|||||||

A

& r - . . -
. A <

BTRAIN

Component Management and
Postprocessing in KULI

ECS, Christian Rathberger



- i B iy
A\\ ':l" Iia'..‘lmll\ ’Iu{“}"\é:iéuﬁl ?‘}»‘\ [*){'=r§~
MAGNA POWERTRAIN

Introduction

In many situations it is important to get a quick overview regarding...
TEARZ GO T, BTG EE0 45 AT — A PR B e, kT
« What components are available?
MRS T A Ty LU 2
« Which component is the best for my application?
iU LS & G
* How does a component perform at a certain operating point?

A FHA AR 2 TO0 TR ?

Clear diagrams and tables then help to interpret the results intuitively.

i A& I Pl R R A e % BRI AR A &5 R

KULI can help you with this...
KULI BT LU BB ST g
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An Example
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Working cooling system:

KRR

Engine (Coolant) Tube
o 1 Out 2
In Out In Ot
E e © —
[Quantity of heat!~ [Entry temperaturel
|
In i
Thermostat
Main Radiator [Il o L‘ v Bend
? ml
-8- ml
Main Radiator Byp:
D l—] in
1.Charg it 1.0il circu it

Charge Air Cooler [1]

Engine (Ol)  Oi-Water HX [1]

fi7.3939 (AT B

k=% it

Heat Heat Therm. T T

Coolant # | Oil Open Coolant Oil

g Wl g TEBTTE | BEBREE | YIWEE
V max B o o
B 66.59kW | 17.39kW | 27.34% 90.68°C 123.52°C
-oad 23.87kW | 6.66kW | 86.02% | 98.81°C | 125.88°C




Inserting a stronger engine

M MAGNA
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Power increase

by 20% ?
pﬁﬁigwfzo%
Heat Heat Therm. T T
Coolant # | Oil Open Coolant Oil
V max o o o
— 79.91kW | 20.87kW | 69.51% 95.25°C | 129.93°C
toad 1 28.64kW | 7.99kW | max 109.6°C | 140.01°C

Target H#n.

Oil temperature

Coolant temperature 2477/ < 100°C

P8 & < 140°C

N

Coolant and oil too hot!

K AR B T SR Ry !

e
A\
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Problems with the Main Radiator MAGNA POWERTRAIN

V max TN Load

b
v
b
@}

2
H

O e e T T L S SR

2
H

Performance#& I 1
Performance I {4

Very bad performanc

PERENIE!
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Possible Solutions

Shape of characteristic
determined by

radiator type (eg.fins)

R R D AR A s

RIS TY Bk 5 (1) 4n 38 12 5X)

« Stronger coolant
pump
B 480 B iR R 7K 2R

Q - » Reduced system
8 i pressure loss
g WAL AN
L Little gain!
q BAPHILHZR !
 Stronger fan
5 i ) XU
* Electrical fan
SO HL 5 XU
* Larger air inlet
LIS PN YA
High gain!

BKHI L AR !
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Solution Strategy

» What are the problematic operating points?
AL 2 A i) AR 40 A ?

» Find best radiator for these points
R X T A A

* Improve airflow

BSEi Ranla i/ T i
* Improve coolant flow
b HIE L
* Verify results
kg R
Operating point at:
T RAL T
> Coolant Flow A X & - 1 kg/s
Air Flow M9 & : 0.68 kg/s
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Finding possible components

KULI Components Z357: » BT

() Search KULI 5C5-Files Component type Parameters 5 i =
in ax ol
(%) Search component files —_— )
N 2] it [ a0 | [ |
il eoaler : 1
!/ T . Charge air cooler Height [mm] | 300 | | 500 |
irectaries for zearc
Component Type £Z- @1 Dep o == ]
- : Mechanically driven fan
E Search subdirectonies Electic fan i i
Area resistance
C:\PrograrmmetE CSAWKULL_71007 \datahpres Built-in resistance [ Layaut | Standard b |

Components Library #/#5/ e —— 4
unt (s [

Size restrictions /I R#/ oo |

Uit Fr?x’s |[_] i
400mm < width %&/E < 800mm S
. . [ Start search ] [ Stop ] [ Open component ... ]
—
30 O m m < h e I g ht ]EJ E < 50 0 m m File name Diirectary sfidth [rm] i#Height [rmm] !Depth [rarn]
=H BF RAD_20 BE0x425 |.wk C:\ProgrammetE CSAKULL_ 71007 \datahpre |50 425 20 »
2 O m m < d e pth }; E < 3 5 m m R&AD_20_700:440_dwk C:\ProgrammehE CSAEULI_71007 \databpre (700 440 20
RAD_25 530x420_bwk | C:\Programme\ECSMULI_71001 data'pre [530 420 25 pr
RAD_30 580x390_cowk C:\ProgrammetE CSSWKULL_ 71007 Y datahpre |580 290 20
RAD_30 B00x400_a vk C:\ProgrammetE CSSKULL_ 7100714 datahpre [E00 400 e
RAD_30 B00x400_mqwk | C:\Programme\ECSAWULI_#1001 Y\datatpre (GO0 400 30
R&D_30_E30:450_Lwk C:\ProgrammehE CSAEULI_Z1007 \datahpre (B30 450 ] P
MHumnber of companents found. 20
R | t é_f% Mumber of components matching the search cnteria: 9
eSull zy

IModiFied

9 of 20 components
fulfill all criteria!

B IR0 TEFEF, 9T IEEK
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Comparison with KULI Components
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| General Data

COmponents
a RAD_113_600:x300_Lwk
‘width [mm]: 600
Height [mm]: 400
Measured width [mm]: 600
Measured height [mm]: 300
Measured depth [mm]: 113
B raD_z0_e50x425_1wk
‘wWidth [mm]: 600
Height [mm]: 400
Measured width [mrm]: 650
Measured height [mm]: 425
Measured depth [mm]: 20
B rap_20_700:440_d.wk
Width [mm]: 600
Height [mm]: 400
Measured width [mrm]: 700
Measured height [mm]: 440
Measured depth [mm]: 20
B raD_25_500420_bowk
‘Width [mm]: 600
Height [mm]: 400
Measured width [rrm]: 590
Measured height [mm]: 420
Measured depth [mm]: 25
B rap_an_Same30n_r.wk
‘Width [mm]: 600
Height [mm]: 400
Measured width [mm]: 550
Measured height [mm]: 390
Measured depth [mm]: 30
B raD_30_600:400_a,wk
width [mm]: 600
Height [rrn]: 400
Measured width [mm]: 600

Select radiators...

TP

Scale to common size (600mm x 400mm)...

A% ] ~) 42 (600mm x 400mm)...

Compare performance!

MR PR

lin

1385

Heat transmission

100
+

Thermal output [kW]

Thetmal cutput (K]

1056

e

Outer flow rate [kg/s]

lin

©— RAD_113_600x300_|

—=— RAD_20_650:25 |

~— RAD_20_700x440_d

“— RAD_25_590%420_h

5— RAD_30_580%390_t
RAD_30_600x400_a

—©— RAD_30_630:450_|

RAD_32_165120_
—¢— RAD_32_630x400_|
—@— RAD_34_630x451_|
—— RAD_40_630x450_
RAD_42_630450_
—s— RAD_42 72575 |
—b— RAD_46_915x715_|
RAD_54_660x665_|
—=— RAD_55_600x800_|
RAD_62_700A00_|
—b— RAD_70_715x@15_|

RAD_91_365490_|
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Comparison of performance

Heat transmission

Performance at...

PERERIN......

lin

I_-~— RAD_20_G50x425 | I

S— RAD_20_700:440 d

—— RAD_25_590x420_b

I - RAD_SD_SBDXSQD_CI

Coolant 2 4% : 1 kgls
Air 54  :0.68 kgls

RAD_30_600k400_a

—&— RAD_32_630%400 |
—&— RAD_34_630x451_|
—— RAD_40_630%450_|

RAD_42_@30x450_|

Thermal output [kKVV]

—<— RAD_42_725x75_|

—— RAD 46 915x715 |

I RAD_54_GROGES | I

—— RAD_&5_&00x300_]

RAD_62_700xG00_|

20
I

—»— RAD_T0_T15%315 |

0.5 085 n7 0.8 09 RAD_81_365x390 |
0.4538 1041 lin

Outer flow rate [kg/s]

3 possible candidates...
3N RIAT Ik A A

Evaluation of pressure loss! .

PFI RSB TG IR K ! ‘
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The Decision MAGNA POWERTRAIN

External pressure loss Heat transmission

i _
. —5— RAD_20_650%425._|

ief B
P —=— RAD_30_580x390_¢

// —<—RAD_54_660x665_1

Pressure loss [N/m?]
Thermal output [kVV]

Flow rate [ka/s] Outer flow rate [kg/s]

The Green radiator has best performance and very low pressure loss!

RO NI TN EGERT, FH BRI IR ! .

A\
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M MAGNA

Using the improved radiator MAGNA POWERTRAIN

The new radiator improves the situation a lot!

BT SRR DAt T A AE I ) L !

Therm. | T T
open Coolant | Oil

V max | 30.41% | 90.38°C | 127.72°C

Load | max 101.4°C )133.18°C
/" N\

109.6°C 140.01°C

But we still need to cool down the coolant a little bit more...
(EL A T3P 75 BE WA 2 IR .. g

A\
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Additional steps

We can also try to improve the air flow

BN IR A H T TS

Transmission ratio of mechanical fan
B LA X IR AE B EE T 245 1.5

— > 15

Performance

e e e S e

Therm. | T T
open Coolant | Ol

V max | 28.8% | 90.30°C | 127.89°C

Load |88.6% |99.08°C | 130.24°C

Everything OK!
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Monte Carlo Simulation

How stable is this cooling system, if we apply an error to...
R R GERARE T

... 0il pump volume flow,
AR B AR
... water pump volume flow and
IKIEHIARFR I DA A
... turbo charger air temperature?
TP e TG s A ) 2 S BE

We will use Monte Carlo Simulation to find out!

A TEAT FHMonte Carlo 73 # J7 V5: K =K i !




A Modified Cooling System
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We modify
T A
* Oil pump
HER
 Water pump
IKIR

Charge Air Temperature “ariation

Qil Purnp Yariation

« Charge air

mFe G s

by adding normally
distributed errors
with
VS N IE 2593 A7 B ZE4H
* mean values
P EMH
» standard
deviation o

PRfEZE

__________

Sirnulation parameters

m Parameter, variation

1.Parameter variation

B=)ES

Parameter wariation

L | 2000
a [0 ]
b [0 ]

Mumber of samples D

I Comments 0il Pump Yariation
[Mean eff pressurs | )
i active
Power Factor
R Type
B e e e e T (O Discrete (%) Distribution ) Files
] Discrete| £ Distibution |"ﬁ File:s
113
Digtribution Baounds
|N0rma| » | Lower bound a ~
Upper bound 1 “

Unit

@m[

Ok

] [ Cancel

1.Charge air circuit

L

Charge Air Cu]er 1]
I "t
- #{Temperature

_________

I
ont
- - - Vaolume flow M

129,984 [*C]

Engine (Cil)

Oil-water Hx [1]
I ot I ot
ol
Eanttyof treat f--------------




Starting the Monte Carlo Simulation
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=5 KULI B

.0

Standard KULI simulation

Fararned ter wariation

Sensitivity studies...

mE 2 B

Monte Carlo sinulation

Humber of zamples

1000

Then we start a
Monte Carlo Simulation
with a sample size of 1000...

R G BAT 1 5 Monte Carloi 45
KA RS 251000

... to investigate the influence
of the errors on oil and water
temperature!

T HrmZ XK 0B

A\
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Statistical Results in the Postprocessor

Number: Simulated temperature, 1.\Water circuit Number: Simulated temperature, 1.0il circuit

Simulated temperature, 1.\Water circuit Simulated temperature, 1.0il circuit

a5

We see that

oil and water

do not reach

critical levels!

ENIRIEAE A
coc | KB IR
: L F=2 kP!

TG4

=)

595

a1

42.5

o

2548

17
1315

85

HH\I\H\\I\\H\I\H\\I\\\\\I\\i\'ﬁl\\\\\I\‘.\\'\IHH'\,I'LH\\I

130.7

1903 1305

1301 oG
1207 19 e‘ax\“e'\ A

1295
S\m\x\a‘xeﬁ e

A\
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Conclusions

. W
1 A4 N
R AN =
| =, g _

MAGNA POWERTRAIN

So finally we have
e a BANAE T
» Scaled an engine to 120% performance
e I3 R 22120% 1) 51 4
* Identified problems in the cooling system
B 7% H1 R 45 )i
« Set up a solution strategy
LR PAE N
* Found a new optimal radiator

Fp FHAR R AR

* Optimized the cooling system
AL A E R 5t

* Veryfied the stability with statistical methods
v TR AE T RS

Extended Statistics will be available in KULI 8!
HREHIZ o 77 VTEE ) AKULI 8 324 !




Thank you for your attention!
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