
80 CHAPTER 4 1946 Guide

where .
R = the gas constant in the expression. . ' .

pv.~ RT (21)

k = the ratio of the specific heat at constant pressure to the specific heat at 
constant volume.

This ratio, k, is used extensively in fluid dynamics; values of k for 
various gases are given in Table 2.

Table 2. Ratio of. Specific Heat at Constant Pressure to Specific Heat at
. Constant Volume for Compressible Fluids

Compressible Fluid Ratio k = cp/cy

1.66
1.40

. 1.34
Carbon dioxide, methane, natural gas, superheated steam,

1.28 to 1.32 . ,
1.24 to 1.26

Substituting Equations 20 and 21 in'Equation 19, the energy equation 
becomes

v * „ v,2 h
2g = r^i(piVi ~ ^ (22)

While this is a convenient form of equation, it does not include all the 
necessary specifications. If the steady flow process is frictionless and 
reversible,' .

(23)

By introducing this relation in Equation 22 it is possible to reduce that 
equation to:

- r * -1
• - VS - v,' = _k__pv_ \ , _ (PtX k

2g . <1-1 P, L ■ \px) . (24)

This form of the.equation is applicable not only to flow in pipes, but also, 
to flow through orifices and nozzles.

A significant factor in the flow of compressible fluids is the velocity 
of sound, Eso, which for present. purposes will be considered as that 
velocity under the conditions at the entrance to the steady flow system. ' 
The velocity of sound is expressed as

(25)

This formula may be developed rationally and agrees perfectly with 
experimental results. Substituting Equation 25 in Equation 24:
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or, by rearrangement,

(27)

which permits the calculation of the ratio of pressures at entrance and 
exit of the steady flow device,—pipe, orifice, or nozzle.

FLOW THROUGH NOZZLE OR ORIFICE

Another useful expression, covering the energy change in an orifice 
or nozzle, may be derived from Equation 2. As with the flow .through 
pipes, no outside work is done. Then, assuming that there is no difference • 
in elevation, and since practically no heat is evolved or absorbed, i.e., 
the process is adiabatic, E, z, and q of Equation 2 may be eliminated, 
and, by rearranging, the equation becomes

Yl
2g

Yl
2g — J{hi — ht) foot pounds per second (28)

In any flow device,

Mi = Yuit or, Vl = ViY^l
-Fl Vt AiVt (29)

in which yli or A2 is the cross-sectional area of the flow at a particular 
point, expressed in square feet. With, this substituted in Equation 28, 
and solving for Vi:

Vl = Vr 2gJ{ht - hi) 
(Ai/Atfivi/viY (30)

Using this expression, it is possible to determine the velocity at any point 
in the flow through an orifice or nozzle. If the area at the point of entry 
is very large with respect to that at point 2, the denominator on the right 
side of Equation 30 will approach unity, and the equation will reduce to

V, = V" 2gJ(hl - hi) (31)

For this reason, the expression J-------- is called the'
li- ^Mir-OV/V)

correction factor for the velocity of approach.

The velocity of approach factor may be further simplified if the dif­
ference -in volume between points 1 and 2 is negligible. Under this

condition, the velocity of approach factor becomes -J———-------- . If
■ 1 1 - (Ai/Atf

Ai_ = Dl 
A, Dx1

(J2 (32)

the velocity of approach factor is in which form it is generally

used in flow formulas. The quantity g is the ratio of the throat or.orifice 
;diameter to -the pipe diameter.


