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Transposing, and substituting Xl II for J h~ dPl etc. 
o 

we obtain 

(
7.2[1. _ 1) ' 
X, I, 

(5.5) 

The right hand side of this equation is complctely 
dct.ermined by x2/xl' the ratio of the cube roots of the 
measured rates of flow, and the ratio 12/11 , The quan
tity (Ap. 1 - Ap. 2) occurring in the denominator of 
the left hand side may be determined by direct balanc
ing of the two forms of the assembly against any third 
reference assembly, and the quantity ~rI1' is established 
by diametral measurements on the two pistons. The 
small quantity P (3 a - l)/E is known with sufficient 
accuracy from the elastic constants of the material. 
Subject, therefore, to further examination of the 
factor 12/11 equation (5.5) enables the quantity 
(Ap • 1 + A p • 2)/2, i. e. the mean of the effective areas 
of the two forms of the assembly, to be determined, 
as a function of the applied pressure, from the experi
mental observations. 

It is evident that the term 7/:'I'i' ~r/1' occurring in the 
denominator of the left hand side should be identical 
with (A O•1 - A o•2) and this may be checked directly 
from the experimental dat,a . If, as may be the case, 
the difference (Ap.l - Ap. 2) is independent of pressure, 
the denominator of the left hand side may be written 
more simply as - (Ao. 1-AO. 2)/2, but it cannot of 
course be assumed a priori that this condition will 
hold. 

c) Treatment of the integral'!' 
In order to estimate the value of I some simpli

fying assumptions must be introduced if the theory 
is not to become unjustifiably complicated. From the 
second of equations (5.4) it is clear that we can calcu
late I if we can express hand 'r} as functions only of p. 
As regards h, the justification for assuming that the 
part of h(x) arising from distortion due to the pressure 
in the interspace between the piston and cylinder may 
be taken as proportional to the pressure p(x) at the 
same position has already been discussed. Bearing in 
mind that we arc not rel1Jty interested in the absolute 
values of II I1nd 12, but only in their ratio, this assump
t.ion is not likely to lead us far astray. As before, there 
is I1n I1dditionl11 component of h arising from the I 
longitudinal thrust on the piston, which will be pro
portional to the total applied pressure, P. We therefore 
write 

h = H + vP + IlP (5.6) 

where Il and v are constants. 
The coefficient of viscosity at constant temperature 

iH certainly determined Ulliquoly by the pressure and 
therc is consiuemble evidenco Iwailable from published 
measurcments that tho dependence may be represent. 
l'U reasonably closely by an exponential funotion, in 
ot,her words that we may writo 

TJ = 'YJo e"'P (5.7) 

whcre lX is a constant I1nd 'YJo is the value at zcro (or 
atmospheric) pressure. This relation hl1s becn found to 
hold with fl1il' I1ccumcy for most oils of typcs likoly to 
bc uscd in conjunction with prcssurc balanccR. although 
it. appCl1l'R that thorc may bo more prollouncccl dC'pl\l'
tures in tho case of somo silicono fluids (13ItWOl\lAN 

1952; Amor. Soc. Mech. Engrs. 1953; ZOLOTYKH 1960). 
The evaluation of I in terms of the constants in 

equations (5.6) and (5.7) is now straightforward and, 
writing for brevity 

C = (H + vP) lX/1l 
we obtain 

1 3 

1= (l'YJOJ"3 p2' l' , 
where 

I ' = (lX pr} ( c + IX:) 
1 

{
C3 +3C2 +6C+6 }-a 
-c",p [(C+lXP)3+3(c+lXP)2+ 6(c +lXP) + 6] 

(5.8) 

This quantity may conveniently be represented as a 
family of graphs showing its dependence on (H + vP)1 
IlP for a suitable range of values of lXP. 

In order to apply equation (5.8) the values of 
(H + vP)IIlP and lXP corresponding to the experi~ 
mental points are required. Denoting by ep the ratio 
X2 l2/x1 II at a given applied pressme P, and by eo 
the extrapolated value of ep corresponding to zero 
applied pressure, and using equation (5.6), we find 
that 

H2 +vP+",PI2 
ep = HI +vP+",PI2 

whence, after some reduotion, we obtain the equations 

HI + v P = eo - 1 (~+ 1_) _..!.. (5.9) 
'" P eo - ep ", . 2 2 

and 

H2 +vP =ep eo- 1 (~+~)-..!... (5.10) 
'" P eo - ep '" 2 2 

We do not need to know the values of Il and v, but an 
approximate figure for vi Il is required. From the elemen
tary theory leading to equation (2.6) we easily find 

vlf' = - a/2 (approx.) 

whence we obtain, with sufficient accuracy, vlll = 
-0.15. Initially, of course, we cannot actually use the 
ratio X2 Ialxl II since 12111 has not yet been deter
mined. In practice, therefore, we commence by using 
simply the experimental ratio x21x1 to obtain a first 
approximation to the correction factor, and then if 
necessl1ry proceed to a second approximation. 

To derive the appropriate value of lXP we again 
ignore initially the distinction between II (P) and 

1 

12 (P), and denoting the quantity (Xa - Xl) P -a at 
the applied pressure P by LlX (P) , we obtain from 
equations (5.4) and (5.6) 

2 

Llx(P) = pa (H2 - HI)II (P) 
1 

= (112 - HI) (l'YJo)--:f II' (P) 

whenoe, dividing the experimental valuo of LlX (P) 
into the extrapolated value corresponding to zero 
applied pressure, we have 

LlX (O)/LlX (P) = l'(P)/l'(O) • 

I 


