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Abstract The turbochargers used widely in diesel and gasoline engines are effective devices to reduce
fuel consumption and emissions. In this study, the isentropic turbine efficiency of the steady flow in a
twin-scroll turbocharger for the passenger vehicle gasoline engine was analyzed. The cold gas test bench
was designed and made. The pressure and temperature of the inlet and exit of the turbine were
measured at 60,000, 70,000, 90,000, and 100,000rpm under the steady-state flow. The isentropic turbine
efficiency was calculated. The efficiency was the range of 0.53 to 0.57. The BSR and expansion ratio
were changed from 0.71 to 0.84 and from 1.24 to 1.72, respectively. The isentropic turbine efficiency
decreased with increasing BSR and expansion ratio. The operation of only scroll A or B was compared
with that of the twin-scroll turbine. The isentropic efficiency of using only scroll B was higher than those
of only scroll A at 60,000rpm. The isentropic efficiency of using only scroll A was higher than those of
only scroll B at 100,000rpm. Therefore, the twin-scroll turbine used in this study is operating effectively

in the wide speed range.
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Fig. 1. Twin scroll turbocharger
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Table 1. Specifications of sensors

Specification

Loca-
Sensor i
Range Accuracy Type tion
Pressure 1 psid +0.1% FS | Differential
Pressure 0~5 bar +1.0% FS | Absolute
B Inlet
100 RTD
Temperature |-73~ 260 oC +012% PT100
Pressure 0~2 bar +1.0% FS | Absolute
10082 RTD Outlet
Temperature|-73~ 260 oC +012% PT100
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Table 2. Experimental conditions

Sensors Conditions
Oil temperature 400C(% 100)

] 3.5 bar g
Qil Pressure (+0.05bar 2
Turbine inlet temperature 400C(% 100)

Table 3. Turbocharger speeds and compressor
pressure ratio

Compressor pressure ratio
Turbocharger speed (rpm) -
min. max.
60,000 1.088 1.195
70,000 1.116 1.269
90,000 1.170 1.450
100,000 1.250 1.600
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Fig. 3. Photos of twin scroll and single scroll

4 AlS

. 29 2t

Fig. 4. B¥I9] A3F A% BE 2% /1 EQ
23F0] Histe, ¥=71 JA-E AN IS
HSAIZIEA BRI 45719 2%, 4, A 574
Sto] AFE3t EY1] SRIERT 58S Ed0|E &&H|
ez Holil ot Hulg S¢she AT #3el 371
gt wat 31-hEE7 60,000 rpmollAl 100,000 rpm
oz F71haA o= £=H]7F 0.699014 0.847HA]
71t ol SAE= BYl &&2 0.58914 0.52
2 Aty o2t Ay SdolE £=H7t Sl
et A {F2 HEl S8 S8 Ikl He 5
JdE=Z¥ Bl &40 § 24 F7IP7] 2o &2
Attt B3 )&t BAQlo] SYURt ElolE &
oA FARE BRl B85 Hola HH9l. B3 &
go|= £Eu]9] St wat ulAet Bel] S B
ottt MAF ago] dadste A¥E HAH oz &
A 2014 Bgu] 4 F1te] At elE s

i
1A
L

e 2 4 QAT ol S 07 THoI &
o] Hejgrg Holw Swu]7} olmch &AL Axw
2o Wolxj: 7120} ¢l Alet QXS UrHI0L.

/o

o o
N

o
o

o
e .

o
w

o
w

4 N=60,000rpm
© N=70,000rpm
© N=90,000rpm
x N=100,000rpm

Isentropic turbine efficiency
o o
) »

o
[

0
0.65 0.7 0.75 0.8 0.85 0.9
Blade speed ratio

Fig. 4. Isentropic efficiency of twin scroll turbine
according to the blade speed ratio

-
9

5]

S éyXA = o

% 055 x

] -F'
[

5 05

2

2

© 045 A N=60,000rpm

a 0 N=70,000rpm

3

£ 04 x N=90,000rpm

3 = N=100,000rpm

o
w
«

03
11 1.2 13 1.4 15 1.6 17 1.8
Expansion ratio

Fig. 5. Isentropic efficiency of twin scroll turbine
according to expansion ratio

83 Fig. 5.5 %9 Fig. 4.9} -2 24 A&
St SAEZ T HYl 8§82 WAH|(Expansion Ratio)2]
SR Holx gk HYlE Edcles dF Rl 37t
ol wet 3][4 =71 60,000 rpmOllA 100,000 rpm
0F ZUlehHAl W7} 1.24004 1.7271A] S71etct.
olff SAEZT EYl &L 0.5894 0.52& At
o} FYS AL 24 B3H|7F 29 Y Eo]
ARl w2t &g0] Eoit. I3y BEIE7] X4
7} 37FHd ERl £8o] F7lshd 71%0] He SUAE
21 gyl £g0] g 34 F7lER SAEZS HY
58 2ol

Fig. 6.7} 7.004& A3& A T+ B & ARESSH 2
IE Holx Stk EY AFEA AFE A% ATE
B7} 715154 @4do] ta 2B = Z17}o| tisto] A3
gt AT ARESHIT

768



57] whgoltt. weby A28 AL 34 DU ES
4 Scroll_A_60krpm @ Scroll_A_70krpm _ _ _
. 0.65 ~Scroll_A_90krpm  # Scroll_A_100krpm BEE, AFE Be AL AN w2 5E8E 4 E
= 06 A Scroll_B_60krpm O Scroll_B_70krpm 2d AO= = = QI EQ] A=
:g + Scroll_B_90krpm < Scroll_B_100krpm EZHE](ﬂ’ _—HE AQ— BE O/\]Oﬂ /\]—o olﬁ—‘: —_d je
5 0ss e A8 HEIFE R B8 U2 4 9
()
=
g 0% 4R 6O .f% = % P '%’% EO]_TV_ 9\1]:]—
5 045 mt e
g
‘g 0.4
g 0.35 7:’2
5 =21
0.3
11 12 13 14 15 16 17 18 19 2 21 22 23
Expansion o EQ 238 HuiFlel 458 23] A Ax
Fig. 6. Comparison of isentropic efficiencies of twin E 9XE A4 ARen FAF S=o)A Eulo] Sofrt
scroll and single scroll turbine according to = -
L olgyl ot Ao TES =57 ZoEE =)
the blade speed ratio - HE—‘Wr ==, 25T S o°]’—|— o?]_].—ilq E1 ol
B8E AESlel et LS F2E Ak
1) EQ 238 Hunaso] 45 4% 4 s
4 Scroll_A_60ks Scroll_A_70k - -
0w el a_sokm  « sero_A_t00kpm HAE HXE A4 AZetct
g A Scroll_B_60k O Scroll_B_70krpm N -
2 o6 +szr2||,s,sok£z: \sernJJook’:pm 2) 5828 AR A F=2 ARREE= HEYF7] A
&
20 4% 60,000 rpme]A 100,000 rpm 74419} J
5 0. e - ool
S e g TR oMM EY 238 Huitdrlo SA=RY Hi
g £22 AES

3) B9 232 Euakgrle) £8L 053904 057

of gt Brh ol Zaol= Sz} 071014

e 0.84, BRI 124014 1.729) WelolX iskat
gor] BES Beols Smviet WsL 27}

0.35

0.3

Fig. 7. Comparison of isentropic efficiencies of twin

scroll and single scroll turbine according to SPHA] OF7F ASHE AS Hrt
expansion ratio 4) EY ATE F 5] ATE ThE ARSote] AY

< AFPsto] SAEZY] B G835 4SS E
A 2388 ARgshe EHEag7]9] Ave} Blwst
gt} AIE AL 100,000 rpmolH S 58S
I, 23 F BE 60,000 rpmolA 2 28

Fig. 6.2 23& A & B & ARSSH HE 7]
o] B¥l SAERY 8&3 Edolt £&H|Y 3o
YERHRILL, Fig. 7.2 #3419 kg Y o

A3E A B= B HYS AN BRI fE2 WH o

e of EY A3 F HERFV|AE W2 I &
o] ZobA] §7] Wk ko] oL FAT A%7] & ¢ ool 25 n8e woln gl
2lg wels] gisjol BN WA} ARk g we SV I e AT
5) & A5 B9l I E AR = EY A3E HE
A B SAEE kg SRR Baols S >
_ _ 771 4% B7t Ala"e] ARgE Aol
H7} ZraE. ojeje Auk Hyle SAERY A8
A4ee AAEH 60,000 rpmOA A3E BE AR
gt 33719 §80] ATE AE ARESE &0 vl
. 10 710 ST 215 References
4.6%7A] T & Holu, 357} 718kl wet o]
e A4S A= ATE AE AFE
? a 0]":];];100,000 rpr20ﬂ'1 N ;Ao 8 [1] N. Watson and M. S. Janota, “Turbocharging the
st IF7]9] E&0] A3E BE ARESH F$ &&F v Internal Combustion Engine,” The Mcmillian Press
Woto] 14%71A] EolA= ATE Holw 9lT} o]AL Lid., pp.29-286, 1982.
B9 5193 Y3o] BEEE(volute) FAF9] xjole} o]d [2] P. Leduc, B. Dubar, G. Monnier, ‘Downsizing of
- 5 = Gasoline Engine : an Efficient Way to Reduce CO2
2 A9l BNl Sdlol= A9 Ak 5 94| Afo] 52 Emission”, Oi/ & Gas Science and Technology, vol. 58,
2 98 A23F A9} B W] @ §-89] Xjo|7} ¥ no. 1, pp.115-127, 2003

DOL:http://dx.doi.org/10.2516/0gst:2003008

769



ARS8 =54 A21d A11E, 2020

[3] Q. Zhang, C. Brace, S. Akehurst, R. Burke, G. Capon, L.
Smith, K. Zhang, “Simulation of the Series Sequential
Turbocharging for Engine Downsizing and Fuel
Efficiency,” SAE Technical Paper, no. 2013-01-0935,
2013
DOL:https://dx.doi.org/10.4271/2013-01-0935

[4] M. Mueller, T. Streule, S. Sumser, G. Hertweck, A. Nolte,
W. Schmid, “The Asymmetric Twin Scroll Turbine for
Exhaust Gas Turbochargers”, ASME Turbo Expo 2008
Power for Land Sea, and Air, GT2008-50614,
pp.1547-1554, 2008.
DOI:https://doi.org/10.1115/GT2008-50614

[5] M. Capobianco, A. Gambarotta, “Performance of a
Twin-entry  Automotive Turbocharger Turbine,”
Energy-Sources Technology Conference & Exhibition,
ASME, 1993.

[6] SAE J1826, Turbocharger Gas Stand Test Code, 1995.

[7] P. Podevin, A. Clenci, G. Descombes, “Influence of the
lubricating oil pressure and temperature on the
performance at speeds of a centrifugal
compressor for an automotive engine,” Applied
Thermal Engineering, vol. 31, no. 2-3, pp.194-201,
2011.
DOIL:https://doi.org/10.1016/i.applthermaleng.2010.08.033

[8] J. Chung, N. Kim, W. Kang, S. Lee, J. Chung, S. Jang,
G. Kim, “An Experimental Investigation on the
Performance of Twin-scroll WGT with Ball Bearing of
Gasoline Engine”, Transaction of KSAE. vol. 25, no. 5,
pp.641-651, 2017.
DOIL:http://dx.doi.org/10.7467/KSAE.2017.25.5.642

low

[9] R. Zimmermann, R. Baar, C. Biet, “Determination of the
isentropic turbine efficiency due to adiabatic
measurements and the validation of the conditions via
a new criterion,” /. Mechanical Engineering Science,
2016.
DOL://http://dx.doi.org/10.1177/0954406216670683

[10] T. Otobe, P. Grigoriadis, M. Sens, R. Berndt, “Method of
performance measurement for low turbocharger
speeds,” Int Conference on Turbocharging and
Turbochargers, pp.409-419, 2010

770

A I 2(Jin-Eun Chung) (3|9
. 1980d 29 : ALtsty T

2

g+ 71483t (384D
199011’:_] 8% : /\‘]EEHO]-E ]:HO]._(')__
71 A58 (FHEA

+ 19824 39 ~ 19919 29 : T=
Fole AT A7
P19 58 - WA UIew

st 7| AgER
@Eop

QRA A2E, TR, HEAET], ALF AR

X Ml &(Se-Hun Jeon) [Z51¥]
+ 20099 39 ~ 20164 2€ : T
71wty 7|AFsHE (Z8
Ab)
+ 20164 39 ~ 20184 89 : 3=
Sty dudied 714

Zotat (B

2y
v~

E}HJ,]_:IJ] 27(4 \11



