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Abstract Turbocharging is becoming a key technology for both diesel and gasoline engines. Regarding
gasoline engines, turbocharging can help reduce carbon dioxide (CO2) emissions when used in
conjunction with other technologies. This paper presents measurements of the turbine efficiency of
pulsating flow in a twin-scroll turbocharger for gasoline engines. A cold gas test bench with a pulse
generator was manufactured. The turbine efficiencies were calculated using the measured data of the
instantaneous pressure and temperature of the inlet and exit of the turbine. The measurements were
carried out at turbine speeds from 60,000 to 100,000 rpm under a pulsating flow of 25.0 Hz and 33.0
Hz. The turbine efficiencies ranged from 0.517 to 0.544. At the pulse frequency, 33.3 Hz, the variations
in efficiency were 7.7% and 2.6% at turbine speeds of 60,000 rpm and 100,000 rpm, respectively. The
turbine efficiency of the pulsating flow compared to those of steady flow was 7.0% and 3.0% lower at
a turbine speed of 60,000 rpm and 100,000 rpm, respectively. The pulsating flow deteriorated the turbine

efficiency, but the effects of pulsating flow decreased with increasing turbine speed.
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Fig. 1. Twin scroll turbocharger[10]
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Fig. 2. Schematic of experimental apparatus
Table 1. Specifications of sensors
Sensor Specification Location
Range Accuracy Type @
Pressure 1 psid +0.1% FS | Differential
Pressure 0~5 bar | £1.0% FS| Absolute
0 Inlet
o 100 RTD
Temperature |-73~260 °C +012% PT100
Pressure 0~2 bar | +£1.0% FS | Absolute
(P Outlet
Temperature [-73~260 °C 100 RTD
+0.12% PT100
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Where, £, is real turbine power and F,;, is
isentropic turbine power.
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Where 73 is turbine inlet temperature, 7} is

turbine outlet temperature, p;,+= turbine inlet
total pressure, and p,, is turbine outlet static

pressure.
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Where ¢ means instantaneous value and m

means average value.
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Table 2. Experimental conditions 16
Sensors Conditions 1ta T Freq33.3 Hz
Oil temperature 40 °c(£1 °C) ——Freq 25.0 Hz
Oil Pressure 3.5 bar g (£0.05 bar g g
Turbine inlet temperature 40 °c(£ 1°0) 3
:
2
AL A& JI9E tiEsk= 60,000 rpmt 70,000 E
2
rpm@ AFFAAT, Aol FHOE dolhe goig 02
33t 90,000 rpm}+ 100,000 rpm= A1F5FAH. 0 . o s 0e o8 .
Table 3¢+ o] ZZt €]lRIHF719] 3|AFE 1At time/pulse period
IT 1 O == )= Z Z
SER 2 4571 dEpl Ha, ) W wold o Fig. 4. Instantaneous turbine power of twin scroll
Hu|E HASY AYS S35ty ct HA EX =Y turbine at turbine speed 60,000 rpm
Q;qz\e El;];—]__t;_i E]H = 0%1;% 214—5‘].@1:].. :13]
T 9% Y WnE 2] 9571 dEuE st 7
------ Freq 33.3 Hz
AFTE GEH7E A2 22F YollA g ) efRl 6T = —Freq25.0 Hz
2700 diet dolg Susach ABS WEol g T s 7 N~
BAeET WFol Qi WSS AR Wl g , X
2
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Table 3. Turbocharger speeds and compressor é 2
pressure ratio 1
Compressor pressure ratio
Turbocharger speed (rpm) - 0
min. max. 0 0.2 0.4 06 0.8 1
60,000 1.088 1.195 time/pulse period
70.000 1116 1.269 Fig. 5. Instantaneous turbine power of twin scroll
90,000 1.170 1450 turbine at turbine speed 100,000 rpm
100,000 1.250 1.600
I3 Fig. 5+ HWl 344 100,000 rpm, WE 5
4= 25.0 Hz9t 33.3 HzollA <=7t Bl5l &39) 7] ¥
4. ¥ Ay < Hoj 1 ok Hylo] &7k W f-500 st

, 70,000, 90,000, 123 100,000

4 60,000 rpm—b} 100,000 rpm
59 cﬂ?}"— A5k

F1g 4= €4l 3A4 60,000 rpm, WE FIk 25.0
Hz9} 33.3 HzollA <=1t 8l &29] 7] HES Ko
1 Qick BRlo] o7k WE 5ol Jste] eyl
A At EEo] 7] ARt et Hdhe FAEZ B
o1 ot WF Fuke 25.0 Hz9l 39 &8 iz
1.22 kW, HAg2 0.75 kWe s Fuk: 33.3 HzQl 7
< &99 FHdigto] 1.36 kW, HAgko] 0.40 kW= o
% T4 33.3 Hz Q1 A9 W0l 25 Asta o
#o] 11.0 % & % Holi gt

of ERlo|A A=l E2lo] 7] ATt et ¥k
FAE Hol Qe WE Fuk 25.0 HzQl A9 &9
9] Figk2 5.84 kW, FAZ 2.65 kWolH Fuks
33.3 Hzl A% &9 Fdigto] 5.55 kW, 5_‘4’\7“’]
2.71 kW= W5 1= 33.3 Hz 91 A%l Ha0] X
Alshu, gk 25.0 HzolA 5.0 % 2 3 EO]J_ A
o Agkdo g gyl 57t 18t et Wse]
o] ZopxlE Holx Qlrt.

Fig. 6= 4l 3A4 600,000 rpm, Ws FIuk
25.0 Hz¢}+ 33.3 HZOﬂ’ﬂ Edlo|E &kHlo] gt WE
59 HYl 882 A4 559 BNl 5&7 A Hol

I Qltt W -7,‘—11-]-—,— 25.0 HzQl A% E¥l 289 24
2 0.528, gk 0.544, Btgk 0.536, W5 3.0 %
o| 14 33.3 HzQl A9 4% 0.514, gk
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Fig. 6. Comparison of turbine efficiencies of
pulsating flow and the steady flow according
to the blade speed ratio at 60,000 rpm
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Fig. 7. Comparison of turbine efficiencies of
pulsating flow and the steady flow according
to the blade speed ratio at 100,000 rpm
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