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Performance Characteristic of Journal bearing with vegetable-based oils

Mr.Puttachai Sangviroje
Mr.Sakkarin Manyanon
Mr.Santipong Kaseam
Mr.Anurak Jitjaroon

Assoc. Prof. Dr.Mongkol Mongkolwongrojh Advisor

ABSTRACT

This paper presented the theoretical and experiment characteristic of lubrication by using
vegetable-base oil in journal bearing. This research is divided in two parts. The first part is to study the
model theoretically and experiment with journal bearing by used vegetable oil. Used Palm- base oil.
The power law model was developed and the modified Reynolds equation was formulated with non-
Newtonian Palm-base oil. Computer program was developed to calculate static characteristic of Journal
bearings. The second part is the setting up experiment to obtain pressure distribution temperature
distribution and oil film distributions in the journal bearings. Experimental results are compared with

the theoretical results.
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oy oy

2 z[auo ou, , ow, 6W1] (.11H)

1

oy oy oy oy

1INTUAS (3.11B) 92WUIIA Apparent viscosity 92411HUAMNAT Second invanant AITIY

al apparent viscosity @413 DLLE asldlay

K=, +Ely + e 3.11D)
ile
Ho = .U*(Io)
ay*]
A =( 7, (3.11)
I,

TagA1 Boundary condition divesflszneuaimisfe

Ay =CFE LN uly =h)=U,

wly =0)=W, , w(y = h)=W, (3.11Kk)
MNsunuAl (3.11D), (3.11E) waz (3.11D) asluaunis (3.114) uag (3.11K) lasusnHa

o d o w @ 1 - e
aWWﬁTNﬂqﬂUﬂl@\?@ﬂﬁ’]ﬁ?ulﬁ'@qau{;ﬂﬁu

v @ 4 @
aunssuduguinildannzadd

i o iy : L ,uoaw" =0 (.11L)
dy oy oy oy
o =10)=1 > uy(y =h)=0,
wo(y =0)=W, : woly =h)=W, (3.11M)
v &
LAz auUNITaUAUNUY

ADDACDND
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o, o), (, o) o
By Coy oy tay | ox

o ow,) of ow,) o
ok il G PR e iyl (3.11N)
oy (ﬂ" 3y ]+ dy [ﬂl oy ) oz
u,(y =0)=0 : u,(y =h)=0
w,(y =0)=0 : w,(y =h)=0 (3.110)

o a a P o A a U 4
dnssufinsadioudy y Tugums G.110) lasfisaowwiia L, asdl 9zldd1esn

[

< b
1lszneunMS) U, uaz W, A9l

Uy =(1~%)ul+%uz

W, =(1——‘;)W1 WL%W2 3.11P)
ANITUNUTUATT (3.11P) aﬂu’dumi (3.2M) ﬂz"lé’

Ho 2+2

Us -U, aﬂ*_ga_(uz—ul ouy Wy —W, aM] on
ox

h ol oy h oy h ay_

W, W -, au*ﬁ(Uz—Ul 6u1+Wz—W16W1)=§1€ (3.11Q)

+
Ho a2 h ol DT oy ) 0z

Mnssagtaums (3.11Q)

2U2"U1 Uz"U1§£+Wz‘W1§7_{ 8_;1:
u, 1 ox h fi - 0k h oz )l

oy’ X 1= i
1 ain
{ﬂo[ oln1%2
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Wy W, UZ—U1@+WZ—W4§_@]§/J_‘
*w, _1orn h fi 0% oz el (3.11R)

oy® _#—oax— 5 dlny’
1+
Kol =7 Binses

TaglFaruduRusves

2 2
()59
J 4 oy

=%{(U2—U1)2+(W2—W1)2} (3.118)
zfo_(ili*_] z(ainﬂ*(-’)] o
Mo\ 01 11, oInr1°° L

o a a d g o o W
MNIBUNNTATUNIT (3.11R) %2,’vlélﬁilﬂ"li'e]@ﬂ‘l.li%ﬂﬂﬂﬂ')'mﬁ?@uﬂ‘u 1 U uae W, a3

e y(y — h) d’u,
a3’

W, = __V_(Y__z‘ h) ?;ﬂzl (.110)
K

FmsunuA1auMs (G.11P) uaz G.110) aslu G.11D) 1 'ldesdilszneunimusa u uas w

g -U) ou 2
2
u = U1(1—1j+luz_7(}'*h) h *,uoaf oP
awl 24 oln ox
1+
oinr1°%°
(Uz —U1XW2 _WI)XZ 6/1‘
yly -h) e 1,01 | oP

+

Pl s

24, olny’ 0z
ainr°%?
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MINTUNTANNABLHBS (Continuity equation)

o (T o (1
6—qudy}+5;[£wdy]+vz =0 G.12)

fmsunueums G.11v) aslu 3.12) v ldaums Tudvhos Tuadlugiiwusi luded

ox |12, U, -UF +Wy-w) 4, 2ind® ox
olny”

2 JIA2 UL\ {04 YU W\ Y 1LY 5B

oz |124, U, - U+, -w} |, o™ oz
dlny”

4\ fio Mo (U, - U o, —W,)+ W, —W,) 1 aP e~ 313

_U1+U26_/7_+W1+W2_6£+
28N » K

Vv,
Taefian Apparent viscosity 1130%1 1@9InA1SNAADS

a d o U
33 msmﬂ'mun1§Tuﬂﬂmﬂuaﬂmmu Power-law model

[

{ v o '
i]"lﬂgih’l 2-4 ﬁmmmmﬁuwuﬁszmw Shear stress LA Shear rate IUITDLAAS Power

4

law model lligﬁdﬁ
n_—l
2 24 -5
T, = m ou) (2w ou (3.14A)
oy oy oy

n-1

2 2] 775
o oomifou) Lfow)LF aw (3.14B)
7 oy oy oy
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TAgTNAINIT m 1AL n AWITDHIATIAIINATNARBS

1nnAUMs 3.15) 3214

n-1

Ho = m{(Uz —U1)2 E (Wz ‘M/l)z }T (3.16)
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MSUNUaNAS (3.15) uag (3.16) aslu (3.13) 9z 1dauns Tuan o Tuaddmsy Power

law fluid AaH

i ’r T n-1 (Uz _Ul)z +(U2 _U1XW2 _Wl) 5_P_
ox \12m § (Uz 'U1)2 u (Wz _W1)2 ox

+_6_ h= l-n—l(U2-U1XWZ—W1)+(W2—W1) _af_)_ @.17)
oz |12m AU, Y Wi =w,) ~ [0z

n-1(U,+U, o6h W, +W, oh
={U2”U1)2+(W2_M/1)2} ) {12 26_X+ 12 za—z—i-VZ}

o W, = w, =0 awms ludvhos Tuadamsadon 1@

ox\12mnéx | oz 12m 6z 2 (0%

P 1+ 28 A n+2 n A
_g_( h opj+ 0 (h an /U7Th e (.18)
ox

Tuaamzasdgldny, =0

A é
34 MIAnIzHnMI 13N (Dimensionless analysis)

4

naums G.1D ausadoueylugilanizasdidii

5 {hmz ap} 5 {hmz ap}_U"gf_z (3.19)

ox|12mnox | 6z|12maéz| 2 ox
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Taomsunuaduals 1§nadet
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X = RO i z=LZ"
h=ch" : B mRUl” p* (3.20)
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b4
a o

& a ot a d A R v 1 @ ya =1
iitesnnaums Tuares Tuadh lidinszvannumiiad siaegluglanudu 15adeil

n-1
110 pu=m Y (32D
c
n
wld PTG g (3.22)
Cn+1
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13aadadl
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mngﬂﬁ 3.513101% Central different 33 18

oP” . p:+1,j = Piil,j i s Pitl,j —Z'Df:‘f 4 '0"th

Y, 2(16) ; 36* (a6)

oP” 3 Pria—Fi i : G Pria = 2P0 +Pijs (3.29)
oz 2(az") oz" (a2}

unUAIEUNs (3.24) alu (3.23) w2 ld
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(Concentric Rotational Viscometer)
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1RamInaaeee lanslanuduiuiussmanudunsuLazA1ons UNoU 3ZWLINN
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futhauiduansdgauaa 2 vilalingAnssums nadiu Non-Newtonian iguvigiiqedied

anvauzdludulfe H391n501% Power-law model A9

To, =N i 4.1
Taon 7, feanudulunuannu x uaz y muddy
m fo Consistency constant

n 70 index of power-law model
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(OC) (Pa -s n) ', . (m Paos) -
25 0.0798806 1.01357 86.4
40 0.0465453 1.01401 50.5
60 0.0142071 1.09663 254
80 0.0070577 1518592 15.4
100 0.0012454 1.37544 10.4
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15197 4-1 HTAIAIRINOUVDS Power-law model vo3¥13iuthady + PIB 4 %+ ¥isiugalay 2 ppm
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VISCOSITY, 1) (mPa.s)
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TEMPERATURE (C)

= v o d
JUN 4-3 wansANUTNRUE 5Y

9

+ Whsiudalamu 2 ppm

HINAIANINHHAN UIEUND

v
a o &

Fvoniwivihay + PIB 4%

(o e
25 0.0697713 1.02518 81.1
40 0.0396525 1.02638 46.4
60 0.0142001 1.08890 24.3
80 0.0055454 1:169899 14.9
100 0.0018128 1.31943 11
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151971 4-2 UGAIAIRINOLVDI Power-law model V033113111184 + OCP 4 %+ 1isiudalau 2 ppm
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Calibration of Pressure for pressure Transducers
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lalsunsumuau m‘snsmmamé’mamm‘%amm‘wamau

10

20

50

program pstar
parameter (nz=50,ntheta=90,pi=3.1415926)
dimension p(ntheta+1,nz+1), po(ntheta+1,nz+1)
real rpm,c,l,d,e,n,m,mu
open (unit=7,file="output.xls")
write (*,10) ' Input rotating speed of shaft(rpm) rpm ="
read (*,¥) rpm
write (*,10) ' Input clearence between shaft and bearing (mm) ¢ ="'
read (*,%) ¢
write(*,10) * Input length of bearing(mm) Long ="
read (* *) 1
write (¥,10) ' Input diameter of bearing(mm) Dia= "'
read (*.*) d
write (*,10) ' Input Eccentricity ratio Epsilon ="'
read (**) ¢
write (*,10) ' Input index of powerlaw n = '
read (*,*) n
write (*,10) * Input consistency constant m = '
read (*,*) m
write (*,10) ' Input viscosity of oil(mPa.s) mu="
read (*,*) mu
format (a\)
do 20 i=1,ntheta+1
do 20 j=1,nz+1
p(ij) =0
continue
tol=0.0001
delz=1./nz
deltheta=pi/ntheta
u= pi*d*rpm/60.
theta=0.

do 30 i=2,ntheta
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theta=1heta+de!theta
hi=1.+e*(cos(theta))
dhi=-e*(sin(theta))
do 30 j=2,nz
po(i.j)=p(i,j)
p(ij)=(((6.*m*n*dhi*(u/c)**(n-1))/mu)—(((hi**(n+2.))/deltheta
* k%2 )(((n+2.)*hi**(n+1.))/2.*deltheta)*dhi)*p(i+1,))-

*  (((hi**(n+2.))/deltheta**2.)-(((n+2.)*hi**(n+1.))/2.*
*  deltheta)*dhi)*p(i-1,j)-
% (n/4.)*((dM)**2.)*((hi**(n+2.))/delz**2.)*p(ij+1)-
* (n/4.)*((d/N)**2.)*((hi**(n+2.))/delz**2.)*p(i,j-1))/
* (2. *hi**(n+2.)/deltheta**2.)-((2.*hi**(n+2.))/delz**2.)*
* 0 (0/4)*(dMm**2))
30 continue

do 40 i=2 ntheta

do 40 j=2,nz

if(abs((p(i.j)-poli,j))*100./p(i,))).GT.tol) goto 50
40 continue

do 60 j=1,nz+1

write (7,70) (p(i,j),i=1,ntheta+1)
60 continue
70 format(91F6.3)

stop

end





