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The connection of the velocity of sound w1th the flow of. fluids. has
‘already been noted. Its most important apphcatxon is to the flow of
"gases through a converging tube or nozzle. If it is assumed that the inlet
veloc1ty of the ﬂu1d V1, is negligible, Equatlon 24 will reduce to

- V() 4

Let W represent the weight of gas- ﬂowmg through the convergmg tube
in a unit of time, and As the area at the throat; then,

W = AsVafosor Vs = Wv,/A: - (34)
pm". in Equation 33

\

Substxtutmg thls, as well as the relatxon plvl

gives,
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If this is computed and the figures are plotted the curved line (pal'tly
: SOlld and partly broken) of Fig. 6 is found. The maximum value of —1;—’

may be computed by dxﬂ’erentlatmg W with respect to p; and equating
the result to zero.” This operatlon produces the formula: -
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. Crilica.l Pressure and Critical Flow ] . . .
Actually, the broken part of the curve is not attamed for the flow in

For 'air, with & = =.0.53.

.the nozzle "If the ratio of ps to pr is decreased from umty, the welght
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’ onﬁces with a well-rounded-approach.

hlcustomary to start with .

or

rate of dlscharge, as well as the volume, i mcreases from zero'toa maxnmum, '
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as shown by the solid section of the curve in Fig. 6; thereafter, as ps/p1is. *

decreased further, the discharge i is constant, as indicated by the horizontal
lie. The value of ps at the maximum point is called the critical pressure,
or p., and from Equatlon 27 it is seen that p.is approx1mately 53 per cent
of p1 when air is flowing.

To find the velocity at the critical pressure, let us assume- that the -

upstream velocity V,in Equation 22is so small as to be negligible. Using

the subscript ¢ to mdlcate COl’ldlthnS at the critical point, we have

Ve —J( 2gk)(pm—{>cvc) e

Substltutxng Equatlons 23 and 36 and rearrangmg, Equatlon 37 becomes-
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and

Pc

Comparmg Equation 39 with Equation 25, it will be seei that the
velocity at the. throat is equal to the velocnty of sound at the critical
pressure.

-Critical ﬂow is attained only in. converging tubes, in nozzles, and in
It does not occur in sharp-edged
orifices or in nozzles having an expanding:outlet section. The so-called
critical flow prover uses this property of constant rate of flow.above-the .

critical pressure, and finds application as a flow regulator and a quantity- -

rate meter; ineither case, the-theoretical rate.of flow may be computed

from Equatlon 38, multiplying V. by the area of the constnctxon to .

obtain the volume rate of flow.

In developmg the ~working equatlons for orifices and nozzles, it is -

" . This may be denved from the Bernoulh equatxon or from the relatmns

O AP -Vl = 2ght: ) S Co (40)’ ‘

of falling bodies. Now, since ) o L : .
' ) ) AlVl = A:Vg Qs o ‘ . T '. - (41) :
in Wthh Qe is the dnscharge rate in cubic feet per second - G
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