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ABSTRACT

Frictional loss in turbulent regime is abnormally increased compared with in laminar

regime. Thus the consideration of temperature rise across fluid film is significani in
analysis and conventional isothermal theory loses its usefulness for performance pre-
diction.

This paper proposes to the three-dimensional thermohyvdrodynamic analysis of finite
journal bearings operating under turbulent condition using two-equation model(k-¢ model)

proposed by Hassid & Poreh. The equations are solved numerically by finite difference

method. We make the analvsis applicable even at large eccentricity when back flow of the

lubricants occurs and axial flow is no longer ignored compared to circumferential flow.

1z M 9 Re :UC/v Reynolds 4
Rt :k?/ev 4t Reynolds

C 1 E3 W& Abo)e] Hatzht T exe HF4E
C, w4 T pC (T=TI)RC/uUR? FaYLE
h DAt t IRl HEA4E
h o y/h A futsol U o 9Fuge] Adas
kel A U, %9 d54s
K, A= #A4 u L UFuwEkgLe) HEAHY
Lo iAo & voofehuage) Hegy
Pistary W EupEke] HakRd
P :C'"P/24UR $ak81o)H w o EuapEbgAe] WEAR
R wej8] abA x . ZE Ak 5%

39



Journal of the KSLE

—

ujl» )

uo a2

3k 23

[o

<
F

& . (aUz/an)z 1{]:%-01] L"‘ Z] _/h‘é-%
v AAATE
v F AT

ve ook HAAF

wWlo] ol A 2] Bl FHE 2}k il 7t
W Wilcock ™l 2]l 4
Abof 2F3] o] sbeka) gt
2 7’74101 Cﬁﬁﬂ 2 g o TR &
A1 2] affo] gholalel] wel 834 FAHoAE
bl ol kgl o2 Fa -y A s
o, il of By O] o] vhrAtel vh e mpAbE

HE A Sl v ofciiAe]

S4o] whefipl, 55 npatelol o|qk a4
o] LET s vl *g%éiz}oa it od3FS
Z Ao o Exlch, dubH o R fub el 40

(Thermohydrodynamlc)s}]"40] d Lol Eof] W
o 8% Zleg Hase, AAH ojolefgt w
S AT FAsD deh

2ok AR wbFododell 4 2] THD#R A&
L]»_n—s.“]/(l—oﬂ gt A Ag Fdlo) 0‘1947“]’*1 o5
9]’ o™ el wiRafele| wlAd¥HakAle] gl

2 s o] Badglog Tichx| gl o7} Y
‘3"11] =2l ¢4a. 9lel, Bowen & Medwell 8- Mix-
ing Length %9 o] &35} fub-Fa ulare] &
EXEE T4 He 2rAo R &4kl
b, Mixing Length @& 2 5ubdo] z|uf A
of AA s S5 w7} 0ol 4 2] siHe] Bl &
gtod THDaH 4 213 mdd 2= BAchksle} ol
gl A& ¥elstr] $)8) Suganami & Szeri
2} A A A2 Reichardt’s Formulag <}-&
dHAdRAdE o] &b e, ol B ET
o] Pz 550 Helol wfe} mdabges

_<L rSL‘ rir

5+ . Turbulent Prandtl <+
] . x/R

i,j . Tensor EA4]

#) ol vbe] 2185 = Two-Equation® 4 (k-
e5dl) o zhzho| 9] z|ubrl x|uf Wb AlE Fof

oA A A B T3l E A A 84E, v}E
Sl 5o Ao u}o] weoks]o] oli wloy o
41 2] THD®H doll v~ ¥} 83 2tz 4 2xl

v}, Pasquantonio & Sala‘s" k-e 2ul)-S- o] &
ghod F-gkak s = owo] Holl ofa sl sl olel
Aol o] &8 o] Ewlé] gAql At doupm
ododoll ogt sl Ao] Al 2= wa do= 22
el o2 of A RFEHg wol prf
B ooATol e ojel HE At ke

RS o] &3 f3HE Hof duof Blel e 33
¢l THD&H 45 sl Fol ddbqo = L4

o9t Sl dubd g A Astaat gl
2. O|2%TH

2 -1. X|HHHFK‘|M

o] Ealf A& O#—%—HOL X_}' —?—%El:tiol-%] P of]
2| ubA A, k —e WS Adjlshe Ak}
ol RAAE Slal ok o] e},
1) F8 4he oAl 4 Ashel forl

ulgk-g- 4] 2|3t vh2ulske] Reynolds Stress

oX
»
O |
~
"
m
=)
o O

2)

3ol oEEks 498 chE o

4) Reynolds Stress+ Eddy Viscosity =&



Vol 3, No. 1. 1987

& H-2sbed cp&up 7ho) el o), vl A ko] A 48 k- e 2w 8- 4} St (4),
A W  — u aT ) (5} el vhebuk w32 2 (Reynolds Stress) -
WERST TYW TRy TV T oy FRE ofe] RS Agetm iR Aol
w]or & A f-4ol] th8t Reynolds Stress® % slof Blof] 288 4= ol o820 xufulA AlS-
et s el 4 2] Sseh g 4w ol Al w Tk
up A 418 T How vMLHv% bl kel
e ensor J?__(( V—L Aﬂ) al\ ) Vl<< \£~)2<‘< aw)z)
aU: U 1P 2 au. o ox! oy - 9y oy
Ui,y _L19P 0 (23U )
at 0 8X; 8 AN ax, Uy 21./](
2) —e 50 (6)
or L, 9T _ 1 b
at +Us ax pCp 2 D¢ L2
g 2 ([ . w\ Qe al
| St reen((5) +
(= (KS—nCo wt ) )+ 2L |
% v —pCp u;t Tii % (3) r2
4 i oW & . ) el
U (< £y ~) >_1'€" ~Cs (1-0.3EXP (-~ R}))+-
047]‘1 ‘I‘tt==(,u’+‘ﬂt ’l OIEF (l;l]f» ,uz—-‘,om) N
20 (25) 7~ g (7)
@4l abel S 4 8s }1 ANERAO 2 >
2
y=0s14 U=0, W=0% y=hell4 U=U,, W n=Cm X (1 Cd EXP(—Am Ra)  (8)
R I e R R }~--9l ‘
Reynolds ul-2d Al o] ol o] ZJLP b=min(y, h—y)
8ax (G %XP)—F aaZ(G21:>=U, aaf: (4) A 714 ok, &, Ci, C:, Cm, Cd, Am:™
‘ o gl Al 7h7k 10103, 1.45, 2.0, 0.09,
f fy dydy "y - dy 1.0, 0.0015¢%] =}
1 T= v+ o ply-tyr)
AN G= R
o vtn 2-2. HA=H
fh v _dydy vl il 2l R o] & f-oll ol 4 = Jones
_,f"‘[y_ ydydy _Jo Jo vt & Launder® 7k Alqkgt Zal o] of #mq]
o Jo o (v+ ) /h__ iVA o]} y=o0, h o4 e=o0, k=0 o]t} :
0 Vv Vi N
' o 4.2 Half Sommerfeld %714 <}£35}o
(3)4el kel HH & Hgeked chgel o« x=o, m-R o4 P=0
s AL ek 2=0 A4 P =0
aP
aT aT _ 3 Ke | w 3T z=(1/2)L. 4 =0 ejch
- , oz
U Iox W 2 8y << pCp Uth> ay >+
<u+,u: > (< ou ) F( oW >z> (5) 25 4= el 4 A 5F% (Recircul ation) 5
0Co 3y oy Fefshis Aok veeha) i A¢R Yol
A A ARSEAL, W ol 4 kel 20 AFEg o)
k% PrandtlF+ 3% Prandtls (Molecular Q02 hERRE chS ) 7o)
Prandt!) oF Reynolds<iol] abalsle] 3} xjuk Q Q
744 0% 0.9% el x=o 4 T=g"Ta <1*Q§>Tn
Jones, W.P. & Launder, E® 7t #lclit (2] 8 1#4)
o cish Hassid, S. & Poreh, M7} 2 T=T. “H%T"r 41



Journal of the KSLE

y=o0, h ol 4 %T=o

z=(1/2)L ol 4

) ufub A 418 2zhels)
Ag Mgl AAZIHOZ - S 0.R. S 4}

Sahet,

Table. 1. The condition of calculation
Cal. Condition [ 2 43
Reynolds Nu.  Re 4000 2000 750
Eccen. Ratio, ¢ 0.6 0.5 0.7
(A ] 1 1 172
C/R 0.002 0.002 0.0034
c 300(pm) 300(m) 128(um)
Viscosity Cl=9.81 C1=9.81 C1=10.36
{ASTM Chart) (223.95 C2=3.95 C2=4.15
Inlet Temperature 30°C T 0%
£ = 0.89

Cp = 1930 J/kg'C
Kt = 0.145 J/ms ‘C

YES

ASTM Chart .

START

Data Input and

Initialize

Calculate Viscosity
and £ddy Viscosity

Log Log { » + 0.6) = C1 - €2 Log(T)

—0

Calculate Pressure

in Reynolds Egn.

Calculate Load
and Attitute Angle

Check Convergence

Fig. 1. Flow chart
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Calculate Velocity

Distribution

Calculate Kinetic
Energy and
Dissipation Rate

Calculate Temperature

in Energy Egn.
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Fig. 3. Velocity profile. vs. film thickness.
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Fig. 6. Velocity distribudon .vs. film

thickness.
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Fig. 11. Mean temperature in the circumfer-

ential direction of a bearing.
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