M MAGNA

Forward. For all.

KULI components
%“M!H;tk"f”

Engineering Center Steyr GmbH & Co KG



M MAGNA

Vi

V
What is KULI components?
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Features %,'f—\'_'\ N

* Comparison, enhancements
EbEkFNig
— Scaling of components
XIS FEMFHITIERL
— Comparison to reference components
S2EFEFITIIEL
— Comparison of key values of different components

EEIRA R ZEE S BRIV SEL

* Extended data handling
I BRERLCIER

— Extended input options
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Some typical examples solved by KULI components

o] LAFAKULIZE SR SRR R AY— L8 a]ER

A heat exchanger is measured on a test bench with a mass flow of the coolant up to 2.7 kg/s.
— MEREERAT RERERE2. 7ke/sERZE EHTT UK
— What s the performance with a coolant mass flow of 3.5 kg/s?
ABETE3. ske/sSTREME TR EAKRIN?
A heat exchanger is measured with specific dimensions.
—MERSERATENRIHTUE
— What is the performance with other dimensions?
EEEERT TRIRISN(E?
— What pressure drop can be found with new dimensions of the heat exchanger?
FEIXMHR T TREDIREN 2 EREY?
There are several types of heat exchangers available. Z&EBF 1 NBEENES

— What heat exchanger has the best performance for some operating points (core size has to be the same)?

FER—RIT, BNEGResERL TR NRIIRE?
An oil cooler is measured with one type of oil.
FHANHSEERA T R QENHE T 7l
— What is the performance and pressure drop with other types of oil?
BEHEMESHR FEDIREMER RIS UE?
A fan works in different conditions than measured.

— M RBEEAR TR RIS FT T

— Can | see a graph of the fan curve with different inlet conditions (temperature, pressure) in different units?

AU LA—KER BMEARRAOSYE (BE. £) THXEHEHRARRBMIZE?

February 2021 / Author: ECS

M MAGNA



M MAGNA

onents com

parison

<
SSn
) B
{i0

==
=5

Comp




Component comparison ZEZMEITEY

Component type
for comparison

T
Components for -
comparison
FH?SUI:BEI?J%*M*F

Helgh [mm]: 4:
red widtl h [mm] 650

red height [mm]: 425
easured depth [mm]: 20

Units for
comparison

B{IRE
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A MAGNA
Data for
extrapolation
#URIMEE
aaaaaaaaaaaa b " 45 Reset

External pressure loss

—S— ExCAR kuliRad

Cond_Opt kuliRad

e

//

/4

Flow rate [kg/s]
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Extrapolation YM&(E A MAGNA
Radiator — Outer pressure loss

AARS - IMUEDHRK

Analysis Inner flow Outer flow Heat transfer

Units min max
Measured data ~| Flowrate kg/s Extrapolation E 45 Reset |
Pressure Loss N/m?

Diagram |
External pressure loss
—<— ExCAR kuliRad
o /—W
Extrapolation
JME(E

\

Original line

[RIngiiELe
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Heat exchanger — heat comparison .
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Position of 3D cutting plane

=HEAE

&8 KULI - Components comparison® _ o x
File View Library

DEEBR  RBBRSG %R

~B) General Data Analysis Inner flow Outer flow Heat transfer
23 components Uniits
=18 ExCAR kuliRad
T Width [mm]: 600 inner mass flow) v Inner flow m’/s min curr. max
Height [mm]: 400 # Outer flow rate ka/s Inner flow rate [kg/s] 0.563734 15 2.84942
- > : Measured width [mm]: 600 Heat KW
o k' [W/m?K] i Measured height [mm]: 400 L
Heat transmission Measured depth [mm]: 30, ]
=B cond_opt.kuliRad () Show 3D cutting plane
- 8500 Width [mm]: 6
7968.8 Height [ T425
[ | 74375 - Megefed width [mm: 650 Diagram
[l feasured height [mm]: 425
6906.3 .
l:l / Measured depth [mm]: 20 Dimensionless heat output
\:l 6375 Parameter: Inner mass flow
8000 5843.8 -
l:l 53125 —S—EXCAR
| 47813 1 _ —=— Cond_Opt
C :
D 4250
D 37188
31875
.. 5 :
% s
[ £
] 2125 =
— 1593.8 -
- 1062.5
- 531.25
0
5 = 3 5 H .
Outer flow rate [kg/s]

Modified 3.466 / 6787
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Heat comparison &%

EXJEY

Analysis Inner flow Outer flow Heat transfer

K ' (P: inner mass flow)

o

Show 3D cutting plane

Top view of 3D map with cutting plane

= A ERITRERLE

Heat transmission
Cutting plane
\
thm

05 1 s 2 25 g

Inner flow rate [kg/s]
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K" [Wim/K]

ERREEEREECCON .

8500
7968.8
74375
6906.3
6375
58438
531256
47813
4250
3718.8
31875
2656.3
2125
1593.8
1062.5
531.25
0

Units
Inner flow
Outer flow rate
Heat

Graphics  Setup ...

[ Transparency
D Wire
) Faces
© Wwire+Faces
D Col. Interpol
D150 Lines
() original Points

Method:

CHAR LINES
Class Limit

@ Classify 025

8 Show 3D cutting plane
05 3
15

s

m’/s

ka/s . Inner flow rate [kg/s]

Be®Oe09800060@

min curr.

0.563734 1.5

Perspective view of 3D map with cutting plane

= EEAYERE

| & Main diagram
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Fan comparison X\ EEXTEE

&B KULI - System generation [-]
File View Library

he

B General Data
=HES Components

=@ MFan_Opt.kuliRPMFan

! Diameter: 440
Measured Diameter [mm]: 440
Fan RPM [rpm]: 2070
Measured fan RPM [rpm]: 2070

=@ ExCAR kuliRPMFan
Diameter: 370
Measured Diameter [mm]: 370
Fan RPM [rpm]: 2070
Measured fan RPM [rpm]: 3100

o BB REAL

Analysis Flow rate power

Units. min
|Measured data ~] Flowrate kafs
Pressure Loss N/m?
Diagram
Pressure Loss
lin
g
g+
T b
z s
@ &
<
< 1
@
£ 1
5
@ 1
2
2 1
=4
o g
2070 0 2070.0001

0s

Flow rate [kg/s]

12 |

lin

Reset

—E— MFan_Opt kuliRPMFa
n

~= EXCAR.KUlRPMFan

Ready 1.038 /6707
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Components search ZEMHEZR A MAGNA

P
Search in KULI SCS- Component type Parameter S

= ok S
files or Component SERHRE
fi Ies \ﬂwnts search® \ // O X

earc| iles omponent type arameters
© Search KULI SCS-Fil C P i "
. in ax
() Search component files -
a Search comp, fil
() Width [mm]

z [N O — Qil coaler (JHei
= = # ) ght [mm]
Directories for search Charge air cooler
%gnm I I‘ I I I IL‘T @ Depth [mm] 20 30

Parallel flow cooler

("] search subdirectories Speed-controlled fan () Comment
~ - Stage-controlled fan
CAECS\KULI_191000\data\CoolingSystems Area resistance C] Layout Standard v
Built-in resistance
) Inner flow
Unit mis .
(] Outer flow

3

Results in a ! wic -
table

Stop Open component ...
File name Directory Depth [mm]
2*% E — N ExCAR.kuliRad CAECS\KULI_191000\data\Comp [30 I
ExCFD-1.kuliRad CAECS\KULI_191000\data\Comp [30
TN o '
-n L' \ Heater_smalltank kuliRad CAECS\KULI_191000\data\Comp [30
radiator.kuliRad CAECS\KULI_191000\data\Comp [30
radiator_smalltank.kuliRad CAECS\KULI_191000\data\Comp [30

Number of components found: 8
Number of components matching the search criteria: 5

Modified
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Components search Step 2 .
T HE TR M pacha

After sucessful search £ IIEZRG
 Start components comparison
FIaZEBARILL

* Copy selected components to directory

S HIFMEERNZEMEFEGX

File name Directory Depth [mm]

ExCARkuliRad CAECS\KULI_191000\data\Comg 30

: | CAFCS\KUILL 191000\ data\Comr 130 I
Heater_smalltank.kul Components comparison

radiatorkuliRad Copy selected components to directory...

radiator_smalltank.kuliRad | CAECS\KULI_191000\data\Comg |3[}

Use context menu by right mouse click

{EFEEIRa R RTERE
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Data handllng extended input options

SHEANIE - T RGN N

Current situation ZEIA T
KULI components can only be created with the software KULI

KULIZEZM4 HEE1E 1T KULI
=R ReeE BRI TENT problem [AISAZEF:

L Everyone who wants to
create a KULI component
file needs the whole KULI
software package.

FREREEEKULIEER
ot _ HRIAEBBHEE(ERRE
e e e HIKULIER{462

file




Data handling - extended input options

i - T RBIAL T N

Objective HEY
Implementation of an interface to create KULI component files without KULI {585

EO T BEEAMFEREKULRTES F SRS

Microsoft Office Visual C++, Microsoft scripting Any COM
application Visual Basic language application
Positive {JiZ8:
KULI component files can be created
without KULI.
KULICom
P KULITER{ ST AT LA FIKUL ISR {22
Interface 7

Only the COM server
,KULIComplnterface” is required.

=n e Resistance {(NFEER” KuLIComplnterface “COM
file file file HE,&:



Data handling

*

JEAME - TF REIAG T

Sub Main()

Dim Heat¥ As HuliCompInterface.CHeatE=x

— extended input options

M MAGNA

Connect to KULI COMPInterface and define type

Set HeatX = MHew EKuliComplInterface.CHeatEx 'create heat exchanger okbhject of component WhiCh should be created EEKULI

'set type of heat exchanger, in this case a radiator
Heat¥. TypeOfHeatX = hxtRadiator

'general data

HeatiX. Generalbata.User = "MyHame" 'optional
HeatX.Generalbata.Date = "1-11-2004" 'optional
HeatiX.GeneralData.Title = "Configl" 'optional

HeatX.Generallata.Memo = """

HeatX.Generallata. Type = "Cross flow" 'optional
HeatiX.GeneralData.Number = "HoO0l1l" 'optionasl
HeatX.GeneralData.MManufacturer = "Company" 'option=al
HeatX. GeneralData.Series = "8S1" 'optional
HeatX.GeneralDbata.MeasDhataFile = "£file" 'optional
HeatX.Width = &00 'mmm

HeatX.Height = &S00 '

HeatX.Depth = 55 oo

HeatX.Passe=z = 2 '1l...=tandard, Z...u-Lflow, >2Z...=—Llow

HeatX.NurberTubes = 132
HeatX.NoOfRowsOfTubes = 2

HeatX. TubheCrossSect = 34.21 'mo®
HeatX.WMetPerimeter = 20.73 'mm

'write KULI ratiator Lfile
HeatX.WriteKuliFile "C:%tempirad.kulirad"

End Sub
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Specify component data

EX EEMEE

} Write component to file
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Data handllng extended input options

HOEIE -3 H&iﬁj)\fj— I\ N

Requirement ZE3K

* Possibility to read and write KULI component files
o] LASEEUR 5 A KULIEEMEG 34

* Excel templates for data input of heat exchangers, fans and resistances
FAFHaihes. XUESFORE JIERARYEXCe iR

* Visual C++ and Visual Basic examples for each component group will be created

SRR EFPEERERIVisual C++ AR Visual Basicf5lF
Limitations BPR4%E

* No graphical representation like in KULI vinI be in the Excel templates
Exce iRIRAGABRKULI—REEREF A TUER

* No plausibility checks of the data in Excel templates

oA EExceliRIR P TEUE S IEMERE




Data handlmg extended input options

HUELIE - ERmALT A MAGNA

Excel Templates Excelt&#x

| >  KULI components
General Data Export KULI file Path to KULI ﬁles:JC:\ECS\KULI_190000\data\Components ca n be im po rted a n d

stored

User |[ECS Layout | Standard -]
Date |2009 KU LI%EB‘*ED}?&

Title TRUCK Passes [ 1

SN

Tube data
Type [Cross-flow Overall tube number 132 K U LI M e d i a X is u S e d
No. NO001 No. of rows of tubes 2
Manufacturer (WK Tube cross-section [mm?] 34.21

Series |CLO001 Wetted perimeter [mm] 20.73 to handle media data

Measured data file |MF001 Ambient data KU LI Mediaxm?ﬂﬂ

Geometry data Ambient medium | Air >

Width fmm] 600 p 1013|mbar ﬁ ﬂ}g
Height [mm] 800 t 20{°c
Depth [mm] 55 Humidity 0[%
Heat transfer Flow property inner side
Unit Heat  |KW - @ mixed

Unit Flow Inside
Unit Flow outside

uuuuuu

KUnlts —an ActiveX to
handle KULI units is used

KUnits — FB T EBKULIER (I AR

/
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Data handlmg extended input options

HUELIE - ERmALT

Example Customer: Z 215

Generation of Radiator File (*.kulirad) from Database

:EI:

MEL

PN T AIAES(* kulirad) 314
Visual C++ KULIComp
Application Interface
VCRHTH FEMHEOR

February 2021 / Author: ECS
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