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of \\'h ieh expl'l'ssion (2.1) i:-; a special e;t:><' wit.h (1 11 nd 
/I zcm. We lIlay evicknlly oht ain (2.2) more direct.ly 
hy vis ua lisil1g the: neutral surfacc) as thc cfTecI;iv'e 
boundal'Y of ehe' piston in \\'ilic'h en>iC Lilo fl'idional 
for('e ('OI'I't ':-; IHlllClillg Ie> h) 1I1)I)\'c v:ll1ishc's Ill1el we are 
1('1'1, simply with Ihe pn'S:-IIIl'l' fOI'l':(':-I aeLillg Oil 1,110 

en'(' (' t i\' c h() lIndarie':-; of I ho l'i:-;toll. \\'() all'o havo Lhe 
<'qni,'nlc 'Il L fOl'm 

_'(p =. 71:1.2 [1 + :2 u(O)jr + 
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T • ~ (J' - II !..lJ!.. • dx + r p clu 
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\\'hi ch i:s ('oll\'cl1ient for use when the integral S - h 
o 

l' 

l (" ) ZI~d. 1' orj Itdp J:S of interest, as is the case, for 

o 

exa mpl e, WhCll the flow method (section 5) is conside, 
r ed. 

b) The ejiects of special (£ssurnptions 

The problem of calculating the actual changes of 
eJfec ti\'e area. of practical designs of piston.eylinder 
assembly, on t.he basis of the above general formulae, 
is compli cated. It would be necessary to know the 
interrelated qu a ntities 1/" U and p as functions of x, 
and s incc t h e pre:s:sul'e gradient dpjdx is governed by 
t h o n orlllal eq ua tion of viscous flow (sec equation 5.1), 
the pre,;sure d cpendence of the coefficient of viscosity 
wo ul d a b o n eed to Le t<1ken into account . It is not, 
how('vcr , the a im of t he present paper to attempt such 
calcula I io ns, but n tther t.O describe direct experimen­
t :,l metltocl:s for the accurate determination of the 
d istort ion factor,; wi t h the minimum of assumptions 
r egar lling t.he cle taileu behaviour of the system. , iVe 
th erefo re con:sidcr o nly certain special cases which are 
ul:leful in ihe a pplica t ions which follow. 

A u :seful approximation may be derived from the 
forcgoing cqnation::; by assuming that the component 
of U(.l:) or U (.c ) due to the fluid pressure in t.he inter, 
"pacc 1J<:t\\'c (~ n piston and cylinder ma.y be taken t;o 
k }J 1'0 Jl Ol'1 irma I to t.h c' pr css ure p(~: ) at the same pos-i. 
lieJ{L '1'11(; rel n 'ant terms ill tIl(' inte cY rals 011 tohe rio-ht 
I 

. . C' 0 

1, IH1 '; Ide t hl' l1 be"onw in t egmhle wil hout the ncecs-
~ i t .\· ru,' all Y ru rt hel' knowledge 01 (,]w actual fUllcLion:11 
t'1l1'1ll>; oru(.'!;) , U(.r ) 01' lJ(.;'). Tht' I'c is fail' sllpport from 
.. la sti(' theo ry 1'0 1' I,hi:s ,lssllinpLion, more especially in 
l b ' \'asl ' of I hn solicl evlinder in which t,lw len <Yt.h is 
:ar~ , ' hJll1jJ:trc:tl with iI,s r allillfl, !~ eondit'ioll ~'hi('h 
" l'l'li, ~ 10 t Iw pi st'o n>; of IllOSt lll'el:lSUI'O halanco <1Sl:lC'lll· 

blir8 o[.hel' I han i,hoHn ea.tel'ing for only a low range of 
pn'SSIIl·l'. e"In; I'; (,1:-):-)0, tDOt) has g ivell polYl1omial 
solul;iom; for Lhe equilibrium 0(' a. finiLe solid (!\' lillder 
for case::; 111 whirh the htern.l presslIl'c if; <,i·t.her a 
lincar or Cjnarlratie [unction of the axia l eo-ol'ciin.L\,c, 
Thc cOl1diLions arc sa.tiflfierl by flll1cLionf; u(:I;) ;Ll1r1 

p(:t) whieh arc accurately proportional , provided tile 
normal tract.ions over the flat endH, irmtead o[ being 
iclelll,ieally zcro, arc aflHullwd only to average 1,0 ",ero. 
By ~:li n t-Vc I Htnt'l:l principle, however, t.he effl'd of 
this dist.urbanee will be appl'eeiltb lo for only a short 
eli::;t,<1l1ce from oaeh e11(1, and ma.y he neglected if 1'.he 
ratio of lengt,h to radius is eonsidera,blo. Thc eonsLant 
of proportiona.lity is Lhe sa.me as in the eitse of ullirorm 
pl'e>;sure on a so lid cyli nder of infinite length. Ji'rr.oN 
(Ul02) hn,s ohtain oc L sol utio l1s for prcssuro dist,!'ibu­
t.ionH eX IJrOI'Hcd ill seriei'{ of trigonomc(,rie rUIlet.ioliH or 
:r whieh lrael t.o a Hill1ilar I'C)Hult provi(k(l t.ho wave· 
lengthH illvol\'c(l a/'(~ f'llil'ly IJl,l'go e:ol1tpJl,I'('(i wiLl, 1."(1 
radius. Tho ('freeLfl or dise:OIlLill\lOlI~ I"'('S~III'(' di~t , l'i"\I' 

I iOllfl, 0 1' narl'ow hal1ds 01' Ilpplieel I)I'(' HH III'O, JmvI' nlso 
bce)ndise118sed (I3AH'J'oN :UHL; RANK1N UH-~; '.1.'J(AN'J'J-at 

& CRAGeS Hl47), wiLh the genera ll'esult that evon the 
effects of riiseontinuities aro l!lorgely lost a.t an axial 
dil:lt,lnee of only about half the radius. If, thcrefore, 
the pressure changes along the length of the assembly 
arc reasonably smooth, no great 01'1'01' is likely to be 
incurred by applying this assumption to the piston of 
the assembly. Taking into account the additional 
change of radius due to the end thrust on the piston, 
it is easily shown that the relevant terms involving u 
on the right hand side of equation (2.2) reduce to 
P (3 (J - 1)/2 E where E and (J are respectively Young's 
modulus and Poisson's ratio, so that we now have, 
using also (2.1), 
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+ U(O) + ~S dU. dX] 
r rP p dx 
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obtained directly from (2.3), is ~ ~ 
------->' ~ 

Another useful form, 
p 

[ 
P(3 a - 1) 2 S ] 

Ap=nT2 1+ E + rP hdp (2.5) 
o 

The application of a simjlar assumption to deal 
with the effects of internal presslll'e in a hollow eylin. 
del' with thick walls is less secure. CHREE (1901) has 
given a corresponding solution with U(x) a.nd p(~,;) 
proportional fo.r the case where J)(x) is a linear fUlle­
tion of x , but its vn.lidity would d epend on the eondi. 
tions n.ssum.ed at the ends. The case of a discontinuous 
distribution of pressllre has been considered briefly by 
THANTER (1946). In the ideal en.se of a evlinder whose 
length is la.rge compared with its radius and wall 
thickness. where the working section is removed some 
d i;;;t,,1nee from the points of attachment of the ends, 
ilwl t,ho pressure distribution is reasonably smoot.h, 
a. uscJ.'ul approxim'1tion may result. Proceeding from 
equation (2.,1,), and taking for definiteness the case 
where t,he cylinder walls arc not subjected to 101l cYit u­
dinal ;;L1'e S, we I hen obtain (LOVH 1952), denotin~ by 
il' tho out~r J'IIdius of the cylilJder, 

A ' = A f 1 + .. 2'. (3 _ 1) ..J. ~ [(1 + IT) N'" + (' - a) R~J 1 
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