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This thesis presented the static and dynamic characteristic of thermohydrodynamic
Jjournal bearing lubricated with vegetable-based oil. The vegetable-based oil was mixed with
additive such as viscosity index improver. The relationship between shear stress and shear strain
rate of the vegetable-based oil were obtained experimentally to get the power-law model for this
study. Reynolds equations and adiabatic energy equation are formulated to obtain the
characteristic of journal bearing numerically. From the results, the pressure distribution, load
capacity, temperature distribution, spring coefficients damping coefficients are investigated.
Experiment are performed for short bearings under static condition at various speed and load

conditions. The experimental results are compared with the numerical results.
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1Pas = 1000 cP
lreyn = 6.89 * 10° cP
lreyn = 6890 Pas
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1. STUVAING (1WATA) | Centistoke (cSt) 40 °Cc uag 100 °C
2. anSgeuEm Saybolt Universal Second(SUS 130 SSU) 100°F wag 210°F
3. AMIITRIBNINT Redwood No.1 (RW1) 70°F,100°F,140°F 1ag 200°F
4. oIy Engler ( °E) 20 °C, 50 °C uag 100 °C
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Molecular weight Viscosity, mPa.s Viscosity index

40°C 100°°C

Paraffinic petroleum based oil

450 48.0 59 96
576 144.3 12.2 99
700 523 274 91

Naphthenic petroleum based

oil

349 49.9 5.1 23
383 1314 8.3 8
400 485 15.5 -42
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P G & e’ as 1A e a & @
A9 2.4 UFAAINITHULIAIA NN N UAYDIHTINUH A UTIUTLUIATDIUUA

Viscosity in ¢St (um? /)
0 °F(-18°C) 210 °F (100 °C)
SAE viscosity no. Minimum Maximum Minimum Maximum
Crankcase oils
SW - 869 - -

10W 1,303 2,606 - -

20W 2,606 10,423 - -

20W 51 9.62

ow 9.62 12.93

40W 12.93 16.77

50w 16.77 22.68

" 14 ]
M3 2.5 uraamsudsmanuniinvenifunasdudmsugaaimassy

Viscosity limits
Grade [em?/s(cSt) at 40°C)
identification Midpoint viscosity
(IS0 VG) |um’ [s(cSt) at 40°C) Minimum Maximum
2 2.2 1.98 242
3 3.2 2.88 .52
§ 4.6 4.14 5.06
7 6.8 6.12 7.48
10 10 9.0 11
15 15 13.5 16.5
22 22 19.8 24.2
32 32 28.8 35.2
46 46 41.4 50.6
68 68 61.2 74.8
100 100 90 110
150 150 135 165
220 220 198 242
320 320 288 352
460 460 414 506
680 680 612 748
1000 1000 900 1100
1500 1500 1350 1650

232 fyHANUNila (Viscosity Index) Arianuviiafie sasimsiasuuasves

= A =Y - oy o et o o = a Ay é
anunilaegungiiasy ilunidsianuniageezlfsuulasanuvilatios e
" ¥

e s o_ o !

a v = £ A :‘ v Adw A A
gamgiimsldaunldounlas Fufluguauiaifveniniundenu wniuiiidyiinnumila

¥
o @& o o

' ] ] Ed ] [l
a1 lwvashgungidnhiudnianuniagahldsudiunsesdnsnamaou Inadinud

9/ LYY & a J | a ° ° L A o = s n’ll =
W'E]chﬂ']ll’(Tﬂwﬂ'H1—!Qﬂﬂ!ﬁﬂNQQﬂuﬂUTHHUﬂﬂﬁUﬁﬂﬂ']ﬂerlﬂ ﬂ11ﬁlﬂiﬂ\1%ﬂiﬁﬂﬂiﬂ AJUUN

L] Ll

9 o a =} J drl. 9/ ar lﬂl = a d‘i
Taimsfmuadsinanuniaduyune 1[Fuaasdasinmsilaountlasanunilasuiiosn

=

- v = et - 3 e v oA A v A
nngangil lasldmsnfSoumsunavesgunginiidennunilaveniniunasdunezmawil



14

& o ey CY 1 d'l =1 = (] :’ s 1 4', A = .:i
ANUNUAN VIV UM ADAUNDDNABIFUA (¥ U HINUNMADAU Gulf Coast FInNuMAnlasu
o = = s T oy o vl e
wlasfugangiiing WNAsiianumilaniiy o wasiwiundeau Pennsylvanian FaA
~ = LY = 9 Y o A ) T oa o = °y or
H‘Llﬂl‘l_!ﬁﬂ‘ull‘].lfNﬂﬂq&lﬂgﬁuﬂﬂ’lﬁﬂﬂﬁuwﬂijH'L!ﬂﬁ"l'lﬂ‘l] 100 MIMIATUANUHUAUDIUINY

1 4 o a o °y ) 1 4
nasaunse 1d lasmsmanunia@vamansvoniuraeduanuaums

L—U

Vi= X 100 @D

L—H
VI = A%HA1IUNIA (Viscossity Index)

fL,U,uas H l¥gawgli 6

Vi=0

L
WINUNARAU

r~

-

<
T

¥y e
UNTuenege

---------

n

Vi=100

AuvliaBasaniant

'
}
]
]
]
'
]
]
]
]
]
]
]
¥
|
|
I
k
¢
¥
L]
1
1
]
L

* i (°F ) 20

d' I w A =4
31]1'1 2.5 MINIAATUANUNUA

2.3.3 MIIWAINVOONGIIU  (Oxidation) 'Lf'Iﬁ’uﬂTmﬁtliJ’cT'IiJ'Iiﬂﬁ"ll]ﬁﬂ?Mﬁ"U
sendnuluerme ildidadlumslszannsamilsndonannesd higrelumsndedn
shifumdeuiiadessmifusendinylnnnies i 1ddh Taoia lludanoldgaingdl
$amgs q sasmssasaiueenduueziinniy deaunsaszasvaoudTasnsfad
Neutralization, Pentane Insoluble, Toluene Insoluble

2.3.4 3910 (Flash Point) qmm"lﬂﬁaqmnqﬁmmﬁ?ﬁu"lﬁé'umm%’ﬂunmﬁu”la
udagamuidiognuar Iludiar Iszifadivs i 'luua'mﬂuf'lﬂuwﬁaéuf’fﬁyﬁuﬁﬁ;mm
Tdnghldinsguiduideinnmsszmnnnidesimsifuivtesuazdaiinnuddy
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2.3.5 yaluam (Pour Point) 30 lnam Aogamginigaii fiugiannsanald

(Wax) ﬁ“ﬂgﬂmuaumummm (Crystallize) iiogamai “G‘iwﬂ'mﬂ‘lﬁamilmmuuuu mid
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2.3.6 Auavanuiiuna1e (Neutrallization Number) 1hfundetiu Taenalueziiann
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p1gms Iy niniunaedumnay  NallilesnminiunasdwiAalgniviswdany
= = S & o 9 a a dfa! ;‘J d’.’ o Y a @ |
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2.4 MIANNNAUNN (Additives)
: ar A t!f LY = wall 1 A = o s oy s 1
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1. Polyisobutelene

2. Polymethacrylate

3. Styrene based polyester

4, Styrene based copolymer

2.4.2 MsdmMUNIRABenFIASY (Oxidation)
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¥ ] (]
Tueme il §Asodminiu Tavmwizd qugiiqen ashld1dun



16

1. Zinc Dithiophosphate
2. Phenate Sulfide
3. Phospho Sulfide
4, Aromatic Amine
5. Sulfurized Esters
6. Hindered Phenol
2.4.3 M3FWNILNUVAUIALNOY (Dispersants)
aMIFnTENOIAENOUT aswiladheimhinessudandsn wiodwnlan
ﬂaau'ﬁﬂua;}'lmiyﬂu1ﬁsauﬁaﬁuaﬂﬁﬁud1qﬁ’1ﬁu lugilvosnsnemiumionisms iy
fulaoia 1 18un
1. Polyisobutenyl Succinimide
2. Polyisobutenyl Succinic ester
2.4.4 MIAUMUMIANNTO
msfumumsinuse umsiigiwaamsdnnse Midananmstanion sl
damun laun
1. Zinc Dithiophosphate
2. Dithiocarbamate
3. Alkaline Detergent
2.4.5 stleatumsifaaiiu
astlestumsifaaiiu #i 14 1dud
1. Alkaline detergent
2. Alkenylsuccinic acid
3. Alkelate phenoxy alkalene oxide
2.4.6 M5FWFLANANUALOIA (Detergents)
mstwszdrehnnuazen wimhidestumssudavensuazneuiiiay
15719 14un
1. Sulfonate
2. Phenate

3. Phosphonate

4.Salicylate



-] i - 4 N
AHNNAYANAN ™ WTZIAMANININAT :
2.4.7 ensaaya lnam (Pour Point Depressants)
! a ¢4 J @ o
amsanga mamiduamsildnvgumaiaduiis wao) Twiviulaomwzlui
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1. Polymethacrylaye
2. Styrene based Polyester
3. CrosslInked Alkyl Phenols
4. Alkyl Naphthalene
2.4.8 A15AUMUNITINANDS (Anti-Foaming Agents)
v a JE Y Ao A a L ¥
asmumumainanesil Jnrhndaunanseaamsnaesnaninaninmituuazein
a o Al o 9 a:i =_ a 1 d'i a:'sv 8/ "
MINURUNNAIDU lasezimihNaauswIRIveIaTnaRaY E15WINT laun
1. Silicone

2. Polycrylates
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Sufr0nmsed 3 sewuh il we, 2524 Tiviadu 100,000 WIASAAY HOMAATRNAULING

g 1 :u o 4 ' :I o 1 :’ LY s/ : v @ A : o o Y
qa ldun dniuthan sesaanTdun difuagye hiduuenda duiudamdes vhiuidn

| £
A15199 3. 1uaasHananuo iUy

(MUWAUATNAU)

R v NANAR*
HUAUDIUIUUNWY

2542 2543 2544
Yhshuend 14,965 19,000 14,000
viwudadm 3,028 14,000 12,000
yitusidn 10,288 16,500 14,000
i amdes 6,104 13,200 11,000
dniundany 1,979 6,200 5,000
iifuwdathe 5,455 3,000 2,500
viwhuhdy 12,000 16,000 20,000
J1ﬁ‘uaz1;ia 2,704 13,000 17,000
Buq 4,000 5,500 5,000
SRRy 60,523 106,400 100,000

*Au1 - thadrms sumsudasemeing

d '; LV - |
3.2 99ndsenouve I ITUNY

oy o/ _ o é A l o
vuiniiuansduniddmannils Fuffudimlsznovvesnitresealglycerol)

n5a lviu(fatty acid)dail
H,C-OH OH - OCR'
HC -OH + OH-OCR" ———»
H,C-OH OH - OCR”

NALYDIDA nsa lusiu

o R.R"R" = Toussnsalviiu

H,C-O0OCH
H,C-OOCH + 3H,0
H,C-0O0CH

Tasndaelsq
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3.3 Uszianveansalusiu
o é 1 - 1 T o 1
nya lviuiumsdalsznoudaonyaivenda (Carboxyl group) avognu la
lalasmsuen (Hydrocarbon Chain) TuTuangavesnsa luduenimsiuduseninngues
¢ o ¢ ¢ o ¢ @ A e
ATUOUNI 1 VBUA LAz 2 UBUA laowinnil 1 vous sziilunsaludududa (Saturated) Wan
# 2 voud swilunsaluliduda (Unsaturated)
3.3.1 nsa luaiududa (Saturated Fatty Acids)
s ‘; s s d‘ 1 ar 1 L A
nsnluifududaiunsa luifui lifiuseg (Double Bond) gl Tnseadhs Fsmfveu
v )
unnzAwwmelgazdesdivle lasnusdidoszdmnluiniuiisiinsa luiududogunn
v 9 v 3 s
sy liiniudniudy luiudedwvonsaluiusudi 18udnsaa@esn (Stearic acid)
nsathdauiian (Palmitic Acid) N3AABIN (Lauric) aznsaludadn (Myristic) udu Taseate
L [
¥oInsa ludumarit lduaas 13 luasien 3.2
3.3.2 nsa ludu lududn (Unsaturated Fatty Acids)
o A e ci 1 o 9/ Y r:r' 1 e J 2
n3a vl liduds 1alalasmiveuszlsznoudaoiusegiaud 1 gusziulyl dq
° 1 a 1 s [ a o 1 [ = = @ 1
Aumisvesiuszguensa lvlfuudazriafzuandaiuesn 1 TasdriluseRoafuey
E 4
IEHINAUTZRILFIARUBEUUUTT Wus2@eradug (Conjugate Double Bond) fauaaiiy

f0019R 91

—~CH=CH-CH=CH-CH= WUBIRLIAALg
—CH=CH-CH, -CH=CH- WUBLAUUVH (Isolate Double Bond)

M990 3.2 uaed Tnseaevesnsa luduaiind1eg

¥oUDINTA lUsin $119u gas Inseasn
CRHTGAT
NIAABIN (Lauric) C12 | CH,«(CH,),,-COOH

nsa luSadn (Myristic) C14 | CH,«(CH,),-COOH

nsathduilan (Palmitic) | C16 | CH,-(CH,),,-COOH

NIATAYSN (Stearic) Cl8 | CH,(CH,),,-COOH

nsAleddn (Oleic) C18:1 | CH,«(CH,),-CH=CH-(CH,),-COOH

n3AA AN (Linoleic) | C18:2 | CH,~(CH,),-CH=CH-CH,-CH= CH-(CH,),-COOH

N3Aa lUATN (Linolenic) | C18:3 | CH,-CH,-CH=CH-CH,- CH=CH-CH,-CH= CH-(CH,),-COOH
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5197 3.3 Fiiaveansa lviiu luriaiuie(14,17]

No. of Palm Cotton-  Rape- Soybean

carbon Coconut  kernel  Palm sced sced Tallow Tallow

atoms Name of acid oil oil oil oil oil (beef) (mutton)  Lard oil

Saturated Acids

12 Lauric .... 44-51 47-52 ., ..

14 Myristic ... [3-19 14-18 0.5-3 | | 36 4-10 1-2 1

16 Palmitic ... 8-11 7-9 3245  26-31 1-5 25-37 24-38 22-31 10

18 Stearic .... 1-3 1-3 4-7 35 1-3 14-29 15-30 16-24 2
Total (typical) .... 92 81 40-50  28-35 3-8 50-55 52-57 35-40 13

Unsaturated Acids

Monounsaturated

18 Qleic ...... 5-8 11-19  38-53 19-26 14-38 26-50 38-48 38-44 29

Diunsaturated

18 Linoleic ... 1.0-25 0.5-2 612  37-50 10-22 1-3 R 4-9 51

22 ERcic cunes . s 40-64 .. &4

Triunsaturated

18 Linolenic .. ... o v T % e 8-12 - & S 1-2 7
Toral (typical) .... 8 3] 50-60 60-70 92-97 44-52 40-50 60-65 87

3.4 ﬂa‘lﬂmaqmsuﬁm]ﬁﬁ%maancﬁm%’maqﬁﬁuﬁﬁ (Oxidation Mechanisms)
vitufishanssznousuns (Organic Compound) @nsaifailfnsereend laws

Fu'ldire FansifiadgAsrerndiul§Asenuugnls (Chain Reaction) Feazilsznonilde

3 Suaou fafy

1) fuEudy (nitiation) Li‘lmfuﬁauﬁﬁnmﬁﬂwgnﬁmz n3efiFunin Radical

Chain Reaction

& _—p
dlo RH Ao AR T R

LAt
R A9 alkyl radical

L]
RO, Ao alkylperoxy radical

2) $uunsnszaw (Propagation) Lﬂuﬂfuﬂauﬁawaﬁasz W30 FreeRadical U1
Tuanaveseendufaiiu nlofoenddase (Peroxy Radical) davziin/fAzen
fuTuanavesnsaluiu Ru) Wedaiiu woefeenlad uazeyyadaszdalmi
®") FeausaduTuanaveseendiou (0)luemelddn UFAsuzduiiune
Tdouqaunit sendiou uie RE v’y daumsieseenladildvzdy
a1t liiadosdarzamoda1die msnledesn ladinarfivzugahiviaa

y
AzNDY (Sludge) N30 8191107 (Gum) Turhiiuiy
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R 4 0, ~——% RC (peroxy radical)
R, + RH ———————% ROOH (peroxy)+R"

ROOH ——» RO +0H
2ROOH —— > RO, +HO
RO+ RH ——————— ROH+ R

y v
o’

v '
3) Yuduqn (Terminal) vou/fisen Wuduieyyadass use Free Radical v

aaa o P 1 [} o aan g 2 a
UgAzeiues Taasihiladen1svinl§Ase1 (Nonradical Products) #ufavin

= L] o o an ar e Y
N. BYYADATLVDI Peroxy Radicals (RO, ) 19171l fseniuieadail

(]
2RO

2

—— ROR

o

a ® [ ] ‘:
U.10ANIT cross terminal Y81 alkyl radical (R ) N peroxy radicals (RO, ) A1l

R* + RO, = ————— ROR

4
=1

a ° aaa o . e ) a
fl. lﬂﬂﬂ’]iﬂ’]ﬂ{]ﬂiﬂ']ﬂumq Y04 alkyl radical (R ) ﬁ’iﬂﬂutmmu

R —_— » RR

3.5 MsmMuUMuMsNaeendatuluriiiuiy

s
' o o A

ci U 9 g 9 = = A = aaa =
VINNNAINAIVINAU U nuw‘mﬂumiﬂizﬂamum ‘Nﬁ'liJ';'ﬂLﬂﬂ‘]JQﬂiEﬂﬂElﬂ‘lf

e

o ar s A

laduldie Tasmwizd lniiiuivinge luiulisudegiuTmanann szifadisn
a ) 8 o n’: = et o L] ar q’: | ] 9 -
pend laduldie Aniuldldlinsmovummsisaingasivdmie misnl¥nsia
aan = o = s g/ | rta .;
UjnToneend lamsuialddias nse liiiaiuiae
= :. L | = 9/ = = o 1 ! o A
Taosndluhifuyezimsdumumsifiaeend lamduogluTuanaveninfuiy
1 4 2 : as 1 a o =
#20 1wu o135 Inlaf5ea (Tocopherol) tazdug Wudu delurhiufiaudazsiafeiivsun

v sunties lumidu awaasluaisied 3.4



23

[ ¥
M19197 3.4 uaasdSuavesms Inlalsealwiniudvsiadieg

Tocopherols (mg/kg)

a-T BT y-T &-T Total  a-T, v-Ts

Anchovy 60

Capelin 45

Cocoa butter 11 170 17 2
Coconut 4 20
Corn 134 18 412 39

Cottonseed 573 40 317 10

Ground nut 169 5 144 13

Lard 7 2
‘Menhaden 30

Olive 93 7

Palm 279 61 274 398
Rape 70 16 178 7

Safflower 477 44 10

Sesame 12 6 244 32

Soyabean 116 34 737 275

Sunflower 608 17 11

9 = a u'.- s;:s. i :; LU | n,: o -1 =
Msmumumsinasendiatuiiog lhidunyiueisgnimieniegandola 1y
v y " v
sEnINdUaBUNIZUIUMISHAR Al ldlmsdvasmumumsiiasendadumiug 1y
f? L 1': - g 3 o ey, 1 | . i A
Turhifufiadae arsfidudnluee Tduda niedhlingaiAso1gn 14 (Chain Reaction ) &4
ﬂ o a g e A & ' . dyy & ' o
91U UTUADUISTUAU (Initiation) M50 IUIUABUMITUNINTZE (Propagation) nla YUoyny
" ¥ ¥
Uszinnuazrilavssmsaumumsinaeendiasuiiy auiuluaisdruniumsifaeendia
v o Y o a & ' a da Y A 1w P
Fulogawiunmwriadaazrianilassainiuananduesnly 5UA3. 1uanmaveq
:’ v aa a a @ 1 : @ o
mslfiniudalau (Silicone) iWumsdmmumsifinesndmduldaslutithnhdy [5] 1n
o 1 = 1 4 /e a .3' Sy 4'! =t =l ar u’ o
zimiuinfSnavesnsa uazauleseen ladiiaturziianioudionSoudouduiiy
[ L 3
Wit Tad 18 1 ehiniuda Tanuaz9nn15350ues Freeman[4] wunmssamhiudalauaslyly

v
-3 s s s _ é - £
Wiunrdidinisatlossumsinanes1ddredi Tavdsnfoe 19 ludSuanios Tasd sz

1-2 ppm.
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2.07T
g
'g" 1.5 4 Without silicone
N /
-~y
[ 2]
-
.04
[ 0.5 ¢+ Silicone added
) __;_“BJ;:—-“) (1,3,5,10,20ppan
0 ‘,ﬁ:ﬂ* Min.
C 0 8 16 24
3 BHeating time (H)
10 -

°
\/0 Without milicone

Peroxide value (meq/kg)

Silicone added

—m. -

—

————3 Heating tima (H)

d' 1 9 a o @ :; o o
7N 3.1 uamsmavesmisldmsdumumsifaeondiadu luiniuihdy

LAy :’ v A
3.6 AMANTAVDIMINUNY
3.6.1 1'leToAu (Iodine Number)
1 = o s g& LY s Y é 1 =
aleToAu AedauniuvesleTeAudgngadu13daelusiu 100 a5y dearloTodu
o = A w Y] Y :’ o A 9 w . Vly
udsrnsoudasdsnnuondniosyonsa luiuluiniufiy uazmsuieda (Drying) 14
A v ny LY | J a A 9 Y l 1 9 : CV - | = =
unnIeHosvoaluiuNTUdazyiadnde sndredrugudniniuislaiialoTedugs
o 1 :’ s a u’: oy o o
(szana 160-230) Auaasininiuisyiatiudhnhiuisdssnnudass Ory oil) waedil
3 v v
U =1 1 o o ) o/ -] s A
mleloAutunane @szinm 125-150) AuaaaininfuResiaiuduiniudsdszmnnia
ad [ 1 = 4 1 1 oy ) a o’:
U037 (Semi-Drying Oil) uatiialeTofud (Toendn 120) fuaasinhiuissiaiuniy

¥

o o [} . = {
infuiyszian liuas) (Non-Drying 0il) #as11e Todu Iduaas 13 luaisai 3.5
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1 v
A15197 3.5 taraaa le ToAuvo N TuNY

= : QA 1 P~}
wiiaueaiiunNy a'loTodu
¥
Hufuuendn 75-10
¥ '
hdugunaes 120-141

3.6.2 9AN0BUMAT (Melting point)
ey : v A deo w A ] P gy 2
aauauiinemenmueniniuiishdigdnedmilsldunganasumaidaninaisg
= o 1 °y @ ¢ o °y @ { a
#13.6 sewininiuthauiigavasumangs Jehidinfuthdudsingdiule igungi 35°C

1 :’ s 9 : o =) = Ve (o] (o]
AAIUHIVUUSHINUASUINUDAUYI DY %zuqﬂﬂﬁamﬂmagﬂﬂizmm 257 uag -16 C My

o o 4 o " :’ ar o
2191 FadnImihuihay

] b d
A15190 3.6 UAAIYANADNINAT VOIS

v
SATEULEIVRITEY yanaeNmal, °C
v
o a o
i hay 35°C
cy o @ & o]
Huaunang 16°C

3.6.3 MANUNTIA (Viscosity)
1 - wn:; = 9 :’ @ A
mﬂamnuﬂLﬁuﬂmaummmmnammmmsﬂﬂlumsmumums'lﬂamﬂmnuwas
a A o o 9 v ¢ 2w d ' Y. et el A
imanuntladineg Ivalddeuaz Inguiaminiunun dawluhdunsndainnumiags
=1 s.l'q’; ¢ o 1 ' A oy = 1 a o 1 1 [ a
Aoz Fuiduiivuindt sanuntiaveniniunslundazsianziimuanaiaiueosn luds

uerae 13 lusnsan 3.7

[l ¥
A13190 3.7 LAAIANUNTAv T UNY

Nl AR , mPa.s
(DIFUYDLTHT)
e o y ¢ w4 A Y o y
Wiiuuenin hugunaos diua
25 51.7 52.3 73.3
40 31.7 334 34.6
60 18.5 20 22.6
80 111 12.9 8.93
100 9.5 9.09 4,66
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3.6.4 A 1louiANYY (Saponification Number)

mynloutifindunesnuiiadniuvea ldmdon lease loa ®om) #ldlumsyi
¥

" 3
Tvifundoe luiumin 1 0¥y nanufiuay sandewiiflinsuiidimmusalifiudatenis

1o

§119uU B2 (Double Bond) voensa luiui lidudiiiegunvieves iy draanteuidl

o A =1 1 - o o dY 1A w ' v W ' a
nFuMIgInuEAsEivuseguesnsa lului lududedios lumandududaanilou

o a1 o & 1 s W ”I o A A @ ] £ a o :
Winduiindnuaaseeiifuszguesnsa luluii hisudegnn Femameuidflinduveah

o A

Munyridaa1e lauaad 3 luaisen 3.8

ni 1 - n'.r :’ o =}
195197 3.8 uarasn 1w 1Uo Ut WinTFuve i NS

ilasuiiy Aandeuifindu
huendn 246 — 265
sitthdy 190 — 195
iudamdes 190 — 197

¥
3.6.5 MsAdUYoNi Uiy Tang (Absorption)

A ¥y gy Y & sl 9 o
‘i]1ﬂ‘ﬂﬂﬂ'l'Jil'Iﬁ.l'lﬂﬂuuﬁ'3'3'111-.!u'muWﬁﬁl31]58ﬂﬂﬂhlljﬂ'JU‘IUEsﬂflﬂ‘Uﬂﬁﬂ'iﬂvlﬁﬂJu

v
1Tl

- { o 4 \ 1y
(Fatty Adic) Fe9z1)senouldwmyiifids (Polar Group) dafifioduves ~COOH uaznyithi
d: 1 & u’: s :v al A:r =
#1929 (Non-Polar Group) fiodauves —CH, Fmisiidaveansa luiuluiniuiyiiesiina
ddgedinnadena lnmistamzyesnsa luiuduiweslans nalanmstanizueansaly
L4

L

! ar " A ' L cl’.‘
i T8n 1 MIAdY (Absorption) Faeunsauriaeen lAidly 2wy il

3.6.5.1 MIQAFUNWNGAN (Physical Absorption H3® Physisorption)
v [ [ b4

msgadunmenmvesnsa luiuuuialansil danamsiivgiida ( -COOH )
@ n’; 9y a LY ] = a d A A w1 d
wudmid langdumosnnussdaganaildnd nieiSonduiusanunenad

[] E4 ] ¥
(Vander Walls) luvaszi@oadiufoziondwihifidy ( —cH, ) viudmndanii bifidaves
b4
TwanavnideiuildifiamsGesdaiuedidiuszidivnvesluanavesnsa luiunaenity
= s { A o ¥ J 1o n’l‘
Falang @aeaalugali 3.2) dsanuamsalumsqadunamenmilaziuegdfud (Polar)
¥

Tumnaveansa luliuwiiaiugday

3.6.5.2 ﬂﬁﬂﬂ“ﬁ“ﬂﬂ'lﬁtﬂfl (Chemical Absorption %30 Chemisorption)

v

msgadumaniveansa luiuuudalangl Waninmsigaseduvesnsa luidy
o 4 Y A da ' ' @ [ T a aaa
fulane daazldmnlsznouveslans niefiGuntieenled sndiotruru madalfise

a P= = ) { o 1 a {
AUYBINTATALTA (Stearic Acid) AU lanzNiiuman seneldifnaslsenouvelan=iten
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od ' < ¢ o < <
UNANTROITN (Iron Stearate) uazayjveslany niemanoenlad dwanslugyi 3.3 e

o v o/ ¥ o a n’: ] & T oW n’:
munmsgadumuailiiizmfifamsaduduvesmjlansdenedaududuineg (Surface

b
Layer) dousouiaTanziiu1d

" Iron
-n | stearare

H
"

M-C-H R'é'" H-(E-H -,
=K ni-w [ S Vi Yo 3o

Adheson

311 3.3 msgadumaniivesnsa lusiuuudiiTans

o d & o - 2 & 4
migadumuniiioviziimsaindumjvesnsa lufuuuimlangiu danngiis.4
Y v d w PO y & ' o a £ '@
Tauaadldud msgadumaniiselinmsadreduajvosnsaluiuuuiaTanes Fazded

L ¥
dluduneqaneaseuiuiivesTans



Oil layer

——
<

R topandged
= Fe hased soap 4y
g- Ferrous stearat
WELGIEL L T .

Viscous soap layer *,

] ¥
314 3.4 msadeduvesajvesnsa luuuufaTane
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UNN 4

Sleladl (Rheology)

4.1 ANUYIGVII10]ad

FeladidhAnifertums lnalasiidaunlsddaiifoaiiessuldun anuduiou
as = = ) 9/
BASINNVATOANDUY LAZANUNIIA (Hudy

¥ r d L v & %) = & [}

4.2 ANUTUNUFIZHITNANHIAMINDY DA TIANUIAIUANDU HAZANUHUA

A a = v o 4 i s =) & 9 &

WANITAUDIANNTURUTIEHINDATIANUATIANDY  LazANUEURDULET 157
ansautvesved lvasenilu 2 Uszian fe

4.2.1 vodlnadiarlatieu (Newtonian Fluid)

= & o o o " 8/ - [ 1 P
51vzi5onves Inatuaasnnuduiuisenianuduiowsiudadiulasass wse

=y o o i = = A = L} o
Wudadudusannnusioadeuiwesnaialaifion Faaunsadousylugauns1da

T=p— (4.1)

aumsii (4.1) Senhinguesiiadiudmivanumiia (Newton’s Law of Viscosity) Taoft = fip

du @ = '
AUAURDY (Shear Stress) lnz—= D BATINNATEARDU (Shear Strain Rate) U 12 71D
Y

' o/ A = s L T
snnumiladuysal (Absolute Viscosity) #samnsaidounnuduiusliogluglvesni

1 = L4 3/ o q”
HUULHY p HAZANUUUAIAU v '1rsmau

W ud (4.2)
P

4.2.2 vodlnaueuiilafiey (Non-Newtonian Fluid)

v o o 1 a
yod lnausutia laflouazuaainuduiusseniennuduideunazsnsi

td
=

L T - é " i\ s
anuasoaon hiithuFudu Gsamnsodousglugiaumsdin 18ss

T= m(%) 4.3)
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T+kr’ = ,ud—u (4.4)
dy
du

T=Ty+,tlpa (4.5)

v Vv
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o lﬂl. u’ o A1 d‘. I'; s o q’:
mU'lé’fﬂm's"ﬂw'm"i"a'nﬁnnzmmnuwmﬂﬁuuwunmmﬂwuﬂunm AIUU

IANTAAMDY V 1uﬁlJﬂ‘l'5\‘1(5 A48)00n Lag llJfJ‘Iﬂ'lﬂ'lil.muﬂﬁﬂﬂ‘luﬂ‘ialuﬁ!Jﬂ'li"l’I (5.50)
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o a @ & ‘g 3 d o a o g o : o A =
ﬂ'lﬂﬂ'ﬂ'lsﬂuil“’lﬂﬂﬂ15ﬁuﬁ'”lﬂﬂuﬂlu1u¥uﬂﬁﬂu‘]ﬂu ?Nuﬁﬁﬂuu‘luu'ﬂﬂqﬁ'ﬁﬂ'ﬂ'ﬂﬁulﬂﬁﬂﬂ

ﬁBUﬁﬂ‘iﬂuﬁ“’ilﬂﬂﬁﬂ ‘N‘il“‘T?Uﬁﬂﬂ’liﬁﬂﬁ"lﬂﬂﬂ‘ﬂﬂ\uﬂiENﬂﬂ?ﬂﬂluﬂLWﬁTHquLﬂﬂﬂuﬂﬂg

n—| — (5.52)
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Wepgp= | [Psinfldflaz (5.54)
00



50

AwrnmmdulseansvesalSeldnnauniss (5.55),(5.56),(5.57),(5.58) uazA I nmITY
14 ]
Uszniveaanile 1dvinaunisii (5.59),(5.60),(5.61),(5.62)

— Wee [(60 + Ag),o,q’)o '0]_ Wee [(Eo _ AS)=O’¢0 ,0]

K. - (5.55)
K .= Wee [(Go +A8)’0’¢’0 ’0]_Wee [(Eo _AE)’0’¢0 ’0] (5.56)
- 2AQ '

_ deb [E os(¢o +A¢)’0’0]_W¢q5 [E o((nbo —-Ad)),0,0] (5.57)
K¢¢ = zA(p {
— Werh I.eo ’((nbo + A(P)’O*OJ—W(;SQS [Eo(¢0 _A(P)=O’O.| (5.58)

¢ 2Ae '
. 1. Y
By, = Wee [Eo,qﬁo,AE,O] ZZZE leos¢o’( E)’OJ (5.50)
Bep = Wee [Eo,qu,Aé,O]—-Wee I.Eosqﬁo’("— Aé)’OJ (5.60)
€ 2AD '
_slen,08] vy ey b0 -6
2AQ
- ,0,0,(— A
by = W¢¢I_EO,0,0,A¢J w(# [eo 0.0,( d))J 5o
2AA€
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Qs = [ dy -=; 9 o cf
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/ Line of centers

31 5.4 nanausainsziuumusesdy

W =—f E,z pRcosB df dz

(5.63)
w=[[" srsinfafe
1
nnTuMsh (5.63) mmsadoueylilugy 1551469
Wr =—£ fz focosededi
(5.64)
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W= J(W, ]+ (W, ] (5.65)

W
=tan™'| = 5.66
b-n( ] 560
5.4 AUMINAINY (Energy equation)

pcp(u§+wg£J—i kiT— =T, ?E_,_szﬁ (5.67)
ox oz) oy doy) "oy oy

] v
MNMIDUNNAAUMST (5.67) AaeaRNUMUIvIRau N ULaz 1AM BuRnnz 18

AN unAouazguniimay

h h at h ar
pc, u£+w£ y— kﬂ LN =Iu s dy+_[w 2 dy (5.68)
0 6}{ 32 ay),.:h ayy=o 0 ay 0 ay
h
f(u£+w?z]dy = h[um o, +w, aT"’] (5.69)
oh oz ox oz
h n+l )
umzlj‘udy=£— L -1@
h; 2 12mmu™ ox
I u h™'  9p
S ot iy B o P\ 5.70
= h-‘. y 2 12mnu™! oz et
1 h
T =—|Td
-y [T J

o

8
Tumsinauiou (Heat Conduction) n#dutiniulyfuwar Goumnal) uazfinny
¥ ] v
W@ (Bearing Surface) finfosnnn duiusuilulmudomuyafildimawmsnusosdudy

Y o =
MIRuRNIU lagauysal luaumsh (5.71)
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=0 (5.71)
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[ . ¥ .
WevhmsnauAIvesnusesdusenasiinisanlugag o <o < 7) udavhimsus
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ponitlufimaning A lugln ssTaslivinavesnSamuuuiuny 0 wasaIuuILny

Z iy AB uag Az mudrdy Kauaaslugld 5.5

alivesisuFonauns (5.51) w214

. fasN 250 2 25 ;
(n+2)h“+'i33 4 +h“+2a—-%‘l+i 2 h“*za—_‘s’fl’—:ﬂ (5.74)
20 80 202 4L 55 50

10 3%1':“1!?75%'“’]'&]; 13 u%(ﬁnite difference scheme) Taold central difference
¥ v " 4
approximation AW luzih 5.5 aunsadvuglunuvesnnuduiigadeien 148

p _ Pir1,j —Pi-1j
0 ZiABi

&’ _ Pir,j ~2Pij +Picy,j
o6 (a0y

3%p _ Pijs1 = 2Pij +Dijos

o7 (az)

h=1+ s(cos 9)

(5.75)

% = —a(sin 9)

(i i uag j MURAN3A (Grid Point) UuAINMUTEAL lufAmamuiauny 6 uas

UAY Z MuaIay
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o

nsznwauau gl W Tudaiesisud(tinite difference form) figa G , j)laq 18 §il

(n+2)_8_}'1 }5,'+[,j —]5i-1,j i lsi+1,j+l')i—l,j +£ 2 2 ISLJ+1+IsLj—I _ 1 @
: l‘ln+2 o0

. h o0 2(a0) (a0) 2 4\L (az) -
L e
[(/_\.e)2 Z(L] (Aé)ZJ

o 4 v r '3 o” v A a
NAMIANYIveIsaNNESWad (Sommerfeld ) nuNaNuauveaaviiunhanie
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Tuiinuduiiauiiuuan niefiGendt Full film zone daTnotsnAeziineglugag (0<O<m)
dawTuitaouihTouiinnuduiisdiuauniefiGonicavitation zonevzifinoylusae(7w<0
<2m) Tagysndlumsfasmmsnszasnnusuildnithaty s nghinioisanluTay
finnuduiisufiuuan Feegludae (0<O<m) wiofiGunherdv-seumoeimad halt-
Sommerfeld condition) [12] ﬁqﬁuiumsﬁm'Jmnﬁammiﬂssmammﬁuﬁﬁuﬁyﬂms1
aunsan lRnnmsudaumsiis.z6) Taoldifew luveunnuduves srdv-voumefiad 18

o

E
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p(0.0)=0 p(0.1) =0

p(0,z)=0  p(mz)=o0

(5.78)
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6.2 INaINaN(Journal)
< 25 4o 4 . o y - o =
wanaudlfihuseitalunsnanesdl dnnamanmainauudiennnis MMl
iRl lussildouldfivinaduigudnanaiiy 70 Tadwas Hanuenildau
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d
6.3 qﬂﬂ‘im}‘l’ﬂﬂ?mﬁ'u (Pressure Transducer)
1 3
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gﬂﬁ 6.3 uﬁﬂﬂqﬂﬂiﬁﬁ Pressure Transducer
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6.4 Qﬂﬂiﬂj‘?ﬂQﬂmgﬁ (Thermocouple)
qﬂnm‘fﬁ‘h’f"iumsnﬂaaaf?mﬁ’u’:’ﬂqmunﬁﬂ*ﬂiwﬂauﬁwiam 2 silminndeudae
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310 6.4 uanaglnsel Thermocouple
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6.5 gusariannunnvesilasniniiu (Gap Sensor)
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M3NAABsil AR Gap Sensor B0 AFC §u AEC 5505 annsaldialugag 0-0.2 Tagmasldy
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7.2.1 mIdouisuglnsaliannuau
e o o o a o :c v A 9/ = Y t’:lyd
gunsaldmiviannuauvesidmhiunldlunisnaassluinniinutiiae Pressure
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dw a ¢ o
7.2.2 mydouiivuglnsal Iaguu)iveadlauinii (Thermocouple)
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nseatlodmiuiaguugiivesiidnihuiu lumsaeuifivuswesginsel Thermocouple
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degree , 9

— = soybean oil cccenticity
ratio = 0.6

— 8= soybean oil+ZDTP 0.2 %
eccenticity ratio =0.6

—5— soybean oil+ZDTP | %
eccenticity ratio = 0.6

— A= soybean oil eccenticity
ratio = 0.4

— A= soybean oil+ZDTP 0.2 %
eccenticity ratio = 0.4

—&— soybean 0il+ZDTP 1 %
eccenticity ratio = 0.4

—©= soybean oil eccenticity
ratio = 0.2

== soybean 0il+ZDTP 0.2 %
eccenticity ratio = 0,2

98— soybean oil+ZDTP 1 %

eccenticity ratio = 0,2
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= 1= soybean oil eccenticity

ratio = 0.6
1.6 =8~ soybean oil+ZDTP 0.2%
eccenticity ratio = 0.6
1.4
‘e —8— soybean oi+ZDTP 1%
el2 eccenticity ratio = 0.6
z
E 1 — A= soybean oil cccenticity
§ ratio = 0.4
=0.8
2 — A= soybean 0il+ZDTP 0.2%
E 0.6 eccenticity ratio = 0.4
Qo ¥ —#— soybean oil+ZDTP 1%
’ eccenticity ratio = 0.4
0.2 — ©= " soybean oil eccenticity
ratio = 0.2
0

—C = soybean oil+ZDTP 0.2%
0 50 100 150 200 250 eccenticity ratio = 0.2

degree , 0 —&— soybean oit+zDTP 1%
eccenticity ratio = 0.2
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= - - soybean oil eccenticity

ratio=0.6

=4O — soybean oil+ZDTP
0.2%eccenlicity ratio=0.6

—H&— soybean oil+ZDTP
1%eccenlicity ratio=0.6
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— A= saybean oll eccenlicity
ratio=0.4
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= A= soybean oil+ZDTP
0.2%eccenticily ratio=0.4

Dimensionless Pressure , P’
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—&— soybean 0il+ZDTP
1%accenlicily ratio=0.4

0.2 s

= ©= soybean oil eccenticity
ralio=0.2
0
=0 — soybean oil+ZDTP
0 50 100 150 200 250 0.2%eccenticity ratio=0.2
—8— soybean 0il+ZDTP
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1%eccenticity ratio=0.2
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— H—Palm ol at eccenticity ratio=0.6

=48 — palm oil + ZDTP 0.2% at
eccenticity ratio=0.6

—8— Palm oil +ZDTP 1% at
eccenticity ratio=0.6

= A= Palm oil at eccenlicity ratio=0.4

= A= Palm cil+ZDTP 0.2% at
eccenticity ratio=0.4

=& Palm 0il+ZDTP 1% al
eccenticity ratio=0.4

Dimensionless Pressure , P’

== © -~ Palm oil at eccenticity ratio=0.2

= 9= Palm 0il+ZDTP 0.2% at
eccenticity ratio=0.2

0 50 100 150 200 250 —©— Paim 0il+ZDTP 1% at
eccenticity ratio=0.2
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Dimensionless Pressure , P
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degree,e

— £1— - Palm oil at ecenticity ratio
=06

— 48— Palm oil +ZDTP 0.2% at
ecenticity ratio = 0.6

—8— Palm oil +ZDTP 1% at
ecenticity ratio = 0.6

— A= Palm oil at ecenticity ratio
=04

= A= Palm oil+ZDTP 0.2% at
ecenticity ratio = 0.4

—#— Palm oil+ZDTP 1% at
ecenticity ratio = 0.4

— ©—Palm oil at ecenticity ratio
=02

— -0 — Palm oil+ZDTP 0.2% at
ecenlicity ratio = 0.2

—€— Palm 0il+ZDTP 1% at
ecenticity ratio = 0.2
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Dimensionless Pressure

0.2

A2U52591 = 600 rpm AUATHSITUE = 0.1 mm LAz L/D =1

— &~ Palm oil at ecenticity 0.6

— 43— Palm oil+ZDTP 0.2% at

ecenticity 0.6

—8— Palm cil+ZDTP 1% at
ecenticity 0.6

= -A= Palm oil at ecenticity 0.4

= A= Palm 0il+ZDTP 0.2% at
ecenticity 0.4

—A— Palm oil+ZDTP 1% at
ecenticity 0.4

— ©— Palm oil at ecenlicity 0.2

= G — Palm oil+ZDTP 0.2% at
ecenticity 0.2

—©— Palm oil+ZDTP 1% at

ecenticity 0.2
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Dimensionless Pressure
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— 8= soybean oil at eccentricity
ratio = 0.6

= 8= soybean 0il+ZDTP 0.2%

at eccentricity ratio=0.6 .

8 soybean 0il+ZDTP 1% at

cccentricity ratio = 0.6

= A= sgybean 0il+ZDTP at
eccentricity ratio = 0.4

— A= soybean 0il+ZDTP 0.2%

al cceentricity ratio = 0.4

—— soybean oil+ZDTP 1% at
eccentricity ratio = 0.4

o A soybean oil+ZDTP at

cccentricity ratio = 0.2

— ©= soybean oil+ZDTP 0.2%
at eccentricity ratio = 0.2

0 50 100 150 200 250 6— oipean oil+ZDTP 1% a1

degree , 0

eceentricity ratio = 0.2
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— 8= soybean oil at eccentricity
0.7 ratio = 0.6

— B= " soybean 0i+ZDTP 0.2% at
eccentricity ratio = 0.6

=
=)

—8— soybean oil+ZDTP 1% at
eceentricity ratio = 0.6
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— A= soybean oil at cccentricity
ratio = 0.4
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= A= soybean oil at eccentricity
ratio = 0.4

=
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Dimensionless Pressure , P

—2— soybean oil+ZDTP 1% at
eccentricity ratio = 0.4

= © = soybean oil at eccentricity
ratio = 0.2

= ©— - soybean 0il+ZDTP 0,2% at
eccentricity ratio = 0.2

0 50 100 150 200 250
8 soybean 0i+ZDTP 1% at

eccentricity ratio = 0.2

degree , 0
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AMEITOU = 600 rpm ANABETITUF = 0.1 mm Az L/D = 0.5

— 8= soybean oil at eccentricity
0.6 ratio = 0.6

— El=  soybean 0il+ZDTP 0.2% at

eccentricity ratio = 0.6
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E— soybean 0il+ZDTP 1% at

.

cceentricity ratio = 0.6

=
'

— A= soybean oil at eccentricity
ratio = 0.4

= A= soybean 0iHZDTP 0,2% at
eccentricity ratio = 0.4

o
o

H— soybean 0i+ZDTP 1% at

eccentricity ratio = 0,4
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= soybean oil at eccentricity

ratio = 0.2

— ©=soybean 0il+ZDTP 0.2% at
eccentricity ratio =0.2

0 50 100 150 200 250
—©— soybean 0il+ZDTP 1% at

eccentricity ratio = 0.2
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= 8= Palm oil at eccentricity ratio

1
=06
02 — 8= Palm oil+ZDTP 0.2% at
0.8 cccentricity ratio = 0.6
Sy —8— Palm oil+ZDTP 1% at
En 4.1 eccentricity ratio = 0.6
g 0.6 —-A= Palm oil at eccentricity ratio
nw' =04
%’ 3 = A= Palm oil+ZDTP 0.2% at
£ 04 eccentricity ratio = 0.4
g 03 —#&— Palm oil+ZDTP 1% at
[a] eccentricity ratio = 0.4
0.2 —©= Palm oil at eccentricity ratio
=02
0.1
= 9= Palm 0il+ZDTP 0.2% at
0 eccentricity ratio = 0.2
=€~ Palm 0i+ZDTP 1% at
0 50 100 150 200 250 cccentricity ratio = 0.2
degree , 9

{ a g o ar ; uy ar {
311 8.10 uaanangAnssumsdeguiveumarfunusesauyes tiuldud

AUEITOU = 200 rpm AUATEFISUT = 0.1 mm 1A L/D = 0.5



75

— 8- Ppalmoil at eccentricity
0.6 ratio = 0.6

= H— Palm 0il+ZDTP 0.2% at

eccentricity ratio = 0.6

e
wn

—B— Palm oil+ZDTP 1% at

eccentricity ratio = 0.6

o
S

= A= Palm oil at eccentricity

ratio = 0.4

o
w

= A= Palm oil+ZDTP 0.2% at

eccentricity ratio = 0.4

e
o

—&— Palm oil+ZDTP 1% at
eccentricity ratio = 0.4

Dimensionless Pressure , P

= © = Palm oil at eccentricity

e

ratio = 0.2

= ©— Palm oil+ZDTP 0.2% at

0
eccentricity ratio = 0.2
0 50 100 150 200 250 —°— Palm oil+ZDTP 1%at
eccentricity ratio = 0.2
degree , 0
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AWISITOU = 600 rpm AUARESISUS = 0.1 mm 1AL L/D = 0.5

— 8= Palm oil at eccentricity ratio

0.45
=0.6
0.4 = €= Palm oil+ZDTP 0.2% at
eccentricity ratio = 0.6
0.35 .
g, —E&— Palm oil+ZDTP 1% at
E. 0.3 eccentricity ratio = 0.6
§ —-A= Palm oil at eccentricity ratio
a 025 =04
w
k1 — A= Palm oil+ZDTP 0.2% at
s 02 ;
',% eccentricity ratio = 0.4
g 0.15 —&— Palm oil+ZDTP 1% at
a eccentricity ratio = 0.4
0.1 = 9= Palm oil at eccentricity ratio
=0.2
0.05

—©~ Palm oil+ZDTP 0.2% at

eccentricity ratio = 0.2
©— Palm oil+ZDTP 1% at
0 50 100 150 200 250 eccentricity ratio = 0.2

degree , 0
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—8— soybean oil at eccenlicity ratio
=06

=
n

— H~ soybean oil+ZDTP 0.2% al
eccenlicity ratio = 0.6

(]

=8 — soybean cil+ZDTP 1% al
eccenlicity ratio = 0.6

rature , T

—— soybean oil at eccenticily ralio
=04

Y

— 1A= soybean 0il+ZDTP 0.2% al
eccenlicity ratio = 0.4

—“A— soybean oil+ZDTP 1% at
eccenticity ratio = 0.4
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—©— soybean oil at eccenticity ratio
=02
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— ©= soybean oil+ZDTP 0.2% at
eccenticity ratio = 0.2

0 50 100 150 200 250~ O~ soybean oil+ZDTP 1% at
eccenlicity ratio = 0.2
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—&— soybean oil at ecenticily
ratio = 0.6

— H—soybean oil+ZDTP 0.2% at
ecenticity ratio = 0.6

— 83— soybean 0il+ZDTP 1% al
ecenticity ratio = 0.6

—&— soybean oil al ecenticily
ratio =04

— A—"soybean cil+ZDTP 0.2% at
ecenlicity ratio = 0.4

—-A— soybean oil+ZDTP 1% al
ecenticity ratio = 0.4

—6— soybean oil at ecenticity
ralio =0.2

— ©—soybean 0il+ZDTP 0.2% at
ecenlicity ratio = 0.2

— 0= soybean oil+ZDTP 1% at
ecenlicity ratio = 0.2
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Dimensionless Temperature , T
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—8— soybean oil at eccenticity
ralio=0.6

— H—soybean oil+Z0TP 0.2% at
eccenticity ralio = 0.6

— 8- soybean oil+ZDTP 1% at
eccenticity ratio = 0.6

—&— soybean oil al eccenlicity
ratio =04

— A= soybean oil+ZOTP 0.2% at
eccenticity ratio = 0.4

= © = soybean oil+ZDTP 1% al
eccenticity ratio = 0.4

—6— soybean oil at eccenticity
ratio = 0.2

—-A= soybean oil+ZOTP 0.2% at

eccenticity ratio = 0.2

=0 = soybean 0il+ZDTP 1% al
eccenticity ratio = 0.2
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—&— Palm oil al eccenticity

ES

ratio = 0.6

= H=Palm 0il+ZDTP 0.2% at
eccenlicity ratio = 0.6

—
()

= O — Palm 0il+ZDTP 1% al
eccenlicity ratio = 0.6

—2— Palm oil at eccenticity
ratio = 0.4

n‘gerature A T-

o0

= A= Palm cil+ZDTP 0.2% at

eccenlicity ratio = 0.4
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o

= A= Palm oil+ZDTP 1% at
eccenticity ratio = 0.6
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S

Dimensionless Te:

—8— Palm oil al eccenticity
ralio = 0.2

o
[

—©— Palm 0il+ZDTP 0.2% at
eccenlicity ratio = 0.2

=0 = Palm 0il+ZDTP 1% al

eccenticity ratio = 0.2
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degree, 0
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—H8— Palm oil al eccenticity ralio
=06

2.5
= 8- paim 0il+ZDTP 0.2% at
eccenlicity ratio = 0.6

(]

— 8- Palm oil+ZDTP 1% at
eccenlicity ratio = 0.6

= Palm oil at eccenlicity ratio
=04

—
W

= A= Palm 0il+ZDTP 0.2% at
eccenlicity ratio = 0.4

—

= A= Palm oil+ZDTP 1% at
eccenticity ratio = 0.4

Dimensionless Temperature , T
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—©— Palm oil at eccenlicity ratio
=02

= 4© = Palm 0il+ZDTP 0.2% al
eccenticity ratio = 0.2

0 50 100 150 200 250 ~ G = Palm oil+ZDTP 1% at
eccenticity ratio = 0.2
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— El— - Palm 0il+ZDTP 0.2% at
ecenlicity ratio = 0.6
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= 4= Palm cil+ZDTP 1% al
ecenlicity ratio = 0.6
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—— Palm oil at ecenticity ratio
=04

= A= Palm 0il+ZDTP 0.2% al
ecenticity ratio = 0.4

—2— Palm cil+ZDTP 1% at

ecenlicity ratio = 0.4
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n51taag Calibration curve —U949 Gapsensor
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Aaautia gl | diudamiewan | ihiudandoss
ZDTP 0.2% by mass | ZDTP 1% by mass
Anuvilaauysal
LL (Pa. s)
@25 °c 0.0559 0.0539 0.0537
@40 °C 0.0363 0.0361 0.0348
@60 °C 0.0219 0.0218 0.0213
@80 °C 0.0195 0.0194 0.0192
@100 °C 0.017 0.0169 0.0163
ANUUUULY
P (g/em’) @40 °C 0.9168 0.9149 0.8767
P (g/em’) @100 °C 0.8798 0.8523 0.8293
fARvHaNuntia 170 165 164
Aanuniinvan]
L (cSt)
@40 °C 39.59 41.77 41.79
@100 °C 19.322 20.378 20.4
manuiousuwe 1.9994 1.9954 1.9842

Cp (U/g°C)
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4 wa uy o 4
19197 9. 2 paeuidvoniniuthay

aaauiia shihuhdidlvhl | dsuhduse v hdumen
ZDTP 0.2% by mass | ZDTP 1% by mass
Anuviiaauysal
L (Pa. S)
@25 °c 0.0743 0.0738 0.0727
@40 °C 0.0476 0.0459 0.0438
@60 °C 0.0265 0.0265 0.0257
@80 °C 0.0205 0.0202 0.0198
@100 °C 0.0174 0.0171 0.0168
ANUAUUUY
P (g/em’) @40 °C 0.9293 0.903 0.9027
P (g/em’) 100 °C 0.882 0.8627 0.8629
MAFHANNNIIA 166 164 163
ANuniiasand
L (cSt)
@40 °C 47.132 48.521 52.689
@100 °C 19.047 19.821 20.164
AnNuIousumIz 2.0379 2.0338 2.0130
Cp (1/g°C)

i L ' ’
M3 4. 3 paauiAvenihiundeauluiegiu

AMAUIA SAE 40 SAE 90
anumilaauysal

L (Pa. S)

@25 °C 0.345 0.505

@40 °C 0.144 0.204

@60 °C 0.0565 0.0782
@80 °C 0.0253 0.0365
@100 °C 0.0165 0.0203
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MANHIN 2

!!ﬁﬂx‘]ﬁﬂllﬂﬂzllﬂiﬂﬂlﬁx‘lﬂ'l‘iﬁ'm’Jﬂ! static

( start )

h 4

input parameters

N,D,L.E,LL,B3,p
Cp

Y

set boundary

conditions

ol

»ie

solve the dimensionless Reynolds in finite difference form

for given dimensionless pressure distribution

bl 100 <1076

solve the dimensionless energy equation in finite

difference form for given dimensionless temperature

distribution

calculate bearing load carrying capacity
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HAAIAI IADZUNTUVYDINIIAIMIY dynamic load

( start )

input parameters
ND,LE u,B P

set boundary

conditions

solve the dimensionless Reynolds in finite difference form

for given dimensionless pressure distribution

solve the dimensionless energy equation in finite
difference form for given dimensionless temperature

distribution

_bili100<107

calculate Ksa KE¢ K¢¢ be and

BeePetPooPoc
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Thermohydrodynamic Lubrication of Journal Bearing with Soyhean-based 0Oil
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unAata

umarwiliesengRnTmmrdndus Thermehydrodynamic
Journal bearing TaeilwludamfenDumamdain newimiu
uely ATMWEUARE Twdenududon wasanammnTondan
vonhifudamiesmidnnnimanes Tauld Power law model
uazeum i t70lMAd U @unTT Adiabatic energy equation gn
vszgndlslunadnnnmufamsnaumdofuiaiuiudamies
HEUEIAULAY  wamsdanutiiayidusaimanisnousiu
Tnliadu unz mm1muqmmjﬁ'luﬂ§mfn7u

Hithunmdoaulnomafunaduuds  folilirumiesass
Wogurgigedin Srardumaiannileftestunlite

2nnuj
& -
2.1 Flow Characteristic umt{wummam
Tuumarafidlddfdudund sanrumaduudsdidu
polylsobutylene 4% uaz sllicone ol 0.02% laomtin Flow
chametertstiwmiwﬂ'uﬁ":mﬁaa'ld’ma‘mmmqa uqﬁ’r_:uih Taoly
rotational rheometer according

Abstract wuns i e e i

This paper presented the staic characteristic of | ::: * - ';
thermohydrodynamic journal bearing with soybean-based oll, The ) e 1 ;
non-Newtonain soybean-based oil was mixed with additive . The i B [ - e
relationship between shear stress and shear straln rate of the A o & o e
soybean-based ol can be oblain and can be expressed as - S+ 7 | o] 3 T
experimentally the power-law model. Reynolds equation and . ;.~"':..- ")‘;,--'M::;_— zev
adiabatic energy equation wers formulated to calculate the static P e s il ‘
characteristic of journal bearing with soybean-based ofl. 5N . - . - i - -..-:
Numerrical resulls show the oll film pressure distibution and Temperatird.C. m n H.mPa.s
temperature distribution. % 48.662 | 1.043 | 60.723

40 23.916 | 1.071 | 38.686

umin o !k!? ' th‘;efs : 1_.69: 21.100

asnniunuveaedssinafdmnafoutiiliifawsion ::, s o::;; :::7 ' ::_-:::

i wasanuiaudsdulnfiesdoslinmdofiu éaluﬂvgﬁmfﬂu
wdofuildruagexdwiniud Suiuiofnmunannin s
unaruffasldhmafinmmmdet wihaiiudmioseesd
nmfignaiashilifinusfiudodwandoudafnvmginasums

n::-z19mwﬁ‘uuazn‘nn*::nuqmuqﬂﬂaﬁnﬁ'uz‘hmﬁm b

o > e -
U 1 Flow characteristic curve wasssiudamias
PR VR - -
PnHamIMmared MUl naliwgAinmulivuedlne
-
non-Newlonian WUy dilatant Had13zwine shear stress URE shear
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rate \fiu nonlinosr SaummurnndznumA i lanld power-law
model

n-1 *
vam(dL] du o)

dy dy
M m iludweainrumile | n ifuridafiues powerdaw model T
luiwnudwdon uas dof dy illudidanmnien
. 1]

..

22 sumiludrhudisiTund (Modified Reynolds's aquation)

A o
zlh"l 2 MATMNAHNYEI MUTeIRWHAINGY

wna@idn 2 58 vineumsit (1) v 1§

n-—
2 2] 2
{5 67]
T =md—wn1-di (21)).
- N\dy) Ty

i1 Txy uaz M1 Tyz Roamuidmdoulufion x us: finma z
uddl M o w ilundmlufions x ues z sddunn
power-law maodel #11Ul shear viscoslty 3:1d

n-l

@®)

INRUMT Navier-Strokes Tufiema x uay z

h=¢{ 1+€cos0 )

(4a)

(4b)

vnEnh (1) B (4) thml._ﬂuu'lml'li‘tﬂmm's modified
Reldnolds #ssmumafl (5)

o(n™*2 ) 2(n™2ap) (uf oh
| 12mn ox | 9z| 12m oz | 2 ox

Tafirymanumurosidinhiude

@

©)

Winaumat (5) Waglupdaudstinaladd

x =R@ s z=7L
Fe . F =[M)§
. Cn+l

Wrumifl () unuaslusunsfl (5) 1@t modified
Reynolds 150l ¥

7
- @

_ 2 _
9 (fn+29p), (R) 2 Fn+2 .E’_p]
o0 00 L) e\ oz

=6_m3{2]“" h

ch
B o\c a0

23°NN1TNA1M( Energy equation )

pe [u£+w£]__§_(k§r__]
PUax " " 2z) oy oy

()
__ ow
,_,,Txy_..}.-[zy_._

k = heat conduclivity coofficient
Bufinaeuniaf (10) nreanTamutad i
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nmsEufivineumsi (10) s:ldnmniuefuszgomgdnds

h
_g(u%?w%zﬁ)dy-_-h(uma; +Wn M‘“ (1)
h n+l ]
um =léudy =E._ h Q’
L SR T
Ih hﬂ'ﬂ ap
Wm =—dey =-—]'—'2"n;l-n—-‘—a (12)
lh
;I
0

lum:ﬂﬂn-nur’ngaﬁm':ﬂhm'wi’nu (heat conduction) vnffu
-.fﬂﬁu'ltlﬁ'amm (ournal) uszRamuinan(bearing surface) iifi1
daoinn i’afm:Lﬂu‘ldmuinnm;ﬁ'hrfammun:mumaﬁmﬂﬂ
mafuaunlaseyao antuazlé

8.4,

wvinmseugrivaustufGuddiunesta

(13)

Fryy _
dy
bl 3
dy

(14)

£

el ple

S

unueumafi (12) , (13), (14) , (15) asluaumsdt (1) a:1d

)
2]

po*2 & a2
12mou "™ =1

AP
&

2]

Tt »
2mn"! 2

[ (18}

tl||12 n+2

12mnu ! 12mu™~
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—_—

m =——=exp ﬂ(T =T

' my {— 0 } (18)
T=p(T-Ty)

Weumafl (17) Redauls TR fam Wiidaiianife i B
widrilvosguungiinrumila m, saflud fufluosnmmila
dulufmadh ues T, DugomgRuosiimdefudmadh

sunnrdmaniBadany

INEUMT modified Reynolds UWRSUNMT erergy squation fi
ilu -dimenslontess 1mmsdmaadiwiongfilatl38 fnte
differance wal flow chartdsusmaluzudl 3 &

Solve the dimensionless Reynoid
equation for given dimensionless pressure
dislributio

3!Jﬁ 3 flow charl u.mam:ﬁ'm'ml
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