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A NEW METHOD FOR THE

 ABSOLUTE MEASUREMENT OF

HIGH PRESSURES
By R. S. DADSON

Physics Divlsi.on, National Physical Laboratory, Teddington. >

Middlesex
AS part of a progmmmé of work in the field of
high-pressure physics, the National Physical
Lnbomtory is now working on a Promcb for the

‘establishment of standards for the.measurement of

high pressures.

In practice, most measurements of high prqssu.ros-

intended to be of the greatost prec¢ision are made with
of the

pressure balances, or dead-weight gauges
“familiar type in wlnch*ﬂmd—]ﬂm!mmi'ng on a

piston of known area is balanced by a load applied
by moans of calibratod woights. Tho aceuracy of

- guch_balances hoas hithorto boon ljmited prineipally

byilho foet that ot high prossures the piston and the
cylindor in which it moves are distorted to an oxtont

which is not oumly measurablo. As a resulf of this, =

tho ‘offoctive area’ of tho nw§mnbfy is subjéet to an
uncertainty which is likely to increase as the pr(msuro
ig raised.

The usual method adopt,ed in the pust for Lho
determination of the effective areas of piston—cylinder

assemblios? has reliod on the use of high-pressure .

mercury ‘' columns, but tho resglts of these investi-
gations have not so far given any clear or consistent

indication of the changes in effective area under the -
influence of elevated pressures. A new standard '
- mercury column of this type capable of operating up

to about 2,600 atmospheres has recently been
describod by Bett, Hayes and Newitt?, who dx:scuss
in detail & number of factors affecting the accuracy

likely to be achieved. So far, however, no results of

measurements - with this. instrument on actual
balances have been published. While it is clear that
a well-designed high-pressure mercury column is
capable of the establishment of high pressures with
considerable accuracy, it nevertheless seems likely

t0 be a somewhat difficult instrument to use, mainly ».‘

on account of the long and laborious series of pressure

transfers which need to be made to reach the hlgh- ;
pressure range. ]
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. measurements of the eclastic constants of the two

The purpose of this communication is to give a
preliminary description of a new method for estab- = -
lishing the calibrations of pressure balances which
has recently been devoloped at the National Physical
Laboratory. In measuring tho change of effective |

" area of a balance as the pressure is raised, the method. = !
‘makes use of a quite simple principle of similarity as *

applied to prossure balances of the same dimensions- | = ©
but eonstruectod of difforent matorinls, If wo considor

two piston—cylinder assemblies of the same nominal
dimensions but of materials the elastic constants of
which differ in a known ratio, then in certain circum- . '
stances, considered in more detail below, the dig-
tortions, under applied pressure, of the two assemblies

will remain proportional to one another throughout

the range of pressure concerned. Under these con-. ' ==
-ditions, and neglecting small quantitios of the second ;

order, we may represent the effective areas 4 and B = - -
of the two assemblies at a given pressure in the form: . ' -

A=Al 4 af(P); B =Bl +BAPY. N

In these expressions 4, and B, are the (nomina]lj N

oqual) offective areas at zero pressuro, a and B aro
constants inversely proportional to tho elastio moduli -

of the two matorials, and £(2?) is an unknown function 13
of the pressure, £. Tho ratio of tho two offective.
aroas will be given, to tho samo ordor, by the -
exprossion

A/B = Ao/Bo{l + (ﬁ = B)'f(P)}' ' \'

This ratio is easily determined by balancing the two

assemblies directly against ono another, and this . -
procedure determines tho quantity (« — B).f(P). - .
The quantity o/ may be obtained from direct ?

matorials. These two procedures thus enhable the
absolute value of the change of effective area of each
of the piston—cylinder assemblics to be determined.
For the theory outlined above to be valid, a
number of conditions must be satisfied, both as
regards the materials and the construction of the -
assemblies. Since two independent elastic moduli
will be involved in a somewhat complicated manner
in the distortion of each assembly, true proportion-
ality can only be achieved if both moduli are in the
samo ratio—in other words, the values of Poisson’s
ratio for the two materials should be closely similar.
As regards construction, the forms of the internal
bores of the cylinders, and of the pistons, must be
closely similar in contour, since otherwise the dis-
tributions of pressure in the gap between piston and -
oylindef~will not be the same in the two assemblies.
The similarity. principle also requires that the gap-
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widths ot zero pressure should be inversely pro-

portional to the elastic moduli. If these conditions
are adequately met, and the elastic properties of the
. materials are uniform throughout the range of stress
- involved, proportionality of the distortions will be
o assured. This will remain valid even if the viscosity
of tho transmitting fluid is dopendent on pressure, as
© will almost certainly be the case. It is, however,

worth noting that the effective area of a pressuro '

balence may depend to somoe oxtont, at high pressurds,
on the viscous properties of the fluid used.

The present series of experiments at the National
Physical Laboratory is intended to cover the range
up to 3,000 atmosphores. The two materials so far

usoed are a hard tool stecl and a special type of bronze

- of high tensile strength. The strains of the materials
loaded in tension, compression and shear have been

_ measured over the range of stresses imposed in the: .

prossure experiments. Within the limits of accuracy
of these measurements, tho stress—strain relationships
were linear and conformed to a fixed ratio of the

elastic moduli of 1:44:1. DMeasurements in three

diroctions at right angles which were made by the
ultrasonic-wave velocity mothod, using longitudinal

and shear waves, indicatod tho materials to be satig-

factorily igsotropic. Tho accurncy of construction of |

tho assomblios is largely limitod by tho acouracy with
which the eylindor boro can bo mado and moeasured.
Owing to recont improvements which have been
mado in the Metrology Division of the Laboratory
in the moasurement of the form and diameters of
.eylinder bores?, it has proved possible to construct

piston-cylinder assemblies to the requisite precision, - * .~

and with the required degree of similarity.

. The results of tho prosent serios of measurements
show that tho method is capable of a very satisfactory
degree of accuracy and consistency, and permits the
measurement of the variation in effective arca over

a wide range of pressuro to within a few parts in 108 )

of the total area. In fact, over small ranges of

pressure, variations in effective area of only a fow

parts in 10% of the total area can be determinoed. An
example of tho results obtained is shown in’Fig. 1,
where it will be seen that a particular steel piston—
cylinder assembly of nominal area 0:02 sq. in. may

change in effective aroa by an amount of the orvder . -

1 part in 2,000 per 1,000 bars of applied preossure. In-

this instance the change proved to be a linear function "
of pressure to the order i 1 part in 10® of the total

area. '

While the. present series of tests is intended to
| cover the range up to 3,000 atmospheres, plans are,

being made to extend this range to higher pressures
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TFig. 1. Dependenco of effective arca on pressure for steel piston-cylinder assembly of ~
nominal area 0-02 sq. in, -

g0 far as may be practicable, and somo further
intorosting possibilitios of tho similarity moethod are
undor invostigation. Full dotails of this work will bo
publishod in o furthor paper. Ifrom tho nature of
the mothod it seoms that it should bo applicable over
virtually any range over which pressure balances can
be used, and in which two materials having the = -
necessary properties arve available. The main diffi-
culty in the method resides in the construction of
the highly accurate pistons and cylinders which are
roquired. Once these are available, the experimental
work in determining the variation of effective arca is
simple, quick and convenient,.

; Wo have so far dealt only with the variation in * -

. } effective aron with pressure, but at somo point of )

the scale the effective area must be measured-in
absolute terms. This link is most easily made at a =%
low pressure where distortion is known to be - .
negligible. The present procedure at the National
Physical Laboratory is to use two independent
methods to obtain this measurement : (a) direct
measurement by balancing at a low pressure against
- a mercury manomcter; (b) by computing the
| effective area from the mcasurér llmonsxons of the AR
piston and cylinder.
These two methods of measurement have given |
agreement to within_2 parts in 10%; but it is thought
LTy that this accuracy can be somewhat improved. 3
A " 1 acknowledge the helpful co-operation of the
| Metrology Division of the Laboratory, which under- | -
= ‘took the measurement and construction of the special




\

piston—-cylinder assemblies required, and of the
Engineering Section of the Physics Division, which
determined the elastic constants of the materials.
The work described was carried out as part of the
research programme of the National Physical
Laboratory, and this communication is published by
permission of the Director of the Lat)orat,ory. s
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