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Tlil' ri gi d liand sidl' of' litis ('q\llil iOIl is (',olilplet,e/y 
dd('I'llIilH''' by Z~/'xl' Lit o I'Ilt. in of' I lil' ('llhl! !'Ools of' I ~he 
111l 'I,SIII'{"[ r:tks Ill' fioll', IIlld (lil' I'nlin f~/ II' Tlio <11111.11, 
(it," (.' 11'.1 .' I / ',~) O(,l 'IIITillg ill (,lil! dl!1l0I1lill.tl ,{)1' or 
I Ill' Ipf'L li a lld s ilk Illay be dd,l'l'lll illl'd by dil'ect; bahne· 
illg of' tli e (.11'0 I'ol'lns oJ' 1.11n assoll lilly :lg.tills( :I,I1Y ChiI'd 
l'<'f'( 'I'<' l1 l'(' nssl'IIlIII,I', :tl1d Ilw c)lI' ll1t ,i(.y ()r/r is esl',ablisilcd 
hy din mell'n I Illl':lSIlI'l'IlH'ld s 011 (he I', wo pi'.;(.OIlS, Th o 
sillall lfli;lIl(j(',.I' I)( :~rr - I)/ I~' is kllO\\,1l wilh sli('fj(, i ('Il I~ 

;I( 'l'I II';}( ',\' f'mlll (IH' e lnstil' ('onst.nllh; of the l11:Lj ,('r inl. 
~lihjl '('(, tlll'l'l'l·orr. (0 fllrl ,lirl' examination of t.he 
1;1l'1or 12/11 <'lfllntio ll (;,.ti) e llabl e::; t.lte quant,it,y 
(.1 1',1 t .' I/·,~)/ '2, i,e. (ile JJH'all orUlO er1'eC'Live <1rcas 
or t lil ' 1,\1 '0 f'ol'ms of' j he asse mbly , t.o be de(;ermilled, 
;)s a f'lllidioll or i Itn ;tpplied pre 'sure, fron1. t.ho experi. 
ment,)lobs('I " '<1Liolls, 

It is evidellt. t,hat. the tcrm J'Cri ' Or/ )' occurring in t he 
denominator of the left hand side should be identical 
II'it h ( . ..fo ,1 - AD, 2) and this ma,y be eheekerl directly 
f rom the exper imental data, If, as )nay be the case, 
the diJfcl'encc ( . ..f I', 1 - A 1',2) is independent of pressure, 
the denominator of the left hand side may he written 
more ::;imply as -(AD. I-AD, 2)/2, but. it. cannot of 
cour::;e be assullled a priori that, this condition will 
hold, 

C) 'I'l'wtmMI of the inleyl'OZ ' ]' 

In ordcr to cstimate the value of 1 some simpli. 
(ying nssllm]!tion::; must be introduced if the theory 
i::; not to uecome u njllstifiably complicated, From t.he 
second of equaT-ion::; (;'5 ,4,) it i::; clear that we can calcu· 
la1e 1 jf II'C can e:''l1l'c::;::; hand 17 a::; functions only of 1). 
_-\.:; rognrd:' Ii, the ju::;tification for assum ing that the 
pan of h (:t:) arising from distortion due to t.he pressure 
in the intcrspncc bctween the piston and cylinder may 
be taken ns prupol'l ional to the pressurc p(x) at the 
same position has nlreacly been discussed. Bearing in 
m ind that I\'e :lre not rea ll y interest.ed in t.he absolute 
ntitlcs or 11 and 1 2 , but only in t.hcir ra.t,io , this assump· 
tion jt, not. likely to le(t(l us f,tl' <Lstmy, As before, there 
is a ll addiLilllwl eompone ll t of 11 a.rising from the 
lOllgil,lIdillul Lhrust. on 1,ho piston . whic:h will be pro· 
p()f'lion,iI 10 till' toLd ;}pplied [l l'rss nl'e , 1> , '\Tn (',itorerOJ'o 
wrife 

" = // + 1' 1> + /111 (!Hi) 

\\'hl'I'{' ,Il nlld I' ai'(' ('Oll s( nnt s , 
Thl' ('1)('1'1:1' ;"111 of I'is('""il,'" ,II l'() 11 >It.a II I', lelllp{,l'<thlL'(\ 

is ('('I't.lilll ," dl'1l'l'IlliJl I'd 1II Ii'jl l<'l,\' b.,' 1Ill' ]1I'l'SSIII'C alld 
(ltVI'<' is 00lls idemble l'vid"Il('(' a\'nilnhll' from publisho(l 
mcaSUl'ClllentlS that. the d ependence may be represent. 
I', i l'l'nsOIl:1 hly closcly by an e:xponentictl function, in 
OLlieI' \I'ords that \\'e ma," \l'!·it.e 

(:3.7) 

II'here IX is a consta.nt and 170 is the valuc at "oro (01' 

nt,mosplwrie) pressurc, This relation has been fOllnd to 

hold wi Lh fail' accllracy for most oils of types likely t.o 
be w;crl ill ronjuncl'.ion with pressure ba,lanees, a lt-ho ll gh 
it, appears t.hat, (,here may be more pronounced rlcpar. 
t,ures in the case of some silicone fluids (BRIJ)(:;lIAN 

1952; Amcr. Soc. Mech, Engrs, 195:3; ZOLOTY1W 1D60), 
The evaluation of 1 in terms of the consta.nts in 

equ at. ions (I),(j) and (5.7) is now straightforward n.nel, 
writing for brevity 

0 = (If + liP) IX/"" 
wo obtain 

1 3 

1 = (11]0)3' p"2 l' 
where 

l' = (IX J'r;-(c + ~F·) 
1 

JC3 + :3c2 + 6c+6 l - Y 

l- e-" l' [(c + IX P)3 + :3 (O-l-IX P)2 + 6 (0 -I- IX]» -I- (j]i 
(.'i,S) 

This qlmnt.ity ma.y convoniently be l'epreHontod a.:-; a 
family of graphs showing it,!:, (lepClldc ll ee on (fl -I- 1'/')/ 
""p for a, suita.ble range of va.llles of IX P, 

In order t.o n.pply equn.tioll (Ii ,S) the vallieH of' 
(ff + JlP) /p {) and IX P eOITesponrlillg to the oxperi. 
mentn.l points arc required. Denoting by (!p the mt.io 
X2 12lxl 11 at a given applied press11l'e P, and by eo 
the extrapolated value of ep corresponding to zero 
applied pressure, and using equation (5,6), we find 
that 

Hz + -vP + f.t Pj2 
(!p= H

1
+-v P + f.t P j2' 

whence, after some reduction, we obtain the equations 

Hl +-v P = eo - 'I (~+ t) _ ~ (5.9) 
f.t P eo - 121' f.t " 2 2 

and 

H 2 + 11 P = (}p eo - 1 (~+~) _ ~ . 
f.t P eo - 12r f.t 2 2 

(5 ,10) 

'Ve do not need to know the values of"" and v, but an 
approximate figure for 11/"" is required, From t.he elemen
tary theory leading to equation (2,6) we easily find 

JI/,u = - a/2 (approx,) 

whence we obtain, with sufficient accuracy, v/"" = 
-0,15, Initially, of eOlU'se, we cannot actu ally use tho 
ratio X2 12lxl11 since 12/11 has not yet been deter
mined. In practice, therefore, we commence by using 
simply the experimenta.J ratio z2lxl to obtain a first 
approximation to the correction factor, and then if 
neeessa,l'Y proceed to a second approximation. 

To derive the approp6a,te value of IXP we a.gain 
ignore initi<111y tho distinction botweon 11 (P) and 

1 

12 (P) , and denoting tho qUILntity (X2 - X]) p -3' at 
t.JlC a.pplied ]lI'Cs::Hu'e P by LlX (P), wc out,ltin from 
CCj un,l;ions (5,4) alid (5.6) 

2 

!1x(P) = pa(H2 -H])/I(P) 
1 

= (Hz - H l ) (l '17o)- 'f /1' (P) 

wheneo, dividing the experiment.ctl valuo of LlX (P) 
into the ext.rapolated value corresponding t.o zero 
applied pressure, we have 

LIZ (O)/LIX (P) = l'(P)/l'(O) . 
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