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The principle used is t.o int.roducc a dcliberate and 
accurately measurable initial change of cffcct.ive arc •• 
- hy Y:l rying the diameter of one of the components 
of the assemuly - which is made to serve as a refe
rence qUlInt.it,)' in terms of which t.he addit.ional 
changes of effective area due to pressure may be 
calculated from measurements of other quantities 
which vary with the applied pressure. 

The procedure used is actually only one of a class 
of possible methods, of which ot.hers will be mentioned 
below. In the form adopted the rates of flow of the 
pressure-transmitting fluid through the interspace 
between the piston and cylinder are measurcd, at a 
series of applied pressures, using two alternative pistons 
having an accurately known difference of daimeter. A 
simple relation may then be developed connecting 
the changes of effective area due to distortion with the 
initial change due to the different piston diameter, and 
the rates of flow corresponding to the two pistons. 

Two other mcthods of the same general nature, 
but not depending on flow measurement, were eonsi
dm'ed and some preliminary experiments carried out. 
In the first case the quantity measured was the rate 
of retardation of the rotation speed of the piston and 
loading weights due to fluid friction in the clearance 
between piston and cylinder, corresponding to the 
two piston diameters. It was found , however, that the 
contribution due to air friction on the rotating load 
system was an important factor, and rather elaborate 
measures would have been necessary to eliminate 
this cffeet. In the second case the intention was to 
compare the electrical capacitances of the piston
eylinllel' assembly eOiTeRj)Onding to the two piston 
di:tJlH'\.er:i. This mothod, on which so [I\t· only very 
prolilllinlll''y t.l'il.h, lllWlI boen IllII.de, wOll ltl very likely 
ropn.y fllrLhm' explol'a.t.ion, hut, I), knowledgo o[ the 
pressure dependonce of the Ilielectric constl1Ot of the 
transmitting fluid would be required to complete tho 
reduction of the experimental data. 

b) Theory of the flow method 
The main problem in the theory of the method is 

to establish a reasonably simple connection between 
the measured rates of flow of the pressure transmitting 
fluid and the corresponding changes of effective area 
at the same applied pressures. 

To introduce the variation of effective area with 
pressure we adopt the formal expression (2.5) of section 
2 b, in which the only term dependent upon h is the 

P 

integral r~ S hdp. The remaining variable term, 
o 

P (3 a - 1)fE, is a small part of the total, and it has 
already been seen that the assumption on which the 
derivation of this term is based is unlikely to lead to 
appreciable error. 

Denoting by Q the volume velocity of the fluid 
through any section of the annular gap, and 'rJ (x) the 
coefficient of viscosity of the fluid at the a.xial dis
tance x, it is easily shown that, under conditions of 
viscous flow, 

(5.1) 

* To avoid unneccssarily complicating the notation we 
ignore variations of the denaity of the fluid with pressure, 11.8 

these are very unimportant compa.red with the va.ria.tions in 
the coefficient of viscosity. 

and by direct integration, we have 
P 

r ~dp • TJ 

3Q 
4 :n:r 

(5.2) 
o 

In order to exhibit the direct relation between Q and 
P 

S lulp in a suitable form we may integrate equation 
o 
(5.1) by a different route, whence we obtain 

.1_ P 

(:~r) 3 = - J hdp ' SP( dX)1 I 0 'rJ dp adp. (5.3) 
o 

1 
This equation shows that the factor relating Q3 to 
P 

S hdp is a function only of the pressure distribution 
o 
in the interspace between piston and cylinder, and is 
not explicitly dependent on h. This suggests the 

P 1 

possibility that S ('rJ ~;) 3' dp may not vary very much 
o 

for a moderate change in the initial diameter of the 
piston. 

Re-arranging equations (5 .2) and (5.3), and writing 
for brevity 

(
3 Q)t 

X= 4:n:r 

we have 
P 

J hrIp = X I; 
o 

P 1 

and I = - S ('rJ :;) -3- dp , 
o 

1 P P 1 

I = l'3 J hdp / (S '~3 dp) '3 (5.4) 
o 0 

' l'ho socond or t.hm-l(l efl1mt.iollH provilics t.he illlHiH for 
thc calculation 0[' Lhe inLegml factor 1, connecting 
the required changes of effective area with the experi
mentally determined rates of flow. 

Before considering further the evaluation of the 
integral I, it is convenient to convert the formal 
equations connecting the changes of effective area 
with the quantities X and I to a form suitable for 
application to the experimental data. Proceeding 
from equation (2.5) and using suffixes 1, 2 where 
necessary to distinguish the two piston diameters, 
and denoting by t5r the value of (r1 - r 2) we have 

P 

Ap.l = nri[1 + ~ (3a-~) + r: P S hI dPl] , 
o 
P 

A p •2 = nr:[1 + ~ (3a -1) + r: P S h2 dP2] 
o 

whence, ignoring terms of the second order of small 
quantities, 

AP.l+Ap.2 =2nri [1 + ~ (3a-1)-orr + 

P P 

+ r 1p (J hI dPI + S h2 dp2)] , 
o 0 

and 
P P 

Ap.l - Ap,a = 2 nr~ [0; + r~ (S hI dPI - S Ita dPz)] 
o 0 
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