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Important Points of Measurements *éﬁ T\ T\ T‘ﬂ
0- Compressor Mass Flow (inlet) Throttle O 8
1- Compressor Temp. & Press. (inlet) Engine—EF7 N
2- Compressor Temp. & Press. (outlet) H ol
3- Turbine Temp. & Press. (inlet) 4Cyl -16 valves - 9
4- Turbine Temp. & Press. (outlet) ° [aa)
S- Turbochrger Speed
6- Engine Speed u U u
7- Turbine Mass Flow (outlet)
8- Engine Torque and Power
9- Engine Crank Angle
2
P Wastegate
0 1
L\ =
ﬁ B s e ' =
T 7
Air Filter 7 3 Catalyst
Compressor Turbine

o3l Swles pl Sbo =Y S

o9l o5 3l oles —F S



e g o -7

oyl sl V-

& S (69959 b m (s 590,Shes slo el bagte polie (gileae olejl sl (sl
iloads duslie mo b Wlod! cuws 4y yge3l 9 (gomanws b > (gilwand 5l aS o e8 leaily 9 ol >
ety polie b (@93 Bl (e 60, e o il )ly Lawgie polie wias o LS (V) B (0) la S
2 &an Sl b Jelod 5 4525 6l bz iluand 5 silodoe azedi )0 5 0l (03] 5l ool
el Glisobol (B 0y (6399 gl 0T 4 ()9 Awain

= 400

(
§
1
]
!
(
!
|

{kpaj ,

300

200

100

0 1000 2000 3000 4000 5000 6000
(rpm) ;s5ae js0

9990 190 A Sy 585 A (6399 sl 6‘):’ polie anslie _aJ&

0.014 ——iid Sl
0.012
0.01
0.008

0.006

(kg/s.K*5.kpa) oy 25 oy

0.004

0.002

0 1000 2000 3000 4000 5000 6000
(rpm) ,s5se 55

2590 190 A S )y 50 bz (29 co o sl polie anslis -7 I



VY e b )55L09585 (ye8 0, Sdes S (g308 5 (02 el

70

60

(%) ol

50

40

30
20

10

0 1000 2000 3000 4000 5000 6000

(rpm) 555 50

6,5 des s yial b 6lp (gilwans Gloosls g yge3l 5l ool Canay polie slalas s s (A) UKo
slo ol don gl 358 o0 odalive amd o (LS ) Glossly 5 (b2 (23 0 22 (6299 5188 aiile ygige
sl 3l ye0 GRlEIL a5 ol med g 43S al plgi oo |y O Jedo 9 ol so (20l 590 il L (g0, ae
5 0905 polie 5 00 o jsise | (29> o)l Glug Canl 5 3L Gmys 4 60955 Ol 0

bge SRalS LS g ond Suo5 oo 4 (3ludned

j 10 — i3 2lad la 2
Ca‘
=
": 9
N
8
7
6
5
4
0 1000 2000 3000 4000 5000 6000

(rpm) Jsise 50

3950 590 4 S unys8 Slo el )l sl aops (gl ol anglie —A JSC%



S jlwand s Y-
asliV e 5o ilodnnd ol 9,8kes (55, ()i 69955 sy et S 8L sl 5 il e 9l 5l ey
VLV ogam ainge arsly sl 550 )5,L0:555 (T 20,5 aseiie 5 08 1SS j5ise j50 O sl g iz
ox 99,9 49l &5 Sl S5 GLLa o)ls 18 60 Shee Sl (e 58 ey O S0 &S 3)M0 S99 4z
Olye polie Sz ;0 g Wload jolate jho aygly (ol 4 S Llgy plo g 0ud (58 jho a0 (e

Al o g e 0 L oy dngly OS] o
& was o olas () JS& g a3)S )18 Sl s (g8 JLad S c0uiS (e bl S Glge &
SUal azmess )0 g oul oloul payei o JLad Cad i 1o y90 A 0 4z 0 TV g0 i 4yl o
e 45 00,8 a5 (6 b JLid Cond g eS0T ALIL g 00ls g2 (b S g 09,00
OV 53 e85 Sl 6508 55145 H5ige by Sloy9 )0 g 4 S5 (nl 05l H5ige (g5 Sl
Sglate Hgige alisie (sloyg0 o jlid Cond Dl pss wes o lid mls 0y wales Coeal lls ol
03 (59959 Asly yeiS b 29l g0 00ud KU p0 &S jshailas sy oo o3 V) 4 ol pl 2STas g 00
Ol bl aygly Judo 4y ilgd co ol a by co Lrals ol a4y Las ol az 0 Al o Jlade @

Al e84 (6999

(59955 423l s b liio (5l )90 10 (8 L s auylie =R S



'4 e b )55L09585 (ye8 0, Sdes S (g308 5 (02 el

70

(2a) Gt

65
4.70; 69.91 4.70;, 68.73

60

55

50

(4253) 3 52508 4ag)) sadd

59939 4255 e b y950 ilizs sl )90 50 Ganysd Gloatly anliie — Ve S8

S35 3 0n $39)9 wsly @ e ) Geyg8 Ol Slss (V) U8 5 plond]) Sl (V0) S
a0 BV s agly 50 50 gadldS slyl g0 pl a5 0ed o cdwlice il oo LA |, Heige Calitee
@30 A5l o dugly e gl oSl ] Sko Lo s cpaioren 05,10 1) 095 JlaEa (s yiien by 90 sled

il oo RN do 0 VA lie 4 g5

++ 41000 rpm = = #2000 rpm 3000 rpm = + 4000 rpm = = 5000 rpm
» 20
9 .
o 4.70;17.57
1 [T S S i
3 16 s g
~ L - - = ~ - <
~
Y
N
N
12 i N
4.70; 10.76 .
- - - ~.
~
8 4.70;6.77 S
* ~
4.70;4.14
L e e CL DL E L L L E T LT
4.70;0.37
T T T T S T T O T T LU T LT TN T T TL T TY T TPYPPRLPY
0 1 2 3 4 5 6 7 8 9 10

(409) 02 295 429l i

6995 4255 i L 950 Ao (slo 30 )0 (rnys Ols dmlie V) S8



VAR Ll cpgo o,ladh g0 5 oy Jlo Ol Slse iige & 0 Y.

5 ol B Led mer (V) JSK8 5 500 sl 5o maysd sloon 5 (Sosle S5 bed maer (VY) S
&35 Sl LSS e go lad a8 ;o j50 B v jeige j90 0 1y az 0 TV aygly o ye8 ooy
(Sloas aseie Gl b aS olaceend) aitis a0 T,V aygly 00 29,5 Caand (o ol oleo
Sy sloo 8l ot yLi 0 90 y2 (glp GlaSy (69555 slod 4 az g b aige agl; o Les rals ol

Db ge ()9 lawgd i (sodgi lgE Al ;0 g0 jo

aiBo 10 90 0 v ;0 a3 TV agly 10 coye slo 5 il S5 Les g5 =YY S



A e b )55L09595 (rye5 0,8des Do (G398 5 (0,28 el

ax o TV agly 0050 g9) Ele vae x5 (VO) JSB g 50 gl )0 0 (55, Zlo ve &35 (VF) IS0
2 Y Gl ju m5e8 S 8,5 Azl gl oo Ao ge HLAS ABSS )0 j50 B r jgige 90 0
S plowl g i Lad el e i bl ssamoplis 4 il e Gl 6y 2,5 slaciens

gl e $ds Ol SRl S cul oy angs SV

=

S oS azxus -Y



@l g WS ileand ol 5loes SO ey pXeSTS g gy wgaman by dlie ol yo
3 g a9l e glp (gilwand w0 (699,9 dgly i b anlol jo ok &LQJT&;..,l) Q}A)'] ral;;;l L slwas
3590 Ol g leadly liad cos aile (oye (60 ,Shee sla el )b lynas g wo S 1SS j559e 590 0
03 (5999 423l3 4 G a0 TV jlado a0 (o 98 0 (6399 Al s Olo (Lt s 2858 )
gl peiS (b 09bior e 63, Mes ol polie od Ay cge s5ige Sla)yed e o sl
S co Sgae oy VA 090> e a1y led g Lol g duo j0 VY Sgas e s |y o ye8 JLad Cous
o501 45 0,5 anles bl 6 5V Lid o ygmspeaS irmtysd g Sial3l b a5 el 53 @y p3Y
SRl A bl 6o ye0 0 Lol il eolaiwl LB Lasd s ol el (Sas Jo )0 oz oo 00gy Judo 45 YL

2l dies g sl Wl oo Blg5 IR Cnl S g8 ) Gl g0 5l (29 slajlS

S 5wl
&S (552D 9,095 Olpl H9ige Olidio &S 10 p dme LSS g o poe ) 095 wlew dlie (505,

aled oo pdlel Wsgas wal 8 1) bagygesl plowl Gl (rizmen 9 55)L052555 9 5559 5k 9,90 Dledlbol

&=y

[1] Rajoo, S., and Martinez Botas R.F., "Experimental Study on the Performance of a Variable
Geometry Mixed Flow Turbine for Automotive Turbocharger", IMechE, 8th International
Conference on Turbocharging and Turbochargers, Detroit, Michigan, USA, (2006).

[2] Padzillah, M.H., Rajoo, S., and Martinez-Botas, R.F., "Influence of Speed and Frequency
towards the Automotive Turbocharger Turbine Performance under Pulsating Flow
Conditions", Energy Conversion and Management, Vol. 80, pp. 416-428, (2014).

[3] Leonard, T., Spence, S., Early, J., and Filsinger, D., "A Numerical Study of Automotive
Turbocharger Mixed Flow Turbine Inlet Geometry for Off Design Performance”, 6th
International Conference on Pumps and Fans with Compressors and Wind Turbines,
Beijing, China, (2013).

[4] Otsuka, K., Komatsu, T., Tsujita, H., Yamaguchi, S., and Yamagata, A., "Numerical
Analysis of Flow in Radial Turbine (Effects of Nozzle VVane Angle on Internal Flow)",
International Journal of Fluid Machinery and Systems, Vol. 9, pp. 126-147, (2016).

[5] Mingyang, Y., Martinez-Botas, R.F, Rajoo, S., Yokoyama, T., and lbaraki, S., "An
Investigation of Volute Cross-sectional Shape on Turbocharger Turbine under Pulsating
Conditions in Internal Combustion Engine”, Energy Conversion and Management, Vol.
105, pp. 167-177, (2015).

[6] Chiong, M.S., Rajoo, S., Romagnoli, A., Costall, A.W., Martinez-Botas, R.F., and "Non-
Adiabatic Pressure Loss Boundary Condition for Modeling Turbocharger Turbine Pulsating
Flow", Energy Conversion and Management, VVol. 93, pp. 267281, (2015).



vy e b )55L09585 (ye8 0, Sdes S (g308 5 (02 el

[7] Bontempo, R., Cardone, M., Manna, M., and Vorraro, G., "Steady and Unsteady
Experimental Analysis of a Turbocharger for Automotive Applications”, Energy
Conversion and Management, VVol. 99, pp. 72-80, (2015).

[8] Galindo, J., Tiseira, A., Navarro, R., Tari, D., and Meano, C.M., "Effect of the Inlet
Geometry on Performance, Surge Margin and Noise Emission of an Automotive
Turbocharger Compressor”, Applied Thermal Engineering, VVol. 110, pp. 875-882, (2016).

[9] Roy, B. D., and Saravanan, R., "Experimental Turbomatching of Turbochargers B60J68,
A58N70, A58N72 and A58N75 for Short Haulage Truck”, International Journal of
Engineering and Techniques, Vol. 2, pp. 347-359, (2017).

[10] Mohand, M.M., Mohan, A.E., and Habeeb, H.A., "Improving and Analysis Turbine Wheel
of Turbocharger for High Performance Engines”, Journal of Mechanical Engineering
Research and Developments, Vol. 41, pp. 91-96, (2018).

[11] Chelabi, M.A., Hamidou, M. K., and Hamel, M., "Effects of Cone Angle and Inlet Blade
Angle on Mixed Inflow Turbine Performances”, Periodica Polytechnica Mechanical
Engineering, VVol. 61, No. 3, pp. 225-233, (2017).

[12] Jiyuan, Tu, Guan Heng, Yeoh, and Chaoqun, Liu, "Computational Fluid Dynamics, a
Practical Approach", 3" Edition, Butterworth-Heinemann, (2018).

[13] Menter, F.R., and Egorov, Y., "A Scale Adaptive Simulation Model using Two-equation
Models", 43rd AIAA Aerospace and Sciences Meeting and Exhibit, Reno, Nevada, USA,
Paper 2005-1095, (2005).

[14] Menter, F.R., and Egorov, Y., "Development and Application of SST-SAS Turbulence
Model in the DESIDER Project”, Second Symposium on Hybrid RANS-LES Methods,
Corfu, Greece, (2007).

[15] McNaughton, J., Afgan, 1., Apsley, D. D., Rolfo, S., Stallard, T., and P. Stansby, K, "A
Simple Sliding-mesh Interface Procedure and its Application to the CFD Simulation of a
Tidal-stream Turbine", Int. J. for Numerical. Methods in Fluids, Vol. 74, pp. 250-269
(2014).

[16] Bernard, P.S., "Limitations of the Near-Wall k-¢ Turbulence Model", AIAA Journal, VVol.
24, pp. 619-622, (1986).

G»&:.Lfé‘ ‘_;La:oLw‘ w).eﬁ

(kIkg™ K?) cols jLed (o oy ole)S sl

@)

p
(N) 2,5 g0z (59505 f
(KIkgK) ik

(M?S?)  Suan] i 5,0 k
(M) sl Joo LS Jsb L


https://www.researchgate.net/journal/1024-1752_Journal_of_Mechanical_Engineering_Research_and_Developments
https://www.researchgate.net/journal/1024-1752_Journal_of_Mechanical_Engineering_Research_and_Developments

(M) Joly BT Jsb Loy
(kals) oo

(kg/ms?) ,Lus p
(W/m?) Sl s q
(K) Lo T
(8) ke t
(M/s) cae s u
(kW) lgs W
s slbolos
ohg 2lo)S slaced b cos Y
SS9 &b 8
OFY) ke b (siloancd Jow ol {
551 oo 8 g il K
(N.s/m?) A 95 g U
(kg/m.s) Suaslem jsSas He
(M?/s) (Soliys ey jo5ng Vv
(rad/s) slasgly ce Q
(kg/m®) acsls p
(N/M?) o,lg30 ey e T
Loy 9ipt
=5l a
5999 in
S5 5] is
O 0
ST out
obes t
=9 tur

Abstract

The use of turbocharger for increasing incoming air density to the motor and thus increasing its
power is a common method. Due to the variation of the engines in volume, the number of
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cylinders and the power, the turbocharger for a particular engine may not completely match the
motor. This paper tries to improve the turbine performance by changing the angle of the turbine
blade toward the selective compressor turbocharger and the 3-D flow simulation. The results
show that the variation of the angle of the turbine at a value of about 4.7 degrees improves the
turbine performance by about 18%. This improvement of performance, especially the power of
the turbine at the low speed of the motor, is very valuable when the energy from the engine is
low. In order to validate, the engine and turbocharger set are tested on the test platform, and in
different cycles of the motor, the performance parameters of the turbocharger turbine are
measured and compared with the simulation results.



