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Turbocharger Description

The turbine wheel is connected by

a shaft to a compressor wheel
Small but complex

. and the two wheels turn together
automotive component

COMPRESSOR
INLET

TURBINE
EXHAUST

3

TURBINE
INLET

Compressor sucks and

compresses ambient air

COMPRESSOR
DISCHARGE

Multidisciplinary
design study

- .INTAKE
.. Al CHARGER MANIFOLD
Air is passed through a charge-air ~ SHARGER

cooler, where it cools and becomes

denser before entering the engine ENGINE

N\
e 14.12.2017

EXHAUST
MANIFOLD

Two different
turbomachinery

A turbocharger uses the
engine’s wasted exhaust gas

to drive the turbine wheel

High temperatures at
turbine region

The presence of this
compressed air makes the
fuel burn more efficiently

by delivering more power
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Turbocharger Description
RPM control

E— = with

r wastegate
actuator
|

Compressor Housing

Turbine Housing

Small scale turbo being used in:

Renault Clio 1.5 L 65 HP
Renault Kangoo 1.5 L 65 HP

Impellers and Shaft

N -
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Test Setup e T

& -
12 different test cases, varying from
25.000 rpm to 105.000 rpm

Parameters that can be measured via this device:

Compressor: Turbine:
. - Rotation - Rotation
Turbocharger Test Device |
- Flow Rate - Flow Rate
- Pressure Ratio - Inlet Pressure

o 14.12.2017 9 ’ borusan
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FIoEFD™ Numerical Modeling — Compressor

Stationary Part

3 outlet
-y

Fictional Body to Define Rotation

(Rotating Region) Rotating Part

Mass Flow Rate

N\

borusan
sousan 14.12.2017 11 ’ ARGE

HURULUSUOUR %



Numerical and Experimental Investigation of an Automobile Turbocharger Using FIoEFD

FIOEFD Simulation Conference 2017

FIoEFD™

Numerical Modeling — Turbine

Closed
Wastegate Lid

Open
Wastegate Lid

Environment
Pressure
m jE JL I ...Two wastegate lid positions
= | " [E at different rotational speeds
Total | were investigated...
Pressure
A
L
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- J - : = I i i
riocruy Numerical Modeling
Rotational Inlet Outlet Rotational Inlet Outlet
Speed Mass Flow Rate Total Pressure Speed Total Pressure Pressure
[rpm] [ka/s] [Pa] [rpm] [Pa] [Pa]
1 51.670 0,03222 108.222 1 24.550 111.486 101.325 & g
(%)
2 64.753 0,04270 114.138 2 44.360 121.133 101.325 ‘rgb §
S Q
3 86.010 0,06236 122.298 3 57.120 130.652 101.325 T
4 88.217 0,06704 127.398 1 26.270 111.398 101.325 .~
)
5 101.050 0,08087 131.682 2 47.370 121.276 101.325 3 &
“wQ
6 104.953 0,08778 136.884 3 63.090 131.656 101.325 g %
Boundary Conditions for Compressor Boundary Conditions for Turbine

...3 different meshes
were used without

4,9 M cells mesh refining... * 6,1Mbcells
7,3 M cells * 8,4 Mcells
9,6 M cells e 11,1 Mcells
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Results and Discussion — Compressor

FIOEFD Simulation Conference 2017

14.12.2017

Compressor Pressure Animation @FIoEFD

Test FIoEFD Deviation
Case Results Results
[m3/s] [m?/s] [%]
51.670 rom
0,02520 0,02550 1,19
PR =1,061
64.753 rom
0,03167 0,03240 2,31
PR=1,119
86.010 rpm
0,04316 0,04520 4,73
PR=1,199
88.217 rpm
0,04454 0,04680 5,07
PR =1,249
101.050 rom
0,05199 0,05550 6,75
PR = 1,291
104.953 rpm
0,05428 0,05830 7,41
PR =1,342

Max. 8% deviation from test results

* %8 ARGE
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Results and Discussion — Compressor ==

P
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Test FloEFD Another Code
Results Results Results
Case

[m?/s] [m3/s] [m3/s]

51.670 rom
1 s o,ozsfo 0,02551
PR = 1,061 (1,19 %) (1,23 %)

86.010 rpm
5 O 0,04550 0,045f8
, e T _ PR = 1,199 (4,73 %) (4,68 %)
Cartesian mesh Polyhedral mesh , 104.953 rpm A 0,05830 0,05832
k-€ turbulence model Spalart — Allmaras turbulence model PR = 1,342 ’ (7,41 %) (7,44 %)

Different mesh types, different turbulence models Max. 7% deviation from test results

b =
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Results and Discussion — Turbine

Closed Wastegate
Pressure Animation

FIOEFD Simulation Conference 2017

/

Open Wastegate
Pressure Animation

/

Test FloEFD Deviation Test FloEFD Deviation
Case Results Results Case Results Results
[kg/s] [ka/s] [%] [ka/s] [ka/s] [%]
1 26.270 rpm 0,01839 0,01695 -7,83 24.550 rpm 0,03194 0,02950 -7,65
2 47.370 rpm 0,02592 0,02460 -5,08 44.360 rpm 0,04550 0,04240 -6,81
3 63.090 rpom 0,03253 0,02946 -9,44 57.120 rom 0,05642 0,05280 -6,41
14.12.2017
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Results and Discussion — Turbine

_________ >
I,/
Test FlIoEFD Another Code
Case Results Results Results
[kg/s] [kg/s] [kg/s]
0,02950 0,02925
1 24.550 rpm 0,03194 sy 8.43%
Pliea 7 0,04240 0,04209
2 44.360 0,04550 ’ g
Polyhedral mesh rem -6,81% 7,49%
k-g turbulenc del | Spalart — Allmaras turbulence model 3 57.120 rpm Ees 0,05280 0,05254
-6,41% -6,87%
Test FIoEFD Another Code
Case Results Results Results
. [kg/s] [kg/s] [ka/s]
...Different mesh types, ...Max. 9%
o o . 1 26.270 0.01839 0,01695 0,01689
different turbulence deviation from 270 rpm ' (-7.83%) (-8,15%)
models... test results... 0,02460 0,02457
2 47.370rpm 0,02592 5,08%) s 20%
0,02946 0,02996
3 63.090 rpm 0,03253 i g
S 14122017 18
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FIoEFD

Turbine

...Thermal
C°"|':|:*tss°’ 7 analyses for
» §E N .dlfferent turbu:te
& Outlet impeller materials
were performed...

800.00
745.00
690.00
635.00
580.00
525.00
470.00
415.00
360.00
305.00

Compressor 250,00

195.00

Outlet 140.00

Temperature [°C]

: __—-.Ilhnnll

‘//7/

Results and Discussion — Thermal

...Temperature distribution was used to
calculate thermal expansions around
housing region...

-
), |~

\
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FIoEFL . .
riocrp Results and Discussion — Thermal

Shaft Surface Temperatures Turbine Surface Temperatures Shaft Surface Temperatures Turbine Surface Temperatures Shaft Surface Temperatures Turbine Surface Temperatures
Min. Temp [°C] 123,1 Min. Temp [°C] 404,3 Min. Temp [°C] 122,9 Min. Temp [°C] 427,3 Min. Temp [°C] 123,1 Min. Temp [°C] 398,9
Avg.Temp [°C] 161,6 Avg.Temp [°C] 656,0 Avg.Temp [°C] 161,2 Avg.Temp [°C] 656,7 Avg.Temp [°C] 160,2 Avg.Temp [°C] 656,7
Max. Temp [°C] 263,7 Max. Temp [°C] 7273 Max. Temp [°C] 269,9 Max. Temp [°C] 726,6 Max. Temp [°C] 261,8 Max. Temp [°C] 729,6

Alter. — 4

, Alter. - 2
...4 possible turbine @ = ol @ - -----
impeller material
alternatives were I
examined and : ! ! !

—_———---

Shaft Surface Temperatures Turbine Surface Temperatures Shaft Surface Temperatures Turbine Surface Temperatures

Compareda o0 Min. Temp [°C] 125,6 Min. Temp [°C] 430,3 Min. Temp [°C] 122,9 Min. Temp [°C] 409,4
Avg.Temp [°C] 164,2 Avg.Temp [°C] 657,5 Avg. Temp [°C] 162,4 Avg. Temp [°C] 653,2

Max. Temp [°C] 273,4 Max. Temp [°C] 725,7 Max. Temp [°C] 266,0 Max. Temp [°C] 727,7
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FloEFD Conclusion

...Thanks to FIOEFD...
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