
3.7. Reference Level 

By applying the buoyancy correction for the 
lower portion of the piston as a reference level 
change, eq (16) becomes .. 

(19) 

where Yfll=the length of the piston below the 
cylinder, 

V fll =the volume of the piston below the 
cylinder. 

4. Area 

The effective area, A" of the piston, can be 
expressed by the relationship 

where Ao=the effective area of the piston at 
temperature, tIl and atmospheric pressure, 

a=the fractional change in effective area per 
unit change in temperature, 

t=the temperature of the piston and cylind~r, 
t.=the reference temperature, 
b=the fractional change in effective area per 

unit change in pressure, 
d=the fractional change in effective area per 

unit change in jacket pressure of a con
trolled clearance piston gage, 

pz=the jacket pressure required to reduce the 
piston clearance to zero at pressure PIl' 

Pl=the jacket pressure. 

4.1. Temperature Coefficient of Area 

The fractional change in effective area per unit 
change in temperature can be determined as 
follows: 

(21) 

where O!k=the temperature coefficient of linear 
expansion of the piston, 

O!c=the temperature coefficient of linear expan
sion of the cylinder. 

The most convenient reference temperature, tIl 
is the average temperature of the room in which 
the instrument is used. In many instances the 
difference t-t. may be insignificant. 

The temperature, t, of the p~ton and cylinder is 
usually assumed to be the same as the temperature 
of the base of the instrument. The fact is, in 
practice, the piston and cylinder are usually at a 
temperature higher than that of the rest of the 
instrument, although, in a gas lubricated piston 
gage they may be lower. So many factors affect 
the temperature that the order of magnitude cal
culation of the temperature rise may be unreliable .. 
Some of the more important factors are: speed of 
rotation, clearance, pressure, viscosity, Joule
Thompson coefficient, and thermal conductivity 
of the pressure fluid. One precaution that can be 
taken to keep the uncertainty of temperature, t, 

from being unnecessarily large, is to keep the 
speed of rotation no greater than is required to 
maintain hydrodynamic lubrication. 

4.2. Effective Area at Atmospheric Pressure 

Ao is very nearly equal to the mean of the area 
of the piston and the area of the cylinder [3,4] .at 
the reference temperature and can be calculated 
as follows: 

Ao AktAc [l+a(t,-tm)] (22) 

where Ak=the area of the piston, 
Ac=the area of the cylinder, 
tm=the temllerature at which Ak and Ac 

are measured. 

The value of Ak~ Ac may be determined from 

direct measurements of the diameters of the piston 
and cylinder, or by comparison with a piston gage 
of known area. In a controlled clearance piston 
gage, the jacket pressure, applied to the outside of 
the cylinder, is used to vary the diameter of the 
cylinder as desired and A. is assumed to be equal 
to A k • 

4.3. Pressure Coefficient of Area 

The fractional change in area with pressure is 
most readily obtained by Icomparing the instru
ment against a controlled clearance piston gage for 
which the pressure coefficient, b, can be computed, 
or by comparison with a piston gage of known 
characteristic. To the first approximation, for a 
controlled clearance piston gage, 

3~-1 
b=--y-

where ~=Poisson's ratio for the piston, 
y = Young's modulus for the piston. 

(23) 

The product, bpp, is small and therefore an ap
proximate value for PII is adequate. Deffet and 
Trappeniers [4], Dadson [6], Bridgman [7], and 
Ebert l8] give more detl,l.iled discussions of the 
elastic distortion of piston gages. 
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4.4. Change of Area With Jacket Pressure 

The factor [1+d(p.-pj)] is used only for con
trolled clearance piston gages. The fractional 
change of area with jacket pressure, d, is best 
obtained experimentally by varying the jacket 
pressure, Ph and measuring the change in pressure, 
PlI. Since the change in pressure will be small, 
the measuring instrument must be sensitive. 

The jacket pressure required to reduce the 
clearance between the piston and cylinder to zero, 

at a particular value of PP' may be determined by 
two methods. One method is to observe the 
torque required to turn the piston as the jacket 
pressure is varied. An abrupt increase of torq 
is observed when the clearance is reduced to zero. 
The other method is to measure the fall rate of 
the piston at several jacket pressures. The cube 
root of the fall rate is then plotted against jacket 
pressure, and the curves are extrapolated to zero 
fall rate to get values of pz. 

5. Piston Gage Pressure 

The complete equation for PlI can be obtained 
from combining eqs (2), (18), and (20); 

M". (1- Pa) kgL + MIa (1- Pa_\ kgL + 'YO 
Ao Pm Ao PIJ Ao 

PlI [1+a(t-t.)](I+bpll)[I+d(p.,-pj)] 
(24) 

where the reference level is determined as shown 
in eq (19). 

Equation (24) would be rather formidable if it 
were necessary to solve it for each pressure meas
urement. Fortunately the terms can be grouped 
so that the amount of calculation can be reduced 
to practical proportions for some instrttments, and 
some terms can be ignored if the accuracy re
quirements are low. It should be noted that eq 
(24) is not exact. Some second order terms have 
been dropped and the coefficients are constant 
only to a first approximation. 

6. Conclusions 

The accuracy of pressure measurements depends 
not only on the performance of the piston gage, 
but on the application of corrections derived from 
parameters of the system. These depend . upon 
the construction of the instrument, composition 

of the pressure fluid, environment, pressure, and 
physical arrangement of the pressure system. 
The accuracy to which the values of these param
eters are known usually establishes the overall 
accuracy of the measurements. 
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8. Appendix A. Computation of Pressure 

S.l. Calculation of Correction Factors 

To illustrate a method for simplifying the cal
culations, suppose that a particular piston ga.ge is 
to be used in Room 131, MTL Bldg. at the Na
tional Bureau of Standards in Washington, D.O., 
to calibrate Bourdon gages. The local value of 
gravity gL=980.1O gals, Po will be assumed to have 
the value of the average density of air at this 
location, so Po=0.001l7 g/cm3

• The fluid being 
used in the instrument is aviation instrument oil 
for which the density, Pla=0.862 gjcm3 or 0.0321 
Ibjin.3 and the surface tension, 'Y=0.OOOI7 lbfjin., 

. at· atmospheric pressure and 25 °0. 
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The piston gage is not a controlled clearance 
piston gage, therefore the factor 1 +d(p.-pj) will 
be omitted. From direct measurements on the 
instrument, we find that 0=1.964 in., Yla=2.5 in ., 
V la=1.525 in.3, YIp = 1.625 in., and VII' =0.2778 in.3. 

From a previous calibration against a controlled 
clearance piston gage, we have: Ao=O.13024 in.2 
(at t.=25 °0) and b=1.48XIO-7 in.2/in.2 psi. We 
also know that the piston is steel with the tem
perature coefficient, £XI; = 12 X 10-6 in.Jin. deg 0 at 
25 °0 and the cylinder is brass with the tempera
ture coefficient £xc=18.4XIO-6 in.Jin. degree 0 at 
25 °0 . 


