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Dynamic Analysis of a Large Tilting Pad Journal Bearing Including the Effects

of Temperature Rise and Turbulence

Hyun-Cheon Ha and Kyung-Woong Kim
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Abstract

The effects of the temperature rise and the turbulence are very important factors to predict the
accurate performance of a large tilting pad journal bearing. In this study, the dynamic characteris-
tics of a large tilting pad journal bearing are analyzed, taking into account the three dimensional
variation of lubricant viscosity and turbulence. The effects of the temperature rise and the
turbulence on the stiffness and damping coefficients are investigated in comparison with the
results from the laminar or isothermal theory. The stiffness and damping coefficients increase due
to the turbulence but decrease due to the temperature rise. The results show that the effects of
both the temperature rise and turbulence must be considered simultaneously in order to predict
the dynamic characteristics of a large tilting pad journal bearing more accurately.

J/EM8Y My, HFEEdiE

Co tuleig) 7= R,—R N L&Y A, mpm
Co  ivlelale] RHA%S, =X, Y;j=X, Y P (P=Puw(R/Cp)Y

(Cy= CusRL(R/Cp)*/ Cp) Q S8%9 TF4F (Q=QuRLC))
I CEol g e TAedE v . Radial coordinate (r= 7R)

(Up= [ppsR2L(R/ Co) ¥/ w) R Aelde] uby
k . Heat conductivity Re delEz2, UCeo/us

(kat 270, kot 29, ky: SjE) Rea [ %%olA 987 astes QA oz
Ky dlolge #AA4 i=X,V;j=X, Y F

(K= RoptswRL(R/C)?/ C) Rec: @ obfolAl R7h walsie A ol
m sellsd d/Co T
M D &9 Ak Ren T4 #olsa4, Uhop/u
A3l aRFE(F) edFe Ry o= WAl A
439, Iy Yt te I HEY FA (4=1FR)



HH

g Aduloleolasl whaslalz,
EEE R EEE R

s

]

-
jx3

[+)
o2 d Ao}, Knight and Barrett®

#] o]
oA &

Tm TS)
z/L)

(T

( Trix= Thix Ts)

yC»/R)

, 27RN/60

o AmaEA

x/R,

y/h §
__m)

)

F, A% w FTe AA

_04

1

1

y SP/(l
C)\:l

L~

—_

o WYy

[

—Z}sﬂ!-_‘?_

L=

wloje) o
(6

=R

&
3

314

Tn

Tm X
Ep

Ep

65: 01’) 85

+ T B of o &
ﬂﬂ“ ﬂm_ruﬂui ot
X il
S i L\
A e v o LNl
K & \%‘,ﬁnjx,mo g T <
= E o N\
LT s N\
o T - o 2 E3 NN
N ﬂNENJIZI = o AN
- A oﬁiu < - -
L A L 0 Ko s
] ﬁﬂﬁ&‘_&! -
U A SR I
wr g waSMﬂﬂWrrL M w
T okl KT
I S S
T o R
of ‘mu_%ormxm w0 vl
\mﬂ._._mo Ltc.ﬂ;o o__o Kl 7 Y
P TP n o< &
S T <~ N R m.*
X = o}
N T A
— X 3! mf ~ .
Nl ovéfao__o — o J
o W T ~ i
Y X W E T
R TR o RT PTG T
o= Al ~P ﬂLc_aﬂoﬂofm_‘zﬂ
T o R G S
i —
TR B our %%@%Wiwﬁ
J_AM._AT% We_ﬂml,.voﬂmawure?
~ N o op W
il @ PHTT T
< EE i, I SR O .
F EE " SO = o T o
$ T g0 = N o
Jp I Bm ® KX YT R E I g R
rs, 3878 CAde L dE R BT
o A X .
T Lr o, 5 TS daw v EX& Ry _widT a2
oW EM N Q § - < Mﬂotluﬁﬁdﬂﬂl X
~n ~— [ o
B N I o2 g . - N w T oo T o ow o
o X° OT EO - T o E‘w AT o o —~K FL —~— o & v o oty
B gy W Ewow T R T
ST T ewmglt S A mREE® L 5o
) o < NN S o o R0 L T ™ o = T R @.ﬂ
oF oF o, T o K So o O T & ke F = M
A RERT AT YT TN 7_J_mom.lm_mx - M A R
of off Hooobi @ o ok BT X TE g p ST gy, L
e e e e e e e e e e e e o] g g3 ﬂﬂlJ_wv‘_ s ..mr.mﬂdﬂﬁ_o
_— T e R ])rw.*lr...]ﬁrmmol
N =N oo & XN O ok o <O
. o = —~ 7 EnY oW o oo A o
SR S N O S TS [ G Y R S ol

Fig. 1 Coordinate system for a tilting pad journal
bearing
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Fig. 2 Flow chart for numerical calculation

Table 1 Parameters for numerical calculation

Diameter D=300.92 mm
Length L=149.5mm
Radial clearance C,=0.458 mm
Pad thickness tp=48 mm
Pad arc B=80°

Pivot position Bo=0:/3=0.5
Lubricant density 0=845 kg/m?

Specific heat of lubricant cp,=1966 J/kgC

Viscosity of lubricant @40C 1=0.027 kg/msec

T-p coefficient of lubricant -a=0.0332/C

Heat conductivity of lubricant ko,=0.145 W/m

Heat conductivity of air k.=0.025 W/mC

Heat conductivity of bearing k,=120 W/mC

Convection heat transfer h,=250 W/m*C
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