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1. Function of Air Veiocity Calculator.

In the ordinary wind-channel work the air velocity is determined
usually by means of the Pitot tube. Fig. 1 is the outline of a wind-
channel with a Pitot tube set in the current of air, the velocity of
which is required to be measured. The inner tube of the Pitot com-
municates with one arm of a pressure gauge g of U-tube type, and
the outer tube which is perforated at the point a is connected to the
other arm of the gauge. The air velocity can be calculated from the

measurement of the difference % between the two levels of water in
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26 Toyotaro Suhara.

the gauge together with measurements of atmospheric pressure, tem-
perature and humidity at the same time. |
The air velocity calculator herein described is a slide rule specially
constructed for the purpose of calculating immediately the air velocity
mentioned above.
Let g, be the atmospheric pressure in kg/m® abs,,
H, the same but in mm of mercury,
Z, the atmospheric temperature in deg. C,,
po the density of dry air in kg/m?,
2 the absolute pressure at a point 2 in the wind-channel in
kg[m?,
v the air velocity at the same point in the channel in m/s,
% the difference between the two levels of water in the U-tube
gauge in mm,
v a constant, 1°'40 for air.
Then, assuming the change of condition of air is adiabatic, the air

velocity v at a point 2 in the wind-channel is given by

=2 .%{1_(_;%)’—;—‘}. . | (1)

Since py= 1293 oo (2)
140003674 760

Eq. (I) may be written

o= [LEO0567 4 I8 A1 pfy— (27

1°293 - H, y23
I+ 000367 £ 7602 lz . _( ) }z)2 (3)
\j 1'293 H, 7 + Do + 2o }

Eq. (3) is an approximate expression for the air velocity v in terms
of 2, Hy and ¢,. The aim of this calculator is to determine v readily

(1) Kaye and Laby, Physical and Chemical Constants, p. 25.
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A New Air Velocity Calculator. 27

from the given values of %, H; and ¢, in Eq. (3).

In some wind-channel experiments, we have to take a number of
successive readings of %, and even also of A, and f%, and to work out
the corresponding values of v for each set of the readings. In such a
case, this instrument will be found especially useful in saving the labour

of repeated calculations.

9. Construction of the Calculator.

Fig. 2 shows a part of the calculator. There are four different
scales on the calculator which are distinguished by the letters A4, B,
C and D, the scales A', A" and A" being continuations of 4, and
B!, B" and B of B.

Now Eq. (3) .can be written in the form

log /i(A) — log (+")=log Hy—log/(t), | (4)
_ 1( A v+1/ &\
where; Si(%) /L{I+2fy( Po)+ 57\ Po)} (5)
and St =LFH00307h 66,5, (6)
1'293

The values of log/i(%), computed for certain equidistant values of #%, are
plotted on 4 to a certain uniform scale of reference, not shown here,
and are denoted by the corresponding values of Z. The scale B is a
similar representation of the function log(z*) to the same uniform scale
of reference and is denoted by the values of ». Similarly the functions
logH, and log fi(#,) are represented by the scales C and D, respectively.

Hence at any position of the slide, within the limits of each range
" of graduations, any two values f1(%) and 2%, and consequently also
H, and f3(%,), opposite to each other, must have the same ratio, and
this enables us to determine any one of the four quantities v, 2, H, and

¢, if the remaining three be given.
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28 Toyotaro Suhara.

The range of each scale is as follows:—

Values of % in the scale 4 are from o1 to I'0 mm,
” Y/ ’ A " 1o, 10 mm,
" Y/ ” A, I0 ,, 100 - mm,
" Y/ ' Aam 100 -,, 1000 mm,
”” v ”” B " r2,, 44 m/S;
» v » B ” 38, 14 mfs,
’ v » B" 12, 44 mfs,
. o " B" ., 38 , 10 mfs,
”» H ” C » 700 ,, 800 mm,
» L D ” —5°,, 35° C.

In calculating Eq. (5) #, was assumed constant and was taken
equal to 10330 kg[m® the error in v due to this approximation is
very small, being within about o'r percent in the graduated range
of this calculator. The term involving Z in Eq. (5) is also very
small and, to the order of approximation, can be neglected quite
safely. The density of water was taken to be unity for all pressures

and temperatures.

3. Use of the Calculator.

The use of this calculator is very simple. For ‘Example, given
the atmospheric pressure H,=750 mm and the temperature Z,=20° C.
To find the air velocities corresponding to the differences of the water
columns 2=0'3 and 24 mm.

Now set the scale D against the scale C so that 2¢° appears
just opposite to 750 mm, as shown in Fig. 2, then the required air
velocities are read off on the scales B and B’ just opposite to 03
and 2°4 mm on the scales 4 and A’ respectively. Thus we obtain
the required air velocities 2223 and 629 m[s. Generally in this

calculator, if we set the given #, opposite to the given A, the values

This document is provided by JAXA.
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30 A New Air Velocity Calculator.

v and % for the given conditions /A, and ¢, always appear just opposite

to each other on the scales 4 and B.
4. Correction for Humidity.

The density of dry air p, in the expression (2) may be replaced
by p,/, the density of damp air, which may be derived from the
expression.

017’0-0'378Pm » 1°'293 'H)_%pm
H, © 140003674 760

po’=p.

where p,, is the pressure of water vapour in the air in mm of mercury.

Thus for damp air, we may use /,—3p,, instead of H,, on the scale
C, Fig. 2.
Tokyd, September 192I.

(1) Kaye and Laby, p. 21
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