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Abstract : In recent years, the demand for and the technical importance of turbochargers have increased as engineers
have been coming up with ways to improve the efficiency and the response of the gasoline engine. In particular,
technical interest in ball bearing turbochargers to enhance engine performance, low speed performance, and friction
performance has grown. In this study, the performance characteristics and the effect of engine application on ball
bearing turbochargers for gasoline engines were investigated. Friction and efficiency performance were evaluated
through the gas bench, and the effect on the engine was compared with the performance of the journal bearing mounted
turbocharger. Through these studies, the effect of improved frictional performance of ball bearing turbochargers for
gasoline engines was presented concretely, as well as the application effects, such as improvements in torque and
reactivity in the actual engine.
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Nomenclature P, : compressor power (kW)
. . P . : corrected compressor power (kW)
M7 veaeea - Teduced turbine mass flow rate (kg/s K*/kPa) coorred P P
. P, : power loss (kW)
m : turbine mass flow rate (kg/s .
4 (kgfs) P, : turbine power (kW)
N, : corrected turbine speed (rpm . . .
r peed (rpm) P, : isentropic turbine power (kW)
N : rotational speed (rpm L
peed (rpm) Dis : turbine inlet pressure (kPa)
Qlo,ss : heat loss (kW)
A part of this paper was presented at the KSAE 2017 Spring T : turbine inlet temperature (K)
Conference . . -
*Corresponding author, E-mail: jwchung@katech.re.kr Ur - combined turbine efficiency
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EH(o{& H& Twin-scroll WGTL| 7}l

Table 1 Specifications of a test engine and turbochargers

Test engine
Displacement vol.(1) 1.998
Cylinder No. 4
Type 'Turbo-GDI
(Electric controlled WGT)
Max. Power (ps/rpm) 245 ps /6,000 rpm
Max. Torque (Nm) 350 Nm
Test turbocharger
Base Proto
Type E-WGT / Twin scroll
Bearing Full ﬂoatiqg journal Ba'H
bearing bearing
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T2 3yl Bl sk o o)ate] By
¥ BW #%E E4(Reduced mass flow rate) 7] 4]

= AA8EAT
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where,
7, : combined turbine efficiency

P, o rea : corrected compressor power (kW)

G

P

t,is

: isentropic turbine power (kW)

AX Hg 4ol thst Ay uE

Ny= 2

where,
N, : corrected turbine speed (rpm)
T, : turbine inlet temperature (K)
NV : rotational speed (rpm)

mpX /Ty

M7 reduced — P (3)
t3

where,

m T reduced - T€AUCed turbine mass flow rate
(kg/s K**/kPa)

m - turbine mass flow rate (kg/s)

P, - turbine inlet pressure (kPa)

B D7) o ke ) GAE B A
At 457] 8ol A= & Zero power
disc'VE A3t}

I7lel v A 29, g5 29, Y =9
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Pipos =P, = P, Qs “

where,

P, : power loss (kW)

P, : turbine power (kW)

P, : compressor power (kW)

onss : heat loss (kW)
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Table 2 Specifications of a test engine and turbochargers

Test type
.. Low speed -
Conditions Friction test
performance (Runaway testl)
(Cold gas test) ¥
Compressor inlet
24
temperature (°C)
Lubrication oil inlet
temperature (°C) 40 40
Oil pressure (bar) 3.5 3.5
Turbine inlet 40 40
temperature (°C)
Compressor 50,60,70,80 30~120
speed (rpm) (x1,000) (x1,000)
Cooling water None

Insulation treatment

Ceramic wool

(a) Turbocharger insulation (b) Zero power disc

ller

(c) Turbocharger test bench

Photo. 1 Photographs of test bench and zero power disc
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Fast response time zl I

Pressure sensor(Kistler) ‘

Fig. 1 Schematic of engine test system
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Fig. 11 Response test results (Tip-in test in constant speed)

Table 3 Delay time reduction rate

Engine WOT (100 %) 90 % of WOT

speed Torque ‘ Boost Torque ‘ Boost

Delay time reduction rate :

P (Base-Proto)/Base (%)

1,000 59 59 23 27
1,500 48 52 28 36
2,000 24 49 16 25
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