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KULI 6.0 base

KULI base

* PID Controller

- Calculation object with user definable formula
* N-dimensional maps

- Generic components

KULI base / light

- Plate heat exchanger

* Inlet grid

 New options for cp value
 Enhancements at transition
e Online tutorial
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KULI 6.0 base improvements

* Multiple arm signal branch

* Improvements in GUI

- Components from airside visible in inner
circuit

* Text box in 2D-window

* New interpolation method (IMSL linear)

- Improved error messages / warnings

- Selection of directory for material properties

- Regression of fan curves

« Unit selection improved

 COM-ID visible in 2D-window
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Enhancements in 2D Modeling

General Design Review

Usger Defined Calculation:
#175iIn ) e i)

1. Calculati troll
1.Calculation contr erEBRﬁ«1
Out

Multi Signal — Branches [ ;} _E
] S e a{f(x) " g ous
- Comment Fields b

Vol flow rate
I
I
I

1MFan

- Listing of all available
Components

imhilé:i

Vol flow rate
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Example — 2d Modeling Object

KULI 5 = KULI 6

Heat genera tion

Power @ 12V
Sirmulation parameters Current 130 A l '—‘_‘ g

: Z ——|:: Gen efficienc Y Efficienc Y
i " Ower Lonsu 100
[ - -

1200°Fowerivalurme

Volisge [TA Ve
,,,,, ! pefeta_glfpta_mech
|
|
! Current A Tl L — i in
| I
[
T
i
!
Gen Efficiency E
i
! 1.PID - contraller E
: '—@_‘ 77777 ’
|

Simplified modeling due to
enhanced 2d features
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New options for cp value

Absolute Method aﬁ\

Static pressure independent of
flow through cooling package

Total Pressure Method

Static + dynamic pressure =
constant (at air entry)

Determination of pressure difference

= Relative Method 0 5
Measurement; clozed; Analysis: open rel. - Ap =cp x —x {vm —V }
5
Abzaolute Method )
Meazurement: oper or % alues from CFD: &ralysis: open 2
p : ysiz: op ab £ (v )

Total Prezzure Method
Measurement: clozed; Analvzis: open I 2 2
tot.: Ap= s (cp W —‘u'mm}

F
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Plate Heat Exchanger Modeling — Geometrical Data

more value more car

- \ Falnu:dm [test_plekui@he] =10 x|
@ Eaw
The input Of a” Art des Kihlers: |Plu1:l'enwé:me.'t.uugr:her =
geometrical data has | /ErSEmulitea sl e sl is i
. Bearba [Rathberge
graphlcal SUppOl’t aS Dt [Dsyelzt] lnnn:ju-;.m.s-actawhmamwm-qg Berechnets Pammeler it Pararetaisbaleich
We” Bezgichiing IPW"“"“!’““'“EH o= oo+ e AP (Whmslbaigangekoslt]
. Mesria |Demnb=n'mut i . W .. Wmm_
Tim [EmnenE suzsen n = |1-ﬁ' £ e = [O204FT
f.,mh : Diachschritiches Febier = [21130781
f‘:,:-::m :Pm mmmmmm fascher -
The characteristic lines . |
Ellisitrrs Large Ganmelirzche D stan
for the pressure loss c o —
are entered identically i E—
tO Other KUL' Biachdicke [mm] n—
components.
i
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Generic components

Problem: Lack of data Example: Radiator heat transfer map
Existing component - 100 measured points

Solution: Use data New component generated from 3 measured
from an existing points

(similar) component Map of existing
component

i | 131 :
Cluter Guantity | Outer entry [ Inner entry | Buantity f e
flow rate [ of heat temp ['C] temp ['C]  [heat orig. %',
Inner flow 07 30 25 ] g N
0.001 I
o

T T T T
G 1 ]
Y i rrresa e AE Tyl

G T T T

3
£

3 ¥
Ed Bl

L

Approximate data from file

Map of generated __p R
component ’ D”a“”fﬁﬂy/ r ’
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Regression of Fan Curves

General data  Charac. curves |

Ambient medium |ﬁ Air vl : — LIt af Ao rate Ikg#'s
Entry temp. of cooling ai [*C] |2U : el = Urit of press.loss Mémt o
Sk m # : :
Entry press. of cooling air [HPa) |1|:|'|3 dHiLe X -~ § ' it of power [kW o
ir hurmidity [%] |5EI
. 1 [Real
[V Calculate with iegressed data 1] -
v Use optional speed input ull RPM |25EIEI
—v Regession
Flaw Frezsune Power RPh
MNominal speed [rpm] |25|JEI rale drop [option]
— Pressure number regrassion (.436 43453 0.5486 2500 ﬂ
0A15 482 87 [.5R46 2500 J
it [+ = TN G G 7500
Relative filler range 0m 1.555 47921 0.5566 2500
ASbzolute filter 1ange: IEI m 0.57% 4771 0.5546 2500
.5594 474 96 0.5514 2500
0Ee14 472581 05472 2500
—Efficiency regression 0634 489,79 0544 2500
.654 46677 0.5405 2500
o B 0674 | 46341 05373 2500
Absolute filter range. 001 B33 | 459E9 05347 2500
Relative filter range 0.01 0713 455.53 0.5327 2500
0.733 451.08 05313 2500
— 0.753 44613 0.5305 2500
Cycling ; e 0773 440,73 0.5304 2500 j
E = e = — = == ===
= 2 -
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KULI 6.0 advanced

KULI cfd
* Interactive CFD-interface
 Variable resistance matrix

- Import 2d-curve (m-profile) to generate the
velocity field of a fan

KULI optimize

- Generate system resistance curve

- Automatic concept studies

- Optimization for more operating points
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Variable Resistance Matrix - Dependence on...

&7 velocity depending resistance matriceq ™" velocity depending resistance matrig == velocity depending resistance matrices = |DI£|
Guse dependency on driving speed v uze dependency on diving speed
Lze dependency on value of C —Iv use dependency on value of COM o v Lze dependency on value of COM object
COM-D |Fari) w.ﬁnﬂw COM-D |FarRFM / e |
Dinving speed : Yalue of Dinving speed Walue of : ;
fkinh] R ezt COM abject Res fkinh] COM object Resiztance matris
EXCFD_3 1000 ecro. (T 1000 ExCFD_30_1 000 scowm s}

ao ExCFD_3 4000 ExCFD. ao 4000 ExCFD_30 4000 sczvwm (]

120 ExCFD_1z 1000 ExCFD_ 120 1000 ExCFD_120_1000. scswm

120 ExCFD_1z 4000 ExCFD_ 120 4000 ExCFD_120 4000 scawm

- -
velocity only — ' ~ym only [ velocity and COM
[k I Cancel |
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Example: Variable resistance matrix - 2d-velocity curve

v {m’s]

2D characteristic
curves (Velocity Velocity Profile

versus Radius) -
ga/\
z°
Rotational Z/\
symmetric o
. . 0 50 100 150 200 250 300
velocity profile Radius (i

Link to operation
speed

iy
&

Interpolation
between profiles

X [y
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Optimization for more Operating Points

1 \Water circuit

out I o
L
1 Calculation controller Ternp. diff -> 0
Simulation parameters |Entry ternperature |M|—T D
o In
_______________ =
Meas. temp - f1::[>—-am ]

1.Charge air circuit

5 T 1CACTH

Qo In ut
-]

- ¥ ot
[Mean off. pressuree--———————————— © z 1BiR
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Model for Influences/Effects Analysis

“SFKULI - System generation [extruck.scs] - |EI|1|
File Library Userdefined component Ouktput  Graphics mode  Extras  ‘Windows [ Toolbars  Help

g aa s xLsARa o) ene X ee =42 =owss
| & & st|pvim| S| oA b g g O BB
£ General data @™ Inner circuit |-°h Ellcncks,"NDdesl [iaa] Sirrul. param.l

Impu values
f 1 _Para\/ar\ Simulation parametars

:

2 Paravar
o Tt RPr
-------------------------------
3. Parayar

Ju
4 Paravar !

\ j |Exittemperature I I—' '-m
-------- BRSO\
In
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Result: Diagram

al)

125 [%]
125 A

- 1. Input Parameter
- 2. Input Parameter
- 3. Input Parameter
I:I 4. Input Parameter

100
751
50
25 1

0

-12.5 [%]

-25
-50 4

=75

-100 —

-100 [%] -100 [%]

-125 7 1. Output Parameter 2. Output Parameter

-

V

-
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Automatic Concept Studies - Features

- Dialog-based specification of parameters, components,
configurations among which KULI can choose

- Specification of the target criteria

- Implementation of an optimization method that reduces the
necessary computation of variants to a reasonable number

- Representation of how closely the target criteria are
matched depending on the input parameters
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The Draft Studies Interface

coneral Dat Parameter ranges can be
Path to Components:|C:\Programrme AECSUKULL 5300000 atahC omponernts deﬁ ned by:

Path to Cooling systems:|C\Programme WECSWULI 53000\DatavCoolingSystems
Cooling systern:|ExDraftStudies. scs

* A set of possible values
Input Values o 1aret v  An Interval with stepwidth
* Filenames

Check Input
Calculate This

Radiator YWidth

'?' Radiator Height

Possible targets are:

23 * Min or AbsMin
Target Values Goto InpLt Yalues ¢ M aX Or AbS M aX

200 M~ WO W R =

oo | R i 1]%]¢ - A target value
_cncusmme | | EF | 5 « Smaller or larger than a

E limiting value

-41,56934806 52 9745786 Abshinimum Minimum 1000 400
-112,805883 ) 76 5452053 =0 inimum 705 740
-394 2417272 89 9500455 Abshinimum 90 610 400
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KULI drive

KULI transient
« Thermal network

KULI engine model
- Enhanced features for engine model

ENGINEERING CENTER STE (R Cimor] & Co «Ci
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KULI Engine Model — Integration to Airpath

Passenger cabin

Air ducts
Blower
Heater

Engine — connected to air path

- Temperature rise of air in
engine compartment due to
convection

transfer depending on surface
air velocity

- Engine surface and oil pan heat

ENGINEERING CENTER STE YR Cirror] & Ce
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Simulation Model Engine — V-, Boxer Engine

Q water Qoil + Q Frict

Water

m.cp m-cp

m
-3
.. . .- “Q
indirect indirect | : 5
: 0
direct : 8
<QRad . Qoilc
m-c, m-c, |:
indirect indirect | :
Engine Surface Oil Pan

Engine Compartment

O

Ambience
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Example: Thermal Network for Engine Model

dizzipated hest water

Simulation parameters +RFC [ THET]

| | FRmmmmm 'il ———————————————————————————— il
LR | nz nii
ool ?

1 Water circuit inclirect mass weater

direct to indirect water |Cunnad. heat conduction comp. I_.|
I
I
I

aul i

Py O o RSP FR FI p f R R RS TRPR
ni
n

|C0nnect. heat conduction comp. I—I—

I
I
I
I
I
I
I
I
I
I
I
I
I
I
_______________________________________________ |
:— I—IElx‘[ernaI Heat Supply " o s I
I |C0nnect. heat conduction comp. I—I-— mz————'i' ————————————————————————————— ! I
! 1 PRI |
oul3 |
I
I > : ! :
| ot | | :
[l direct nil‘tzo diirect water :
s |
L indirect mass oil l
I
I 3| : vl I
I
I | ) !
I | I i
: l ; : direct ta indirect oil |Cnnned. hest conduction comp: H }
| | oul i 1 |
: l x:]}-ri—lbdemal Heat Supply & : I
Qul I

I I Etatabetatata et 1 ettt bt =
I [ o aul b |Cunne|:t. hest conduction comp, }—l— jmz‘“"‘i‘ “““““““““““““““ d I
Boad nz n dissipated hieat oi I
go# T T A O 2 }
b '
Lo I
| | | |
| | | |
o |
I
I
I
I
I

ould

percertage to water [ B0 %4

n
powver lozs engine o
ou|

3
i

I
-
i

I

i

I
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i

I

I

i

I
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I
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Fin and Tube Evaporator

Simulation Model:
Based on Geometric Properties

vaporator [Fin_and_Tube.evp] _|._|- ju ll
File Extras
EE
General data Connections |Geometr\: propeties Insidel Geomettic propeties Oulswdel Outerfluwl
Tube rows [6] " Znd tube row with positive offset
Mo, of tubes in first raw 10 & Znd tube row with negative offset
Mumber of inlet tulbies 4 " 2noiiube row without oftset
Digfinition of inner flow: Select the first row in & colurmn
=1 (represents & inlet port). Afterwards selectthe elements in
- _ —_ the left sketch using <Ctrl> + Mouse click. according to
Tu be z 11 30 50 the real flow configuration far this port.
—— a0 —— 40— 60 Updlate Wiew
9 —— 28 —— 48 ——
- -
Mo. of Pags Inlet Inlet Inlet Inlst
Configuration * > = FlELEE]
: 4 Bl 1 THEREREE =
—— 18 ——— 38 —— &8 z ] 3 34 £
I able P = e (= 3 B0 | & | & | &
— 17 —— 37 —— 57 4 43 45 54 [
o m— % — EmE JLEERE
i b = 7 58 57 24 5
SE | 28— S —— ] 48 47 ] Kl
—— 18— 35— ‘Bh E 9 24 ] 13 il
4 o s | 10 B 7 3 H]
ey oy i o LI
2
4 i 4 13 a0 17 5
— B ¥ B T W[ 18 | 4 ‘
7z 15 ] 7
— 12 2 — B 16 g g
fo— ey };
S A S — o
— — —— 20
21
@ 22 d
Ready 4
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Example: External controlled compressor

rr—— - Boundary: 200 bar, not achieved

Status balancing : AC-unit suzcesstully balanced !

Outlet Air Temperature: 5°C, desired temp. achieved

80w |

a

1358, hi 2535

Compressor [ExternalCompressor - 200bar.com] & DI_XI
—_ Fle Extras
i} |a=@mu,
= sneral datal Charac, curves Control characteristic
¥
£ ' Mon contro ressor (fixed piston displacement)
‘;“ £ Internal contralled compre Fiston displacement max. [crm®] 50
= ."( Y £ Pressure controlled compressar Fiston displacement min, [omd] 2
p:321:||rﬁ:ms pi31EI b 185, m T3
? & Compressar, extemal contr)
;’J
H / ~\
J o~ N
! Desired evaporatar alr outlet temperature (control parameter) ['C] 5
spec.enhalpy hiig) haximum outlet prassure [bar] 200
% AC-unit ftergtion no.: 5
g Status balancing : AC-unit successtully balanced !
E- p: 1000, h: 281 5| p: 1000, h: 173 /
=
g l- ‘
po 4T BB, 3B B o AT ST, B 3R, m T e
=] ¥ Ready 7
J
7
i
i - -
¥ -
/ Boundary: 100 bar, maximum achieved

spec. enkany hiag]

Outlet Air Temperature: 16°C, desired temp. missed
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