIMULINK

1 )
ZSE'O :
3

wwwwww

M MAGNA
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KULI Simulink ® Toolbox
KULIBYSimulink ® T B%8

M MAGNA

Py exTrans * B =
File Edit View Display Diagram Simulation Al Code Tools Help
exTrans
® |[aextrans
Q
%]
=
=]

ses-File: SL_Exampleses

- -
Exterral Heat [KW]
I ~—
BEE [fesransire Cos ficent Winrr)
SgrelBuider WU Scopet

»
Running 100% T=553800  |nbbS> Discrete

1000

ConﬁgurationoftheKULL'S\muImk-block =& =
File Tools Help k)
EFEIEEIERIE
— KULI
Version: KuliAnalysis2.KuliAnalysisCir2.9 - Type:
scs- File: CAECSWKULI_91000\data\CoolingSystems\ExCAR scs
1CP -
Actuator Sensor
1 |Active [ I 1 |Active [
2 |CPValue [ 2 |Code i
3 |EndFace [m#) Y| 3 |CommentComp
4 |Filename i 4 |CommentPar
5 |CPValue 3
& |EndFace [m?] i
7 |[EntryPress [Pa]
8 |ExitPress [Pa] i
9 |Filename
10 |MassFlowRate [kais]
11 |PressDiffoOM IPal
12 |Temperature K]
i\f’elocity [mis]
14 |VolumeFlowOM [m?s]
] T b F] 1 3

Connectors loaded from component: 1.CP

Group and order

KULI: KuliAnalysis2.KuliAnalysisCtr2.9.1.0.0 |
File: ExCAR.scs . Create Simulink-block

22
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