
,I 

li,{ Il.. ,', D,ID,';O:-: ['(, ;\ 1.: l)()I't'in]lllh'llt s ill the "\eeltmtc :'IknSlll'Clllent of High PrllSSltnlS Mctrnlogia. 

T liI' prill['ipl(' l1>'cl1 i,.; ttl intrrl(lll(,c n. clcliiwr:lt<' 'lI1fl 
,1(: 'ur'ltdy nll':I"Ul'<li,Je initial changc or elre','1 in' arl'n, 
-- 1.,\' ",\I'yin;.; thr dinmetel' of olle of the component.,; 
or t I,,: ;l,f<,;['nlllj.v - \\'hieh is macle t.o ,,:ol'\'e :I": n, I'efe­
n'IH'(' [j UOl nt it yin tl'rlllS of which the addit,ionn I 
"'lang"": of rfredin' a),(';1 duc to pressure may b0 
('aklllairr1 from mea":lIrCI11Cltts of other quant.ities 
\\'hic,h Yill',\' wit h t.he npl'li('(l pre:;sUfe, 

The PI'OI'I'(lure 1lSl'cI i::: n('LlIall,V onl,\' one of a ('lass 
or po,.:,.:ihl<- ]l1ethod,.:, of II'hicll o( hers will bc mcnt.ioned 
lJeloll', 111 t ht' rOn)) a(\oplc'd the raks of flo\\' of t.he 
1'1't''':'':III'l''(.I';)IlSlllit (illg Jll1id through (,Ile intl'l's[>n,ce 
lll't \\'('(' 11 t Iw pisL()11 and cylinder arc llll'aNllr('c l. at n, 
S('ril''': oJ' :1 jJpl i('t I Ill'('SfHi I'('S, uHi I1g (,11'0 a Ikl'naLi ve piNt,OIlS 
hn\'ing an accuratcly known difh'rence of Jainwter, A 
simple relation mn,y then he dcvelope(l connecting 
t.h(' l'hangrs of C'11cct.ive area duc 1'.0 (listortion with the 
initial <:hange dllc t.o t.he difIerent, piNt,on dial11c1,er, and 
the rate,.; of flow corrcsponding to the two pistons, 

'\'1\'0 other met.hods of t.he sn111e general nntllre, 
but not depcnding on flow measurement, were consi­
(lered al1<l S0111e preliminary experiments cn,rricd out , 
In tl1<' fir::;t ea::;e the quantit.y measnred wm; the rate 
of' rrtnl'c1at ion of the rot.ahon speed of tll(' piston a.nd 
loading weigh(;:; dlle to nui(l friction in the clearance 
bej,\\'ecn pi;:;ton anc1 eylinr1cr, cllrrm;ponding t.o the 
t II'() pi;:;toll diametl'rs, 1(' WHS fOUlHl. however, that thc 
contribution dnc to air friet.ion 011 t,hc rotnt,ing load 
s,yst(,1ll was an i.mportant factor, and rather elaborate 
measure" would hayc been nceessary to eliminate 
thi,; ctfce( , In t.he second casr the intentioll was to 
('ompare the electrical capacitances of the piston­
cylinder as:3embly eOJ'l'csponding to the two piston 
diamcters, This method, on which so far only very 
prclilllin;ll'.\' t.rials It.we been ma.de, would very likely 
n~pay further exploration , but n, knowledge of the 
Pl'l'::k;ure dcpelll1ence of the dioleetric consta nt of the 
trn nsm,itting finicl wou ld be required to complete tho 
reJueLion of thc experimentn,l data, 

b) Theory 0/ the /1010 '/n,ethod 
The main problem in the theory of the method is 

to establish a reason a bl,)' sim,ple connection between 
the lne,,::;u l'cd 1';\,1c::; o[ flow of the prcsf:lurc tr.,nsmittillg 
flu ill and the COlTl'Hp011l1ing cha,ngci:i of effective area 
nt t,he ",ame applicll prC;;~\ll'ei:i, 

To int.ro(lucc the varin,tioll of effective a,rea with 
pressure \\'c ndopt the formal expression (2,5) of section 
:2 h, in which the only term dependent upon h is the 

l' 

inLrgr;ll 1'~'- J ltd1), The rcmaining va.riable term, 
o 

I) (:l (J - 1.)/iiJ, is ;t ::;m;)ll p:.I'[. of Lhe t.ot/d, n,l1l1 it has 
;111'1' ;I.ly hl'('11 H('('n LJ];IL LIlt) nssnmpLioli Oil wlli(:h tho 
tit'l'i\'; lt ,iOIl or I.ltis 1,el'l11 ii:i bnHC(l is lInlikely (,0 lend 1.0 

"ppl'('(' i:t lilt' ('1'1'.)1', 

I )"liOl illg II,\' (,J the \,O]lllno veloeiLy or t,lto fillid 
lhl'tlllgit any Hl'c'lilln oft,he nllllidar gap, :lnd 1/ (,1') (ito 
('<I('f'iil'il'nt. of \ 'il'it'()s i t~, of t.JIl' fluid a.('. the axial (lis-
1,1IlC(\ ,1', it, i:; catJiI,v shown that" ullder eon.li(.iol1i:i of 
\'iscous flow, 

(5,1) 

* To a l'()ic1 l1nllc~c~~nl'iiy ('ollll'iicnting the not:LLion we 
ignot'(. " "rint IOil S .. f t lie dl'n~ity or til(' fluid wit h JlL'C~SUI'O, ns 
1 h('~l' am wry lII1illljlorL;\nt cOlllpn.red with the vari:uions in 
ih,' l'Ol'fiicil'1iL of \,j~(,ll~iLy. 

and 11," 11irec(; integrat.ion , \\'e hn,ve 

I' 

f !!."-. dp 
, YJ 

3Q 
.j.:;r1' 

(:>,:2) 
o 

J n order to exhi bit t.he direct rcjn,t.ion between Q al1(l 
l' 

S hdp in a suit.able form we may int.egmt.c equati(ln 
o 
(5,1) hy a (lilfcrent rou te, whcnco we obtain 

(~-q,) } 
4 nr 

p 

S hdp 
o 

, I' 

I f( tl:c) 1 

I ' 1] rip '3 rlp 
o 

1 
This cfJuation shows that. the factor relating Q-a- to 
p 

S hdp is a function only of the pressure d istribution 
o 
in the intcl';;paee between piston and cy linder, n.nd is 
not expl icitly dependent on h, This suggests the 

P 1 

possibility that S (17 ~~) '3 dp may not vary very much 
o , 

for a moderate ehn,nge in t.he initin,l (liamet.el' of t.he 
pistOll, 

Re-arranging equat.ions (5,2) and (5,3), and writing 
for brevity' 

x= 
we have 
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S hdp = X f ; 
o 

and 

iSP (Sp h3 
) i f = l hdp / TJ dp , (5,4) 

o 0 

The second of thesc oqun,tions provides t.he bnsis for 
the ealeu ln,tion of the integrnl f.tetor 1, connecting 
the required changes of effeet,ive a,re,. with t.he experi ­
mentally determined ratei:i of How, 

Before considering further the evalLlation of the 
integral f , it is convenient to convert. the formal 
cquations connecting the changes of effeetiye area 
with the quantities X and 1 to a form suita ble for 
application to the experiment.aI data. l)roccec1ing 
from equat,ion (2,5) and using suffixes 1, :2 where 
necessary to distinguish the two piston diameters, 
and denoting by 01' the value of (1'1 - 1'2) we have 

P 

A p ,l = nl'i [1 + ~ (3 a-i) + r
1
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p J hi dP1J ' 
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Ap,~ = nl'~[:l + ~ (3a - l) + r:f>Jh2dp~J 
o 

wlwnl'o, ignoring t.!1l'tn,s of t,he sel:ond order or small 
qllunLitie;;, 

Ap'1+Ap.2=2nr~r .. J'._(3a_.l)_or + 
1!J .,. 
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