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gas laws to the behavior of the sealed system. There are also several patents in which

the effects of temperature on the measurement of absolute pressure by means of a
diaphragm capsule are compensated by leaving a little air in the capsule. In all the patents
examined there were no actual quantitative calculations of the effects of temperature and
pressure on the movement of the flexible member, and the whole procedure was empirical.

However, if it is desired to indicate density of the air over a certain range with a
certain mechanism, it is necessary to select a diaphragm of known internal volume v,
which will give full-scale reading with the maximum pressure differential which will be
encountered. Assuming the pressure differential and the deflection are zero at the lowest
density (low barometric pressure and high temperature) the capsule is sealed at this point
when it contains a volume V_ of dry air attemperature T and pressure B, giving a density
d, =B/T,.

As the ambient temperature diminishes and the barometric pressure increases the
diaphragm moves in accordance with the relation

X=Xk (B-p) (1)

where X is the deflection, B is the barometric pressure, p is the pressure inside the sealed
capsule, and X, is a diaphragm constant for the linear portion of the movement.

If BV, is the product of pressure and volume at zero deflection and pV is the product
under any other conditions, we have, according to the simple gas laws

pV = BV, 273 + T 2
273 + T,
from which
BV
p = o'o f273 + T . (3)
A 273 + T,

If (3) is put into (1), we have

BV, (273 + T
X=K|B-=3 a3 +1,) | (4)

In order to calculate X it is necessary to know V in terms of X, and from the dimen-
sions of the capsule it can be calculated that

v=y, - KX (5)

Substituting (5) into (4), we obtain

BV, (273 +T 6
X'KlB'vo-sz 273 + T, ¢

From (6) is obtained the second-degree equation

X, A 273 + T .
4 y2 _° - - =g.
X, X2 X, + K,B) X + |V,B - VoB, (oo T, 0 (M
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ILLUSTRATIVE EXAMPLE

It is now possible to calculate X for any value of B and T, and in this manner a rela-
tion between deflection X and density © can be obtained. Suppose a capsule 2 inches in
diameter gives a linear deflection of 0.043 inch for a pressure differential of 100 mm Hg.
" Then the value of X, in Eq. (1) will be 0.00043.

The value of k, can be calculated from Eq. (5) by assuming that as the diaphragm is
deflected inwards it forms a cone the volume of which is the area of the diaphragm times
1/3 the deflection X. If this 2-inch-diameter capsule is 0.25 inch thick, the internal
volume V_ will be 0.7854 cubic inch. We find then that X, = 1.047, when the movement of
both sides of the capsule is considered.

If Eq. (7) is solved for X, we find
<__+K)~K¢ ,KB> 2, [ (;g;;)]
(8)

If the values for K, and K, are placed in (8), we have as the final numerical equation

1826.5 + 1.047B - }/(1826.5 + 1.047B)2 - 7649.8B<1- Po

X = Px (9)
4870

in which p, is the lowest density to be indicated and p, is any other density.

In order to get the value of X from Eq. (9), it is necessary to assume values for B,
and T, which are the pressure and temperature at o, the lowest density indicated on the
scale (zero deflection). After the assumed value for p, is placed in the equation, X can
be found for any combination of B and T over the range of air densities it is desired to
operate the instrument.

Table 1 shows values for relative density for several pressures and temperatures,
and if it is desired to start our scale at the relative density 0.800, it can be seen from the
table that such a value for relative density is obtained when the ambient temperature is
40°C and the barometric pressure is 697 mm Hg. That is

697 273
220 22

= 0.800.
760 313

Figure 1 shows how X calculated from Eq. (9) varies with the ratio of B /760 to
273/(213 + T) for the given diaphragm. Even though the graph covers quite a wide spread
in density, points calculated from (9) fall close to the curve except for the conditions of
high pressure and temperature as well as for low pressure and temperature. Since both
these conditions are rather extreme, it would be necessary to employ special scales for
instruments to be used in the tropics, in arctic regions or at elevated positions where the
temperature is low.
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PRACTICAL APPLICATION

The principles outlined in the foregoing discussion have been put into practice in the
conversion to a relative density indicator of a Wallace and Tiernan Type FA-160122 absc-

lute pressure indicator, range 0-100 mm Hg. The procedure consisted in the following
steps:

1. Opening the tube to the diaphragm capsule and allowing dry air at atmospheric
pressure to flow in, thereby bringing the pointer to zero;

2. Reducing the pressure inside the capsule until the pointer takes a position near
that which calculations show it should have at a relative density corresponding to the
ambient density;

3. Calibrating the instrument by observing the pointer position for known conditions
of density of the ambient air.

After the instrument is calibrated a scale can be laid out between the desired limits
of relative density, which in the present instance were 0.8 and 1.10. The angular move-
ment of the pointer over this range of density was 328 degrees, corresponding to an abso-
lute pressure range of 0-120 mm Hg with the diaphragm used, instead of an angular
movement of 283 degrees and a pressure range of 0-100 mm for the unconverted instru-
ment. The six-inch dial calibrated in terms of relative density is shown in Fig. 2.
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Fig. 2 - Dial of aerometer

The only other change made in the original instrument was to replace the heavy-walled
vacuum-tight case with a lighter case having spaced ventilation holes to permit circulation
of ambient air around the diaphragm capsule. For field use it would be necessary to sur-

round the mechanism with a small dustproof inner case to protect the jewelled bearings
and the gear train.








