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-
lLic theci¡ <leals rittr an f-avestlgetion i¡ltiateal tn tbc lech-

a¡loal Eng¿æed¡t Deparüoent of ü¡e unlversisr of Ârlelaide to e¡-
a¡Lr¡e tt¡e eharacteristlce of tro typcs of octernetþ prescr¡rise<l

Journal bear:lrgs, Ilre Jounrat coúlgurctions f¡vecti8ateil rere
(¿) Jorrnal rittr tape¡ed lar¡ils, ard,

(b) jounral rltlr etepperl lantls.

t¡e effectc of var¡rir¡g the Jouural geoætr¡r and. tl¡e operatlng

conôítLon¡ on the loail car:r¡ring capaolþ, leakage fLor arrd. angular

sttlÍbesc reæ e¡a¡f¡eð. rtrc effects of p¡ersune ratio, .fl.uta
t¡e¡tla e¡¡ô flor choLLng, srrcor¡ntered ln Í¡itial erperLoental test-
l^9, rere also tlro¡or¡€hly iavectl6ated, both tå.eoretåcalþ a.nd. er-
pertæntalþ.

tbe't'l¡eoretloal anal¡raec ¡hotccl th¿t bottr t]re taperetl a¡rð the

cteppeô laad fon¡ rcre cr¡bJcct to e si6¡rtftcant degree of ei-rcrn-

fereatial (ahort elrcnÍ.tiag) flor, tlre effeet of rhich tc to do-

c¡¡eeso tt¡e load carayi¡t capacity. an i¡veclgatton of ürÍs ph€D-

oænon'sho¡edl ttrat ttre loaô carzSrfuig capaciù¡r of botÌ¡ tapereô end,

steppeil land. co¡rfiguretrons ca¡r be fnproved by addf¡g fiùor-stralght-
enir¡€ ta¡er to the landa.

ths ¡esurts of tho tà€orstícel anel¡rafu, thr.ch are ororeþ
coúl¡nedl þ eperlæ¡tal evfile¡oe, lead, to tùe conclr¡¡io¡u ¿rat:-
(t) DÊ ¡€yt¡ol'tlra equatl.oa oe¡ be r¡¡edl to sralr¡ate t¡e perforunce

cha¡aate¡'l.atr.c¡ (r"r¿ capaoler, rea¡egs flor a¡Ë, dÈting torr¡ue)
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of thê Þar{'46 uorfi6reatior¡s úiEol¡sted.'¡¡ ttrl¡ thes¡â, p¡oyiale¿l

trrÂt, f¡ tåc coryæarib?s flor ca¡re, tbc lubçloant flor itoes aot

beoooc oboktd. If lt ts ncgulscif to ilete¡.¡Læ tbcae aha¡rrcte¡r-

!¡ttoc fo¡r cÌ¡obdl fl.or cordftlo¡¡¡, correotlo¡s urst be cpprra¡1 ts
tbc tReynoldbr anal¡rsLs. llorerer, lt ic concl.derÊal thst Uearfnss

mulil rereþ be requSretl to operate ln .lùe oltoketl oondl.ttoa f¡
¡uractloc.

(a) thc esauqrtion of lsotÌæræl fLor i¡ tbe clea¡e¡loe epeoe lr
v¿lid, for botb lncoqrreacible aurl cou¡reaofble flora, except (fu

tlre aoqrc¡clble flor aase) l}cn obokeð fllor oon¡tl.üloru ooer¡r.

(¡) l&e ef:feot of lubricart corprearibialþ i! to deoreace tÀp

loait oarz¡rlag capaaiþ s¡il to inorea¡c ttre leakage ftor anrl tùe

ríghtl¡S toraue.

(l) lbe ef:leot of ü¡e tnessr¡¡!6 ¡atio (rn * 
* 

) ritrr lncoryress-

lblc lr¡b¡rlcantc ts rngl56tble. tltl¡ conpreasible lr¡brf.eantl, an

lrc¡ça,se t¡ tlre Frìatlwìe ¡atlo ¡ecults l¡ a ttreereese l¿ tt¡o loeû

ooeffLolmt (C, ) ¡n¿ ¡a l¡o¡easc ln tÌ¡e flot andl æænt coeffioients
(cq d cJ r¡or tüe i¿tr¡¡ obt¿i.æð for tncoupesstble fï.or. Ât
Yety I'or PÛFsctt¡re ratlor (pn-t) u," val.¡¡as of tlfeaF coefft,cients
oioeel¡r approach tæ v¿lræc oÈteii¡ed, for f.noongreasrbte flor.

(¡) 8be 1oað ooefftolent (q ) va,r'!.eo appro*i^nateþ tinsarþ ;ltb
cccentr{.eiþ ¡¡tlo (r), uttr fon tnooqre¡rlble filor endl for
ooqrcasiblc flor ¿t e 6lven p¡retrr¡¡! !¿tlo. llùc ruÀi¿l ¡tLf,Fnccs

of tbe beanr¡g (rr) rs therafore aor¡ctent tlrror4trout üre olea¡ance.
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(6) the n¿d-su to¿d aoefficient (Cl ) for ¡aPerod' led beartrgs

rttlh leagtå ratloc (¡,) t" thc range O.t to 2.0 ls tlevelopeil at a

t¿per ratùO (t) t¡ the region of l. llhe ¡rellnrn values sf tàe

loail aoefÊtcl'ent, for l.en6tb ratlo L = l, êBei-

(") cf = o.N for tococ¡rressiblc flot
(¡) q c o.16 for co4nresslble rlor

tha ¡a¡Lu¡o loaö eoeffrlof.cnt for cteppca l¿¡il beart-ag! ts

ôevelo¡nð rùcn 1hc ¡tpp ler¡eth ratLo (Sn) fu in t}re mngc O.1 to

0.2, rltb thc step ilaptù ¡¿tlo (Sn) I¡ t¡é ran6ê I'O to 2.O. th.

ed¡r¡¡ velr¡¡ of tlrc loe¡t coefÊlclerÈ, for lengt'b ratl'o L o l,

a¡'t3-

(o) Cr = o.28 for Lncoqrrecalble fl.ot

(ð) Gr = O.2o for eoqresslble ftor

(Z) fhc a4utar ¡1d.fr?crs (f¡) of botå tapereil a¡il rteppeit l.aoit

beeri¡æ l¡ le¡s tùêrl tùst of a parallel la¡ril coúl5eetf'oo.

tolerer, tlre parel1e1 lenÀ beartng has ao raÀLal loail cer*¡ri.ng

capaalfir.

(8) the 1o¡il oarryt¡e oapac:lt¡r of both ta¡nneil antl eteppeif Î¡nil

oortrl$EÊttoru aan be Iær'oæA by adili¡a flor st¡a;ightenLrg ftnnt

t¡¡ the Lauô1. For b¡¡rriqr rith Lerrgttt ratlo l' = Z'Ot ioprovc-

ænts i¡ the load! capacity of tbe oÛd€r û fr for taperetl lard

aú 8ú for steppeil lafiat corfigtæatlonl te¡Fe recorriletl.

(g) Iha tape,r=ð a¡d atepperl l"erd bearirg codfglatl'ons a¡e

chø¡aoterd¡eô W ease of ¡¿rnrfactr¡re (ttreae bêå¡tl¡t! traæ beea
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mulcÌeò 5a ¡rLastic), opelration (an Ú6[wtr"l¿! eoEpregletl' at¡

supp5 "al u¡¡d to operate prototylre instn¡nrrrts fifüeð llth t'beEe

bearf¡rg¡), anil, uai¡tena¡loe (ttte colqnnent pa¡ts arc si-rpler sd

nequl¡.e no cpecialisetl servicíng e$rlpænt) ' It Í-s cons:Ld€redl

therefore tbat beeria6s of thelc t¡pec a¡e su5.teble for i¡tlt¡ol¡tal

appltcatloru.

(fO) It¡e¡e ls an optf-mrn codlgruation, rt¡etlrer tapereö or steppecl

l¡n¿, for eqr agpl,icatioa. tilegrrate inforutÍon bas þen

¡lr.esentedl for argf such cofigUratton to be deterui¡ecl.
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EtLs thac!¡ contaloc rc raterlel rhl.cb hes boen

aceeptcdl for tåe ara¡{, of ary otbrr ibgrec or

illplou t.a cuy Ualvcrelþ. Ilo tbe beat of tfu

sutborrc horlcdge ¿nð bcll¡f. thia thcrlg

eoñ¡f,a¡ æ ¡¿terLal prevtoruþ Bublfrbil or

r¡{ttca þ aaotlær perloa, erccpt rtre¡e ôr¡c

r.ef,erencc ts üeab f^o thc tôrt.

.l1¡¡¡ L. Garaentcr

lbvcûer, t969
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In nary l¡iü¡sfr.¿l applloctlou, flr¡iA ñ:¡ bca¡l¡go ar!. tnâbl'c

to crrpport thc roqut¡oif lo¡ô beoaucc of tb¡ lor rcleti.vc cpecô bctte€a

{*rc Jor¡¡¡l an¡l tha beetta3 susfcce!. lBo orcæor tùls clt'tat:lcn,

c¡tarngl $Felrrrltettoa la cqrlo¡rail, thå lubrt:rnt bctrg s:rppllril td¡r

tro¡lt¡¡. to tt oleara,æo tptoa.

fa tb oasc of otl tr¡Ìcåo¿tcô Éart¡Cc th. byil¡!{yne¡fo lJft
gcneeatcil rt thc opæatfag rpceô Lr mtllal\y sr¡f,!ìlolent to oarzT thc

iùccr8¡ loa,il. lrtæael ¡rcacuriz¡tton fu tluû requLneil onþ ilurlag

at¡¡{d¡S adl ctopptng. florvc¡1, rhcn a tar ls r¡¡edl a¡ th¡ lub¡Lo¡¡t

lt¡ lor vlcooclËr rcsult! l¡ lor acrod¡lendo lffÈ, cron at ä16þ cpcetb.

lrter¡al prescrr:laatto¡ lc .lù¡n ofÈca for¡¡il to bc Eoetta¡lr oru 'tJtc

full operetl¡C ¡a¡cc of apccdb.

Hlthcr+o, vartor¡¡ rshcrc f¡ tùü îlelil have rcpetcö ou

lnrrati4atto¡c oarrieil or¡t oo c-tc¡n¡lþ preoawl¡eil bca¡tngl of r
i!¡atCa ¡or scfc¡trcdl to a¡ {¡ho c¡tcro¿lþ ooqnnratcil fpc. lbccc

bcarf¡S c¡cc¡bllcr oo¡¡t¡tcil of a oylilailrtoal Jo¡rn¿l r¡il a bc¡¡fu6

¡bcll harf¡g ¿ s¡t of, orlllocs arobl¡cô t¡to ttr tùrou€h ùtoh tùc

lubrylo¡¡t raa sr4ryltril to th. olcaraæe spaoc (t).

Durrag ¡¡ l¡wctlgattoa (Z) :.uto tilr¡ ctiotlo¡ of ptrtou fpc
¡VA¡e¡¡ffo oo¡t¡ol valvcc, r¡ l¡tc¡catLug pb¡aoæaoÊ ra! oh¡c¡leil" IB

thL¡ Laæctlgetioa tå¡ cffcot of uè ptìclrr¡¡F oll foil to tåc oeDf!.e

of ¡ ih¡Þboll abrpcil plstæ ocleccil f.u r oytldlar tlr c¡ad¡sil. lhc

lr¡if! of tb¡ platoa rrc ta¡nrcdl ¡o as to proiluc a oowcrgh6 olcas-

aæc t¡ tåo ill¡cottoa of flot. | ¡¡lår¡t¡,fþ¡¡{flos of D$cr!r¡¡r. raa ¡oteil
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t¡ tùe alcar¡¡oc, ül.oh proituocð an.or¡t of bel¡¡ac forrcs tsrdl¡ð to

ecat¡all¡c tbc pfrtoa. It reÐ tùor¡gbt tù¡t thù ¡rtræoænoa oouÌô bc

ailaptcil proflt¿b\y to $root¿tl¡ bearlago. For {ùfs Fes.so¡ a

thco¡cü.oal a¡d, c4crLæntal larcattgatùot tal Lntti.etcil la th.

Ieoba¡1oal h6l¡Éæl¡S Dcpar@nt of th¡ lt¡lrcraity of Adlsl¡l"ilc to

c¡a.rt¡c the oh¡¡aotcri¡tLcs of a bcarlog c¡ol¡s{'rg a tapcncô laail

tounel.

tb¡ cffcats of ya¡yt¡t tbc bcarla6 gcoættry +nA t&c opcratfa6

oorilltloua o¡ thc lo¡il oa¡rryi¡g ca¡nolfir, lce}¿gc fler end. a¡gul¡r

sttîfLra lcrc c¡¿dæil.

A ¡t¡tl¡r tarcctlgstlon tas ¿lso ruilortalon of a bearL¿g t¡
rtúoh tbc taper along thå l¡nil lat replaocil t5r a alagle atep. Ihl

rrearoD fon tlrls ras tb¿t tha ateppcit i.¡¡il oorûL6rratlon, beLn6 tùc

olose¡t approË.oattoa to tlu tepereô laail foron ras eall.er t¡ uup

faoü¡¡.s.
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5.1 Goneral

ff61¡rc I ¡hors the oorfl6uratton of an citernalþ ¡rneraruLaeil

bsaring of tùo tepcrcit la¡it typc. lftre asseribþ cor¡sirt! of r
oylinibLoal beartq aheÌl a¡il a Jourral of iùd-bell fon, tepcreil

to prodluoc a coancrglag clcarar¡cc tn the tli¡cotLon of flu. rhr
lubric¡ot l¡ feô to ¿ eeul¡al a¡nuÙ¡¡ at a prco¡* p, anil ¿lloredl

to floc ù'orçh tbc eleara¡ce to ç.lresru¡la pr.' rf the Jouraal ic
ooacertrlo rlth the bcarLg, tlua tùe ¡rreær¡tr Ln d¡y plane nornl
to tho ¡-{c ü.11 bc con¡te¡t a¡ornl ttre eres¡a¡ce, aad, æ or¡t of
b¡la¡oc foæe rtll cxiot. Horeter, lf tùe Jourral ts <ttrplrcert.

raÀt¿Ry f¡ tho beer¡¡t, then the of¡cr¡da¡enùlsl DresEu$r

illlt¡rtbution 1¡ ¡r¡ch ¡ pfaæ rill ¡o longer bc ooncte¡rt, aD¡l a¡ out

of bala,r¡oe forcc É11 b€ cet r4r t€nalfurg to cer¡trattce tbe gownraÌ,

For girea Ixressr¡$Ê!, pr eoil p, tÅc ægattrrde of {¡}rts forcc lf.ll
ilcpe¡il o¡ the ¡nrltlon of tb¡ þrutel rlthL¿ ttrc ràslr, Ênd, rlll b€

e rall"nn rhen Lt oontect¡ üæ bore. rt ¡houlfl perùapa be æntloæû

tb¿t tho caæ etfeat'roul¡l be prodlræêal if tùc tapær rcre pævrdeil

1¡¡ tbc shell qd tùs Jorrer rcl Erðe cylirdrLeel. Horewr,

paoûlcal eoncirlerations favor¡r üre for¡er ana.u6eæat.

In o¡{cr to tlerire tùc loail a¡il flor cüe¡acteriotlos of t}rc
bcaritlt it ra¡ firlt æocttarlr to d.t ¡d.æ thc presar¡æ ¡r+trtbr¡tloa

1¡ {åc ol¡e¡r'e¡¡ae tPaoc. lltrf.r ægrdreil tüe solr¡tlou of tbc cguetlon

ilasoribtng thc flr rrè6lr t-a thG olcara¡oe apaoe, vlz.
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#eË'.þ *#Éu'.S) - o ...(r)

aubJcot, of cor¡r¡e, to th6 appropriate bouadarg co¡ilitlons' Iþe

dl¡riv¿tton of equattun (r) fu üfven tn ÂppendlL¡ I'

In cubseggeÑ sectl,orrs both lncoryressible antt ooupresalblc

flot oe¡es a¡ro oo¡sfulereil.

5.2 lÐcoEP¡¡easlble flor

For lacoqrregolble ftot, f¡othen¿l oo¡dltlons (ena rcnoe

oor¡st¿¡rt vtsaoslty) a¡A conatant iìaruf-ty ury be esaureù (5) '
Equetloo (t) tUcrefo¡s reclræos to

f,t*.þ *f,tx.þ = o ...(2)

rhfoh Ln ¡or.<tl¡enslonal fors can be r¡rltten es

ttrr.H) * thl'.#tr'.S) = o ...(r)

tho ¡olr¡tloa of cquatio" (¡) glves the no!-tlLÉncio!¿1 placsu¡ra

(p) ct any pof.nt (r, r) la üre clea¡uoao apsoê.

Â genot'¿l, aaalSrttcal ¡ol¡rtlon to cetlsfy {ùe appropriete bornil-

ar¡r oondlltùoa¡ las Dot ¡nsclblr, ü'11 tt tes ¡soêlrar''¡r for FsoorEse

to be h¡it to appro¡d.etc æthods. Horcvcr, it las pocslble to



,.2.1

9

obtein eract solutLoas for the t¡o Ìi-nitin6 ceses of (a) very

short bear:tngs (t = O), antl (b) var5r long beartngs (1, =o).

Ca¡e 1. Short 1¡=O)

tritb t = O the seconô tern Ln equetlon (l) becones zero, anð

eguatf.on (J) reôuces to:-

*t"'.S) = o ...(¿r)

Erpandrng equation (L) Sfver

...(5)

Beplactng a!
AT

by o anù
g.te

art
by ff , "e*tlon 

(5) oan be

nr:ltten, afüer re-arra,ngLng,

3AE

-

II
...(6)

Inte6retin6 eguatlon (6) trtca, s$ô replaclnt.tbe te¡¡s ln o

by tåeir eguivalents tn P yielilo

aP.loH_.dE = 6
?r nôX Oxt

fr (r)
r = 1ffi,+ 

r' (Y)

æe

.. . (7)

rbere q tT) a¡ô f, (T) s¡e fi¡¡ctionc of i onþ.



sp[ef^ (g) ¡nr (rg) snoT+aDc *rp¡qlog

(s)"'

("9)"'

?tr¡rqqo ar øo¡1arËe or4 tu¡ro11q¡ q+

laf+trgrg

![¡"

o ¡ I 1¡! = g

rup¡er pt¡s t(¿) co¡1anóe ø¿

(¡)r¡ " 
#-" 

'd

l.r+.€=)'d=¡

orr*qo¡ ra=a

F

sr¡ol+Tln¡oo f.¡egwpq æ â¡fCfd¿V

oü



ll

r, (r) q (r)Fr'g=l .ãil

tfrl,CIb ¡ciù¡oe¡ to

Ps

r, (r) ,'(H)H:oe

r,(r) =q-(*)

t*¡*-ù¿p*?

...(9)

arrl rr¡brtiüut:irg for fl (f) ftr equatlon (ea) gitts

AP .. .(1c)

Sr¡b¡tåtr¡t'i46 for q (f) eal rr(Ð ¡.r egruru.o¿ (?), ""'eryacl,o.a
for tùc púossura (p) t" obt¿tn¡d,, ri.s.

.. .(tl )

ln e¡pression for the radl.¿l oleara.æe, h, et algr poirrt, r, t, otr

tùe beari¡g aurface l¡ ilentceil i.n ÂppeailÍ.:r E, vlz.

b¡¡a*î.t-e.cosê ...(r2)

rhf.cl¡ f.a <lÍæ¡rcionlecs folu, cen be cryesseil aa

fl=t +I.!-!.eos(Z*y) ...(i r)



l2

St¡bstlàÉtng for tb æa-ilf.u¡slonst locatlon co-or{in¿'tê (I)
¿t ths borda¡llca (I = O anil I = t) la cquatlo" (t¡) yteltla

4= I - t.ooc(2rf) ...(tL)

¡vril

4= I + 1- t.coa(â(f) . ,.(t 5)

anil uat-n6 tb c¡nc¡alo¡¡ fon fr, H. ar¿ 4 ño¡ cguatfonr (tù,
(t+) a¡¿ (f 5), cquau.oa (tt) -¡r Èc c4adcit to strr tåo

foltorlg cqlreosion fon tbe pnesarn (f).

P= (
(l + I --!.oos(adìf

n(t + z(1 - t.ooa(àa)))

l.coc(2rEf)f + P, ...(t6)

aaa

(
(1 -aaa .l-

(t +r.r-l.coa(ar$f

ln eqrcccloa for tb loEll capaolt¡r (r) or the bearlag i¡ ilgü.ædt

ür fppeoitl.: IlI, tl.l.

,..(rz)

sr¡bstltr¡tLng for P tlor eqrntLon (tO t-uto cguatlon (t7) glvca

! rr ôp.1. 
:o.fiJ.""c(2rt) 

.alr.dr



'lt
tt

! = Ap.r. 
"-{þ 

. ( ll(r + 2(1 - E.cos(z*r)))
(r +l -!.

)..,
)t

!Ûre ùtegratLon of cquetLoa (tA) fs oa¡rieil out l¡ fpperittr IV

a¡dl ylelilr for the loaÀ capaoity tbe erpressl'oa

E f 1+2 -t]--.* = tffi

...(i9)

The naxi.q¡o loail oapeclty ooouro ¿t fr¡l1 eccentrloity rtrea I c 1,

'¡Él thr¡s ñou e$ntfon (t9)

..,(20)

3.2.2 GE¡.g 2. Irontbcari¡¡ (f, cæJ.

fhæ f¿ =o thc fi¡st ts"u Ln eguation (¡)' p !, bcoora

ægl.igilble' andl cguatlon (l) ¡eAr¡oes to '

S*llrl ' o . ..(21 )

!4rr¡ñ{nt e$¡Btioa (et) a¡a ùùe9etú.û6 gtvot

AP
o-l "

f, (r)
...(n)

E
3



1là

eqif ftathæ lntegratl'on gùveo a¡r e4lressLon for the pressut (p),

na,æþ

Þ- ...(zr)

ú.r,e f, (r) a¡il fr (¡) are frllctto¡¡ of I onþ.

SLæe thc flor rfif Ue entlreþ ¿rrel f.n the planc of syætry

(at f = 0 a¡dl f a o.g) lt follor¡ tbat ûr th.Êt plaæ 3l = o.

Io catisf! thl¡ oonilttlon !.u eguatf.oa (ZZ), f, (I) uugt bc ¿a.o¡

&noe cqrratloa (zl) t ¡eù¡oes to

n = fr(I) ...(zh)

It 1111 ba obcer"eô fbon eguatÍon (Z¡) tlrat tb precsurc at qr
potnt fn tha clcam¡ac ta ililapenileut of I antl ilepeniÙant onþ oa

I. thc ¡reoorre il{.t¡åln¡tlon rltl t'hc¡.efore h¡ve ntlel EJr@Et¡yt

ad no reill.et out of bala¡oc forqc 1111 bê gencratetl. |['he loatl

oodftlelp¡t for tåÊ bcarl¡g rlth I¡ = cp É11 lÈar.etrorr be zeror

,.2.t Gase l. Ei¡ite bcarl¡s

le elready ¡æti.ondlr aa elaot ¡olutf,on of cgnatto¡ (te) f¡
not ¡ncslblc l'tor lùs fi¡ltc üâert¡g, a¡il rcc-or¡rce a¡¡t bG ha¿ to

appod.netc ætlrod!. thc rp?¡ntio¡ ætlroð ra¡ r¡acil (see Âppenitir

IY) ¡¡A thJ.c ylcLdct a set of ¡rcscurc vsÏsa et prc-tletortEdrpil

pofgtt oYæ tha bc¡t¡¡3 cr¡¡froc.

P *r'(r)



Iha loetl oapactQr (f) e¡tl tho lgakage flor (q) 
"at, 

tben be

evalr¡atcel fron tåe eqrrccciono giYen in Appenili¡ Ï[I' vÍ2.

15

lrl

p = Àp.r. u.*îÍ:."os(za).dr.dï ...(25)

...(ú,

8Di1

Q=

t-z-l+ t¡rulâ¡ EttÊfbcss

In nqy practfcal apgllcetlone ê Jorræl beartng aryr not onþ

be regufreil to arqryort raÀiBl loaÀ, ln¡t alao to Lcep a¡gu?.or

atlgnænt of tba Jourr¡¿l ad bc.¡'l.aS rltJrin oBeolff"ail l5¡ttc' I

loorledlgÞ of ttre bearJagrt ablllüy to ¡ealat ürese engßr}e¡

dlaflcattonc (oelleil þ¡¡e the angular ¡t!Êfbesc) fu of cor

¡lilerable lqnrtanoç. ft æs tlcclileil tl¡erefore to craelæ tho

effect of thc tapcr rati,o a¡il lcngth retlo on the angulrr stLf,l-

rsc of tapcrcô lrd bcarf^ngs.

For a tfvcn Jsr¡¡'o¿1r/t'earfa6 oodlgtratfon, the veluc of th¡

aa6uler stlf,lbaa Ë11 ilapc¡il on tbe an6le bertreea tåc Jeinæt

ad baa¡.Ln6 EtE. Ihts rI11 be ¿ la-lsn úrcu tlp tlo fånib of

tbe Jor¡rn¡l ooÉaot tùc bearlrg EhÉllr as shor¡ ta Elgttt 2.

Itrls poeitlon tar tbrefotÞ cbotür fæ tåe anclyals.

la e4æeclon for the clearar¡o" (hr) rnacr t1læA codltlon¡

tc abrtv€ð f¡ App€n¡l|¡ E, taz.
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FIGURE 2 Tapered tand journal bearing (titted atignment)
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.1 - G.J.drår9.o'o

rhfah, i¡ dli¡cnslonlBss forn, oan be eqlreasefl as

E = I + I.! - l.(l - I).ooa(au)

rttå tùc cleara,ncc n = 4, cqrretion (r)r p8, l¡ the¡ ¡olvêdl for

tbc ¡rcasr.ú'a as bcfo¡c.

the rtshtfns mænt (r) e¿vca (Àppen¡l1¡ rrr) tv

r = ap.r' .o,*jlr, - r)'P.cor(d).dt¡-.fr

_xb. r c +î

...(n)

or,a tbeg be cv¡h¡¿teil tær1cell¡r.

,.2.5

lh¡ ¡esult¡ of ttr3 ¡¡¡ly¡lc a¡t ptìelêateil t¡ lLgrrea 5 tÃ 9.

qfpfg4 trtllrro iüstrtbr¡tLo¡g a¡e slrca tn Etgurel ,, 4 a¡il

5, In erggr t !¡ !ho7r ê pñrgtt¡re ftelil tttb tb P¡elture

lcpreceltedl ùy tho Dorôi.æDllo¡al fon

Geçuürû velr¡s ¿t eaob sf tb æah poLüc are 5ltcnr rlth thÊ

oo¡utant ¡)rrallu¡a LLæ! interaolrteil. It ttll be obscrveil th¿t

P J
Ap



or¡'tlct 0

Vafu¡es of the non-dinenclonel plgssrre P = !- ene given at gritt points.
Pr- Pe
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CIFCTJMFERENTIAL

FTGURE 3 pressure dstribution over hatf the journal land (tor L= 2'0 T= Î'Q E= 1'0 )

lncomPressible fto,v
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the rlopc of thc oonstaat ¡ÀrÊtÉ¡ure coatourc l'¡ zero at tlc

bormdt¡ri,eg T e o (e = O) arÉI = 0.5 (e - t8o) ci.ag to tho faat

tl¡st t¡Ê flst et iühoae'bor¡rd,ará.ec lc e¡Ûi¡e\y ad'a1. Â ai¡i'lar

cowlelcratlon apptics to tbe clIrlt€t of Bigu¡e 4, rhere tlrc

cl¡ol¡d'crÊctial dittriÞutlon of Pr8sllE¡e ir preaented et a

ar¡bc¡l of t¡a¡ave¡c ctetioul. tlguæ 5 sÌþrs the ard'el

Afut¡libutf¡a of pæaerrrÈ at tWO ai¡cr¡úerentl¿L ctatioru'

Tlrc rel¿ll,onrtrlp betreen tþ loetl capaalþ atrö tbê taper ratlo

(f) for scleoteil valræa of tùe 1e8€Êb r¿tLo (l) t" lhoñù ¡a Elg1¡.

6 rtræ.s tlre locit capaoltt i.c reprecent¿d by tlre noa-{Lær¡sio¡¿l

to¡il oocfîLcilsnt (Ct). It 1111 bc ob¡erreil that for a gtæn

leDstå ratLo t¡he loail coetflloient reacbec a sË.q¡o at a ¡nst-

ioul¡r velt¡p of tå¡ taper r¿tlo. Fo¡l le¡Ettr ratios ¡¡ tbê ¡rangp

O<I¡<2.O (Urc raoge ooverLng noct ¡nactic¿l app1.Loat.1o¡s) tfrf¡

velup is ilt ttra re6:l,on of 1.0 an¡l üoÛtaÍrsel a¡ the leagt¡ ratlo

!s .¡loæatedl. tlao |t ¡r.ill bs cocn thêtr for a glven taper ratio'

tb€ losÄ cos?flclcst itccrca¡e! al tùe len6th retl'o fncrcascs'

!!hls uy üe e4ple:iretl a¡ follons.

I¡ vgy cholt beari¡gs t¡l¡e ff'ction patþ of tÞ fl.uið i¡ tbs

ari¡l ilf¡¡otLon l¡ vart sb'.tfi ooEPa¡ìBil, tlth thst tn the ci¡rsl¡Þ

fe¡entl¿t dli¡Pctloa. ltærefsre tlp oi¡cr¡de¡¡entl¿l' f,lor rlll

teail to bc ¡ceilitlblø ootpaseit rlth t¡e a¡[al flor. trn thc

tt.çttfn€ oaae, ¡s ttp fcngtb ratLo (fr) appro¿ehss 2eF0r tÛn ratte

'of thsce ffous rill ¿1¡o tcail to zen.
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Ilorever, as tbe lencth ratLs ls i¡creaseil ttre aJEtsl ff'otl'os

pattr beoonea D3e coqla¡ablc trltù ttÞ cl¡c¡¡de¡entl¿l frietlon

patå. lllrls riu h¿ve ttre efilect of L¡c¡¡eesÍ.og tåe ratJ'o of t'he

clrcr.úerentia]. to ¿¡Ial flora, tbt¡¡ iþc¡easiag tùc ¡nessr¡¡a l¡

tùe re6å.on of ¡nall clea¡anoe anô l¡cæasing lt it¡ the large

olea¡aæe ne6lou. nú! i¡ tnr¡ É11 r-eal¡¡aÊ tbc loall ca¡qfj¡A

capaolt¡r þ an aærnt thicb ltll tlependt on tùlg len8th Tatåo.

lfhe effeot of eccenffictty o¡ tb loail oapaolty 1o lllustratptt 5¡

EteuDo ? ùere tbe loaô coeff,lotent (C, ) f* tro Jo'rrral oo-

flguratLou (L = l.O¡ 2.Oz T ¡ 1.O) ts plottcð agai.net

ccce¡ücttr retfo (E). Tbc trcnô of tt¡pae our'¡es i¡ilie¿tcc llgt

the ctLfrfhlaa (foay'trntt taåiål tl!.sp1aoeært) of thta typc of

bca¡ll¡t l¡orca¡ss sltghtly tltb 1¡a¡'easta6 accentriof't¡r' !hü

recult ls at va¡l¡¡ce rlth thc ctlfñgss oha¡acte¡:i.stlc sf tlre

eltê!î¡al\t couperuateit type of bearbg, rherc lùe stLf,Fzæcs fall!

off co¡¡ltte¡ab\y ¡¡itb ecceatt{.ciüy retloa gleatær thsD 0.6.

Fj.gtE.c I ohoüs tb¡ effeat of the teler retlo (f) on tJre 1eale69

flor for seleotcô ralr¡e¡ of tt¡e lcngth reti.o (I')t *cre ttrc lBaI-

a6e flol La rep eaented. by tl¡ê non-ili¡casion¿l flol ooeffict€oú

(Cq). It rlll be obocrvcil that, rfthiû the range ana\vseÇ tÛtc

flor soetliclelt i¡ stmat trdoperilent of, ttÞ lÊngth ratilo, rnil

varle¡ lt¡ea¡ly rtth tþ te¡nr ratlo.

ths cffeot of ccccntrl"ctty on tbo Ìealage flol t's chÚn fD FlgtÑ

9 rbrc the flor ooeffioient (Ca) 15 pbttaö a6eirat the ecceu'
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tricity rêtlo (E) for the tro Journals previousþ oon¡itleretl

(L = 1.0¡ 2.0: f = l.O). As ræ e:pecteö, tlre leakage i¡creases

rith eccentricity up to e EsLLoL@ at the ñ¡l\y eeccÛtric posltLon

(E = I .o).

Fi.gt¡ra 10 chols a¡clal p¡¡esst[ìg iligtributior¡s at tro ci¡ct¡o'

ferentlal ¡tations for a fr¡l\y tllteil bearirlg (see Fi$¡re ÍI-2'

^lppenilf-r II). ft ¡11l be obaervecl that both tlre aurve at 1' = O

(t¡c poaitLon of ol¡t¡¡¡n clearance), an¿ that et I = O.l (the

position of oa:d.ur,u clea¡ance) are l-orer tlr¿n the equiveleut

cutriFes for tþe non-tl.ltetl confi6rration strorn l¡ E[g¡Ilc 5.

Bre relatlonshlp betreen t¡re righting uoænt (I) anit tlte

teper ratlo (f) is shor¡ tn Figrræ 11 for aelectecl valuee of

tlre length ratio (Ir), rhere the rfehting nooent ia repres€nteð

by ttre non-dlLtsensLonal ¡osEnt coeffiaient (Cr) . tt rill be ob-

¡erveô that for a given length r¿tio t'be uouent coefficlent tle-

cneaset rlth incrEasing taper ratio, a¡rô th¿t ttre ¡axi¡r'¡u aouent

coefficient occurc lhen the taper ratLo equelr zeno - that icr

for a parallel lanil jouraal'.

ì^t Coorcsclble flor

For ooa¡rressible flor the ascuqrtion thet tlæ <lens1ff i¡ co¡¡.

ste¡t ic no looger vall.d. Ho¡ever the assunptloa tlret iso'thÐr¡al

cooilitlo¡c prcvall tn the elea¡er¡ce lpase is t¡i'l¡o, a¡ ba^s alread¡r
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becn est¿bllrhsö br grevtor¡s tnrust5'getors (¿t)' For lilr¡ rca¡toltt

over a rtrtc ra¡ge of, operatirg cor.ilitionsr tåe vtscoalsr oa¡r be

talen to be congta¡t.

Ue'¡.n€ tbe isothe¡ro¿l reletfon

I = Constant
P

...(28)

eguntùon (t), pB r câr! bc er¡rressefl as

¡{t"'.$l .'#nt'.$}l * o

ùloh oa¡ be n{tten e¡

$r.#1 .$*.31i = o ...(29)

Åtteatioa i¡ <tren to tùe ¡lnile¡CtU betreea equatú'on (Zg) cnÂ

cg'atioa (Z), pB . th' tera p ls th€ inao4resslble ca¡e h's been

rcplnce<t by tlre teru Pt l¡ tùa egrration for coqregsiÞle flor' |E¡3

¡ubctLh¡tioa

ú.Dt

la aqrratåoa (29) ¡esultc Ln a fæo ltlentloal to that of e$¡¿tton (2)t



51

nâEplÎrt

$*.8!l .*t*.8þ = o ...(to)

the uethod of solutloa of eqtration (e) can t*rsr be applJ.eû rlirectly

to eguatfoa (ro).

Tt¡e so¡¡tion of equatf,oo (¡O) tftn bound.ary values givea þ

ú = (q')

ø = ful)

atx=o
at¡=l

).).1

¡esults l¡ a fioltl of valr¡ss of É' Y¿lr¡ss of p a,re t'heu obt¿irrdl

f¡on

p =rr

À pural a,ua\rtfoal soÏ¡tlon of equatloo (¡O) ls not ¡nsalble,

br¡t solr¡tio¡¡ for the trro ll[it!¡6 culeE of (¿) vcry short beartnga

(f, = O), a¡ô (b) ver¡r long bea¡1næ (l =cp ) o* be obtal¡ed'.

Case I . Short besa.im (t =O)

tn ana\yrts gf¡í.¡"a,! to th¿t r¡¡ed, for Lnco4rea¡1ble f'lor

(Seotton 5.2.1, Ð ), rten appLtcit to eqnation (ro), reoulta Ia

r¡D sÐrra!¡lon fof e ao¡'Âì-çnalonal Prelsu¡ta (f. ) taøntfe¿l to



,2

that for l¡ooqresclble ftor (eqr¡atd'oa (f6), '912)' lb noo-

dli.ær¡sloa¡l Drallu¡to (+ ) l.a tlcfi¡sô W

B

p

Dt

4- Pl ...(rl)

S¡botttgttag for P 11ros cqtratlon (¡l) ¡¡to cq1ratLon (t6) gfrea

a.a e=Imæslon for tåc pareaar¡rc (p),

"/"r.({-':)( )
a aaa

aaa ('

t(n+2('t-E.coa(arr)))
(t -l

)l(r *r.l-E.ooa(z*))r ...(rz)

Re-ôefi-of¡lg tlrs prcasr¡nc ln teru¡ of the mrili.ænsional

e4necalon prcviona$ useè, (P r Ë) a¡il subctil¡¡tLng i-uto tùe

o4røosloa for tlre ¡'oe¿ oapactty of ttrc bearlng (eguation (tZ),

pr2), gllec

I a 1.ö. ,..(rr)

rbcro tb te¡¡ coutal¡recl by thc lsdLc¿[ ¡{6n fu tb. t'i'$t bû¡¡f

sä! of, cguation (lz¡.

Iho a¡¿f¡rttcal evalr¡¡ti.on of t¡¡e i¡tegral of equatlo¡ (r5) r¿s

tt

-llhf.ooc(z*r)..tr.ü
ot



9.5.2

t5

fou¡Íl to be too ði.fftorrlt¡ ftre Íategral ras strboegucdþ

craluateô nr.ærtcallJ¡.

2. begflñq =o)
Anana!¡ni¡ai¡ila¡toth¿tl¡lcai.úSectton5.2.2,lú¡

applici1 to cg'atloa (rO) t g51, ¡rictttr 8¡r elpretcioa for t'be

aoDFtlLûtrsion¡l F¡tlstrs (f. ), tiu.

Pc = r, (I)

rbæ.the ¡rersrce (f" ) i¡ a¡ff¡lerl in te¡us of tilre tran¡foræö

prrssl¡¡e varLebte (ø) 
"a

P
G

E
ó-.

o,- Ç"

pî- pl

Re-rrr{tla6 t}re e-prcasl,on for P. t¡ teræ of tlre prescrce (p),

glveo

rl )'r, (r)p

lbiotr csa ba eqpr.ccseð es

P=fô(r) . ,.(tr)



h

rbqre f. (I) 1¡ ¿ fi¡notion of I oaþ.

A¡ atatedt prevlousþ (seotion 1,,2'2) the pressr'rre at a4r

poirrt i¡ tÙ¡e etearanoe fs inibpenilant of tt¡e ci¡ogdle¡entt¿l

locetion (1,) r"ta ilapeniÞnt onþ on tåe a¡iat 1ooatloa (I). IhÊ

p¡toslu¡¡B ittstriùutton defü¡etl þ egatlon (r¿') rí11 tt¡srofore

h¿vea¡ia,lr¡røetr5r,ar¡ct¡oor¡tofbala¡ceforcefillbe

generateil. rgbe load. cocfficlent (Cr ) of üre bcarl¡g rlth tr' =@

rtl]. thercfora be zcro.

,.5., Case ¡. Srnite bqggt¿5

Itlæ col.utLon for tþ bea¡}rlt of flbrite lengttr ltec obtailÉ¿l

þ nrg"lca1 ana\nla. þuation (¡O) t"" solvecl ¡5iqg thø ss6

oouputêir l6oglarr lttb ¡t.ær ¡otliflc¿tlofll, ss t'hat r¡seil. for 'Èhc

ircou¡nessible ¡'lor casc (Appendfi¡ VII). tAa loeö capecltt (F),

thc teatsage ft- (q) a¡il the rf+htfr¡g mænt (f) of the bÉ¿¡'l'qt

ta¡¡ê ðeter¡l¡eð, êt Èefore, Èy the eva!¡atioa of equatto¡s (e5)t

(26) ar¡n (2il, pp 15 anl 1?. lltle above coqutatloaE tele oa¡rietl

out for bouda¡y D¡lìetll¡æ telues;-

P, = 5o pr!.Lgr

Pt 0 p.t.i.6.

t.G.¡ for ¿ pnellu¡ìt rrltf'o (pn) or 4.4

rlrloh rs¡o r¿lues oon¡Ldlatð to bc earlþ neproôuceif fD thÊ



,,

c¡Per'l.Dntal.testir6.}rolGfet,itlasr.eel'iseilthat¿to.tùcr

pnæswrc ratios, ðiJ?e'rent çal'r¡cs of the load' flor anil rcænt

eoclfllolcnÈgçoulilÞaobtair¡eö'di¡etotlreeffectsof.thecoa.

preseiibllityoftt¡elub¡rlc8tr¡t.fheeffectofpæss¿rerati'ora¡

therefore LuyestigatÈd ty cocputång th¿,se perforoanee coef,ficierrtp

for i¡let presslEes ranßilg f:îos 5 to 150 !.s.1.$.' r:Lt'h the

or¡tlet PfìessuFa held at zglQ p'a'i'!o

ÎhËDe;a6r,osucheffeotappaser¿tlnthetncoupresaiblelaoc

calet rhcre tbe perforoanoe ctrar¿e'tsri¡ttcc prorecl to bè

indepetÉer¡t of the pressu¡e r¡tio'

5.).4 Corcq9gglt'l'q {Ior rsst¡l.ts

Tbe¡esulttofttÊcoryreoslbl'efllolane.l'Snisarest¡æ:lin

Fl6ucs 12 lo 27, It ca¡l be seen tb¿t tirese e'..¡f-F't eùrLit f¡ltg

ra.Ee ten.ral ebape a¡ tl,o l*ose for i-nrroryrec¡iÈIe ffol (Fig¡æs 5

to 11, pp l8 to 28). h¡rbhetufc, tt cer¡'be seen tù¿t tt¡c cffeet

ofeoopresgibilitylstoredr¡cetbelo¿cloocffici.entanilto

t¡crcÉge the floc a¡Ê æoeut coefflcieats'

$pioalFlìBlsuriBilistributlongaresho;ninFi*gurca12r-1J

aD¡l l¿n. Coupar"l'soa of theae ritlr tùe t"ncoqrecclble fllor

iltcdbutlos of Et6urea Jr L a¡cl 5r PP tB to 20, shol tÞat hi6br

paessr¡¡¡e! ar.e ¡ai¡taLÚat in tls clearuoe sPace riitr coryresglblç

M, particul.er\y in t.he regåon of sEa1l clearg¡¡r¡e, Á5 a ooÞ

reqr¡eræe, tlre clopea of tl¡e l¡réÊ91¡¡rÉ dl'stglbrrtior's i'3 ttre a¡d¡l

dLreotlon a.re steepæ at exlt i¡r t¡¡e c¿¡e of, coqregsible frlÑt
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tt,

c$rl.t 0

7&0.,11.082-1f.0
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c)J 0.6
J
E
ã

o8

1ì+g 

-1o1
y$ 

-1

Pa0.t94

P¡ 1.09ß

rl25 

-1,122 
+1.1 21

112
t¡o\

16t 
-1

2U0 

-1

,l2@

257

294-1.291" 
-1 

,29¿+ 

-1

2r4 
-1,22) -1

222 _1

291+ 

-1'2!¡ 
*1

a'4
294 

-1 
.29t+

0.5
294 

-1.291+ -10.2 0'3

CIFCUMFERENTIAL LæATION V

inlc.t 1'0 1 ,29[+ 

-1t 0.1

P' 0.694

Compressible 'flow ( PR = 4'1'1.
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Satttcating grcaten e:rlt veì.ooltte¡.

Etguree 1! anil 16 ahoç the effEots of ttre taper r¿tio ad

accentstclty ratto on the }o¿<t. coeffioient, anô &tgwec 17 enô

18 iltrr¡¿t¡etc ttrc cffectc of these va¡:lablec on tl¡e flor

ooeffleiont.

l¡lal prasrtE.c rliaüclbutl¡ns at twO ci¡cruferentl¿l

ctattoD! for tlre tiltetl bca¡i-ng (Fleure fr-?, fppcnðfr rI)

are glvan ln li.grrne l!. Conparf.son bctreen tl¡ese andl thc

cn¡¡¡es of Elgure 10 shol tbat thc efìfect of conpresslblliw

ls to d.eo¡ta¡e tlre ratc of ¡resrure ûrop Olong tåe le¡il - att

dfect Dolt ¡¡ark€ù t¡ the regton of casll clca¡a¡¡cc (l>O.75

or T<O.25). !m oentre of ¡lressure of tÌre sr¡face tc t{tt¡s

loveô oloacr to {:}re crJ.t borrntta*¡¡. 'llÎre overall effact ts aa

lno¡ease t¡ ttre É6htLng ¡o¡eot ¿boYe tlre valr¡e obtalneil for

Lnco4rrecslble flol, Er:[¡ ca¡r bc ccca Ln a coc¡rariooa of the

resultr of Slgures 2O anil llr rtrich Pratent the rf'ghtlttg

ao¡ent oocfficleat agef¡at taPer ratLo fpr aooDrellibl€ an'l

laooq¡lrecaiblc flot reopecti.veþ. ft ea¡r alro be seen tbet

thc etfeot of conpre¡siblllty.ilea¡reases as the tcpcr ratl.o Lc

lnc¡eagcil.

fî¡e effee! of the prcccu¡t ratlo on thc loa$ ftor a¡ô

noæ¡t coefficicntc ls sbom 1¡ Etsureo 21r22'aú' 2r. It rllt
bc ob¡c¡vcil thtt thc losit coefftclent (elgure 2l ) ôecrecse¡ rith
tnoreasla6 pncsu¡ro ratlo. rf ths ouFvtt! of Elgure 2l arc er-

trepolrtctl to a p$ellr¡¡t retlo of uniSr, the velr¡s¡ of tùc loeô
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ooefficie¡¡t so obtal¡stl a¡e fou¡il to bc cq¡81 to t'bose obtai¡cil

for türe i.ucoqrreaclble cese (81$o.c 6, P). Ihs la.Ee Êffeot for

thc flo; ¡l-l mocnt cocûPiclsnts rr111 be apparent lt¿ Pigurcc 22

sú, 2, recpectiveþ. this €dìfect te'! to be ex¡nctæil' ll¡cê Et

lot presar¡¡c ratlot the beh¿vior¡r of a gas approacbøE tbat of a¡r

i.ncoryr.easiblE flutil.

1.3.5 the- eûfect¡. of lubicgrt i¡egtle aDd cþfl¡s

Dt¡rf¡g the erperioental torkr lhich Û111 be ilL¡cuacea æ¡re

fr¡lþ t¡ later rections, lt ms for¡r¡d tbat at lol pareoru¡E rìgtlog

6oodt ¿grgeænt ra¡ obtaf¡cè bst¡eer¡ {ùeor1l anil e4rerLæut'

lloreter, tbe results of, tlre .t".tt et hi6lnr prceslg.e ratios

iþy¡"Etoil sr¡bstantLå!.]y f!.o! türo.ce ¡rreilicteit by t'l¡eor¡r (f4¡gres

5f ana *t DP 112eú11tr. t'h¿oe ôevLatioas couldl ¡ot bc

att¡{buteil to expætæntel €NrltûFo

It ra¡ coaJ€otr¡oil, thet at h-1sh P¡êeet¡¡ìa ratloc tJ¡p flor

eo¡Àitloas in thg clca¡a¡oe routtl be such fùat i¡erÙi¡ efrFeeta

eoulil D loDggr bc ægtooteil. Ioreover, at btgh pEìea!¡t8e ratiost

contc. oo¡¡ôltio¡c could. be ¡eacheô i¡ coæ partc of t'l¡e exit

am¡lw, ¡.Grultt¡t í¡ part ial' ctroki¡t. lberefore it la¡ ileoüþtl

to c¡a¡á,n th¡ effccts of l¡æ¡Êla anô c'hohing'

(a) 1Ë¡ ctfeat of l¡oltl¿.

I¡ thÊ ilcrtvatùon of eguatlon (r), P 8, th€ tott1

¡tertv¡ttnt ft, ft, *a fr siviru {*¡e tlr¡ee aoryonerËr of



Ð

aooeleratLo¡ of g¡e flr¡|i! rcre neglectedr (Åppeoôi:r I).

Eorever,tftùeecce]'erationeffeot!'arecoßl¿þ¡Feafut¡l

anar¡rris theu tlbse ðeú}ivetlsec nrst be ír¡ctuileil l¡t {ùe

eguatlons. lqnatlon (¡-5) erd' (I-4) of Appenili¡ I thca

becom

p.#=-81 .u'81' ,..(5r)

p.H=-33***, ...(fi)

&o totsl ôerivativea a¡€ oaloul¡tpô þ trcattr¡g thø

vctoaû!¡ as a fr¡octi.on of tt lt z eøiL t, ùere x, y anil a

a¡c tlreucelvcg fr¡¡otion¡ of tr i.o.r

# =#.s.#.8t.S.#.3Ë

= ".# * t.# +t è
?z + A-u

at .. . (5?)

Íitb cteaily ¡tate oonilitions acsræô (oee Âppefldj-r I)

S'o

uril øguatlorr (¡7) ¡ertr¡ocs to



5t

ard aÍctlarþ

Dv
flt

È
ô¡

æ
?v

æ
'ðz+? +f

+Y

#=",3Ë*',#*'.t!

...(tg\

Sr¡bctlü¡tl¡t ror ft -ra ff ñoo equat5'ons (58) ana (¡g) :¡
equatiou (:¡) a¡¿ (3[) yierèo

p(o.aù * ".# . "S) t - !l * p.*, ...(åo)

O'ril

ll.

..,(rg)

,,.(Lr)

. . . (I*2)

e(u.$¡ .#".#) As
dY

¡:-

Si¡ce t-ættt¿ eúfeota a¡e nogt lt&e\y to be oignifÌca,ut

Ln short Jouraal bearia6s, ürcro Yelocittec in tlp clea¡aocs

rpac€ qrc bfsb ¿¡iI rbcrc lùere i¡ little ctror¡úerentt¿l flor,

It ras iteolilcô to L¡troiluc'c thc asrurytlon of a-tel (oæ

dll^æasLon¿l) flor. lguetion (+l) is tben ¡.ot applÍcablc, a¡il

cquatloa (¡O) rear¡oa¡ ø

p(u.Bi +t .8oJ--81 -u.$.
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It€ fyluið ur¡st also rattrfi the continulfit eqtratlon, Íblßh

nry be rr'ltten i¡ terng of the velocities u 8n'l r as

p.$i.o.#*P.3;.'.S=o ...1L5)

Altbou€h isoth€úEal conilitÍ'o¡s han prevlous\y been assuædl'

ltçasoonal.tlcreilt,b¿t''tthüehi8hvelocitleserperisrrceel

¿t tbc h{Eh Ptfcssurc retloa, this assurytion oiSht becoæ

Lnvaliô. Therefore ¿ relatlonsbiD of ths fora

t =KÞ

P

ras assr¡ûeil, antl coobfaÍag tt¡ls rtth eggation (+l) yfefô¡

P*.3i A! êd
þz =0+ d +t?+ ,

èsNeglecting the tæt i¡
ðz

a¡it re-a¡ra¡gi¡g givea

J0r
NP?I

0l-"
d8 ...(ty'*)

ro adilitton tbe follort'n6 botmilå¡y cocitltloas ost be satigflca

u=oat¡=o ...1t5c)

++Asf-



5t

uc0etzrb

p=p, at¡=O

prp, at¡cl
ab z--- o

at z= 6

...¡+5b)

. '.(45o)

...(L5a)
(ase¡
(4s f)

...(¿É)

...(t¡?)

lquaütons (¿¿) arA (+¡), togetlrer tlth tåe boundlary conill'Ëi"onc

(+¡a t" tl) a¡o tfrea ¡olyed for làc p¡seclutlr. It ¡"" becn

ahora (l) t¡"t, eraa rbea tÞ ¡,yüolttrc n¡'ber (¡c) of tùô

fto| i¡ tlr¡ clcera¡ce !t)¿Ge ll rtrgh (neã), tùp cont¡rll¡¡tto¿

of, tb f¡o¡.tf.¡ fo¡¡es to t¡a dg!åüia! of bcerÍagg lg ctl'll

lc¡r cell.
stno. trþg 'rÞtü.s fo¡rces e¡!9 eqÞctedl to be suallr aadl

stæe tbs fh¡f,ô rtl¡ t¡ *ll (t. ,fu), lt tr eouslðereil

rqaso¡¿blc to evora6p or¡t {¡tr¡ l¡€rÈ14 effeetc ao¡ocs th.

ftL¡ (r, 5).

Eguatioa (æ) ry thsrefols þe rr{tten a¡

w=O
w =o

P
+; .þa, "-!1*p.t

úi"cù oc¡r bc er¡ncarcil as

r(¡)



*

tbcrc f(¡) fs a finctùos of ¡ on\yr giveo þ

r(') = i.Bl .þa" . ., (r€)

Equattoaa (¿¿) 
""¿ 

(42) 
"an 

be solvad for the precct¿rg

gna,illeat.

Inte6rettng equatioo (+7) trl'cE 61ves an elpreEcLo¡ for ths

votoclfir u, vi!'.

&l.o'+ cdr).r + cJr) ...(lÞg)

.Ê/1".H *'
a

^pplr¡fne 
fihe Þounilar¡r oonill.tfon¡ 6S t¡ ed (45b) to equetùoo

(¡S) glÌes

cfr) ' 0

adcdr).-9.o

ll=

Iborefore

tla {d.ta- zh) ...(50)

I)lf,îere¡tf¿üD8 cguatloa (tO) rfä rcapect to tg



# " S'.¡.,- !h) * ft'l:(- ur ) .,.(5t )

Goubf.aing equatlors (go) ana (5t) yierao

*# =+=t[#.to- *f 'ry (z'- z],)(,0'):1. 
..(52.1

Br¡r+¡r¡rng cguatfon (æ) a¡ra htegretir¡6 Éth reapect to z

resultc t¡¡

h

/*#.* ={+.b.. +4#]

Sribstitutta6 fo? u *u # Èoa eEuetro¡r (.50) a¡¿ (¡r ) f" t¡"
aodiautQr eguat!.on (t¿), p52, ytcta¡

#.(n'- ¡u) .9.(- "h') . 9.(n,- ,n).t.B! aêl=o

...(5r)

+

...(ír)

Iúeerefil¡g cqrretlon (.¡t*) rftU rcapect to ¡,

{-(=I.q- Sl * 9.(- ';al . ++.q- *).h"* ...

... rr-q(r) ...(551



fi

aoil epBlyIag tho bounda¡? oor:ôltå.ons (¡t") yfeldE

C.(r) = o

8quet5.oa (Sg) ray tlpn be çrttten es

, = $.t#l - ç-#léJ¿.' h.!Ë.+*I) ...(56)

Illfferentíatlng thE velocity u (equeüton (go)' p¡¿') tttn

rer¡nct to r ti.res

3i '${2" - u¡ .,,(l,'î)

Conbiatr¡s cgrratloos (56) an¿ (Sl) y:e:¿"

,.# = 9.q+.(z",br -r¡hh') - (4-+ . S'f ..,

pf,'rl,.h#.q"It,€)
,..(58)aaa

Inte6ratü.ng cguation (58) fro¡ o to h,

h

[,#.* - 4# .(4*É * fir,(r) ., t.*.r(*)) )
(aaa n,



subctr.ürtirs ,* j.#.¿r a'nl Ë€U.* 
rron esrrtio¡s (5t)'

ú5, ¿A (¡g) f¡ åq'etion (tÉ), p!r, reoultr i¡ a¡ exprcsrLoa

for f(¡), 11¡.

r(:) = i.* . fr' .r(x)td*'É n\,-{x'(=) * 

t:i',åtÌ

,7

lpptVine tåc reual¡d¡g bornd¡fy ooaill.ti.o¡s (+X) to egrratfoa

(56) yrerôs

r' (r) - - IF.(b' lt' . *ri.þ ...(6t )

Sr¡b¡tttutlr¡C for fr(¡) ¡i¡on cqrntion (6f ), eqr¡åtb¡ (60)

beooæ¡

'!tp ¡ac not/:æt+ o!¡ctdcreaoc tc 6lven þ

r(') - åu* * $.r'{d [* - b.e - h.3tJ] ...(62)

E=P il.l

Sr¡bctitut¡ag for u frro¡ eq'atioa (n), p5l+, a¡d evalqctLng

the t.¡¡te¡¡el Jr¡"elðs



*

rs-ar¡aneå.ag eqrnü.oa (65) ¡csultc t¡ ¿ fi.çtþc er¡rrearf.oa

for f(r), vir.

f(r) = -
1b
-Pht

...(6t*)

sr¡bcttü¡tt¡s for f(r) fr'or equatl'on (6¿t) la equrttoB (62)

glrcs

3=- o.f(¡ì,.bt
12 .,.(6r)

...(65)

...(66)

- F = *"ôl-#, [n' . *.Br]

le-ar¡ú¡gùg cquetlon (6ù,

&
ô¡

t
h a

6E(ùt - l0u)
E

Þu'p - ÉC
I

hoû equatlon (5O), B!ib'

P=B.qf

aall arrbctåtutå.ng fsr p l.a equatto" (66) 6ivcr



ô!
ô:

¡
h

6o(ù'

,9

)
pht - .€gt

n

a

n'(äl' ...(6?)

Replacta6 the teros i¡ ¡ a¡il h by tlreir non-df-ænsloral

eguivalcato, viz.

¡=I.1

haH.o

ht = llt.o = 1.o

yie?,ilr

ô¡ - -p- 6lor(oo - 3tu1
ai-to'*..ql.pn'ct -P' ..,(68)

'roasoe¡tal.nthecûlectgfiaclrriËrrgtheiÉÉiate¡¡jÐ&
an¿\y¡l¡ it il ñtoess€r¡r to corpare í¡reltLa-ueglecte'i ana

lærAia-oorr.actett thcord.es. Hoæver, thc orrÉml anal¡ni'l

that negLeotedt the tærtic effeata useô a ¡sela¡ation oothod

of solul¿on, rtrereas ttrc tærtia-correcteè theory enplo5fa

the pr'eilictor-ooræotor oetÀoð (6) to eval'r¡¿te t¡e preostce

fielö. A¡ thcse tro ft¡ita tli.flerence æt'trotl¡ h¿va dlffe¡cnt



6o

ilcgreca of i¡bercÉ cr.ror ¿ssoclsteil, ¡ittr tùen' it les

iþcliled th¿t, for aacrrate coryarrlson, tfuc t¡o theorS-es

shoulil be evalr¡¿têö W the saae netbodl.

ln e:gnessl"on for tbe pressure graûient l¡ t¡he o-ial

ill¡eatioa (i¡eÉi¿ eûfects negtectedl) ia givea i¡' Apperal¡

lal vl¡,

12r¡n
-¡plr ...(6g)

t-be e4recslo¡ for the praogurre grrdleat ttth lffr'tia effects

takea Í.gto accot¡nt t¡ SiYeu b¡r eguation (66), p58. Re-r¡-i'tá.ng

cguatton (66) as

OPfr
D-b

6nlqrn'- lOr)

5Ph'p - ÉfsfI ..,(æ)

ft can bc scen tbst, Èy puttf¡S dr = O, eqnal,åon (?O) reaüoes

to

3Ë=-tr .. .(n )

rùlob 1c th. sg¡¡e a,E eqqatlon (69). Iho LÉltte-aegleoteô

coltÉl.on oa¡ theæfoæ be obtelæê þ puttl.ag ¡lr = O l¡

a

a
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equetion (æ), ftrlle tbe t¡ærtlÊ-cocnêctecl colution Ls

obtai.æð bY Putti¡s d = a.

þuation (zo) ras progråme¿|, for solutj.on by tttø Btnge-

fút¿ ættroil (6), rs rtescrlbeô i.n Àppertix T. Tbe ooryutetJ.oa

rcs aarrieit out on tlre CDC 6¿tOO coryuter enil the n¡cult¡ ¿¡e

prneceatatl 1¡ Îtstacs 24 ¿ú 25' It oa¡ be geen tbat tbe

cffect of Lært1a !s ægtlgiblc - of the order of o¡le perceatt

cven at the hlghert preaaur.e ratio ruetl (pn, æ ro), Tbse

rcsulto a¡e consistent rrltù tlrose obtaineô ty osrERLE (Ð

rùo for¡ail iù¿t fo¡r self-actiag beart¡es the effeot ôf f¡eÉt"e

re! re4t soell, even at bigh rotatlonal l¡netb'

Ttre effcot of 'varyiag tåe pol¡rtropic tnilex (¡1) it elearþ

il¡¡strateat. ¡ri.ä the larger valur (n = t J') tUe toa¿

ca¡noit¡r tc high¿r, aÐd, ttte leake8e ftol 1oror, tban th¿t for

the lsotheæl case (n = 1.0).

(t') ttre effeet of olrolcin8.

Choktttg ;as consiit€¡redl to be enotlræ co#ibutiag faoton

tbat oor¡Lil lr¿ve csuðedl tbe dÊviåttor¡s of the erper5lentel

¡¡ecults frou those obtai¡oil frol tbe lùeoretf.cal a'ne\rcia.

tt¡erefore, lt las co¡¡i¡þ¡¡eð lo¡th¡t¡lle to æXe e clo¡er

ersd¡¿tl,on of tbí¡ Phenoææa.

If tþ þrral is concent¡'l.c rlttr tbs bearüg shâll tbe¡

both t¡€ ¿¡Íal Prestlurg grad,lent snit tbê fiL6 tl¡iote'æac t111

bc constaÉ a¡o',mÍl tlre cl¡c¡¡d€ranoe. Tt¡e ¿Ëal veloclt¡r at
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crltr. tbtah ts dcpendùent on tlrese tno parareters, rl11 thereforc

alao bc co¡¡¡tült a¡.oufd, tbe cl¡crdenenoe. For tttt¡ trssto¡'

rhen sonic conùitlons a¡¡c ¡reaeheù (at e Preltu¡ta ¡patlo PB> %r)
the rhole clearance et erit tLl]. be chokeö.

lforevæ, if tbo Jouraal 1o illsplaoeil, tlren aeither tbe

pr'ettu¡le gradf,eat nor {¡he flln t}ricþres! fl11 be con¡tantr a¡ril

fo¡r e glven ptìallu¡t€ r¿tlo (above P{- ) ohoHtt rr111 onþ oocllr

fn paË of tlbe clca,rancc. For a 6iven eocentrlcltt t¡Ê ilagree

of choH.g rttl ifepcadl on the preraurc rat1o,

f&n¡s.a 26 ¡hotc the velocity dl.at¡{butLon¡ s¡olnd' tùe e¡it

annulus at prertr¡¡o ratlos of 2rl+ æiI I as Prcill'cteil by the

prer¡.or¡! theor¡r, Ëtlh the ¡onic veÌoct$r lerel of qclt cordftl.on¡

ru¡rer{.u¡roletl. It car¡ bc scen tJratr et the hlgh proasr¡re ratlo

(PB = 8), ttrc predllcterl velocLt¡r ln a oon¡Ltlerable pa¡t of, ttre

annulw e¡oeedlc tlæ so¡lc lcvel. St¡ch a veÌoclt¡t illctt{butlon

coulil not erist ln practloc.

ln e¡act ¡'¡elytical æpneoentatlon of tltl¡ pheaonenon ras

foundl to bc i¡rtractlblc. Ilcever, en approrioate anaþrts rar

ca¡rteil out to allor for th5.¡ effect, the ¿ctr¡al proccah¡¡e

aitopterl ra¡r ar follors.

&c conputetlon rar e¡lra,Dgcdl ¡o th¿t the lsxLcuo veloc.ü¡r

at crit la¡ ll¡Lteô to tùe ronie vclocity at pnevef.Ung crlt
codl.tionc. Ihen tùe tùcor¡l. prerlS.cteil a velocifil grceter tùaa

lonJ.c, tlrea thc erllt pr.easr¡¡e ras reiseal by soæ relateil



65

10 000

1000

100

10

U'
ct

t

t-
eioJ
tU

l-x
l¡J

PR= 6
uÞusonh O{ER t4d

PRs 4
u = usonic AT Y¡ 05

PR= I
u(usonic

I

1

0 0.r 0.2 0.3 0.4

CRCUMFERENTIAL LOCATION Y

0,5

FIGURE 26 Circumferentiat velocity distributions at exit
(for E= 1'0). One-dimensional, compressibte

fto,v(Pn =2,4andB)

,

)

,r

/

r
I

5oNrc vEloctlY
¡

I

LEVEL

'-=z-



66

{rEot&t'a¡¿t,bgr€lguñ'ilfuHb.uûJ'ona1on6tùost¡ea¡11¡e

lasrc-calcut'¿ted'ontlrebastloftzbncrbousarTl¡!ìel3u¡.!g.

fhSs proecrs rea rcpeateil rsrtil a¡ e¡dt velocLftr equ¿l to tl¡e

sonie eo¡ill'ÈIon ra¡ obt¿l¡adl.

A tcst lrotras lac eYolveil to ôete¡sÍ¡¡e thc tlegree of

cbaq6e rcgni.redl f¡ tùê crit precslae for a4r preilicteil' eraeos

of s¡it velooltf. Tlri'r procecs ral tbsa iacorporateô i'ato the

l¡¡c{á'¡-ooreoted'rotrÚiþsorlbeilfnttPpnevíoru¡eotion.

Ci¡guúerentf¿læ1oc1t¡r,¡i.tr¡¿So6oruespreilictecltrtùÊ

rcd,l.fleil theor¡¡ a¡rc lrralertett i¡ Ëgme '17 îo¡ Prelsure letio¡

bet¡ee¡r I ¡¡d, to, It f111 be aeen tùst tlþ dlegrce of ohohinc

t-ß tb€ ertt a.üDutr¡! i¡oreases rtt*r t¡orsaai¡8 llresslEe r¿t:fo.

IÉaôaDðflor¡esultlre¡gobtal¡eil'foraglvenbeari.ug

oodLgcatlon (¡ o 1.or lr = 1.0) and arn eoqpe¡êil tlth the

orá.gáaal ttreotXr, ¿rÉ. rltù e4erd'uent, t'u PlSures 28 8rd 29'

It can be ceen îùat tbe ahaper of {zh¡ fiúþ co¡rectetl surres

oloaeþ approaoh tåose of tl¡e elçerlrent¿l ¡relationshipe. It

choulô b noteô tùst tþ actr¡¿l vaLrr¡ of tlt¡e tzt¡eorettcel a¡ll

cx¡nr{-æate]. olElf¡t! 'crg 
st e4pecteet to egree, si¡oc i¡ tùe

tlrcorcttoal 8n¿1J/l1s onþ oac-ôtæ¡¡Lo¡¿l ftol rag conslilcreÇ

rtrcreas t¡ tha erpcrÉ-uratal rcrt tåp flor ras tro-tli'æ¡r¡io¡s1'

1.4 Steeeeil I¿nF Bcart¡g9

gf¡Då thc ooqorci¿l pnotluotto¡ of, Jor¡rælt ;ttb tapereö la¡ift
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oanl¡troör¡accoæ¡oo¡faoù¡¡á¡gttifflLeultles,ltrastlEaliþûto

G''',¡o tb' behêflor¡r of ateppctl l.anil, Jorrrrabr 4 beil6 tbe

clocest approd.oatlo¿ to tbe teperea La¡Ë. fo¡"o' For purposes of

the anål¡rcl¡ tlre oese of one ctep tat c rctl for both

i.æoqlresgibleenilooqlres¡ibleflo'.lhecorftgrrrationcpd¡d'

ts alrom l.n Etggre JO.

,.4.t I¡ooorcssible f-lgr

1o obtat¡ the pn¡ssr¡¡e ttlstrdbr¡tion i¡ tlre clea¡¡afioe lPao€t

eguatlon (Z), ¡8 , urot ùc colrtit for t'he ael oodlgrratlon' fs

stateô prcråor¡s\y, cgrntioa (Z) oan only be soLveö þ app'od'ete

ætåoils. Horeler, bt æglectf¡g thc oLsordeñrÉisl Xreslra'ê

6r.ail5.ent (a elocc tpporbatf.oa fæ short tea¡l¡gs) tbs seconil

tc¡! of cq'rttoa (Z) ¡ etir'lqatsE aDit an anal¡rtio¿f (ad¿f

flot) solt¡tlo¡ æ¡r bc obtef'cil'

(t) Sbot{ bear!.Dg a'ne\Ysis

l¡old'l6 th¡s sl,ryItfloetion, equation (2) re<tr¡oes to

$.t*'trr) = o

rù1oh l.n eryaniloil fo¡t beooæ¡

-.r*-* $.-.*S = o ...(Tzl
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For ttre parallel 1.ne. (\ et¡il 1r Flgrrre ,O) of t]re steppedl

bca¡-åag

3*=o

art cquatd.o" (72) reih¡ccs to

n"S'= o ...(zr)

Inte6ratlng cqrration (Zl) t*fce g:iveo the precsure illstrlbut'

lonr elong ttre t¡ro seotior¡s of l¡tre lanilt riz'

¡r'= {.r + \ for ladl \ ...(7t )

nnil

p = Âr.(r - \ ) * ¡, for Laatl \ . '.(?5)

rbre å, , ,\, Br, ed B, a¡e ooasteDtt to be cvau¡ateö tY th6

eppllcetloa of the eppropr:iatc. borroöarry eoailf.tio¡s' beLng

p=p, ¿t ¡oO (fen¡q) .. .(?6")

p-p, et ¡gl (farAfr) ...(76t¡



7t

t'Ì, ct the ste¡r ..,(?6o)

Q¡= Qr at the otcp ...(?6d)

Âppl¡rJ.ag tbc boundary co¡ili{l-on (Zet) to cguatiun (?tt) glves

Br= P,

an¿ htr¡oc cquatlon (?q) bccoæ¡

p = p, + +r for larxl lt ...(7¿)

Âpp\yfr6 thc botud¡¡y oo¡ilitloa (Z6b¡ to cgratlon (75) ylcldLe

Brt p, - 4..(1 - 1, )

a¡il heaae cqr.retlon (Z¡) o* be rrittea ss

p o p,- 1.(1 - ¡) . ..(78)

Ittrc precsures for Þotb le¡ib tÈitl be egrral et ttre ste¡r

(tor¡n¡¡¡V oo¡dlltlon (Zg")) a¡¿ henoe, ñou eqpatùo¡¡ (tl) ana

(?s),

Pr + 4.1= Pr - 4.(1 - 1r ) ...(?9)



1+

IaH¡S tùa substj.tutton t, = (1 - 1,) to cqratto' (79) a¡ô ¡p-

aæangf¡Sr givec

P, - Pr= {.1r+ ltl, . ..(8o)

Ilclng trbc bormda¡y corÈltioa fon flor at t¡e steP (76d)t

.H'ßP,t*.ily =
I,

a

a¡il bcnoc

It foll.om t?ou cgnatioaa (n) 
"n¿ 

(æ) tùat

4
bi

râtr
b¡t'
ãi
Þ11

a¡il cubstitutú.ng ln eqrstion (8t) results l.a

.ll
r,t

r-
¡,

..,(Bi)

...(82),ä
I
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SolyI¡S eqr¡atto* (SO) a¡r¿ (æ) eto" tbe oorsteat¡ A en¿ Âr

aa

¡¡¡å

{r
(q-P)

( \+ l'

¡¡it cr¡ùsttüËf-ûg foæ tbssc oonstantt tn eguatl'næ (7) atd

(?8) resultc la eg.erslons for tÞ ltrlesllpc ill¡t¿{h¡tloaa

eloag tüc tß landar Yi8.¡

(q 3'r'
ll.t- q).(

¡I for tÛrc 1¡¡¿ \ ...(8t)Pog+
tll'.\. I'

D . p, - *T. d .(Ì - r) ror üe l¡úil l.
({)lu* t'

ad

...(&)
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U¡r.g cqnetions (g¡) anð (S4), ttre pressr¡¡e tllatribr¡tl.ons

oçer tlre bearin8 su¡fsce le¡se obtal¡eô fc¡ a nrnber of

iljfferent Journal eoÚÍgr.eatioú. lbe loart capaciQr of each

ra¡ tlrer¡ obtei¡etl nrnerioatþ a¡ ttesorlbetl ll ÂppenilLx III.

lte reaultc a¡rÐ llresenteô i¡ non-tli.Enslon¿l forn'Ia FiSu¡e 5f

rhere tlrp loaô ooeffloLeat (c, ) fu plottetl agaJ.nst the atep

length ratf.o (St¡) for several values of tte otep ilep{dl ratlo

(s¡n). It oan be seea tb¿t for a g|æn atep ilept}r rat'l.o tbe¡re

is an optinu value of otep leng{th ratio rbre t}re loedl

coeffiolent reachec a mxd.u¡o. Aleo, it t11'1 be goea t¡¿t tåù

peak valgc of thc loafl cocfficl"erü lrc¡caset ¡itÌ¡ t¡creali'8

atep dlepttr retio ed' tùeo¡seeslag atcp lerç{:h ratlo'

(Z) ntnite bce¡i't anaþsls

P¡'l.or to thc sotr¡tLo¡ of ttre t¡o dli.æusl'on¿l aase aeqtal¡

appnoriøtl.ons hed. to bc nadc. It las not posslblc to ePplv

the rel,astioa teohiqræ clirectly to tbe step beari:n6 cop.

figuation beoawe of ttre ôL¡oonti¡utty l¡ tbe pncsaræ gratlf.ent

at ttre strp. lbcrefore the atap las replaceô by a cholt ra'41

(ffer¡¡s ,2). ttri.s eu¿bled a solutlon to bc oÞtsi¡ett by tùe

reteæti.on æthoü. It ras fornil that, as long as tùe ra4r

l@Sth ilid ¡ot eroeeil 2q ú tbê lÆgth of tùe lan¿ L, thi"o

ætllStcetioa ðitl nst l¡taoôt¡cc cigülo¿trt c¡rorc.

It tas deoliteð to a¡elyse ¿ ¿r¡nber of corfiguretLona t}t¿t rene
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ooaslits¡sö to oovec thc range Aike\y to bp r:seil tE practice.

Ehe v¡ü¡cs ohosen for asaþsls æne

f¡=l.Or2.A

SIB = O.1, O.25

SD, = O¡1¡2e3¡l+

llbe resulto of thts anar¡æis ate pretsateal fn Flcure fJ. IbÊ

sl¡ûla¡d.tf betreeo tåese or¡'lÞs e¡il tiro¡c obtal¡eiL for tùc

te¡nrcil lsnit boå¡'!Dg, ELgrrre 6, *2, ca,D bc observed'. It e¿n

¿lso bc ao€¡! th¿t tbg steppe¿l lånal b€ar!¡g oa¡ã oalrlr aPPnor-

iatcty tåc seæ loatlc aE cao lts tapere¿l lanil oor¡1terlp¡t.

\.r¡,.2 Co¡oæaslblc flot
lbø pnessu!Ç itùtritnil{.o¡ LB ths clea¡a¡oe Epaoe 1¡ obtetlcil

b¡¡ solvt¡g ogrr,tion (¡O), pJî, ad. neÞint tlre tra¡sforøti.oa froo

I to p ao Èefore.

(t ) Sbor"È bea¡rl.ng a¡¡¿\ysf.s

Iaef¡¡g tlre a¡iel flw assruptlot¡, equeüi.oD (tO) reùroee to

#o'.#J " o ...(45)
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rhlob t¡ fdsnttoel J.n foru to cguetion (7r), p7z'

,ltlho solutions to egr:ation (Sf) ¿ff thcrefore bc glven by

cqrratioao (8¡) eo¿ (84). thc pnessrre ttl¡trlbutlonc for tbe

üe r¡nib (! e¡il 12 ) are tüea obtal'¡etl by tle epplieatË'on of

the taa¡¡sf,o¡u¿tlo¡

þoP'

rt¡ich Jrlê14!

hr-,

(d - t', ).(E)
PE rr for tåe l¿r¡d \ ...(86)

( t'.\* \

(pi- pi)
.(t - l) ror tbs l..anit 1z ...(87)

4'(6) .\ + 1.

q
E

ad

PE

.ù^s bofore (p79) loafl oo6lftlcients rer¡e obtalrndl for a raage of

bear¡¡g çoætri.es, andl tlrp ¡ssultE ale ¡nesentetl ia Rl.6we

h. lbs slnil¡riþ betleen tùc !.acoapresslble (ffEElc ,f ) e¡¡A

oou¡rreasLblE flor results ts t@il|ateþ obrlous. It f111 b€
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Doûca tbåt thÊ tltc¡ib r.a tJ¡Ð tro fllgure! a¡c ttrc saæ, and.

thst tb¡ loaÀ oocff,lcLents for coupressiþlc flor a¡c lørcr

li¡an tùosc obtaincdl for lncoryresslble flof,'

(z) g¡ttc bcart.ag aaaþsts

Ihs tro-dliæncionel solutlou las obtai¡edl þ thc canc

no{ùoô as rleccr{betl oa pfi, utl-g the P to t' taan¡fo¡ætlon

as bêfore. thc rcsults obtaLaeö artÐ PleðeDûeù 5¡ El'gr¡¡o 55.

(f) lbe etfeot of Pressure R¿tio

lt¡e efßeot of preceu¡e retl.o, eatablilhcit for the tapereil

1¡rr bearlng (figt¡re ã, ptr6) ra¡ Elso inestigatetl for thc

cteppeil 1a¡tt oodLgrratioa. It las cleciiledl, b e¡c¡nl¡e t'bo

c11îect of ¡rress¡re ratio on oæ longth ratio (l = t.O) an¿ a

û¡nbcs of SLR-SDR oonb5¡¿u.ons, oltole¡ to oorz'espod, to {ùe

Pcak¡ of the ou¡¡¡at of &Lgure 3lr. the valr¡es olroceu for

a¡¿lJpi¡ rc¡sç

l¡ = {.0

lho ¡c¡ultc of this anaþsls a¡re Pressnteit Í¡ Ffgg¡e J6. tl

rus oþcepeil for trtre tapereô ]¡¡¡l bearlngs (p59) ttp effeot ef,

l¡crca¡rnG the ¡rrtasr¡¡e retLo ü to öecreasc tùe loail

S$, = 0.25

o.50

l.æ

2.æ

SI,E c 0.150

o.o79

o.@5

o.tl2,
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coefficl.ent.Itl.sagainnotettthattÌrevaluegofthe].oedl

coefficient at 1or pressrrre ratLos (PB+1'O) approach those

fo¡r ttre iacoupresslbl'e flo¡ oase.
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I+ BXPERITNtIAI, TOûf,,

¿1.1 T¡rcoo¡regslble flor

L.l.t llcst ApDareü¡t

Ibe appaletræ (ffe¡re 57) co¡sirtett of tb€ bêartng (1)

rf6iðþ *i¡edl f¡ a craÀle (2) a¡rô coatsi¡in€ tbg Jouro¿f (r).

tbe jorsn¿1 ret BuEp€4ilcð by rtirraps Èon one cnô of a cor¡ate¡¡-

bala¡cetl fever (4). Â apring bala¡:ce (5) attacneð to t¡e otl¡æ

e¡il of t*te levæ nøasr¡ecl ttre loatl rhioh ras applleô by ttsru

of ¿ soreroapctan (6). O'f,t res srrypLied. to ths oent¡a'l annulu¡

of tÌ¡e jounal urder lrtgh pressì¡re fuoa a ü1ne puuP (?). lfbø

naia gr:antlty of oLl ras by-¡rasaecl a¡¡il, a branch ras taken to tbe

teat as¡eublJ, tb fl.or belng regulateil þ a neeclle velYe. l

sur6€ ta¡ù (8) l¡ the oll oj¡cuit dsee¿ out the flLr¡ctr¡¿üionc

oawecl by ùtre puqp. A set of presaure tapp5ngs (9) arer¡æa

aror¡rril the beafl.ng ¡tr¡:face anil con¡rèetecl through a seleotor tait

(rO) to e 6 Lu. Bourtle¡ tube pressure gau€e (ir) anabled' ttre

ptpssrne e{¡¡4¡o¡tron'fui the elearanc€ lpace to be dþter-n'i¡ecl.

lbe leakaga tbrorrgb thc annu}¡s res ei'then rrrrl i¡to a 6rarlueteil

oytfafler (tZ) for neasrri.ng thc f,Lor or retr¡¡nccL to the oiÌ

rescr"ol¡g. Capecitance t¡rpe tra¡situc€rs (1r) fi¡eð to the

b€a¡l-I'ng ru¡rc u¡edl to æa¡r¡ne tbe nelative oovenent betrr¡e¡ the

bear:trg andl Jou¡rål. thÊ bearrnÊ aæd Jou¡naÌs tcre uacle fron

tli.ænsion¿lþ stable oil ha¡ileniqg ateel, ancl the su¡faoea rero
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FIGURE 37 lncompressibte f tow test apparatus'
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11
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Î¡¡tsh trcr¡nÍI. Jormls h¿vt¡g 1cn6ür rstiot L a l.O lüó' 2.Ot

a¡il tepæ rretlo¡ I = 1 .2 ¿DiL 1.85 ¡esPeotLw\y (the f optLu'ar

valrDa, obtatætl ñol tt6rræ 6, g22) æ¡e r¡seiL F1$¡re J8 ùorr

the calient ûf¡e¡¡lo¡s of t'be tcat ¡ll.ecel.

1r.1.2 le¡t hroocôt¡.p

thc <t5.aplaceænt tran¡dh¡oer¡ rcre cellbDatêû ritù tJ¡e Joutrel

t¡ po¡ltton, !o thêt firfl. so¿lc il¡fî'eotton ctrrrotlþndledl to tb

Jorzzral bci¡S oveal fror oac sÍ.de of tüe clea¡ance to tlp olà3r.

îhr¡s tbc t¡sæù¡cer la¡ qdJt¡,s+ßð. +â rcacl eccentcto{.t¡r rateo (f),

pocltlve or æ6etlve, dll.lcctþ'

011 ta¡ tbn ol¡oul¿te.l, anô tùc sqppþ prqttt¡æ a,ðJwtail to

tb reguLreô veh¡ø at tlre cenûæ¿l annult¡s. thc Loaä on the

s¡rla6 balance ra.g thca ai[r¡¡te<l rrtLl thc Journal Juot sôc oo¡.

tâ,ct tttb tbc borc, a¡il {ùe loaå (reg¿ste¡reô by tfte lprtr¡g

belanoc) 4pi1 ths lea&aæ flor ratp (nsasureô W fi-Ei¡S the flor
into e gradr¡eteê eylínrlan) rp.¡s ¡ecordÊô. .|Ibe teoperatu¡e of tùs

out-flortn6 o11, ra¡ æasu¡'eù ritå a GIOOoF ¡æ¡cur¡r-ll'gtals

tbc¡oooetæ.

thc l'oad ra¡ reôr¡coil Lja cqual tlecieoeat¡, anù at eaoh v¡Lr¡c

tùe cceentùlofty a¡il lealagÊ flor lere noteö. Several test nu¡
rere nade at caoh supp\y lrreslrrr? to <¡lpok tùre scetter of tt¡e

recults, en¿ tl¡e 6s¡ valræF rere recordeil. The prooeðr¡¡e ras

repeatetl ¿t s, nr¡uber of vehpg of tùe tupply paasru¡le.



90

0.160' -..-l l.-

2

I

JOrnt.lA[

t.¿9t0

t.ô9E¿

A

SATIENT OIHENSIONS

r.¿953

r¿946

B

o.r49

r.502

c

1.24

l. t9

TAPER BATIO,1

(overcç ol rcodlngs
tolan on both lonús)

FIGURE 3g lnconpressiÞte flow test beoring ond
joumat.

o
9aIo
.'¡

3

o
E

too
ìl

a

c'

i.oo'

.ga
a

I
It

to

I
9



,1

&c aooureo¡r of ð¡terd¡¿ttoa of the parautcr¡ æa¡ræil

(obtal¡e¡f frroa tt¡t a¡nctRtcatLons of tJre t¡¡trrænts rucô) ma

(a) Booeat*do|þr ! 56 lposl,tfve l¡ülc¿tlo¡ at fr¡ll eocentr{city)

(¡) Þccs'Ec ! 4
(c) I,oaô ! 4
(è) Ftor ! 4
(") lbrycreturc ! 4

lL^1-t lert resultr

-

(t) Facsrre tltst¡ttbutlo¡

rltl¡FeSgcorygractboer¡nr{.æntal¡¡dtùcoretlaal

It¡otsurB afltffibuttour for thc bearLng Étù I'cngth r¡tto (Ir)

= 2.O entl ta¡nr r¿tio (1) r 1.8. It t111 bc ob¡e¡veð tå¡t

gooô agreeræt tes obtalneil botrpcn tbeory enil ¡ractloc.

(2) Ioait ca,rryL4 oaPacitY

llsu¡Fe I0 lnillcetc¡ the gooil a€Feø¡aü betrecn the

e4e¡tnental' ¿nil tùeo¡.ctloal loatl-eooeaÈ*{olt¡f relatlooabl¡n "

(5) Ioekagc flor
Îlgr¡¡rc lú ¡hor¡ thc erper"lnental va¡{etio¡¡ of flqr Éth

ccoent¡tolty ratto for the tro Jor¡¡nal¡. thê v¡lue of tt¡¡

vlrcorlt¡r r¡oeö ln tùe aalculattoü¡ of t{rs pnedllcteil tealagc

flor ras obtatril frol Efurrc VIIt-t, þpcadfs V[n. ItG

teupCratrre at thicb ttrc rt¡cotLtgf sas itotenf¡eô ras thst

Eaåtrlil i¡ the tcrt¡ - ?fl.
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ECCENTRICITY RATIO E

Ftow against eccentricity ratio (for L= 1'0 and 2'O, T = 1'2

and 1 .85, E = 1 -0 ). Journat land length I = 0'75 in. and 1'50 in.,

diameter d = 1.5 in., clearance c= 0.00.l in. lncorçressibte ftow.
( SAE 10w oil ).
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(t¡) l¡eula¡ stLtfbcsa

Ihs ôs¡rg¡ of, {ùe a¡ryaret':s n¡ ar¡ob tbst lt ooultl ¡ot

cesfly br æil1fìtcô to cn¿ble Dattalgæntc of, ftbc ráe]¡ti¡g

torgrr to be obùat¡oit Hoterrr, it n¡ ilcolüail thet ¡

Dtluñt of türc âoor¡'aoJf of thc theo¡ff oor¡1ù bc obtelæA f¡otr

a ooqlad,so¡ of {ùc {treor.cùloal a¡il cqnri.æntal DFessrElt

ilt¡t¡th¡tto¡s. l[bll la gÉren l¡ elGt¡rc lr2r ltpre t'he olocc

a6faeært arrggests låat tùs rtåeo¡etlcal rl,Shtd.¡t torqtrc

(arrlvce ñor tåc l6rlsu¡t d[st¡1tbrrfttoa) roulil oloceþ apploaoh

the preotl.cel valt¡c.

I+-2 Goæa¡lbl¡ flor

4.2.1 !!r¡t Apoa,¡r¿tu¡

lbc e¡rpatatqa u¡cit for tù¡ lnooryrccclblc ftc tcctt re¡ nt

¡uitablc for r¡¡c rf.{:}r ¡ gar rltùor¡t oo¡sl¡€æble millfls¿tLon.

Ib*retrorc lt ras ilacttbdl to retej.a tùe eppa,ratua l¡t¿t't for

poralble fì¡rtbcr teots, ed te oon¡'1Ènnt e setru¡r ¡t¡ttabl¡ fæ

t¡!. Étù t !!!r lhc bca¡fi¡g rrs ntb ]¡¡¡gl to eu¡blc a greatcr

u¡qb.E ú ¡traanrc t¡ppt¡Cr to bc poalttoaedl a¡¡td, th¡ rufroc.

I¡ rat othæ lcspcotc tåc lno tc¡t rtga rero i.ðoattoat. I¡ thf!

oere (tr16øc ¿*r) tår bea¡¿Ds (r) oo¡tar¡ea üre þurrrr (z) rtdoh

raa É6J.dlþ fl¡ril to thc b¡¡c pl¡te (!). [he bea'n'fl3 ras

¡r¡pportcô þ atLrnrpc (l+) f¡or one c¡d of a oorrtcrròala¡oeû leyæ

(¡). À aptag b¡la¡oe (6) ettao¡oil to tù. otbc æil of thc l¡vcn
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Daluñ¡al thÊ lc.i úLah tal ¿ItPllcô þ rrac of r Sgarcô oapatan

(Z). A¡. 1¡¡lc¡. I¡.ûrll¡rc mr ar4rylledl to tb oætc¿l tür¡Ì¡l tlo.

a¡ ¡!¡ bottlc (8). I set of pncc*o.e top¡rrng¡ (g) arrr¡¡¡ca

r¡rou¡À tho bcetl¡G r¡il oøcotcð tå¡o"€È r tcltotor uDft (f0) b

r 6r Bou¡ûsn tr¡bc p¡eclrl.lt tsr¡te (tt) caOfeô tùc prrsrurc

¡ü¡tclbutá.oB t¡o tb. oLcæa¡o. lPtoc to bc ô¡tcc¡fædL &â f'ca!.

r6c tùno¡gÈ thc olpa¡a¡oc r¡t Dalqd, rltù ¡ llor¡ator (te).

I¡il¡¡otfo¡ |¡zpc ðlsplaaænt t¡e¡¡ifinan (ft) - ford' to bc rcr¡

ar¡ltable fù¡¡ tùc aepaottaaoc typc prcrtorraþ nceô (aæ lppcnÀl¡

ü) o !fg! ¡naltloæil ¡t c¿oh c¡À of tùe bca¡'l¡g esaobþ ld

teve ¡, ooutl¡t¡or¡s ¡¡it aootrltr l,nitrc¿tú.oa of t¡b¡ lGl¡ttË Dollli'on

of tbe bear!¡S aail Jouael ttËl¡S tåc tc¡tc. Ihl rbolc rpparatu

ra¡ c¡clo¡ed, Étbla ¡ rllClô tlaærOtt Dt¡Btcil on ¿ rlbr¿tlo¡

l¡ot¿tcû teotlo! of tb labonatoay fl¡æ.

Jor¡ra¡l¡ bav!.o3 lr¡Ct¡ letl.ot L e l.O td 2.O r¡À tePæ ratlo¡

1 g I .O, 2.O, ,.0 ad lr.O rsrt prepeleif for tb t ttl. Itb

¡¿ll,cnt ilLæ¡¡lon¡ of tù¡¡c teat picoco añ¡ glren l¡ 11.6r¡r¡ t¡l¡.

I+.2.2 îe¡t P¡oocilrsc¡

¡¡ rl{rptæc¿t tra¡ctlþcrr mæ o¡}lbntcil oo f¡hc rpDe'!rü¡!

æ fo! lù¡ r'.ooqrcs¡lblc flr tcgt!. lf¡ ra¡ lùco atppllcû, to

thc oc¡t¡¡l au¡lrs ¡t fù¡ rcqrrfscö !tDct!tl!o. ûs bc¡rl¡g r¡¡
î¡ha loail¡ô rEttl tt trut ¡atla ooÉrot tltb tb Jouraal - tåt

fr¡lþ cocat¡lo poaitloa - rDil tb lot¿ ¡"il fiIor lcrc rccorôaô.

t
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Íb loeil r¡s tb¡n rcdhrccil, +E.r et ccccntrlolþ natloa of O.8,

0.6, O.Ìr 0.2 e!¡l ¡c¡ro 'bhc 1o¡il ad flon ¡arc lotcdl. Scvcu'cl

tc¡t ¡.r¡¡a ¡p5¡ ¡air ¿t ceob luppþ lpcrrt¡¡t! to otþoL tbc soatte¡

of tlr rc¡ults a¡il æaa v¿lucs ærc ¡eoor{ptL lbc proocilu¡rc ra¡

rc¡nateil for ceoh Jornaal at rrrppþ trrlaslune! rangf¡C ñoa 5 to

l5O p.¡.i.t. Fcc¡r¡¡'c 4futûlbtltl'o¡s testc rcrc oa¡r{.cil out for

the long lornal (L = 2.O, I g 1.0) at ñ¡11 !¡¡t half eoocaffolt¡r¡

ad t¡ t¡e ft¡llt tllteal pocf.tLoa.

lIhc aooureoy of il¡ete¡d¡¡ü.sa of tb perartcra æa¡u¡lð r¡s

obtatædl ñou tùe sBcoffloattoac of, tùÊ tnatn¡¡e¡tc r¡sedl a¡

(f ) loceu'H.ont ! tl (Poltti.ve Ldloctlon at fi¡ll' eccentclotþ)

(z) ¡¡casune ! 4t
(¡) r,oe,it ! 4t
(t) Frn !4t
(¡) lcryeretr¡¡e ! 4t

4.2.5 Scst lccults

(l) heaaurs ilt¡trlbr¡ttoa

Efgunc 45 oocpa¡cc tå. c4eoimtrl aail tbcerctla¿l

Drerlulc ðfuHbutton l¡ thc olca¡a,æc rl,rce for tåc bca¡lnS

rttb laoSth ratùo L c 2.O anil, tepcr retlo I = l,O at

cocenH"clftr ratfo I = l.O, rlttr aupply lmeolrlle P o 5O

p.!olo!.¡ ¡¡À ed,t lrlgllr¡¡lc P ¡¡ O p.srl.t. It rlt¡. be

notLoedl {ùat gooil agrccæd beheæ tbeor¡r ¡¡'il er¡reri.rnt
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ru ottclanÇ cæcpt {" 1tc re6Í'ol of, oo¡trot. ¡f6¡ro 46

¡rÈaenta r a!.dl¡r ooryarùsoa fo¡r tùa aar Joræ¡l ¡t

coc(ÐttLotty retÉo ! r O¡5. thÊ dll¡orcD¡¡cy botree¡ tåeorg

anil c4gcr{root tn tbo fin{ni'olca¡anoe stBLoD ctn bê obacarcfl

to bc ¡le¡itroe¡ûry lcar the¡ {ù¿t shom t¡ lÈ16l¡¡e 45. l'hfu

oaû bc eqllaLæû ¡¡ follr¡.
ft ba6 beca ¡h¡m (Z) t¡¡t c!€r¡ ¿ ¡ull ilaglcc of Jcu¡aal

or tcàrtq ovell.fir oa¡ oo¡¡lil¡ltr¡r at?cot tbc ¡ræauc

dlfutritÂ¡ttea l¡ tb¡ olee,ra¡cc lPaoe. 
^lt'bot¡Gb 

t'bc oval$r cf

tùc tc¡t plocec lc cl:lEÞt (rrarc t4)r rt bccoæs 6{6nr"l6¡qt

in F.6!.o¡l rbæ tùc al¡¡¡a¡cc !¡ ¡¡¿11. lbaee, t¡ tùr rc6loa

of eo¡t¿otÈ lt |¡ ¡c¡¡oo¡blc to try.ot cq¡æLatsl\y i!¡tcsd¡¡af

paarcu¡ss to var¡r tlor tbc {ùeo¡otioal !.ecult! (ffgtrc t}5).

Hglcvcr, üaa t¡hc Jorzral 1¡ rv¡il elay flol tbc bearLng !ba]l

(ccoeatrilctty r¡¡lo ô¡oreasciÐ, tb ov4lty beoobs lcÛa

slgnlfloe¡! ooqnrcdl rltl¡ tb l¡o¡¡easeil f,tl¡ îùl¡I¡¡alr ad'

tùs effeot on the Irrrrlr¡¡¡a ilt¡{¡th¡tlo¿ Le co¡¡lilarabþ lciùroeif

(rr¡rse å6).

flouever, tt ttll be cbre¡æA th¡tr crcn l¡ tbo rer¡t oesc

(nre,-" 45), e rc8toa effeotedl ty orattty l¡ aull. glt

recults¡It clfeot oa tùe loedl oa¡reolty tllf. lùsrefo¡e bc alLgþt.

(zl loaÀ oerzyrag oapaolþ

}IgtN ¿r? ¡ne¡eob thc e4erLænt¿l va¡t¿ttor¡¡ of tbo loeô

coefff.ol,e¡Ê rltb tapcr ratf,o for tåc Jor¡¡¡¿l¡ hsvl¡6 leaSth
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ro8

r¿,Èiloc I a l.o rd' 2.o, L¡ thc fi¡ltt coccolilá.o ¡lorltlæ

(i o 1.o). srrypþ pcacun P. r !o p.!.1.6.r a¡il cdt

t¡rû!lu!|lPr r0p.r.L¡.
trg|¡Fc lÉ ¡hora trhr ooqrartcon bclrcca tù¡ c-petuatal

.'rd, t!¡o¡¡tlo¿l rr¡il¡tl,onr of fùc lo.¿ ttth ooocnË:lcltü retlo.

ID both tb¡¡c Îlgr!!a, 3ooô e¡rrcæaû bctr¡æ tbeo¡y uil

cÐG:lDEÈ fr appalcat.

(f) Icata6c ftæ
Ergr¡re 49 ooqlarc¡ lùc crycrLutex r¡¿ tùsoretloal

varl¡ü.on of thr ftor oocffllole¡t r-1th taper ætto. Ih.

.vLaoorlfir of tzbs af¡ ra¡ oUtetnctl (for tls ua¡rgtil a¡bloú

teryerrtræ - æ t) â.ot ffgt¡s'c VfJË!-zr'þprúifrr ÍEII, for

tfu çúcnrl¡tlon of thc prcilloteô lca,LaCp flol.
Ëgts.c p Brucnta tå¡ cÐæLærtal ¡¡il tùcoroûloal rarl¡tLoa¡

of tb lEatrge f[6ll rttb oocætrlslty natto. I¡ bofù ûLSt¡¡ct

gooil ae¡ac¡t oao bc ob¡*rcil ùetrce¡ thc c4æLrrt¿l ralr¡c

¡¡Ë thccc obtetrô âro¡ tbc tbco¡ctl'o¡l analJrsLe.

(+) &o dìPcot of Ècacrsc tratto

E[ruca 5f en¡f 3 sbot tl¡e cf,?cot of ¡rær¡unc ratfo

o¡ lù¡ lod r¡¡it flor rcapccttvcþ fæ 1å¡ tr¡ Jortul¡.

Í111 Ëo obcærail tb¡t agrccolù Dct¡ccn tùaort ad o4æ!.rat

t¡ gooil for ¡rrcaar¡r ratf.ot uP to F9, c j, ttt¡t that büyoDil thf"c

botü t¡t led t¡ð ftor fall belor tùa predtetcdl v¿lueg. l!

alrca{y ill¡or¡a¡cô t¡ Scotloa 3.1,5c ¡/¡t, tüeac dcrä.¿tLo¡s tslt

,þ

It
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lef.B¡V iluc to oho¡d¡S of làe ftr l¡ thc olpara,æG lpaoc.

Irlilc¡oe to srryport tùl¡ i¡ foruil fa El,gr¡e 5i. Feúo ed.sl

Prtllt¡¡t ilt¡l¡tbt¡tlou¡ ¡¡¡¡ the crl't at ¡óvcrel ol¡¡rÑlc¡cntl,el

¡t¿tlons ¡¡rÉ p¡trrcrtcil for $r€rsr¡¡re ¡etlos l¡ trrs rr¡cbokcôf

¡d' fohobdlr regLonc. rha¡c sr¡Fiìe! lc¡c obtrLæil rrcl^q c

qloæ¡etcr Eqn¡r baô to ritJr¡¡t the ad¡l ¡noltf.on of firc enÀ

of thc Jeuaal rel.ativc to a ¡rrocsrrc tappr¡g l¡ tfha berrLrg

chsll. Ìc¡ilta6c çera tate¡ at 0.o,rrr¡. l¡Êc¡vel¡. rt oaa bc

acc¡ tb¿t et tbc læç¡r Inrrrlt¡¡c natio thc ¡rrcccr¡¡e rl¡cs
atcaÀtþ nq¡r frol tbc ed,t at ¿1Ì potatc a¡or¡¡it. tåc oi¡or+
fc¡'Enæ. Eæcvar, ¿t tb blgh ¡rcaer¡.c retlo tl¡ogc dll¡Hbr¡tlo¡¡
ü tb ra4r olca¡r¡oc rc6lon (rrr*t vclooitrc! ¡,r¡c rrsb.¡t)

cba e ar¡rl.d¡¡ ¡rt¡e f¡ ppæwa at tbc crlt, a¡d, clo¡c to tlu
erlt aoü¡¿lþ llc,aboro tbc or¡ves for ürc a¡¡ll olea¡aoc

(noroalþ b1sbcç pccuæ) rcglon. suob ¡ oo¡d,f.ü.on ooulil o¡v
e'¡rI¡¡ ll tùe floç bad, beoeo ohobil f¡ th. tan6e oleara¡cc

reg:loa.

(¡) ¡¡sut¡¡ gtú.ifloo¡

l¡ fæ thc taooqrccslblc ftw teata (Seot¿on 5.2,5) n
Deltûroænt of rùc Erghtl¡t torqr¡e ra¡ uail¡rtalen. Horever,

tb 6ooð agrceænt betæen the llreo¡etf.oal ed erpcrË.ucntal

pr!rs!r¡¡! tll¡trlbutions for th6 firtcil torrnal auggectr that
ths uæú cocfÊlcreat (oùÊel¡cö û"o,' tbe theorctá.oel

iurHbr¡tto¡) rourd ¡ot bc algarfroauHt la ornor.
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4.2,4 Stepoetl la¡il þca¡i¡¡s '

(1) 'l[eat piecca

For tÌre tests on tbe cteppetl lanil bcertnga, the folloria6

Jourzrrl. oonfltguretlons rers u8e<1.

1¡ = l.O, 2.0

SDE = l.Or 2.Or 4.0

SLR = 0.05; O.1O, O.2r' O.fr

llb e¡su¡e nnlforrotty of {d¡e atep ilepth retLo (Sm) for eacb

rctC,e! of tbr stcp lengttr retlo (SI8)' t¡e ne¡¡rrf,aetur'!.n6

¡etÌ¡oil cdoptail ta8 to ff¡l3t rake a Jo¡mal h¿Ylng the stcp

lcngttt retLo slx a o.5o, a¡il then to t¡rln¡l thc lar¡il lengtÀ t

(fi$¡¡o JO, g'¡1) becL to t¡rc ncxt reguiretl valrp ttthout

alterlng thc rtep ibPlù. titopü|on of, türLa æthodl al¡o ¡ea¡t

tJr¡t on\y ¡i¡ ior¡rr¡¿I¡ h¡å to bc pnepa,retl.

Itre actr¡¿t ill¡enc:loru of fùs tect pleeet ¡¡te Sivca ln

Elguæ !¡.
Itrc reault¡ of the testc alìc P¡elcateil in FLg¡¡rea 55 +'o fi,

rbere tfre fóeA a¡il loaô coetftlcl.ent arc plotteô agaiæt tùc ctcp

lsngtb ratlo ard atcp iþptb rccpeotlveltr edt in Figr¡re 584 U

er¡nr{ronüal v¿ltæ¡ a¡s cclr¡eil rltå t}re ücory.
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It 1111 be ¡otlcaô t'bêtr ttü tho cæc¡rtion of tbe cr¡¡vc for

D = lr SLR = 0.1, the illvergeaee batteeu theor¡r antl expcr{.aent

is greetar than oould noroelþ bc attributeil to ex¡nrLuental

ennor.

In o¡der that thl"s tHscrepancy be etleguately erplelneð, lt
ras oonsliþreü th¿t f\¡¡*her rork sboulal be rlone both on ttre

theoqr arül on the ex¡rerdnent. Horerer, toue sr¡ggestlon¡ as to

the ¡eason¡ for tbe cliscrepancies can be Både.

ft is possible thet inertia eflflectc bêeoE€ signlf'Icant ac the

gas accelerates over the Ete¡i. Alao, in tt^e c¿se of the bearång

rith L., 1, SlrB,:, Q.l (a ehor.t beari'g rl,th a ¡ho¡t etep) lt fu

possible that choki¡g eoul.cl be present, rh5.ch has al.read¡r beea

shom to heve the efìfsct of rerù¡oùg the loail capacity,

Coupad.son of tùp ¡ca& valrær of tbe currel of tr[gees 47 e¡al

jL rltb tå,occ ol| làe oolrec¡lor¡il{ng ttreoretie¿l or¡¡Ycg of, El'gurss

f 5 ¡Ddl j5 ¡hmrr tàat, for eachb€arL¡t tüPê, tlre troaÄ coçffic!.eat

obtel¡able I¡ practfuo (tro ilLærsio¡r¿f flor) feflc chort of th¿t

preiliotoð for erial (one tlt¡eætonal) flot, As øxplainctl pra-

rlorrsþ, tùlt ls itr¡o to thc cÉ.¡te¡loe of short oircuttlag

(ctroudereatt¿!) flol. It ras ileoitle<l, ths¡rafore, to Lwestùgatc

tls posalbtllt of tqrovl¡g tbe loadl ca¡ncity of, thooe bca¡"Lr¡Ss

ty æAiûrf¡e tbe geoætúy to lLcit shott cLrcuit'¡t fl-ot.

tha ad.el 6rooÍtð bsssá¡g IFoIÞts¿l by tliro (8) ¿cnic?as ¿ tlcgree
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of floú rtrafgþtcd¡€ tt ttc ¡ilðlf lcft bc{lccn aæoca¡ívc

6rootc!. A Jor¡raal of tåf¡ Q¡r rar ¡rro&rod'r hsvl¡t a o@F

ltgwatf.on stoo¡ Ddeð tEr lta ibalcæl (9)' tr.t lt¡ leail

oasyl¡i oa¡no1þ (æarrucð orperá,æntcffy) r¡¡ uroh lcs¡ tå¡D

Bl¡!' tùæry ¡redlotcdl.

It ras dboldcô to we tùe pnfnolple of atra'L6htenJag rä'ñrr o¡¡

r?å¡Þlr to f.qrúoæ thc lo¡d oa¡qrl¡g ocpeotty of the tepcrcil uil
stcppcil l¡nil oo¡úlguratloae. I ædllfleif fuporeð f¿d Jotnzal

rar proihæcif Èy cleoboplatfng f 6 va¡És o¡to ths tÊpcreð leudlt

a¡il er¡bso$¡¡stly gd¡df¡S tùer baoÈ to obrËe{n the fo¡¡ ¡bm¡ l¡
Ëlgure 59. ltrta tor¡ool ilevelopcû a loaÀ ooeff,lcLeot C o O.l4r

ooqnre<l rlth ¡ ¡revloue valtr for tb Èa¡lo tcpcreil fc¡ of O.ll.

I ateppeil laril bcarfng alro hartag 16 vaæc æa proifuocû by a

pbto-clcotro-ctoh. ¡eûhoil dcvelopcô ùy tùå autbor for {¡bl¡

prEl,orc, f prsctlcl 1anÀ Jowoal rea pæiluocð þr oour.cÉlo¡¿l

rorlrhop æthoil¡ (t¡¡ ¡to¡+f¡C polat fæ a t¡poroô lad Jormel

elco). îb ar¡faac gl.erc m¡ æçrcil rltt SÉt eùraslrc pcilcr,

rn¡l tha Jouael n¡ tù¡¡ cbnf.oa{y cle¡ocô l¡ ¿ H.cblorocüþrlcoc

vapol8 ilcgroascr.

^ 
Ctl¡ of pbotoleæltlvo rc¡lat mc cprqyql ento tüo Jouaet

rds¡ aaf,cllgbt oo¡ill.tùoæ ed ¡ll.ceil to il¡¡r. I usk (tüc

argethe of tù¡ fo¡l rtgr¡l¡cdt) ms rappcô e¡prail tb :¡Eal

arlfaocl, r¡il {ùc Jorr¡¡l rr¡ tåcn er¡nacil to ulþrd.olet
raitl¿ttoa fæ ¡ cpaolfteil tl.t (9).

I
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FTGURE 59 Modified tapered (a) and stepped ( b) land journats .
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Subccqunt tbvelopænt f.¡ tbc H.ohlometù¡rlene bath

¡c¡ultcd, l¡ en tqnrrrtoru, æ¡k of ba¡{e¡eô photo-ecliat fünþ

¿ttachedl to the Jouaal au¡faoe.

lhc Jouroel te¡ tba¡ rotetetl f¡ a¡ eÌcot¡¡o-eùclrtog betù fq¡ a

pr.cdotcldaeil tlæ, Aur,f¡g úloh th€ l¡¡¡| ¡rtfaoaa tÐre etchcið.

aray beürcea'tù¡l¡ Taæ! pnroteoteil üy tùe ra¡L of resl'st.

frs rat¡e of etotrLog ras iÞpeadeot on tåe cr¡rre¡t öe4lty uscq

a¡Ë tas aitJr¡stetl to O.O0O5 fa.pen bor¡r to ¿Iloc adeqr:ate oont¡ol

over the ilspt¡ of etcb' ltris sloç rate d etctrla6 eLco gava a

rte6rçc of clecbe-poËobfnS, recultá.n6 ln aa loproveuæt l¡ the

cu¡faoe fl¡lsh of tbc Jormral. Ihe tegt pLece ls"t thon oleeætl l¡

tlre ôegcaser anil the cgk ncæveil l1tb ¿ rl¡a bûreb. lÉc

neaultlng fo¡o l¡ shom t¡ Ffui'ee 60.

Ibl¡ Jor¿¡¿l ilcvolo¡nô a load cocfflciæt C¡ = 0.15 oorya¡rcô

tlth O.0B fæ thc ote¡rycð te¡il' fo¡¡ tttbot¡t ?aE!.

It n¡ co¡¡Lilcrctl that thcrc toulô bc ao optfnn nt¡nber of va¡es

et rhLoh ff¡p'mçlrrrr loedl coefftcteÉ muldl be dlevelopeil. Co¡=

aegucntþ lt ra¡ itocübð to test tåa effeot o,f varyt¡e thô

nr¡nber of va¡e¡, & tlbe ateppeô lar¡ beart¡g h¡Å sbor¡ tbc

6rleater rbgrec of tryærem¡rt l¡ tha Loeil ooeûflLotæt ôue to tl¡c

a¡lilltfoa of vanoc, lt ra¡ dleottletl to ¡¡e¡tr{.et fàf¡ test to tÈc

atcppeô tanil ooúlguretton.

Jor¡¡o¿Is h¡?fDs &, 52, 16, 8r 4 ad' 2 vencs tltrc prepaleÇ on

e þunal rl{¡h ¿ ba¡l.c corflguretfon g{"en þ
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FIGURE 60(a ) Modif ied tapered-land journat

FIGURE 60(b) Modíf ied stepped-land journat.
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La2.O

SIiB g O.O5

SIE, ¡ l.O

a¡À vaæ tfüt¡ E O.æO t¡.
0aþ oao tcat ¡llcec tt¡! l¡!cð. Ds 6¿Þ v¡r !or¡¡¡¿1 ;rS prepar"eô

f,l¡lt, e¡il tùc¡ ct!¡1/ rltq¡¡te far le! Sroutd. otf to gllc tù.

fr tæ tpcc!.æ. Ûrf.c proocih¡re raa æpeatlô tlrtf,l' all væc

rûrr! ne¡oroE toil tb cl4lc ateppcil fori la! tctteil to oùaoE tårr

loaÅ oapaof.þ age,f$t üt $tlt¡tt! otr th€ ea¡ltor t¡sts.

Gc ¡eault¡ of tþ¡ tccts a¡c ¡honr |¡ rut¡rê 6¡, lhere ütê foeil

oapaoûty la plotÊeit r6af.uat tåc unùcrr oû Yeæa. it o* be cca

th¿t thâ rd.u¡l toail ocou¡a rlth ,2 r!æ!r ¡d th¡t t¡e lo¿if

fall¡ otf ùar3lJ¡ rùeD tbl¡ nr¡dber lc l¡orea!€il. Ia tranl of

tlr t¡¡il asûa, thå rF-kq¡! loai, oactdt ùca appnod¡¿to\y 1Ç o1

tbt te¡al tar oooqplcû by tho atraLglttcrlng vanes.

Goqrcrtron of tùt orr¡e! of SfGu¡.e 6f ¡nolc thstr for tùs ù.arl¡g '

tcctcdl, tùa uf.u¡ gEt¡ i¡ tùc loai ooctfllolcuû ras cqtral þ
apprortntr?V tro f¡hf¡ds of tlie iltlfe¡e¡¡æ bct¡ceo thc oæ a¡d'

tro ilLr¡r!.oarl rc¡ult¡. Âltborl6h tbe¡c ¡eoulta arc Eot a

auf?toi.cnt ?our¡l¿tto! l4roa tälch to bacc a torûal tbcory of tùc

rya¡Ê ftpct Jorræl bcart.n6, tt lc ooa¡ltbreô that tÀcy rn
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¡rúftolcat to abc tù¿t tù. ooúlgtratLoa oan ¡roiluoc a

algaLtlsa¡¡t lnpnorceÉ to the locil aa¡qrt¡g c¿p¡olty sf dùc

t¿pø.cal or rbppcit l¡oil for¡r. hrrthatorc, lt ls oonstôaæil

tùst thla Jouanl ooúlgurretLoo la rcrtlqr of fisthsr

fancotL6atlea.
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COTrcLUSIONS

lthe results of the tt¡eoretloaL ana\rslsr rhictt are oloseþ

confLruetl. þ e4ert-nerrt¿t evåcl¡ence, leeô to the concÌwior¡s tÀ¿t:-

(t) Itre Seynol.rtrs eqratlon can be useil to evaÏ¡ete the perforoanac

cba¡acte¡rtatics (foaå eapaoiþ, lealøge flor a¡ul righting torgue)

of the beartng coú'igurations dLlgcusseô i¡ this ttresis, provlcleô

thst, t¡ the coryreosible f1or cane, the lubsricent flot tloes not

beconø chokeô. If it ls negufreð to rlete¡a1¡æ tlrese cluractærr

lstLcg for clrotcil f,I.or co¡ilitl.ons, oorrsctlo¡u rnrst be appllecl to

the rRe¡raolilst anaþsis. florever, lt is conslËlEretl th¿t bea'rd.agc

;oultl raseþ be reqrri:reil to operate l¡ tt¡e cÌ¡okedl cooilitlon l¡
praotl.oe.

(Z) Itre asauqrtlon of isotþe¡ul flLoç im lùe olearease sP¿oe is

val1ô for both Íncoryressible anrl coqressible flowa, eæept (in

tho coupne¡efbl-e flor ease) rhen ohokeil flor oon¡lltions oocllll.

(r) ll¡e eûfect of lubrioant oory¡essibllity is to tlecrea¡e tho

loa<l carr¡rlrtg cepaollr e¡d, to L¡.reas.e the tea.x¿Be floç anil tho

r{ghtiry torgue.

(4) Ehe cûlect of the pressu¡s ratl.o (rn = þ ) ,¿tt inooqrrees-' P*,
lble lub¡{.oanb f¡ negltgfble. Ëth ooryressible lub¡.ioa.nts, aa

J¡orea¡e i¡ {ihc pnesarre ratl.s resuttc l¡r e tl¡corease i¡ t'he loedl

ooefflol,e¡nt (C, ) ar¿ cD L¡Breæe L¡ the flor a¡dl æænt ooefÊlole¡tc

(Cq d Qn) Eoo. {ùe velrpe obûalrêð for t.co¡I¡resclble flor. Ât

rur¡r 1or lrigssuËt ¡¡.atl,oa (fn-t ) tt " values of tù¡eac ooeûflcl.Ents
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olosê\1¡ appro¿ch tÞc valr¡sa obtaåneê for ircorryressible flor.
(¡) the loail aoefflclent (er ) vari.es epproxioateþ l.faearþ rttb

ecce¡ff.c$r ratf,o (n), Uttr for incorpressible fiIoç a¡rcl for

coqreostbte flor et a given pressu¡¡e ratto. fro rad.lal atl.ffnes¡

of tùe bearireg (fr) fs tbcrefore oor¡stant tlrroughout tbe clea¡ance.

(6) the ¡ad¡r¡n loeô coeffictent (C, ) for tapereð lanil beerrlngo

rltb leagth retlos (t) t¡ tlre range O.5 tp 2.0 is rleveloped et e

tepcr ratLo (f) 'fa üro reglon of l. the *.du"- valuea of tbe

loail coefËclent, for length ratùo I¡ = I, a¡e!-

(") Cf = O.2O for læou¡ressible flor
(t) q = 0.16 for coqrreoglble flw

&o iþtê for the otepped, lard' bearingr bave not ¡ret been adequeteþ

cheokeil, þ er¡nrÉ.ueat" flowever, tùe tlreorlr predicts ttt¿t the EsÉ-ûil
loatl coeff,tclent rill be developed. when the step terrgtlr ratio (St¡) ¿s

t¡ the ran€e O.1 to O.2, rith ttre step tlepth ratio (SOn) in the rarte
'!.0 to 2.0. &e na-lpr'.'r valugs of the 1oad, coefficient, for len8th
retlo L ,., !¡ etìFi-

(o) Cr c O,28 ?or r"coq¡¡essiblo flet
(¿) cr g 0.2O for coqresalbÌe nor

(Z) the aogula¡ st{Lf,tuesr (q) of botå tapereð anìI atepped f¡ûil

beaü¡æ i¡ leas thâ¡¡ th¿t of a parellel l¡nit cor*lguration.

Ilorever, tùa perellel la¡d besrÉ¡¡g heg oo raål.ar roait caeryr.og

oepaol,frr.

(g) lbs loatl oarrytng aepacit¡r of both tapeæil anô step¡ndr ¡á¡¡r

ooúL8uratioaa oan be lryrowd. Þy adÀfng fllot straLehtenfnc raær



.Dorbearingoritblengt}rratl'o.l2z;2.olirnp:oæ-
to the lantls.

¡enta in t¡" load capacíQr of the ortþr oî M for.tepereô l.fi¿

aaô 80f, for ate¡ryeô l.antl configrrratiotfs tet'e reoot{êtl.

(9) Ihe tapereû a¡¡tf stepped Ìantt bearing confilgrrations ar.e

chàrasterisedl bJ¡ eege of nanrfactr¡re (ttrese be-arlngs have been
: -:

¡outileô tn plastiu), operet+on (an indwtri¿l cosPressecl ai¡

ts fittetl rit'h thesesupp\y ras useð to operate pofotype instt.t¡Ecn-

bearings) r tnd. u¿intenance (tUe couponent gárts ere 81¡Pte, a,ntl

requi.re no speclalLseil servicing egulpoent). It ls co'r¡sideretl

therefore ttrat bearlngs of theae tSpes are auitable for lndn¡trial

apPls.setio4ß.

Ì
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rPPB{DIT I
the tlraorettc¿l il¡tc¡d¡atl.on of ary beariag chaaacteristio mut

begt¡ fttb t¡¡e cvalr¡¿tlon of the presEt¡¡te ôL¡trlbutlon over thc

bcarlng gu¡faoe. Gonseq'rentlg, s equatLon tlæoîtbin6 tåLe presstne

f¿eldt Lc rcgrd.redl. It t! thenrfæ æcesla¡lr to bor rhet tUle of flor

re6f-ue (lo-¡-a¡ or tr¡rbulolt, i.æoupreoslble or col4rsssibtc) ext¡t¡

irr the olea¡a¡oe spacG. ¡rysr¡-E ûtal evlilenoe auggests th¿tr ÍLt'hLû

tbe u¡nat ll¡ûts of o¡nratLon, the flor 1¡ far{rrar'. Xa¡d¡g tüf¡

asltrlçttloa aa cquatf.oD not tøor¡ as tbc Reynolil¡ lquatloa oan bc

i!¡rlvedl.

Ihc itc¡rtvetio¡ of tba Re¡motilc Equatio¡ ogû be for¡nit ln ery b¿sio

tcrÊ on lr¡b¡á.o¿tloD (t). ttc stcpc t¡rolvcil .nÀ tùe assrngttoaa oaÀc

aro outlf.æil heæ as tùs¡r batc ssu bcartag oa tl¡e or"Lgi¡¿1 tbeo¡ctLoal

rork r¡ait¡¡ta&ea Í¡ thÊ ecotio¡ <laaling rltb lrpttle a¡d ohoki¡C effeots.

Ílth refcreooe to tihe oo-o¡{l¡¿'ts ayltæ cbora (f-t) the gsneral

lfavle¡¡-Stobr eguatlo¡¡ oan bc ælttcn a¡

e.ft. r-{ -S ** -t4l - l3Ë *#.#ll

,.. |#r($i .$pt . $trt$i . $u;t ...(I-la)

p.* o p.q -81 ¿ ur€Í Afu¿
5'0¡+ I++ Ar

ðy

oaa

aaa
ðv

¡r. {r#-(* .fflt .ftcu$ . þt ...(r-lb)



(¡t
{

FIGURE l-l The coordinatc system on the bearing $rrface.
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p.H = p.q - # . & ut"3i - l# . # -Hl¡

... . *rut$i . #)r . $cut$ *þ¡r

*.Sp.ajg¿ *dS _ o

aaa

. . . (r-.tc)

rberrc zt !¡ I a¡ö tbc rutue?.þ ¡nraendl.cul-ar co-or€lnates,

ür ?r t arc tùe velocttlac Ln the cU¡eati.oa of the r.ecpeetlve

ao-o¡dl,¡¿tc dur,

p t¡ tùe l¡oal p¡coar¡¡c

p ts thc looel alÊlsfty

t¡ ts tt¡c logel rlaeostQl

t l¡ thc tlæ varlablc

Q r G, , Oz, aæ the ooqroæata of thc e¡tc¡z¡al fo¡rce frlelil

¡nr urLt naoc

#, H, H r* tbe total dùertvatlvcc gtyürt ttrc tbree coqroænta

of aooelerati,on of the f[r¡ül.

IIse l¡ el¡o u,ile of tlre codfnutþ cqrratlon, tàlob, rith æ

ror¡¡iìocs or cl¡&a ¡rresert l¡ the flolil, lr gj.r€o þ

. .. (r-a)

lbc illÊfc¡cntlsl eguatlou or:[6tna1þ ilerlved Dy rryìolils ms

¡eaücteô to Læol4lnegaible flulils. the eEuatlon fornrleteô lrerc

hes bêen b¡oade¡edt to ir.e1¡¡" the effects of cou¡msslblttty r¡¡l
qt¡a¿lfo loeitlng. the arsuqtf.o¡a iavolveô in ¡,edh¡cr'¡t equettona (i)
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to the Be¡raolila egratíoa ale:

(t ) ¡he heisht of the ftuia flLa, s, b ver¡r ru?'?. conpareil to

tbc span aail lcngth t 7¡ l. thus tb or¡rvetr¡¡e of tl¡c fil¡ of

lonr"nal bearings oa¡r be tgnoreilr o"il rotetton¿l reLocities

replaoe trer¡llÊtlo¡¡L velocitie¡.

(Z) Thore l¡ ¡p va¡.LatLon of, pareserrc across thÊ f:lLa. tlh¡¡s

0¡
az

rO

(-l) lts ftor ts l¡ú,u¡. lo vorte¡ ftor enal ¡o trlr.bulenoo ooctrr

aryrbcDe Lû thê fll¡.
(4) tro eternal forcec ¡ot oa the fit-1. Iben¿forc

G=0=O=Ortt

(¡) lLr¡til LÉÉl¡ t¡ gDB1l ooqraretl rith vi.root¡¡ chea¡. t'berefore

D¡ Dr Dt
æ-æ3Ë=0

(6)

(z)

I'lrre 1¡ oo sllp at trhe beartn6 sr¡d¿oc¡.

coçeseô rlth ttrc tro velocrtv sr"anre*t # ".û 3: ¿11 oûh¡r

æloolty grrad.icatc oas bc co¡cfde¡¡oü neglJ.glble. DcrLv¿tlrrs of

ta¡lr ortb¡r dh"" # ""À 3i rlll ¿lso tåarefo¡c be æ61161t¡1e.
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All dlerlvativcs rltå thc eæeptlon of

bc onittcü.

Aosuoptto¡¡ I to ?, r¡seil rittr egrration¡ (f ), yl¡fa

*f 
* A1, orn trroæfom

1 ùÊ -Ast?- -ô¡'

i#"*,

..,(r-5)

...(r+)

lhichr upou l.utegrattoar '*'¡t ni[th the ule of tù€ relBva¡rt bouniler¡f

oondftl.o¡¡r'Êeld e4rrcaolons fon f¡hc veloctfir ooepo¡eut¡ u ¡rú y.

ti.a,'

"=h$l.r(r-r) . .. (r-5)

, = h.3+ ,z(z - u) * \3.q * l.y, ...(r-6)

ll¡sn ooobl¡eil útb thc corûirnrlt¡r cquatlon, ràloh fol tln-
ütva¡f.Ent ü¡b|.oatlo¡ o¡n bc ntttc¡

P'SP*$$=o ...(r-Z)

thc acræltsdl Beryaolitr cquatton oca be tl'artwô. r1¡.
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...(r-8)

rhcre Vu= aurfaee veloolt¡r f¡ thc ol¡ot¡¡farentiel ilf¡eotioa

rhore f g su¡faat veloclt¡r i¡ tbe norul tlL¡eotLo¡.

0f tÀe ten¡¡ oa the B.ll.S. t'bÊ frlrst ls the contribr¡tùoa of the

velocftl.es of tåe bce¡á¡€ surfaces along tù€ fül¡, rtrlle ttre eeeod, l¡
iùre to tùs ¡.elatlve nonael velocilr of tùe autfaces.

For e ¡t¿tl.o (aor'rotatá.ng lorrnral) ¡""¡ittgr V, = V, ¡ O. For

otcad¡r loadLn6 Í c O. Udtr tbsle oorËitd,ona equatlon (f-a) r.eth¡ocs

to

frf€Ð .#Ë.33) = 6(T - q).$P + Pn

¡¡O
. '.(r-9)

It fu tåts ?on of tl¡c Rc¡mo1ôr cguation tåat l¡ uoedl ec tbe

baslc of tbc enaþsf.c gi¡cn t¡ tbt! thc¡i!.
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¡PPE{I}II II

-

II.l Jor¡sÐsl apal Eearlnß .lns ParaUeJ

Go¡sliìer a c:noss-rection of a bead.ng-Journal configr.r¡atloa

at a ðistance x fro¡ tbe ed.t an¡ruü¡s (ffgrE" II.1)
tàen

(orr)2*(rs)z=(ora¡z

o-il tbc¡cforc

(r.ooaO - ù2 + (r.stno)2 - (o - -.t I o + rr)2 .. .(u-r )

l{cglcctî''t seooDil orúcr terns i¡ o, c, h ard e fri cgrratfoa (¡f-f )
ytef.ô¡ a¡! el[¡¡assion for ttre locel cleata¡roe , h, tt z,

h=c*T.t-eroorg ...(E-a)

Dlr'tü¡t cquatf.ou (ff-e) þ c glvca

ñfob ca¡ bc cqrrecccdl Lrr ao¡-ili¡msLosl fo¡n at

*=r *T.l-os oosea



-c

Ë

T

FIGURE II.l Diagrarnmatic representatim of the journal and bearing.
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t=l +X.1. -E.coofrrÏ) ...(u-r)

8.2 Jor¡tal a¡d, BoaIlo¡ .å¡es Ëasll.ßl¡e¿l

Íith refereDce to Figure fr-Z, the tllspLace¡snt (ô) at a

dl.stanoe x fto¿ the e¡it eNrdl of the lanil, locetcü et 0 froB thc

posltf.on of uÍ.nLu¡n clearaoce, is givea þ

ô . (1 - r),ta,n6¡coeO

la cx¡rreaal.on for tl¡e non-tlltett, conceutclc esnôltlon

l¡ obtal¡sil þ aubstitutlng e a 0 !.ll eçatlon (E-2) e T!2,

.¡
DÉ= o + î.!

Ihe fl?-s thlckncss for tlre tiltEtt co¡d.lttoa (n) fs glrcn þ

\'\- ô

ard, cubotitrrtLag for b" srd' ô ytel&

\- o *t.t - (r - r).tanf.coao ...(II+)

lbs ¡¡€r¡ls¡{ty l¿tto (¡) .qy Èe oelt¡reö ¿s



rtPr

ç,

t ô.('l

t
Pr

Pz

RGURE lr'2 Futty tilted tapered land journal bearing.
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...(E-5)

rhcre "r b tüe ecceiaffi.clty ¿t the eail of th€ ta¡û fæ thê tilt€il
eonilLtLoa (see BL6rrne II-2) . .

Ifre tun6cnt of the aa6te of ttlt (t*ø) ir glvcn by

t"rrø=T

anil tubatf.tutÍ.n6 for e, frroa cgrratioa (U-5) ¿efas

taût=+

Sub¡tlt¡¡tlng for ts¡ I ln cquatf.oa (II+) 6iær

hrro+{.t-(k{l.eecoso ..,(rr-6)

Ia tc¡u oú t¡. ðf,æ¡slonless tror4rr prevtotuþ alefill.al

(No¡øæl¿trse, pJ ), cquatü.oa (n-e1 can be rrá.ttpa ac

Ha = I + I.I - 
^(i 

- I).eoa(arf) ...(u-7¡

^=l
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aPFENDTI rE! Lo.âD. FLCm $ÍD XotBt! cÈgFFIcBIIS

In.1 lcacl CoeffrleLent

fo obtafn an erpreesisn for t'Ìre loatt' ca¡nolty (f) of thc

bcará-ng, conslcle¡p an cletênt of tlre sufaoe (f¿Sure III.I) of

a¡ee Ax W ¿y, locgtÆdl at aa a¡gIe t = I to tlre loeê lfne.

Tbe loadl (f) carr:.eil by such ¡in eleænt ia givea þ

f c p.coBÇ) . a-. & ...(rrr-l)

An eqression for tbo total ì.oaÀ, F, carrietl' þ one tardl of tbc

Jouræl ts obtained. by integratint eqrratl.on III-1 1 L.Q.s

F=

Er¡nresseð Í¡ ill¡e¡sLonLess tÊæ, cgrrat-l.on (fU-Z) caa bc

rn:ltten a¡

It

trl

I tn.'r"Ç).a'.+v

F r g,r. *llr..os(zrü).ëE.dr
oo

tt

g = ftn = *[ fe."oc(zrr).år.drfa

...(Er-r)

fience, þ re-arrangeæot of eguatlo" (ff¡-t), a load ooefficl.æt

oa¡ bo dl¡cflæ¿l e^c

ata (r¡r-z)

,..(rrl+)



¡r
@

p

FIGURE lll -l Elcmontal load - carry¡ng ¡rca .
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tIT.z Ílor Cocfftlod-ent

lbc lcatagc flor tlrrough a¡ cleænt of tha c¡lt a¡nulus

(ffeurc T1f-z) of rtdt¡h & a,d tntgbt ôs ls 6lvca þ

q = u,{y.A¡
I
I

...(nr-5)

...(Er-7¡

(rrr-e)

rhc¡e u Ls the x-oouçnneat of ,bhe flor veloclty, gtven O) ty

" - h.*.(d -r¡) ...(ur{)

rl¡ere b il tbË looel flLu tl¡ta¡@gcg, dþflæö ta þ¡nnôl: It.

$r¡batttr¡tl¡e for u fi.oa cgratlon (fff-e¡ fa cqr¡¿ùloa (IU-5) anil

t¡tcerett¡g ora¡r tå¡ fi'f¡ thtclæos gåveo

Qe

rl

t¡ o

la c4rcr¡lon for tbê tot¡l flor thou6b thÊ annulr¡s lc obt¡l¡eil

ty tr¡tce¡stl¡g cgr¡¿tto¡ (fff-7), t!2.,

a.a

lr0



-4 
ttt¿

('ro

FIGURE lll-2 Elernentat flow area.
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Eqrresreil f¡ ôi.æ¡sionles¡ ter¡s eguatton (fl¡-g) ce¡¡ Þe rrttten

et

.ðr ...(ur-9)I" ¡

Ëetca, b¡r re-arr¡'ìge@t of eqnatilon (tf¡-9), þ fLot ooerÊfl.ole¡¡t

ca¡ bc ôeÎl¡cdl es

I

Q = 1",$
0

cq= ãi:ä* = ä/*.Èi- itY ...(ur-lo)
I¡ I

!EE: Ibe te¡¡ $ * cqrltú.on (ff¡-rO) nqr be cvalr¡¡te4

ar.urioally ¡¡sfn6 a flve polnt approd.cu.oa (6) grveo ùy

€Ët.#.(- 2*,+4q - 56?r+ 1@r' {) + f ...(tü-ll)

rhæ ö 1l thÊ ff¡ttc illfle¡røæ f.ntervel,

I l¡ tbê pocltloa at ¡hfoh the dbterui¡¿tton 1s requiredl,

P. , I , Pr , P, r P. a¡c ttre lt!ìacturæ at suocçsolvc polrrta

I.r 4 r I¡r 4r I., reparatcil ÞY l¡ho

f¡tæal 6, a¡il

f l¡ as ernor teun of t¡€ fiftb or{gr.

Notc also tb¡t the rsc flor (¡) f¡ g¡æB bt
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!Ep.

!=

a¡il hcæc

... (rrt-t2)

SubstÍ.ü¡tá.ag for u ño¡ egrration (fff-6), pt¿'9

,.å'* .(u'- z.,l).il2

" " fä.81 .. .(IIr-t5)

le-a¡ra¡giag eqrratfon (fE-15) gfvæ an erlr¡èrslon for tb
p¡sllr¡¡tr 6¡rri{ent #J t terr¡ of tlra nesa ftot (¡), vtz.

12tE

- Ptt . . . (rtr-t4)

EguatLoa (fff-t+) ls useil tn tbß Pipdltotoroo¡rector æthoil

cf solutl,o¡ fo¡. tba preasrse á{¡trlbutioa (Seottot 5.2.9).

II[.t Ioæat Goeffictent

llb¡ ooæut aot{-t on en eleær¡t of curface et toeatlon ¡, y,

of ¡¡c¡ Â¡ Èy ôV, ad looateil ¿t e = I to thc æænt plaæ

(frn¡rc III-I ), ta gtwn Èt 
a
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DEp.cosÇ).u.ar,(l-x) ...(IIr-tF)

Án er¡ressloa for tåe total æænt, I, aotl.rg to r:l-Sht oæ la¡ô

of tbe Journel ic obtai¡ciI by inÈcgrattng equatlon (fff-t5)' !-.ê.¡

I

E-prersctl l¡ <li^æosloalc¡¡ teru, eElatioa (fff-t6) oan bc

rrLtten ss

l:lrr- r) .p. co'(Í)..'.av

It

r r Ap.ú a.*llu - r).p.ooo(zr).dr.¿[

lt

¡fu, - *ffu - r).P.cor(ac).dtr.dr
3a

[æce, by ¡c-¡¡raaSJ¡g eqrratlon (ll¡-t?)r a mænt eoelRlclent

oa¡ bc d¡all¡cdl es

...(IIr-t6)

...(rlr-17)

. .. (rII-t8)Çnr
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aprEñprr Ev slltso-aAqloq 0F EouÀsroN gl¡)

llte eguatLo¡ to be tategreteð ts cquatton (fa), p1J, r'Lc.

ll

F a Âp.1. r.{/F,.( . ...
00

..o ú - fl-.- r."ç-eeÉT)l' ,.ìil .coc(zzcr).ax.qy\ (t + r.T - E.coa(zxr)[f ...(W-l)

lrSegratt-n€ tlth respect to ¡r a¡¡ð re-erraogin6,

+ .cos(2*r).ûY ,..(rY-2)

Clrang¿ng tho lf.ûit"t of ttp lrrtegralr ard rc-artarglng,

F = ôp.r.u.* 
/þ.

P = þ.1.d.ß.2 ooo(açÌ).4Y...

aa. + ôp.1.ô. n+(t -B.oos(ez¡Y) .cos(zrßi),üf+z(t -E.coa(2¡T) ...(w-j)

lbs flsrt teru i¡ cguatioa (fY-¡) ü otlÇ a¡il on l¡teg¡atlon reiltroso

to z€Eo, fuuation (IV-}) s¿¡ f,herefo¡Fe be rritteu as

P = Ap.f'.tl.t.2 t+(r-!.cos(zrr) .oo¡(zrr).dY . . ' 
(¡v-t*)I+2(1 -E.coctzrf,))

BxpaaiU.ag cguatton (fv-a)r
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I = 41.1.t1.t. (err),ar

aat + 4p.1.ô.

a aa

.ooa(2*Y).ü

IhÊ first tcro Lu eguatlon (fV-5) ia orlit, anil o¡ tatagration r.eôuces

to zero. tquatLoa (IY-5) oea tbe¡¡efo¡ne bc tritten ec

I
F = Ap.L.d.ß.Î cos(?rßr) i[f+2(t -E.cos(2*I))'

rtrtob ca¡ bc c4ranilcil to giva

...(rv-5)

...(rY-6)

...(fV-7)

Ir
3 = 4p.1.(1.ß.!f

1+2
1+2(! -B.cos(2rßf))' al-

Evalrratfn6 tba t-nÞgrals of cquatlon (fV- ) ¡e¡ultg tn a¡ equercion

for tùc loað ce¡nciftr, rf'r.
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IFPED¡DII V

Ibe equatioa to be solted Ls equetton (tZ)r fll t aú,.,

a
æ $ ro'$31

il*Ð( o'. H'
3(r.an * 4)

...(v-l)

)=o

(u' trO+

I¡blng the oubctLtr¡tf.ons

p=Ap,P+q

h=oll
¡=1I
y=2nï

gåæa

A(p.ôp + B ) ð (ot . Ht' a (rt) a.âãt A (2rr)+ a

;hloh oD ¡Þ-arna¡rgeDrt gires

;hcro.Í¿ =
t
!

a? 
(u'.$"J .- (# . & t*.$f,) = o

...(V-2)

...(v-r)
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Usln6 ea .l.dleatib¡ tlvcn ty SoutÙrçcff (tO) rhich¡ I'a teros of tùe

va¡J¿bles of eçetÍ.oa (V-r) fs

#H'8ï,=P.''.p-'P
Equatioa (v-t+) tra¡cfolta l¡to

. ..(v-¿r)

...(v-6a)

...(Y-6Þ)

[å . ef #']H' -P) .'f;'.,ht#]
-d¡.¡ -r[s tht#](u'¡) =o

aaa

+
.. . (v-5)

1¡¡ ft¡ltc dllfiPe¡enoe operetoæ, acstd.ng e sqt¡s$e æsb of l¡tE¡ral

ôroa¡r bc rritte¡ ec

d4
ô¡'

ë!
ðr'

4-21'+d
!

ôl

0-r-2Ã4'

ôt

lgnetlon (V-5) eryreasetl la fìlLttô dliffererce foru beoorso



1ß

ß{.o;.{,t . t*Í.c4.44)] .P.

' (r{.4).çr* (4* t'o).ro .'.

. th'.[t4,* ni).P"+ (rd+ {l.eJ ' . ' 
(tI-7)

taa

Bqnaä,or (V-7) ras e¡ry11eô Dy t11'fa1¡¡¡' thc If area lnto ¿ 10 z Ð

g¡,:tü efrit the n¡ær{.oal colulflo¡ ;as obt¡Lnsil by a oyc}lc sequentf'al

rel¿¡atioa of tùs ear¡sa-SeLibl trPe, t¡lf¡6 ove¡-rel¡¡atlon to llo¡eele

tbc rate of oonvægeaoe ( 6 ). llrc asoru¡rttoa of a lt¡allua6

illatrlbutfon cyæ{rLoal ebout t}re l¡ail lLne ¡sedr¡oe'l by h¿lf tbe flelil

orç¡r rùlolr tùe relelatton tat applteð.

ttc coryutatlon ra8 progamea l8 FoEnÀr oouplbr tangrra€e for a

CnC 6qæ conprrter. lbÉ i¡pn¡t dLate for cach pnoblen lere the baar{'ng

raillua, ]3!€tb er¡il clca¡ame, a'adl tÞ lub¡'tea¡t tle¡sifir, vlsooslt¡r,

rupply a¡il cù¿r¡¡t ¡trecaruer. Îhl pro6ral pfoôuocil tbe pracstElc

tll.stldbütlo¡ loail anil flol oocfftlclents, aotrral 1o¿ö enô flort ancl

velootty a¡rl tr€yaotds nr¡tbcr dli¡t¡ilbr¡tl.ons. sa'qflcc of tb. Pro6¡.arl

rrá"füen for the scvcral ¡cctLo¡¡ of tbt tlrcory arc oor*aLootl' Lo

tppedt: llf[.
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¡PPtr{DII VI

-

Equation

I

,. ,(YI-1 )

ca¡r be gol"oil by the e¡n€s &¡ttê pretll.ctor oetÀoA (6). If e û¡¡otion

tg of tbs fo¡¡

y'= f(+y)

theu an eqlression fo¡r the fi¡nctloa valus (y) ¿t locatlon (¡ + ö) f¡

6åvcn þ

y{-.* ô) = dro) * ftr.* ?ß,+ \+ ßr) ,.,(vr-Z)

rhæ

f,,.= ô.f(rortr )

f,,= ô.f(r.+ *ô, y. + lfr)
tç= 6.f(1+ lô, ro + l4 )
[r= ô.f(r.+ ô, Io * [r)
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¿oil ô È tbe L'rcreært t¡ tbå - varl¿bte.

Itre proocôr¡¡se for tÌrc applioatlon of cguetLon (Vf-Z) to obta:l¡r tb¡

colution of cquetLon (V¡-t) t""
(1) Sct a¡ lnttíal valr¡e of 8.

(Z) Sta¡¿ at tùe edt boun¿ary rhcre tbe prcrsu¡e ls loom (p = q )

anil by succeccfu€ appll.oatton of eguation (V¡-Z), caloulate thc

I¡tstr¡l¡¡a at suooessive lntenvaLs of ¡ rmtlL the pr.easuc at t'he

tnlat bourúåry ha¡ been obtel'rn<l.

(¡) tlre presor¡¡e ¿t the l¡let bor:ndlarlr Ls also þora (p - 4 ) a¡¡

so the €rro¡r tn the ¡retictetl valr¡e of P ca¡ be obtet¡ctl.

(4) fhe asar¡¡ett vatr¡e of I ca¡r tùrea be millfleô !¡ rcLatton to

tzhe u6aituila a¡¿ì cltn of, tùe æno¡ t¡ llrc ¡nitsll¡¡le ¿t f¡let.

(¡) îbc oyole le repeatcit rntlt tlp cmor b P*,, ia

reih¡ced, to ¡¡ aoceptablc Lsvel.

À test protx.aD ras tlevelopeil to <tete¡ü.ræ the tect ohoice of the

rnrtf¿t valrr of tbc ¡¡so flor (u), an¿ of l¡tr¡ ctl¡eotion and. rgntüilL

of thc ohan6e ia a regufleô for a gl.ven ànror ta P-,
llhl.c r¿s t]¡sn l¡cor¡nratcrt t¡to tùe letn prograo úlcl¡ ooat¿læil tùc

Bun6e.f,ntta ltcratlon for th¡ Fetsu¡o .rir{¡¿þt¡trloa atong ad,¿l

at¡ea¡li¡es egul.spacc¿l å,Fot¡Dil tùe oi¡¡t¡¡trcser¡cc.
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^TPFBEç4 YII ggrFÚ$n FRoCR¡üS

$ir Appendi¡ contai-ns aanplea of the oonputer ProgSa¡¡ rrlftten

for .tbe several sectio¡¡ of tl¡fu inveatitatlo¡. Ihe Protra¡n! presentcil

lcrotn t!93-

vlr.l
v:ÍL.2

vIJ.'

YTI.L

Tapcr bcar{.46: tro-tll-ænalonal, f-nconpressible fl'ot.

laper beariLug: tro-ttLænslonaÌ, couprecsible flot.

Îa¡nr bearÍ-ag: one-diærlloaal, conpreaslble flor rith

t¡ertta aait cboking effects consi<Ìe¡eð.

Step bearta6: one-tli¡ensioruì., f-neouPrelsiÞle flol,
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laoer b€arl¡¡ oror¡¡¡ I

!ro-il{-çn¡l.oaa1, Lnooqtresa ble ffor.

EIufil ls¡tla 4tcctc ae6lcctcil

G¡¡¡¡¡-Seiilel rela¡et1o¡n rllù t*p

bearl¡g h¿lf-suface dllvlilsil f-ato

a rO þ 10 fLntte ili.tfercæs ¡e¡h.

Sf.r¡noatr nrls t¡scil to evaluats

tntcglalr for loail anô flor.



Pn.ocnü ÎPRBBe (IÌ{Pu1,IåPB6OÉ:NPI'![, OU[PtIT,TÂPl6rEoUrnn)

DrrBtsrorf p(t r, t 5), n(r r, r r), r(fi , I 3),s(r r i 5),c( r t, r 5), u(t r, r 5),
rr(r¡)

10 roRilAT(r4H TrPun ¡n¡rruc)
20 FOAUAÎ(Î5 ¿.r7.4)

p soBvhÍ.///tffi ErrrE tto e,r5//1Ít rE[¡oul nå[ro -,t-1.4/6út tlPBn,
1&l SAÎIO =,Í7,v21H ECCEIBICIÎr nX[Io =,F1.4)

¿,o FoRrATUtgn ÎclRQ cogrrtcrnE = t7.Vt%l lLor cOEEIcIBl! .,F7.lr
t//h$ m¡ssrnp rr¡op)

5o Fonrrî(/¡N rr'rl1F6.J) '

60 FoilAT(t+ll,r =tt5.2¡ífr P rrtlF6.J)
7O FOnXrn(rat uo.ctcûEl srl4r6H Suü =rËt2,5)

D0lO0 tslrll
It;t-r

' 
X¡¡X.O,'î

D0100 J=1;13

loo P(I,J)=I
uars(61,ro)

r r o nuD(6o, zo)N,ar,,tÎ, Bt
rr(8oFr6o)t lort't5

r r t mIE(61 r to)Nrnlr,nr,a8
D01rO l=lrll

o\
\rr



t-(t-t )ro.t
D012O Je2r12

lr*J-2
1 20 H(r, t) I . O+Ifm-nr¡COSr(yr O, t1 41 5127)

H(r, J)4r(r, J)r.l
H(I,i )=H(I,r)

1tO H(I,15)rH(I,rl)
RIJ¡ilrtRIrrO. I 04 521 1 I
DOI¿O lgl rlt
Dot¿o JJtrlt
A(r,J)4.O
B(r, itr)é.o
c(r,J)4.o

tto D(r,J)4.o
D0150 I=2¡lO
D0150 tr=2¡12

l+(r+f , J)+2.Ofï(I, ü)+H(I-l , J)+R¡r(H(I, Jr't )+2.OrH(I, J)+H(I, J-1 ))
A(I, J)=(H(I+í, J)+H(I, J) )^
a(r, r)=(tt(I-r, J)+tt(Ir t) )Æ
C (f , J)-(Rlr(n(I, ¡+t )+u(r, I')r) fl

1 50 D(r, J)-(nr,r(n(¡, ¡-t )+tt(r, J) ))Æ
Kr{.9

È
f



WEI.O
,| 70 slrr{.o

K¡il+l
D01æ I¿.lO
D0180 J=2,12

reÀ(r, J).P(t+r ,itr)+B(r, J)rp(r-t , ¡)+c(1, J)'P(I, J+r )

r=(r+o(r, J)ùP(r, J-l )-P(r, J) ) 
tT

SUIeStI+IoI
P(r,¡)cP(I,J)+I

18o P(I,r5)eP(I,tr)
'ræ P(r,t)=n(r,l)

trÉi.5
rr(suu-1 .oE-1 z)m¡7o,I Þ

20O D02tO tr=2r12

Y=l-2

r(J){.0
DOzæ I=2r1O'2

r(J)=r(J)+p(r-t , J)+P(r, J)+P(I+l , J)o¿l.o

220 Cot{TImtB

2ro r(J)4( J)rCoSB(TrO. rl 41 1927\

w{.o
Ntzr, lzlrl¿l '2

6
Ur



2f5 r¡¡f+I( J-r ) +4, orT(J)+T( J+r )
Í=Tr1.141 5927/gæ.O
I!O2¿O Jn2r12

1( J) =-2!. O.p( I, J) +{8. Of p(2, r) -16. Of p( r, ¡) +r 6. o¡P(4, J)-r. otP( ¡, ¡)
2to r(J)È{r(J)eit(r,J)

IrQ.6
DOzn J=)r1112

25o IqI+Î(J-1 )+4.0ûT(J)+Î(J+1 )
trËX.t.ltd ,r27/452.O
xRIrB(61,¿É)t,r
D0260 J*2r12
Y¿J-2

260 Î(J)=I'O,r
rRIlB(6r, 50) (1(J), l=2,1 2)

fãO.O

D0t9O Islrll
Wr'I-l

l-FO,1
,90 rRrls(6r, 60)!, (p(r, t\, J",2,12)

nRrrB(61,7O)K $il
c010r lo

410 81!P

&fD

0\6
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leocr bee¡.Ln¡ nrosra! 2

llo-dlf¡e¡sioael, coqrreoaible fLor,

ffÉd lnert5'¿ effectc regleoteð.

A ¡odli.*leation of progran t, wíng
o

tt¡e P to ¡r tran¡fonetioa.

he progra¡ he¡ also been cpandeil

to ¿llor for ooqrutation of dynellc

(rotetlng Jora.nal) atra¡¿cterlstLas.



pßocn¡t' BEAnNG (I!{PUT, ÎâPB6OEINPUÎ, OuIFI}T, IAnr6r'oulFlur)

9¡IEßfS:tg¡ ¡t(,t2,25),e(lZ,Zr) ,t(tZr11),lltZ,Zr),C\12,2r),D112'2') 'P(12'2') '
1 p$rp(r 2 ,21) ,s(t z, er) , r(25) ,u(2r) 

' 
urF?(t 2, 

"¡ ',g(zù
10 F0nIAll(a6ntr¡noDrMXIC Trllß EE¡IING)

20 FoilAr(r5r2rr)
,o DoilAr(zgto.t)
Ìo FoBrAf l///ïtt m'E No"r5)

50 rog,Af (//t gt BEIIINC DilE¡pIoNg, / fttl I¡t¡{CEl, 1 4X''l7' 5,IrlI IN' r

1/9fl DITEIEß, 1 zÍ)n,trlrg IN., /1 *l 1âDIAI' TtPn'' 8I' F7' t' q¡I IN.,

2/1 7n BADIAL CLETRA¡{cB,t+J,tÍ7.'! r',{¡l IN. )

60 FOnf,AT l//Xn oPERA:Itt{C g¡I{DII¡gNS, / /t N Eçü¡¡1¡gICIT:¡, 1 oX' El o'4,

tt+¡t IN, ,/tt*l Jün¡{At SPEEDTgI'81O.4'7Íl R.P.U. ,/t1l llflg[ PRESSI¡¡E'

2glrplg.l+r14Il LB/SQ.IN.IBS, ,/'t6n OUTLEiI PRESSUnET Jf,rß10.4r 
'+ll 

LB/,

,tlH SQ.IN.âES. ,/tza cÂs DEfSIrrrtlI,ElO.¿+r2OH I3/gU.IN. 
^T 

S.T.P.'

4/1'fi Or,s vlscoslgr, 9l,8lo.tl, JzH IA-SEC/SQ.DÍ. (n¡rNs) Al s.T.P.,

,/1 Tr Poûrtßogtc rNDElt, 6x, Et o.L)

?o FoilÀT (//zfi DITENS¡Io¡TLESS PånûIÍSIEAS,//t ltt LENoffi nÀrto 8X,F7' !'
1/12H 1Â¡1¡n' R411o, gy,,p7., /19H ES6ENIBISITT Rilflg ,2¡'î7'',
2/2OH COrPRESSrBltrTr NO., 5r, Bl 0.4)

75 FOR¡I,ATl//tm REI^uAuoN eRrD ,r),rtl r,rr)
80 roRxAr l//z¿*fi BEARINC CHA¡-ÀC1EaISuICS, //1 7r IrOAD COE'ìmCISM' It'.f,',

1 f7 . 5/17H FtOg COEFEICIE¡I¡, l¡X, F?. 5, /¡ N ltrtl,llfD8 .[¡{GIA' 6Í''t7 . 5'

28lI DEOAES,//AÍI PRE¡$InE rIDrÐ)

o\
@



90 ronlAllhOn Y=,r1F8.5)

99 FORIATI/1x NO. CYCLBS =,r5)
96 ronur(fi st¡x =,810,L)

lOO FOilAt[(5Il I=,Fl+.1 ,rrl Ptr11F8.r)
rlO AEAD(60,20)N,L,r

rF(BOF, 6O)Jr O, fi 5

r | 5 aEaD(6Or ro)BL, BD, ElrDC, 88, BS,EPT

R8åD( 60r rO)ApO, DnÉ, VrgC, PoLT

rRr1B(6r, to)
rRtlD(61,¿O)!r
rBrrE(6't, 5o)BL,, BD, BT, BC

ÏRIE(61, 6O)8, ES, Bp[, BpO, DBE, L'I8C, poLI

DPËBPI-BPO

RI,=Z.OrBfy'BD

a1þBÎ/bc

RE-E!þC

8&."6, OrUt SC.BS. r. 1 4 t 5l27,.Br1Brf (60 .0r BCf BC )
çRrrE( 61, 7O)n¡, nT, nE, A[
mra(61 ,75)L,\
DOlrO lalrll
DO'IãO lt2r22
I=(I-t )tO.1
n(r,.r)=rnoþn+X

o\\o



' Y=l-2
H(f , J)=l .Or¡qn:[-lElC0Sl(f'O. 51t+15927)

{20 O(I,J)*H(I,J)'r,
P(I,1 ).P(I' 5)
P(I'2r)=F(I'2r )
H(f,í )EH(I,5)
H(I,2f)=H(Ir2r )
e(I, I )=e(I, ,)

tro c(I,25)=G(I,21)
Do'l¿|o J=2t22

P(t 2rJ)=P(ro, J)
H(12,J)=ll(rO,J)

1¿O C(t2,J)=c(fO,J)
RIr-¡û¡l¡lI¡t A . 1 01 r21 2

D0l¿à5 læ1r12
DOf 45 J-1r2J

r 45 P(I , J)=P(I. J)m2
Y:l rO

r(4
D0r41 Í=2rlO
D014.t tr¿2 22

S(I, J)-O(I+t , J)+2.OtC(I ü)+c(I-1 , J)+B!'(0(I J+1 )+2.0r0(I J)+G(I, J-î ))
A(rr J) -(c(I+r, J)+G(I, J) )/b(r, ¡)

å



Ð(I, J)a(G(I-l , J)+o(I, J) )/S(r, ¡)
c(I, J) =(G(r, J.rr ) rc(I,.t) )rRr/3(I, J)

I 4l D(r, J)-(o(r,r-r )+c(1, J)).u/s(r, t)
15O &cf,+î

SIilÈO.O

DOí9O I=2r10
D0f9O il-2t21
Plnæ(I, J) qÀ(I, J) rP(I+r, J) +B(I, J).p(f -t, J) +c(I, J) re1t, l+r )

I +D(r, J)rP(IrJ-r )
Drrr(r, J) -FPETP(I, J)-TlP(r, J)
P(12,J)=F(ro r)

I 90 SItI=SttI¡ DffF(I, J).rz
D02OO I.c,2r1O

D020O J-.2,21

P(I, J)cP(f, J)+DIEF(I, J)
P(I, { )-e1f,et )
P(I,22)=,P(f , e)

2OO P(I,25)=P(I,i)
IF( gur. tÎ.'t .cE-t 2)21 0.1 fi

21O Do21l L=1r12

D0215 J=1,2J

21' PlT., J).SCRr(ptI, J) )

\¡.¡



D02þ Jú2r22

IEt-2
f(J)'O,0
D022O Írl,2¡2O¡2

220 1(J)¡1(J)+P(I-1, J)+4,O.P(I, J)+P(I+l , J)

u( J) cr( J ).srtn( rf o . 51 41 59)
2ro Tt J).'r( J) tCOSr(rrO. t1 41 59)

t=O.O

vó.0
D021ro f,=)r2112

l=ü+T( J-l ) +tr. Otl(.r) +T( J+î )
2lÉ V=Vd(J-r )+4. 0ÊU(J)+U(J+î )

TAI{GT=V7'F

tNcl,B=âTâNr( TA¡{CT) r 5?, 2%

w¡SQRT(Fr+tn}v)

Y=FO.0OO87266

WzrO Ja2r22

{ J) =-2!. orP( f , J)+t'8, oiP(z, J)-56. of P( J, ü) +1 6, orP(4¡ J) -J. orP( 5, J)

e(J)=¡f(¡)rop
25o T(J)='1(J)rc(1,J)

IEO.O

DOz(p l=JrZ1¡2

i



260 I*X+T(J-I )+4.OfT( J)+r( J+t )
I=IrO.0O)6]6t

5 trRrIB(Gr,80)tr,rr.â¡rcr,E

J99 lonx,al(rn )
m,r$(61 ,tÐ)

¿rOO FOBIdI(2¿J| READ LOAD Pm, FEIÌIIIE =rF8.5rrûtrD.)
8L0âÞ2tf,ÜBL.BI)

waI1lB(61 , ¿Ðo)nrol¡

4Ol FontÀÎ(z¿ü nSÆ ruOr PEA. BEAAIN$ =,F8.r,8HS.C.F.X.)
RF[,otr=I! E C]. r. BD/]Í'ISC /Bv 1 t+. 4
wRIIE(6r,4Or )nrr.ov
wBrrE(61 ,4gg)

Il99 F0AIA!I(56H f VEL0CITÍ,F.P.S. 8RIgryION FAcfOR REINOûDñ¡ NUUB@,

r)
D05Or l-."2j2
l=(J-z)tO.t
VELOG=DC. EcrH( 1, J ) 

rH( 1, ¡) eQ( ¡ ),/t 72. g/aL/vTSC

ERTCTE¡}. OÙBC.H(î, ¡) rq(¡)Æ¡r1ærO C/ñrS/1 72.8
ngr,EDcrH ( {, J ) 

r vEt ocf 1 2. o. m¡g/rg6 . o. p ( I, t) lbp o /vtScrDF
5O1 üRIIts(Gr, 5OO)TTVELOC, IRrct,ngr
5OO mAIAI(tr, F¿+, 1, lü, El I . 4, 6I, gl 1 .4, 6I, Eî I .¿l)

eqtolto

\r¡



510 S10P

EIÍD

ts
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lapcr boerlnl æo¡ra¡ !l

-

Þ-dt,n"^iona1, col¡læssibla flot.
Etuiö t¡e¡tie effccts a¡il flor cbotf¡t
et tzb e¡it arurulus erç corrgide¡reö.

tua6e-f,utta ftosstton, rtth e bearing

cr¡rfaoe allrtðBaf into e lÉ Þy 2O uesh.

Ipað anil floç cvah¡¿tlo¡ ac fo¡r.

pùlgre¡c I ald, 2.



IßOCnA¡¡ I¡|RÍt]À (INP['ì|[,IåPB6O=r!u'U1, OUu't'T, 1âP861 =OÛIFÛT)

DrrBütroil H(¿É, 2r), tXS (¿¿, 21), Glt1l, 25r,P(22, 25),r(2r), U(zr¡, q ( 2!),
lv8r(25),r(zt)

10 Fonlrr(z6mr¡noDrNrrlc TAPEn BEIIING)

20 FonrAr1r5.2t5]-

,o FonXM(Zgo,¿)
¿lo Fou¡itv//frr rI¡.E No.,r')
50 FORXAT (//1 frl nt$lINC DIrBtgrOlS, / /7tt I¡E{e$|, I tåX, F7. r, lr$ rN.,

r /9n or¡rergn, 12''rÍ7 . rr4ll rl{., /t fi a,rDrâL ltgEß, 8r, E l, rrå¡I rN.,
2/1 7H RADIâÛ CÍJGåA¡¡{CE,\'.or7,),4¡I IN. )

60 Foil.Ar l//an optsRxtlNc cor{Drrrons,//t Ut EccnERrcrtf, ior, Ero.lrr
14¡t I!¡. ,/tt*n JOttRt{ÂL SpEIr,9I,BtO.4,7Ë n.p.I. ,/'t$l U{Ifiß pRE¡SUnE,

28I, El O. 4, 1 ¿üt t B/SQ. IN.IB8,, fi 6n OIm,EI PnESSttRB, T,Dl O.4, l+tt t ø/,

StrH sQ.rN.ÂES. ,fiZA CAf¡ DEtSIgrrllIrElO.4r2OH LB/SU.IN. A1 S.T.p,,
4/1tÃ cÀs vrscosrtr,gr,Blo.4,rãt r¡E-sEc/sQ.rN. (ngrNs) .df s.T.p.,
,/1.fn Po¡,rIRoPrc ruDBr, 6x, El o.l)

æ FoRrarØ/zxt DrrEN¡rorrr¡ffrs pÆfiEmM¡,//¡rH r,ENcIrr RA:tro BX,FZ. j,
t /lzn [âpER RAtto, gÍ,î7.5,/t lt pccuunrcrrr nÀTto,zx,g7. 5,
z/zon corpREsstBrllTr No., tr, E1 o.¿r)

Z5 ronxÆV/i7r nslJrfa[rou eRrD ,rr,5tt x,rr)
80 Fonf,.åÎ(//at*fl BEARTNC CEAnACIERI $TICS, //17fl I¡0.0D COEEETCIE¡rI, ¿ü,

1î7 . 5/.1 Ë Ft ow coEFEIcrEilÍt, l+f . F7. j, /t N s.tT:ÍtDD rNcra, 6tr,,î7 . r,
28rr DEonEtss,///t'H PnSrSrrRE rrsu)

ãt



æ ronlm(Aon r:,1{F8.J)
95 roRral\/tY No. cYcLDg -.,r5)
$ ronrrr(dn sur =,81o.4)

1OO FORIAT(JH I=,Fl+.î, 5H P¡rrl lF8.r)
rlo READ(6O'zO)N,f.,r

IF(EOF,6O)rtO,t¡5
r 1 5 SEAD(6O, 

'O)E[, 
BD, Br, BC, E!, 88, EPI

RErD(6Or rO) gPO, mls, VISC, POI¡Ï

rruE(61,1o)
tRrlts(G'l,lo)!¡
wRrlÛ(61 ,'O)BL, BD, ET,BC

trRrE(61, 60)88, BS, 8Hr, Bpo, DnEi, U[SC, POI¡I

DP=BPI-BP0

nl.=z.OIBIIBD

nÞsvbc
BE=BgÆC

ilG. 6, OiVI SC.BS. r. 1 1l 1ïà7'BúDV (60 .Of BCÛBC )
üRrrD( 61, 7O)Rf,, RT, RD, R¡(

ü-RrrE(61 ,75)i,y
DOi2O lrg'lr21
xE(I-l)/Zo'.o
D0rr9 tr=2r22

r19 P(r'J)=BPO+IIDP

.¡I



P(r,1 )'p(r,5)
tzo P(r,¿¡)"8(r,a)

DOf rO I.É1'.,+1

Ircf-l
X''Vtû,O
DÐ125 Ja422
lnil-2
H( I, J) 

""1 
. 0+IrRI-Etf COSF(Y.O. 11 41 5127)

HS(r, J)dr(r,it)r.z
125 o(r,J)at(rr.r)il'

H(I,r)*(r,l)
H(I¡2!)EII(I,2t )
HS(r, r )+s(r,5)
llfl(I,2!)eHS(I,2r )
o(r,1 )*tr,l)

lr0 e(I,2r)=el[,21)
DBTS8DB{I¡ /tg6,O
lsl.O
BCSr.l6n2

Br ¡-SQBÎ ( BPo'Dlll{floBCS/r 0. O)

D020O J=2r12

r(J)Êo

d



BP2=BPO

| 50 CoI{EINITE

P(1 'J)'nPz
82sB1

r4r coN[ImrE

þtgaB2e12

24.olÛ1.B¡.r ( EC.nI!B2_1 O, O|ïîSC ybo
Dfi rc l'¡,2r21

.[oãp( r- i, ù r ?,/\(z.r-r, J) / (p( r-r, J) r6ssr ( p( r- r, J, lgrz) ].poLrrBcs.
1 tlS ( 2rl-r, ü) t5. 0-6. OiBzS)r&OtY

I!( ( p(r-î, J) t AD/2.0) . cr.o.o)corot 6o

F,1=B'1/1.9

G0E0r 50

r60 A1*(p(r-r, t)+to/2,o).z,l7tlzçt-2,t)/l(p(I-1, t1+to/z,o).mus.11n(r-t,
't J) + to/ 2 . o) þn2¡ t tpoI,ytBc grfls ( zf r-2, J) . 5, 0-6 . of Bzs )ÆoLy
ü( (p(r-i, J) +tt /2.o) . cr.o.o)oonol 6t
E.1û1/1,9

G0T0t 50

1 61 AZ=(p( l-r, J) + tt /z .o), z/nlztt-z, J) / (( p( ¡-t, J) + x /z,o) r6sgr 
1 (p( r-r,

1 J) +A1 /2 .O )/Af 2 ¡ r rPoI.TrBoS.rB (2.t-2,.t) I 5. 0-6. orB2 S )/potÏ
IF( (P(r-1, ¡)+¡U ) Cr. O. O)oO4I01 62

\o



81=È1/1.J
c0lo1 50

162 L}.(p(r.r, r)+te)tE4¡(2rr-1,¡)/((p(¡-1,J)+Á2).Et{8.((p(T-1,r)+A2)/A
t B2 ) 

rrpoot*Bcgttts ( arl- 1 J) r 5. 0-6. o.Bzs)Æoûr
i æ P(r,.t)=P(r-1 , ¡)+(.to+z.N +2.tê+Lj)/6,o

Q( J)'--2 5. Otp(1, ü) *,6. otp(z, J) -'6 . Orp( J, J) +r 6. Orn(L, ¡)-r. OrP( 5, J)
vEr¿oc=BGrBctH( 1, J) rH( t, J) tQ ( J),/1 7Z . 8lEty'VtSC

IF(K(J).eÎ.5) 174,17'
1 74 rF(V8LOC.CT. I 1æ.0)171 1172

171 BP2=1.Oí|BP2

c0T01 75

I 72 rF(^åBS(BPr-p(2f ,.1) ) .lr.ae¡,/rooo,o)G0tt0200
r7, colfrn{tB

K(J)=K(J)+1

r F(K( J) . eT. 2OO) COTOzOO

DIf=BPI-P(zt rt)
F=(BPr+rrDrF)/bPr

rF(F.cT.2.O)eOîOl 80

rF(F.f,1.O.0)GO8O190

81=BitF

cÞ
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eoootSo

180 FEZ.O

81¡BirF
e0f01 50

190 AÊO.t

Bl¡¡B1rF

c0T01 50

2oo coNr[MtE

D02æ la2r12
Y¡J-2

Y:{ûO.05

270 r(J)sI"
rnII!(61, 90) ((J), troZ ¡1 2)

D02n l:rl r21

l¿I-1
vat/N.O

290 f,Brrß(6r r{ 0o)r, (P(r, J),.tÉ2rl 2)

D0rOO trdJ,11

D0tO0 I.clr?I
lnO F(I,zlFJ)cP(I'J)

¿oJ



DOzÐ ;1.2122

!=J-2
T(J)o.o
DO2æ Ía2r2022

220 T( J)'rtl( J) +P(I-t, J) +4. Of P( I, J) +P(I+í, J)

u( J) sr( t) tsr¡ÍF( rf o . tl 41 19)
25O r( J)=tr( J) rCOSs(TtO. t1 41 59)

Í{.0
v4.o
m2¿0 JaJr?l 12

l=l+T( J-l )+4.ær(¡)+T( J+r )
2lO V=V+U(J-I )+¿1.Oru(¡)*l(¡+t )

LlllGI=V¿I
rilclBqalå¡fl( ÎÁNGT) t 97. 2 96

fi¡SQBf(Fr+VtV)

f,sFo.oOO8æ66/Oe

DO2n æ2122

1( J) =-25. O.p( r, J) +rÉ. Ot Plz, J, -fi. OrP( r, J) +1 6. orP(4, J) -r. of P( 5, J)

Q(r)=r(J)
25o r(J)=T(¡I).c(1,J)

IÉO.0
DO26p f,=lr21e2

(Þ
t\'



26O I=X+(J-I )+4.O1{J)+T(J+1 )
I=IIO.OOJ6J61

t rRrrE(61, 8o)r,rraNGLE

,99 lo8r.t1(1H )
xItIE(61,599)

IIOO FO8Xlf(z¿lH nEtl, LOAD PEB nn{IUNC crt!8.!rgLB.)
Rl¡01Þ2rrf BIrtBD

tRIlB(61 ,¿loo)ü,oÂD
¿ú1 F0ilÀ!!(24¡I gEAr, FLOtr pm, EEÂRINe e,Fg.5,gltft,c.F.r.)

RFúor=Ir Bc.r rrBD/tn sc h{t +. +
rRr1E(61,4Or )n¡row
rRr1E(6r ,4/g)

499 ¡'08[âr(5611 r vELOCrrr,F.P.S. rRrqrroN FAcfi¡a eErNoLDg NImIR
r)

D05Of d=2r12
I:(J-z)r9.1
vx[.0cÊ'Bc.BcrH(1 , t).H(1 , r)og1.r)r/r ï¿.glbt /w9
tRrcrã4. or Bc rH( I ¡ ) rC t ¡)/Er,¡,"dL OC/DI8qS /1 TZ . g/fr6 .O
Rlf=BctH(I , J)rvEf,oc.i z.o.DBtÉirp(r , ¡)r/¡po/tr¡Sc

5Or ta,rr8(6r, 500)rr!?Loc, BRrct, f,Et
500 FoRLâI(I, lìL. t, t tr, Ë I .L, 6X, Bt I .4, 5IrBl I .¿+)

cûT01to

@
\¡t
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VlI.¿È

r85

Ste¡ bearin¡ ¡ro¡ras I

Oac-ùi.ænalonal, r nooqrreg¡lb1e flfl .

Bvel¡¡atlon of tbe ana\ytå,cel crpreesionc

ile¡dveil l¡ Sqctton 5.4.1

lts t¡ro-iü.mlslo¡¿l caEe ret coryutcô þ
appl.Ft¡g the c4rac¡to¡! for tåe ctcp¡nil

clcara¡cc (E(frJ)) r¡scil t¡ thir pro6ra8

to ¡ro6rarr VfI.l ad Vf[.z, ar¡al relering

eg befo¡ra.



PR,OCRIT STPBRC (INFTITITTPE6O=INPUT, OUIIFUÎ,TTftr6î=üJTPI¡T)

I O roarAr(exrEyonosÎA:Xrc Smp BEARTMT)
20 Foilâr(r5r2r')
,o t0nl^!(pto.r.')
l+O lonlâr(/ftgr EILE No.,I5)
50 DOnIl[VAn BuRrNc DrE¡EtroNg ,//7n r,Erroî{, 1t:trÐl.;t4¡I rN.,t,/9u ourertn,1z'.,E7''rrt+' ÍN. r/1fi nürrAt sl'p,gxrF7.rr¿åH rN.,2/1'fn RrDrar, cutÂRl¡tcE,¿+x)t1., t4¡f rN. )
60 FoRr.ûî(//an opgnÂr¡rc co¡Duronfl ,//tN EccEñrmrcrrr,lor,E 1o.4,ll+Íl rn. , /t¿+¡t ¡ou¡u¡, spEED, 9¡rEio.4, Tl R.p.r. r/l TtrNLlE p'¡ss.rn',

2Srrgro.lrrr¿+¡t ¡¡/sQ.r*.¡gg. ,/l6tt outrg! pn'sstRE, 
7r.,,,10.4rt+Ir Í,8/,,l IH SQ.rtÍ.aEs,,/tztt 0á,s DEtsrTr, 1 IX,E1O.¿+, 2OH Ig/flI.rN. lI s.T.p.,vl¿a eü¡ vtscosrrr, gr,Ero.r+,ral r.,B-s'c/sq.r'. (Ri'nrg) Æ s.r.p.,,/17n pol/Tmortc rlfDux, 6x, Br o.4)

70 FOTA,V/ZX¡ DIilETTSIONIASS P¡R^OTBMNS ,//IX T¡ENGT'T RA'TO 8T,F7.5,t/lzn srDF R.ûu o,gx,n., /l'nt EccnÍmrcrry n[$o;:;;:;, 
--,

z/zon corpREssr8rtrry No., 5r, Ei o,l,)
75 Fonrlrt//tm aErAxArIoN eRrD ,rJ,rr xrr))
80 Fonurv/zt fi BE/tRrNc cIIAnaclERr sttcs, //,tzn Lo.åD coEFTrcrENT, 4x,1n'5/1ã rr,or coBnErcrar¡, 4r,î7. 5, /1.tt rrIïrtDE .¡|t{cr,B, 6x,F7.r,2&r DEcREtsr¡,///t5n pREssrRB ¡rsr¿)
I5 FoRltA!(eoH Srßp Î,ErcÎH nruo =rF7.4)

.'t
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æ FoilrtÇ/ron y='11F8't)

gl 
"oo 

tl/1ul No. cacr'Eg ='r5)
g6 F08üÆ(6lr Stfl =,81O'4)

lOO FO8IAI(}II f,arFlr'1,5ü F 
'11tr8'')

1IO nE D(60,2O)!t,L,'r

rr(Eol,6o)rtorr t 5

r I 5 ntAD(6o, 5O)Al, ED, El!' BC'88' Blg' BHL

BEAD(6o, ro) gPo, EÉ' vtgc', PorrY' SLR

lRI1Bt61'1o)
fRI8(61,t'O)N
rrrrs(6r' 5O)Et' ED, ET, BC

rRr.|E(61, 6O)BE, Bg' BPI' EPO' DEß',vlgc' Pol',Y

DÈBET-BFO

RL=2.OrBf,/BI)

Ill=BT/BC

BE=88ÆG

n&'6. oevr sc'Bs' r' 1 4t rg}7!Ðtr|B7 (6o'of Ec|Bc )

rRr$t6l, ?O)nÛ,m, RB, nf,

üRr1B(6r,?rlr"t
DO1, J=2'12

P(81 rü)=64'7
15 P(8rr2r¡)oP(8r'J)

DOl2o l'¿,æ'

@{



T!'J-2
Hr ( J) =r, o-REtCOStr(FO. rr 4r 5n7,

120 rP(J)clü (J)+nS

lbEO.OrgIÃ{O.O25

lCrK+1

gL!{IA
SL2e1.ÈSIjB

D0lr.O l-¿2r22

nfitç(tN?(J)ln tr¡¡tt5
DOlrO l=1¡f,
r=(i-r llbo.o

r to P( i, J)=I+Po+( P(81,J.)-BPo)rnn /(mySû1 +StA) r¡
DOfæ laf,r8l
X¡Él.G(I-1r/æ.O

rI'o P(t,,J)=p(Ar , J)-(p(8r , ¡)-¡po)/ttHJ.SLt +Sr¿)e¡

DOrOO frl,11
D0JOO l=l 16'!

,0O P(ir24-l¡=t1t,t,
D0,2þ J'2'22
!=tr-2
1(J)'O.O
ú22O Î.2rærz

@
@



220 Î(J)IT(J)+P(I-r, J)+L.OtP(f ,J)+P(I+i, J)
u( J) -1( J).Silitr(ll) 0 . 51 41 5927)

zro r(J).4(¡).cosr(!Êo. 5t ¿lt 5Y27)

té,o
V=O.O

D0?ß I=Jr2112

lil+r{ J-î )++. Orr(¡) +!(J+1 )
24O V=V+U( J-1 )+4.OrUtJ)+t(J+1 )

fåNOf,:Vfi

A!¡Crts^Ilt{F( Îârcr¡ r 
5 7 . 2%

f=SQBl(F;+v|V)
f,=1r0.00O21U7

DOæO le2¡22

æo c(î,¡)+r (r)æ,
D025O J=2r22

1( J) =-25. Orp( r, ¡t) +q8, or P(2, r) -t6. o.P( r, J) +1 6. O*P(4, t) -t. OtP( 5, J)

25O 4J)=T(J).G(1.J)
1"O.0

!p2æ J-)r21¡Z
26O I¡'I+1( J-1 ) +ù. Orl( J)+T(ü+r)

I'I|O.OOt6r61
rRrlB(6r ,85)8r.1

@\o



trl1!(6r,8o)t,&t¡wr.t
nItE(61, tgg)

799 ForüAr(rH )
¿tOO !()AIAT(24$ ruAL LOAD IEn B8ARIIIB ¡¡IF8.5I}!UO.)

ü¡of¡t¡zfìttBlr.tt
IRIIE(61,toO)n¡ol¡

4O4 rOnIM(z4ü RrA[ Ir,Or pm, B&aRIile n,fr,5,&t8.c.D.u.)
8l f¡ffi¡f,t BCl ] r. BD/vISçlg¡/1 L. t+.

Wlg(6t ,l+ot )nrr.or
,1O S10P
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¡FFE{DIT II

Ibc deatgn of tlre clf.splaeenent tra¡rcù¡cer rar¡ not a

part of tùia proJect, and. is not clal¡e<t es thc to¡rk of the

¿uthor. Horeyer, lt rea con¡ttùer',eð .that, for coopletenees,

tlre beclc cl¡cuit¡ of the lnstn¡ænt (rrbích ras'br¡llt Localþ

for thls proJeot) shoulô be lncÌudled, here.

Itrc l¡f,o¡¡¿tion contalned. in thtc Appenrlix ts taten

fron en a¡tlele by J.û.floffbsn publtcherl in tåe 0ctober,

1962 i¡cue of trha fSt Dansect!.onc.
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II.l Descriptloa

|lhe in¡t¡r¡nert is (þserlbeil, es belrç guitable for olea¡rance

E6a8u¡reoeat of htgh cpeeil rotattng Journal bearlngc, ft consists

of cnall, Don-contectia€,' cdld¡rournent t¡aasôuoera, eer.vÈrg er

ñista¡oc {leteetorc, rhích sen6e ahaft pcsiùíon ancl vibr¿tlon

aoptlürile.

þ ue¡ns of a ti-oc-sharl¡E systæ, algnals fuon the ptohrps

a¡e feil to a¡ oscS.lloscope eloag rlth e cal.lbration cignel.

thpae sppes¡ rn .íolar fo¡n ac a Jourrur trace (a point) aaö a

cle¿rence cl¡clc. rltr¡¡, contt¡r¡ous taspectloa ¿n¡l str¡.dt of the

JournaLto-Þearing ¡elationsblp ir posslble.

reasr¡reasnta of radtal Jounal ootlon a^c rell ¡¡ ¡ot¿ünG

clca¡a¡oe value¡ ray be read dl¡ectþ on e rligital rndÍs¿f{n6

rl1al.

8¡e transth¡cerc rere shor¡. to dlaplqy linee¡ oha¡acte¡-

lotic¡ to rl.tlrtn 41o¡ ¿l{¡placc@nta u¡r to o.oeot., âtrô

to bctter ttrso rÍ rhore t¡}re ittspreceænts ôirl not e¡ceecl

O.@rl¡.

the sycten nesporce t¡ es¡cntlelþ r¡nlfo¡o f¡on O to
l8rO0O oyclea pen secontl.
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PIIEÛICTtrIOT¡S

ù¡ring the cor¡rse of tù1s recearch projeet, seveial ¡ectio¡s

of tl¡e ror} heve been publislÞö. lhe papers accepteil for puÞ

lLcatton Lnchds:-

I¡llN¡X, J., F0ILER, J.t. ê CfiEnEERT A.û. rTepeleil

DendlE ffilnostetie Bearing¡'- I¿ubr:loctioa ê lear Con-

vention, Proe. I.Iech.E., Vol. '179, 1%I+4j, part rJ.

2 CßPEtEA¡. A.û. & IAlflÍrI, J. 'Inte¡n¿lþ Gonpensateð,

Brternalþ Fecsrrtseil Ce! Beerir€sr- llhfrd .Awtcal-

asl'a¡ cor¡ference oa Isilreullcc ¿¡ rl¡rid rechanlcc,

Syilney, 1968.

5 c.inPnt@.¡ A.Ir. & rllllfar, t. {laperecl tanù Bea,ringor-

For¡¡'tb Biaru'¡al oas Eearing gyuporÍn, [Iniverstt¡r of
Southaopto:t, 1969
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