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A Study on the Inlet Pressure Build-Up at Bearing Entrance

Jong-Soo Kim and Kyung-Woong Kim
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Abstract

In order to evaluate the inlet pressure correctly, the full Navier-Stokes equations are solved
numerically for the computational domain which covers the cavity region between pads as well
as the bearing film. A nonuiform grid system is adopted to reduce the number of grid points, and
the numerical solutions are obtained for a wide range of Reynolds number in laminar regime with
various values of the distance between pads. The numerical results show that the inlet pressure
is significantly affected by Reynolds number and the distance between pads. An expression for the
loss coefficient in terms of Reynolds number and non-dimensional distance between pads is
obtained on the basis of the numerical results. It is found that the inlet pressure over the whole
range of numerical solutions can be fairly accurately estimated by applying the formula for the
loss coefficient to the extended Bernoulli equation.

NEMY Pt asigdAa, 20
B tellejE e & oUs
Bt Re  :#|o]% % (Reynolds number), .F’Lﬂ’_h
B ol Fefl g RN, A/B Re* 9|~ (modified Reynolds number).
H, D=7k o §-F-7Fe Eol DU
k 1 £ 7 4 (loss coefficient B
Le  :o=zbel o f712) wov celud g Y fuEA R fusE
Ly elelygZolel wg Hezle A7, L./B UV 238 SUEE. 0w/ Us o/Us
» L Us olmales
Di DA EkeHE vy ulmel W w SulEs) sbere] AF
Pr gy e, 2l X,V : 839 2%, x/B, v/B
) A SERY R A, Le/h
439, dFdsta 7 A2 # A =
Qs gIARIsY IRBe 0 gaAe W



1922 7

1. &

A7 A Y nE3he} tido] slo)F frelx g
BAH G A wlol el A LA she AR
o B2 AL ZHAA S felxd #A4Y
o FAAe olv] B AFst APs ] gheor,
gt 2ol wiolF e A5l vlxle Fie of
st vlmy F ok gleh, 2R AkqiE e
7% «Fse &4—2— retoll Ao #AH kg 4
dciekd o] wjoj® Q% Ao
L2 JH ot s =Atol9f F2H A

:._ _,,]_ 710 o:]_‘,]._o_ 7}_;(]_,__
A7) wiEeleh, 2 AEAAE F2 A Al
o AfElMe fres whrstA mlsted A
gddH e 2718 e Fsilen], 0 a2ln wlo)y
9 Aol AgrEe) olx Abgel Sk
AXE o|pzko] =-3td
A Azt sl 77 ¢y AHAz
ARgshglet, 00 22l e
Aot HEAtold 3, & wjof
A delve B3 +5E
a, oebA e Ay
seh, wioj®lel Geieiy e
de-g W] wol] vk A LL HE o=
T #42AE T3] Hsteie
48 AAzAL AdgHE e F3E dFo] I4F
ol 33 A e AHSete] dojAl
A2 HH “74] He-s=
el whet wlojg ez ZeT 4
ofd &+ Aiii Artetz o] A

e
2
T

|r
P h
o rﬂ—
Jkr

N

O

fa
ey
e
by
-
T

2ol Al
gn fo
2ok L

o

fd
)
oS et
>
o

Jm
ﬁ

o b o
g I }’N -
o m2 _1.;_ 03"~
N

Heckel-
wle]2oll A F A9
g Leehe £8F
3 dloj =
F 30 olslell oHgF At
o, = 252 FHH4ARZLE
stgen, 2 Azl oshd We A
o AmtEe weie) $HzA
4 (pUs/2) et 2A ot

2

T
o
2
2
L
& 3
o
o

Zi
TT

AR

aejy HolEagrt vk 2o Sw A
of Eareuch vobalA sl Aol B Aol
el #gdh, @917 Rhim and Tichy'®'":= 2% 4
e g3 vay & FHFAE 2E 4o
v wojel el FAY o AGE Fshol v
ol o FRolAl BATH ARIH Y koA
Bl Fudo viAE GPE A
Mori et al."®g so]gAdolo] g FutFru]7}
sl 2 Lefolt] wloalelq WEAtel] o3
¢ 2 FEFR ] feayos
#ARAE ek, a2l AAA L 4
AT At welals $=7
27519 ARRAE WAL SUAAE 23
sj=zke] Ak ArkrEel 2le] vl E 3
g3 AR dAFE A9 gy zElm LHEEE
2 AgEn Qe e ol A%E % e
o Az Azl dskA 9ol Wil A%
stEl o] arlel sj=zie] Aefs} vlxle BFol n
A o A AdE S A4FF 4 i
arE & ATelAe HY Seholr sl
&5 l’i’—‘{ olje} Aot s Eslo]o o FF3F
HAE sadste B} A A
#HE Tk, = sf=o} sjzatele A g g
2z Z ub3lazt g
A2 we A% Aol L7
of et ANz Wae

0

I‘_'TL

dol ieled 42402 ATty
& wlAAA R A% 2SI, B

S L CEEE L BRI
g3l AR ARYAL A2E 4 3
T et A BANE FETLEA AZE
1

Fig. 13 22 siz= w7
ste] sirel A afolo F3H
7kl A m|zzededol] ol&) -F-uls]
dFZez siyte] A& A 2
Y5 AN Ad BAHHE 2
YFAsk, ol %%}% 2 AL W
Yol Al e FE
A dizlgh obd duk
WAysAl =le, o 1 B gTeliM e shEel A

to o o of



slole) QFel BaaE
Z
O O
PAD PAD PAD
L — 77 2
sliding surface
Fig. 1 [llustration of discontinuous lubricating film
bearing
y
g B
7
7,
cavity region
Hg
7
pad
bearing
7] inlet ""l”‘“”\eh outlet
IR X
h bearing film

Us

Fig. 2 Representation of the numerical solution
domain

wherejoley, of AmiqrAe wloldel Rl %
ge}eol darg wA7 ol Wiyl 4ol 7|
oA s e, wlolal Fola AT A
& AaA T2 skl Fig 1ol4 el Alofal
ol whstol Fig. 29t ol AHIE 84 o]
Aokl SAldEH FFAL AT Aol £F
g, AAz AgsE A= dojRle faEe 2
A slof h=sh Bmtols] Bl 34U FF

o] MrAEHA = Auk, o]z{F RFF Aol Wi A
2 Fale AL e,ixga.o_i Ebestel, v &
& e Fdollde o= A= 228 FEFe
2 5% 4 ooz 2 #EFoery Yot
3 ARGEE A4 UA Hw, FYFezs
A Adrietd 22E AdFezy §34F A=
o] 7ol el e A AxbdHEE 2L 5 AUA
2 Aelwh

Fig. 29} 72 si4oddie {5& A, 2
A9 BltEH4Y, FHFTeoR sMFskd o3 Z2
2§84 F59 AN ES 4g & ULk

ol B AT 1923
54
PR o
ooy
—hrEleEales) @

EC“"I—TJ;':O (3)
ANEE FAN% A7 g3t o) Aok,
U | 1, 8U
Ud%+Viy
_10P*  (W/B) (U  FU
=2 X ' Re \0X2+8Y2> @
UW* V?;?
1 9P* (h/B)(aZV FV ) )
2 0Y ' Re \oXZ ' Y2
oU 3V _
W+a_-—0 (6)
28 AAZAEE e 2
U(X, 0 =1, V(X, 0)=0
U, Y)=UQ+LL Y)
VO, V)=VA+LE V)
P*0, Y)=P*(1+L% Y)
2 (4), (5), (6)F &7 fstode HAzA] Fof
Ax e e WaSel AR FANE
g 4 QA =)

Le¢/B=L}%, Hy/B=H}, h/B=h* Re

O:‘:TLOHK-]L_ Hg\_ hoﬂ B] O}'O:‘
Befel 4R, ol AA2
ol Yol M= HaFAlo] u] 3l —’Z:——E‘rfﬂ
HEgo) ] dFol HF=1.022 =

i

=+
2
Ol

o]

Fig. 2014 ¢}
ulg] o 4 glow ©iz
F71 8l Folz 917
ol 4 etk zev o

=
=



1924 AF4 -
dMde #/B7k 107° =2 oS 27 wfjfo] U

0, Y) d UQ+LE: V)& 53 2ol & 4 9
o},

Re* oP*
Ul Y)=UQ+Ls V)= 4 0X |x=1+Lex
Y(Y-1)+(1-Y), 0<Y<p* (7
VO, )=VQ+LE Y)=0, 0<Y<h*

(8)

A4 (OP*/0X) |xorrian®) Zhol AR S BE
A4GAe AANA SEAAZA] FolAA o

02 4@, (6), (B)ezie F54L H4 ¢
% ek o714 o] gdulel e Fig 29l 9
FEo 2750049 o] Ui zhen
38 A9 oldg 24 BEbe GAT
e T Ao RoE-FeYYe AL
o, B 2e AL BEE o JTa 273
o ol FYsiekn AT

%
|P*(0, Y) < V<t

(9)

— p* *
' I)* (1+L57 Y)l SIO—A,

max

714 Paxe &8F2 e & zghao) o),

Fig. 32 sHsi4el] A&d AAANE HoiFm
Atk AzA,E 61%51E dhglen], mE AHAwHs
eloj s 7 ZAA Bk 23 5 AR

| 46nodes | 16nodes |

46nodes

ey

Snodes

Fig. 3 Grid system used for numerical analysis

AR

He FaAEye

AE AHFH P el A ut
2 3l en, SIMPLE(Semi-IMplicit Pressure Link-

ed Equations) %32.2]&& o]&3}9lc}, @
4. 2x|s|A AT}

Fig. 4= szt dzAele] Fue F4
(streamline) #Z-& Yellz 9lch 474 e
FrEges Jebdie G A R majae)

v =
Ale] f-2kgtgolc), Figs. 5, 62 wojg] o8 =
A of A e

SE¥LE HelFa Qe elolExs }
A Aelsh s doia AT

2ot o ietE gy s 7%711

'\7:

Heh, &, olnyded fFoFAgeko 2 Ao
g% o] o AYH ARE velzm 9,l°ml
dhddel] #eo]g24rt Ra Hezke At =
Lol & wlojd T AFZolrMe & =-*?-17} o{
= A5 U HE ¢ 4 Yok ok A2
FE2AEA WoAYT Yol SELTE
V27 W
2
37 v
0
10
12
4
15
16
No. V/%
1 056
2 10
3 15
! 4 20
| 5 30
— —— )} 6 40
7 80
(a) Re=1.0 8 80
9 100
10 120
11 140
12 16.0
13 180
14 200
15 240
16 280

(b) Re=100.0

Fig. 4 Streamlines in the cavity region between pads
(L}=1.0, H}=1.0, ;*=.005)



Wole JFolA Bt AueiHol 3

- # f 4t bt

e o 2 4 4 4 b

- - o A f 4 b

— P A AR R ¥V

pad

P A X T

—_— — > o v x A

— — > v v v LU

—_— — e T Edd
— —= =% ol
Z S ”

(a) Re=1.0

. v e e attth

- - v v 1 ’ff**

- - - v 7 f fff’

—_ - - 4 I//ff* pad

— — S Y I/l/f’

—_ e e e e aAt

—_— e > o i

— > - -
4 7z

(b) Re=100.0

Fig. 5 Velocity distribution near the bearing en-

trance (L¥=1.0, H¥=1.0, #*=.005)

Fig 72 S=sh HErfols] of §37ol4s @
A¥LE MelFm Yok dolEzast Re A
ol ol QEHA @ HES FFE A
spelishrh FARA olubn A Gedelde
Aol Falebel, hulel AolEzgsl Fohehal
1Y AR S YL e 2
A el S3 EmG welm YFF
qozie *d%?m&iv}xl baﬁm-z- et

A3 AT

1925

- 4

- v

- -

- -

— —

— —

—_— —

—_—  —

—_— -

—_— —

A - . ¢ & AAd
'S -~ - v 4 A

r
14
Y
)
“
(S
-
-

- - - - v 443 pad
- - . = e ovdd
- - - - = vel
- - - - - v rd
I 7,
(b) Re=100.0
Fig. 6 Velocity distribution near the bearing en-
trance (L(=0.1, H¥=1.0, s*=.005)

Hee AAE nes & 4 A& Holch
Fig. 82 vluaddde ¢HELE
ek #eolez47t W Aol dle]
o] gtddo] el HAHE FAIG
o]2 o g e odo]X& Bz Ao
Aol 247t FolAw wojdy YFHFHolA &

FZol 2ol o3t dofAE YHE TR} dopA

F

T e g 2Fa glinh ol& oy w4
F¥ 2ANAe FAEE LI £BAY hF
4 Aoz Wy 4T AYe SE¥LF
Ao a2z fA%D A7) WdEez Azt 2
grur g e s g frgde) Wi Adnt
oé.e_% [



1926 e

(b) Re=100.0

Pressure distribution in the cavity region
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Table 1 Coefficients of Eq. (11) for various A

=
AET -

value
A C C, n
20 5.7664 0.6154 1.0794
40 5.9113 0.5916 1.0199
100 6.1084 0.5615 0.9450
200 6.2619 0.5397 0.8937
1000 6.6333 0.4924 0.7832

A3

Table 2 Numerical and approximate loss coeffi-
cient

A=20 A=100 A=1000

Re | Num.| App.| Num.| App.| Num.| App.

[u—

-5.401 | -5.674 | -6.346 | -6.071 | -6.448 —6£3£

-2.440 | -2.598 | -3.223 | -3.116 | -3.509 | -3.843

~1.483 | -1.604 { -2.193 | -2.093 | -2.534 | -2.790

-0.743 1 -0.817 | -1.355 | -1.245 | -1.735 | -1.858

~ | o | | o

-0.431 | -0.477 | -0.985 | -0.867 | -1.357 | -1.417

10 | -0.190 | -0.216 | -0.672 | -0.570 | -1.064 | -1.058

20 0.132| 0.117|-0.253 | -0.193 | -0.633 [ -0.585

30| 0.268 | 0.250 | -0.075 | -0.046 | -0.443 | -0.402

50| 0.401 | 0.382 | 0.098| 0.095|-0.249 | -0.232

70| 0.471| 0.454) 0.186| 0.171 |-0.146 | -0.147

100 | 0532 0521} 0.264 | 0.244 | -0.055 | -0.072

200 | 0.617 | 0.624 | 0.388| 0.370 | 0.069 | 0.044

300 0.650 | 0.669 | 0453 | 0.439| 0.123| 0.101

500 0.679 | 0.708 | 0.523 | 0.519| 0.185| 0.169

7001 06931 0.725] 0563 | 0568 | 0.228 0.214

1000 | 0.705| 0.737 | 0.598 | 0.614 | 0275 0.262
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Fig. 11 Comparison between numerical and approxi-
mate loss coefficient
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