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Thermohydrodynamic Analysis Considering Flow Field
Patterns Between Roughness Surfaces

Joon Hyun Kim' and Joo-hyun Kim

School of Mechanical and Automotive Engineering, Kookmin University

Abstract — The study deals with the development of a thermohydrodynamic (THD) computational procedure for
evaluating the pressure, temperature and velocity distributions in fluid films with very rough geometry. A para-
metric investigation is performed to predict the bearing behaviors in the lubricating film having the absorbed lay-
ers and their interfaces determined by the rough surfaces with Gaussian distribution. The layers are expressed
as functions of the standard deviations of each surface to characterize flow patterns between both the rough sur-
faces. The velocity variations and the heat generation are assumed to occur in the central (shear) zone with the
same bearing length and width. The coupled effect of surface roughness and shear zone dependency on hydro-
dynamic pressure and temperature has been found in non-contact mode. The procedure confirms the numerically
determined relationship between the pressure and film gap on condition that its roughness magnitude is smaller

than the flmid film thickness.

Key words — lubrication, surface roughness, thermohydrodynamic bearings.
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Fig. 2. Linear transformation of any normal variable
into the standard normal variable.
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in the lubrication film consisting of two core zones and
one shear zone.
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Table 1. Journal bearing data for [9,15,16]

Parameter Symbol  Value Unit
Journal radius R 36 107 m
Bearing length L 10214272 107 m
Radial bearing clearance C 0.100 107 m
Eccentricity £ 0.9

Lubricant viscosity u 0.0277 Pa-s
Lub. thermal conductivity K 0.13 W/m-K
Lubricant density p 860 kg/m’
Thermo-viscosity coeff. Y 0.0298 17°C
Specific heat Cp 2000 Jikg-K
Shaft speed N 500~2000 pm
Young modulus E 2.1 10" Pa
Bulk modulus B 1.517 10’ N/m®
Thermal expansion a 0.019 m/m-K
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Fig. 11. Average contact pressure for various surface
roughness parameters along the centreline in the
narrow zone of the journal bearing, R=36x10" m,
L=21x10" m, C=100x10"° m, £=0.9, 7,=40°C N=1000
rpm.

o Load: W=DLP,

® Average contact pressure :p.=f (d,0, Fs)

Table 2. Total load capacity of journal bearing in
contact mode

h*lc  h*/c kYo  h¥o
oo 1.112 1179 1414

dic Load (KN)
Non-contact THD 1.24 1.75 1.64 1.46
0.01 - 3.04 1.64 0.54
0.05 - 3.33 1.80 0.60
Contact 0.07 - 3.49 1.88 0.63
0.10 - 3.74 2.02 0.67
0.15 - 418 2.26 0.76
0.20 - 4.67 2.53 0.86
HHos MHE. Fig 1S F7 45UHe 33
AR 2 se BuADs)e] Fola =
PEoZ 8 TF WEE A4ARE T HAE

HoFrh 7|4 AR7] gl el 7k o
7 B Azl WY gzl uel PAEE e
A4S 8] nro~0.05, ofr~0.0290] FL&=Ec} L/
D =0292] AN vl HIE AL (doy2] ezt
0.0191M 04712 ZIEHE o) HF FEYHo] i
og Zyksla 3 e zhe) ulk wWale) 3
7l WEsE A9E eAEez mAEIY. w3 b
el nodl Frte ANE Ha JE AYel 7t
7t 300 tirte A oS doEn HEHH

w
%
F BEY F7he claee) 4%
S olfrE WelHsl et 5ol YIe vAA
the 2g AAREL ek

45w S5 Ade 59 U Wi 15U
(pro2 3 2 ek,

W, = LDp. (21

LID =0299] Z700A p4& HEE AT (dio)e 2
o7} 0010014 02714 ZIAEAS W) Ww?7e] F7hel
we Fogw gol] viX= AA| sl uig A=
Table 29| A|=lojFlon], HHE Rox HAE
THD &4 Azl HEFER=CAM 59 % Al
ols) Aozl Axfe} F2 A B YL G F
it weba of7)A Aelst Gauss X 23 dht
o H4E wiFZ 3 &4 Wgo] HiYE el HE
2o Aojollx] A&H oz AYHT UL AL 5

At}

6. &

rhu

AollA A e A WS A7)

g2 Ueis sl (ozM Auede 4
)

B oo
:

i
)

1 3% 12 W oox Ed
ir te X w4
RU) o

tob
=
2L
1o
An)
3
O{l
o
tlo
AL
rir
o
2
O
[o}
o
o

i
to
2oy o
i)
N
of
=
9
=2
il
S
o}
It
1o

o
2
il

t,
Ao

P=N:
< 3
=S

g

oz Asien, 5 B
stejujele] Walel weh 88 &

Agol} $2 Wi AR Zle] s Pl

oo
u9)

an
I o
%

o2
of Lo
I
(o3

A,
r\g}- N
w2 r
o ;
ik -
o2
12
i
o v
S
o
oz
"
4
o
AT

O

JAAA(hio > 602 TS ¥RE 4
LAz T AujE= o] sk
= ReR Hoh uiAR, 2oy
<hlo <32 ASE S8 W] Ad A)X
oA g 7hdska wwA Qe & 5 Aok

L2
i
O
o

fo 2 2
- 8Ty

fr o oE o o % o ooff Hr mv &
<]

Vol. 19. No. 3. 2003



176

Notation
: area
a :nominal area
: length of bearing in the direction of
sliding
C :radial clearance of journal bearing
¢ : specific heat of lubrication
D : journal diameter
d : penetration depth
F, : integral operator in the Reynolds equation
| : frictional coefficient
h : average gap
h  :nominal film thickness, & = C(1+&cos6)
n* :average gap between deformed surfaces
L :length of bearing in the direction
perpendicular to the sliding
m : mean
n : asperity density
p : pressure
r :radius of the asperity
T : fluid film temperature
t : time
U :bearing surface velocity in the x-
direction
u,v,w :film velocity in the x-, y-, z-directions
Zz : standard normal variable

Greek Symbols

o : lubricant thermal expansion coefficients
B : lubricant bulk modulus

S : combined roughness

£ : eccentricity ratio of journal bearing
(7] :angle (degree)

n : interfacial averaged distance

k : thermal conductivity of lubrication
U : lubricant viscosity

j/ : shear rate

P : lubricant density

01, 0> :standard deviation, (0" =07+ 03)

X : temperature/viscosity parameter
() :probability density function

Journal of the KSTLE
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Subscripts

i,j,k :indices for grid in the x, y, z directions

1,2,s :indices for characterized layers of the
lubricant film
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