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Abstract : The rotating shaft of a turbocharger is usually supported by two oil-lubricated journal bearings and a thrust
bearing. The turbocharger rotor is the main cause of mechanical friction losses, which strongly influence the efficiency
and performance of a high-speed turbocharger. In this paper, we investigated the mechanical friction losses of a
turbocharger bearing system by using analytical and experimental methods. The SAE 10W-30 grade engine oil was
used for lubricating the turbocharger rotor bearings of the 1.4 L gasoline engine. Petroff’s equation and the CFD
method were used to calculate the mechanical friction loss, and the analytical results were verified by the experimental
results that used calorimetric measurement techniques. Meanwhile, in order to measure the mechanical friction loss of
pure radial journal bearings, the experiment was conducted in the operating ranges without axial thrust loads. Based on
the analytical and experimental results, it was found that the mechanical friction loss was mainly induced by
oil-lubricated journal bearings, and its magnitude varied in the form of a parabolic function with respect to the
turbocharger’s rotation speed. In addition, the theoretical results were in good agreement with the experimental results.
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Fig. 1 Layout of the center housing and rotor assembly in
automotive turbocharger
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Fig. 2 A plate move with a velocity U on a film of lubri-
cation of thickness /
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shaft journal and a bearing with an axial-groove
internal lubricant reservoir

o] Zgsk= wlojs] A Al wloHell 2H8-3h=
HEe =W/ 2ro)a, npEEe A S f o
3t W E 5 o] HER wpEEA T & vhE
2] 7} et
Ty= fx Wxr= 21 fIP %)
g, 2 (@) A (5)F ol &ato] mpEAlg] o
3l HrERU of2l A (6)3} 2o, o] A S HEREZ
2ole} -2t}
. N\ T
=2 1)) ©

23 RASE wolgel oiaad Ao
2.3.1 H[O{2! OEEAlQ

wlo] & o] mhzk=2 U (Power loss)< AollA] F=
Sk 2] (5)9] npEEF IAEE & FFoEHN
s
Ploss jjf Xw (7)

=& A

Bl Z A2 velR e %) 5% B
ohg 2w HARDE S T2 WolYe
% 8 a9l

.
NS EE REREE)

fus

wehA] mhEAdS T deA e - 2l&e)
mhEE o) Wolg o) 4 2 ghatalel Aa
3ok Fitk |24 At 98 Las woje)
A% wE 7] Aol A AT HE S AMgE e
m, o2l 2} (9) sk 2ok

1

Nusn= ‘

e Lyt Tk 18?(00)3 ©)
wTL o Ji— | D

o] RS 4] (8)ol Hiyshd, 4 (10)2 o] veR}
™, 714 n, 2 oG o Jlgroln] dnbzr o 5=

W& AHE-ghrt.
T?luiLz
xXn,
G
3 (10)

Pp= |87 N?| (1= Nygp) <

T()I’L (JL 0

+(NRSH)><

kA A (10)0]] 2= ~E #o] & o] mlzabi=al
QA anE Fslad, = }%}tN dSs ALk A
B z

o] 7k sttt o714 n, =

vis] s e, QA 0 5 Aol
P= {871'3]\727'3T>< ”(TiLT }Xnt (11)
-T

wlojele] vhae e Ak 9lslM W
E Sl voi g §20d B0t adis &
| A

ot 1.
:o(é
>
r:[o
o f
1-0
o °
(o3
o o
ki
[rt
)
>
ol
patA
o
&
)
2 g

3.1 CFD 34 =A

LA A S QB4 HEAA O] S S E
30,000 rppm5-E] 150,000 rpm7H4] 30,000 rpm TH] =
S APl om, 2 UAL SAE 10W-30’o‘
AAE AHEE AT QAU T S
=95 °CE ‘rrx]s}oiﬁuq E7E2 grs
ARtk 1Ea 3
= FA7 7S 2 A o“o‘EHi 7} 8l ot Fig. 49+
2ol ol P42 U= 2ol 4 mmell 47 6 mm,

Transactions of the Korean Society of Automotive Engineers, Vol. 25, No.5, 2017 535



Inbeom Lee - Seongki Hong - Kusung Kim - Boklok Choi

Oil inlet

Layer mesh

Outer oil film 4"

L~ Oil outlet

Inner oil film

Fig. 4 Boundary conditions of the FFRB(Full Floating Ring
Bearing) CFD model

7mmell #7211 mmo|th UF2F F

2 Y= 0.015 mm, €5 0.080 mmo| T} 71

S} 9| =2] b= Frete] #lo]o] v+ (Layer
mesh) %<& 871 2 A3k spsich

3.2 CFD 3l Zo}

321 H{E 2F »e 2=

o]y 2159 -9 WSiH] 1=o] A7) wi&
o] TU3F 0 AYTF o M= FFo] A F o
Bt wheb B gl uhE 25wl 27
UER A= ekgrow 71 o] Table 1049} 2+

825 JIN'
o ru ==

Table 1 Results of the outer oil film temperature
RPM

30,000 60,000 90,000 120,000 | 150,000
Results
Tppaue

150.0
142164002
|} 1.382e4002
1.343e4002
1.304€+002

120.0

1.146e+002
1.107e+002
1.068e+002 |  Avg.

102900002 Temp. | 95,82 97.25 98.71 | 100.23 | 101.63
95.0 | (©)

1

Table 2 Results of the inner oil film temperature

RPM

30,000 | 60,000 | 90,000 | 120,000 [ 150,000
Results
Smgsgure : : : : ;
215.0 A ; 2 2 2
1.979e+002 C V°f 4
| F
1.721e+002 D y
150.0 d ‘ : .
1.379¢+002
1.293e+002
1.207e+002 | Avg.
1121e0092) Temp. [ 133,11 | 156.23 | 169.79 | 179.49 | 187.44
= 95.0 | (©)

536 E=ERSASEE=EH H253 F55, 2017

200
4

)
o

Temperature (T

-0+ Inner oil film temp.

50 e
-O-Outer oil film temp.

0
30,000 60,000 90,000 120,000 150,000
Turbocharger rotating speed (rpm)

Fig. 5 Computed oil film temperature versus turbocharger
rotating speed
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