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INDesA What to expect?

INTEGRATED DESIGN ANALYSIS

We want to give answers to:
Why is virtual testing beneficial to the virtual creation process?

How can Supplier and OEM better interact building up a
simulation environment in GT-SUITE?

We want to demonstrate:

How to speed up the simulation process with virtual bench
testing.

How to improve the quality of input data for multi-physics
system simulation in GT-SUITE!

... for a pipe bundle EGR Cooler
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Example for Multi-Physics System Application

InDesA
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InDesA

INTEGRATED DESIGN ANALYSIS

Engine Warm-Up Simulation

Engine warm-up simulation is a typical OEM application |-
0 for the prediction of fuel consumption for warm-up |

drive cycles.

d for the assessment of thermal management and

friction reduction techniques. 3
About 2500 parts need to be specified! z — Numbelr'n'f;% &5 gy
O Geometry from CAD data =) | componens 95
d Physical properties o Cannections 1488

»  from physical bench testing ® Parts on Map 2140

»  from virtual bench testing =)

% Internal data (OEM)
< Supplierdata =)

= data hunting takes considerable amount of time
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How to speed up the virtual creation process ? |

InDesA

INTEGRATED DESIGN ANALYSIS

“nice to have”

Supplier

ancillary component
CAD data 5%

|

“best available” Heat Exchanger(HX)

Rapid
Prototype GT-SUITE\provides capability to
l store objedt data in shared object
libraries (*.@to
physical test test bench ‘ master | W W rubber hoses.gto |
bench ; HX-SupplierC.gto | HX-SupplierA.gto | HX-SupplierB.gto
results 5
— = Main
=@ === FLOW ===
A\ H n = m m
common practice = () References
OEM _'EF'_ £3] D FlowPDrop
with GT-SUITE LEJ ={) HeatExchangerSpecs
Expertise () cac_ss07850
M rad 12341234
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Test Rig Set-Up for an EGR Cooler Module
InDesA
Environment Flow Rates
temperature R pras optional from
heat transfer coefficient GT-SUITE
Exhaust engine model
Coolant
Exhaust — ERRLERTRY
ioolant N

Model Set-Up with @smnccm .‘\Fﬁ'ac;'pt,;g:?o?]'fg""“dav Conditions

bypass-flow
 Thermal Fluid/Structure Coupling * EGR valve
« Full details of pipes or fin/plates position

 EGR valve cooling and
flow leakage at by-pass flap included
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INDesA Pipe Bundle EGR Cooler Module

INTEGRATED DESIGN ANALYSIS

Gas Side

Template: IHxGeneraI

Aktribuke IInit Ohject ¥... : 27 pl pes
Reference Length M - 7.5 _‘ /
Heat Transfer Area (One Tube) mmee | - 5066 _l
Flow &rea (One Tube) mm™Z | w| 44,18 _'
alume of Fluid iter  w | 02565 |
Fraction of Yolume in Heat Exchanger Core 0.8
Mumber of Identical Tubes in Heat Exchanger Core 27
Inlet Pipe Reference Diameter M - 25 _‘
Dutlet Pipe Reference Diameter M - 25 _l bypa SS
“HxTvpe Internal {Master) | External (Slave) | Structural Material | d|mp|es
7/

for discretized HX use only 1 pipe:

Fraction of Yolume in Heat Exchanger Core 1

Murmber of Identical Tubes in Heat Exchanger Core 1

e dimple design by InDesA
to enhance heat transfer
through turbulence

= only turbulent flow

local heat transfer
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INDesA Decomposition of EGR Cooler with GEM3D

INTEGRATED DESIGN ANALYSIS

Gas Side Decomposition of Cooler Module with GEM 3D

—_EGR valve

e gas side dimensions and volumes
can be retrieved from GEM-3D.

e alternatively the module can be
treated as one HX object with
integrated pressure losses for coolant
and exhaust gas.
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INDesA Coolant Flow through EGR Cooler Module

INTEGRATED DESIGN ANALYSIS

Coolant Side

Heat Exchanger Type:
parallel flow with some cross flow

| edit Object: EGR_Geom
Template: IHxGeneraI
i
Attribute IInit Ohject Yalue

Heat Exchanger Type parallel-flow -

[ HxTvpe | Internal I{Master]ll Excternal I{SIave]ll Shru;

| inlet
outlet\
e most EGR coolers are designed as
parallel flow heat exchanger due to
cooling requirements at the hot end
(> e.g. valve seat cooling).

e some cross flow is involved at the
coolant inlet and outlet or due to
baffles placed in the water jacket.

outlet
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inpesa  1est Rig Results for an EGR Cooler

INTEGRATED DESIGN ANALYSIS

Coolant :: > Pressure Loss

» temperatures ; O
* pressure loss

« onset of boiling

« volume flow rates

» flow uniformity

Exhaust :: > Pressure Loss

* outlet temperature ; O
* pressure loss
» force on flap
- flow leakage

Structure

- temperatures
esp. valve seat

* heat transfer

AN
Q

AN
Q

G ¢

— Nusselt Correlation
GT .z heat exchanger object: [ Nu = f (Re,Pr)
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inpespA 1he InDesA Virtual Test Rig

INTEGRATED DESIGN ANALYSIS

Parallel Cluster with 112 Nodes

(14 Blades, each with 2 Intel Xeon/Nehalem Quad-Core Prozessors
and InfiniBand Switch, Integrated Storage Area Network)

e compute time: 1 day for
14 steady flow operating points ™

20 operating points
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*) for STAR-CCM+ model with 14 million cells
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inpesa  Virtual Test Rig Results & Transfer to GT-SUITE

INTEGRATED DESIGN ANALYSIS

Exhaust Gas Flow Rate [kg/sec]
0.0030 ™0.0100 A0.0125 ®0.0150 m0.0200

Edit Dbject: EGR_HT_Data

8 0 Template:  |HxMuMap
* Attri Internal Inlet | Internal | Internal Flow [ External Inlet External | External Flow | Performance
| Temperature | Inlet Quantity Termperature Inlet Quankity Quantity
=
[— 7.0 Uit | deqC - h;r ||r' deqC - har i -
3 1 sso..| def.] o003 ] e def | 5] 13159 ]
z 550 ... L 0.01 .. e [ s 3698 L
i 6.0 3 550 . 0.0125 | a0 5 4442.5 |
E + ssn_ L nms_ i = 5. sise. 3_
Q 5 550 .| L 0.0z .| e L 5. es4r9 ]
qu-) 5.0 6 550 .. | L oo0sl] o0 [ 14..] 1353
c 7 550 . L 0oL o0 . N 14, 37953
E & 550 | L] oozs ] e L] 14..] 453tz |
4.0 9 550 . 0.015 . E [ 14, ses1.5 L.
- o - -
ey 10 550 0.0z , o0 14 6756.7 |
m 11 SSD_ = DDDS_ 90 .| = 29 | 1346, 5_
GJ' 3.0 12 550 ... Jod 0.01 L. 90 .. | ) 29 .. 3834 L.
b 13 550 .| L] oo 90 .. [ 2ol 4e3s55 1L
14 550 . o oms. | o0 . N ET
2.0 15 550 | L 0.0z e [ EN R
16 550 .| L oooal] N [ 40, 13468
17 550 0.01 . o0 40 38444 |
1.0 15 SSD: = D.DIZS: 20 = 40 .| 4651.5;
13 550 .. o oms.| e L 40 5437.6 ..
0 0 20 550 L. 0.02 L. o0 L 400 69923 Ll
.
o 10 20 30 40 50 gas inlet temperature: 550°C
0
- -
Coolant Volume Flow Rate [I/min] coolant inlet temperature: 90°C

Prediction Fidelity:

InDesA has computed over 30 different EGR coolers of various designs.

Prediction accuracy has been checked and approved by supplier,

e.g. at the Automotive Research Experiment Station / Michigan State University.
Accuracy of simulation lies within test bench accuracy of 2-3 % for the heat transfer rate.
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inpesa  Virtual Test Rig Results & Transfer to GT-SUITE

INTEGRATED DESIGN ANALYSIS

non-discretized HX | Nu Correlation

Heat Transfer Rate vs. Ext. Mass Flow

- -—-l | exhaust gas 8 Exhaust Ges
ﬁi!-l 55:%4 E i ﬁ:ﬁgz.ﬂ 55130 FIOW
' L : 7 ] O Corr: 0.02
O o CFD:0.02
=3 CFD: 0.015
coolant s PN B
z Corr: 0.0125
ﬁi-w.r..eiﬂ:.e’. 551-;!’%‘0:. . E 551‘-!%&'41 551-“’!'-\1:’. 40—.2 5 4 CFD‘ 00125
L ] CCE“ Corr: 0.01
- = CFD:0.01
2 4 m— Corr: 0.003
REGRESSION ACCURACY OF OVERALL HEAT TRAMSFER & kg/sec
Mean Relative Error (%) = 0.323259 = 3 ¢+ CFD:0.003
T R R R R R R R R R R R RO § 2
4 ¢
1
- = 0
discretized HX | 00 01 02 03 04 05 06 07 08
explicit — exhaust gas Coolant Mass Flow Rate [kg/s]

 implicit { coolant o excellent agreement of CFD data
5 - E - o points with GT regression for Nu-
correlation from low to high mass

REGRESSTION ACCURACY OF OVERALL HEAT TRAMSFER flow rates.
Mean Relative Error (%) = 0.415198

e e R R R R R o R TR R R R T T T e R T
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InDesp  1ransient Simulation with Pulsating Flow

INTEGRATED DESIGN ANALYSIS

transient b.c. from GT-POWER analysis:
550°C/90°C

0.0030 ™0.0100 A0.0125 *0.0150 W0.0200 Mean fIOW Conditions:

8.0

temperature
e | |Exhaust]Coolant [EEENSSSEN

5.0

40 ' inlet temperature 450 °C 90°C

3.0

20 flow rate 5.86g/sec 12.51/min

1.0

L inlet pressure 1.8 bar 2 bar Tifr a0 ROV e DA 0 M s

BDC ™e o BDC
Coolant Volume Flow Rate [I/min]
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_pressure Environment
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Exhaust

Coolant
Exhaust
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InDesp  1ransient Simulation with Pulsating Flow

INTEGRATED DESIGN ANALYSIS

CFD Results stationary transient enhancement transient b.c. from GT-POWER analysis:
after 10 cycles simulation simulation factor

temperature
heat transfer rate 1.82 kW 1.96 kW 1.08 0o e
pressure loss 534 Pa 841 Pa 1.57 ﬁ \
N /
heat transfer (CFD) il 7 A
3000 275”'&“0 CMP M‘F POWER :’E&O EXHAUST 5&(,)(0 INTAKE ‘B‘I;"
= 2500 | ot A ]
2 2000 ‘mass flow rate
‘g 1500 | i
g 1000 I g I f ’
pressure £ ycle S / /J v\ I
080 ot ‘ %MM '\ Mv W WAVA \{v..ﬂ.v
0 2
| f\‘ r\\»\ ]h.\ n [ 0.53 0.55 0.57 0.58 0.60 0.62 0.63 065 SEcC. 008 V
AJ L/ \,/ Exhaust
v W NV Y
Coolant

Exhaust , 4
ioolant
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inDesa  Capability of the InDesA Test Facility Center

INTEGRATED DESIGN ANALYSIS

Coolant Pump Heat Exchanger

@ GTO Library ‘.l GTO Library I"r'l: GTO Library

1
(R

" ' Cluster '''''8510101 supply |
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InDesA Conclusion

INTEGRATED DESIGN ANALYSIS

Standardized Virtual Bench Testing

... significantly speeds up the virtual creation process between supplier
and OEM at lower costs.
© no need for prototypes and physical bench testing

... feeds OEM directly with populated and tested objects for GTO-Library
© complementary use of 3D CFD and GT-SUITE and Post-Processing

... enhances input data for GT-SUITE Pre-Processing
© virtual test data fit very well with Nu-Correlation

... is capable to predict heat transfer for pulsating flow.
© complementary use of 3D CFD and GT-POWER

besides ...
the virtual test bench can be packed, stored and reproduced anytime.
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