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Fig. 5....Comparison of Velocity Profiles for 3 Different
Reynolds Numbers but for Sume Average Velocity

the pressure loss is less than 10 percent of the initial

1960 Guide

(Equation 7). In certain special cases, however, the exact

equations for compressible fow may be stated. If flow occurs

with no friction or other infernal irreversibility Equation 6
mes

1 dp
— a4 2P g
z + R 0 (8)

the flow is adiab

If, in additi ,

Pt = gt ) 19)
so that Equation 18 becomes

Ptk dp )

_Whent.helosinheadishigh,&heformuhmbeusedformes
™ .

~p ave
» gdpion
which may be arranged to give the loss in pressute,

H—p=p ;-1/ _ﬂ] a9
p[ ! od Py

Pressure Loss in Non-Circular Pipes

The formulas for friction loss in pipes are based on the use
of pxpe of cu'culsr cmsachon The same formuias may be
L1 hy itabl modxﬁcatlon
In the basxc in, E ternal
to be replaced by the hydmuhc dmmecer dg defined by l.bz
equation:

a3

4 X area of cross-section
wetted perimeter of eross-section

dy = (15)

For example, in a rectangilar duct; 1-ft-by -2 ft, the croas-
section ares is 2 sq ft, and the perimeter 6 ft. Then the hy-

draulic diameter. will be dg = (4 x 2)/6 = 134 ft.
In the case of a round pipe, :
4 X »d*/4 .
dg= ~g - d 16}
In the Reynold ber, and from tha¢ the

friction factor, “the hydraulic diameter i is Dot to be used. A
betler approximate procedure is 1o replace the length in the

-Reynolds number by the shortest dimension plus ope-fourth

of the hydraulic diameter. Thus, in a duct of dimension
8 xb where s < b, N, , for the purposes of calculating fric-
tion factors, is

Ng, = (6 + 025da)Vo/u Toan

This value of Nj, may be used in Equation 10 for laminar

ﬂow and in Eq\muor.\ 12 or Fxg 4 for turbulent flow. The
in the hat greater for lami

tlmn for turbulent flow. In fbe former case, the relative error

may be as much as 10 percent, while in the Iatter it almost
always is less than 3 percent.

AOW OF COMPRESSIBLE ALUIDS

In the flow of compressible fluids, the large density varia-
tony make it impracticable to use the Bernoulli equation,

1
— v
m 0
or by int jon,
—(V,-—v-)+ 2 ] (”')L:"'—x]no o0
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This extension to compressible flow of Bernoulli’s equauon
reduces to the more familiar form if the pressure chwge is
small.

The ratio of specific heats, k, is used extenmvely in Suid
dynamics; values of k for various gases are given in Table 2.

It is convenient in the analyms of oompmzsxblz ﬂow to in-
troduce the velocity of of p or,
more familiarly, the sonic velocity, 6. For perfect gﬂses this is
given by the equation:

a* = kgp/p = kgRT (22)
Accordingly, Equition 21 may be written

at P ‘_'1
2L @
or, by rearrangement, ’

P E—1fV— V,‘) J
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P [ o ( 2_ . @0
which permits the calculation of the ratio of pressures at

entrance and exit-of the steady flow device—pipe, orifice,
or nozzle. From Equations 19 and 22 it follows that

Y2V,

o Ty (mYF
e T (m) @)
80 that ,
i .
T Vg2~ V) + 4t~ at =0 (26)
and
k~ 1
14z 2re
as* *
i 1‘—*_——.{- i-iva 20
2 at

The ratio of flow velocity to sonic velocity is known as the
Mach number,

M= Vi

This parameter is particularly useful in compressible- fow
snalysis. In general, if M 5 0.1 the flow may be considered

P s s

Fluid Flow .
This is generally true in heating aad

to be i ibl
ventilating air ducts.
In terms of the Mach number

a2 _Th (28)

and
14 [ M2
P _ 2 - @)
P 1 +‘f_.;__ My
The quantity,
RN PO -5 YA )
Pep )

is called the stagnation pressure, and gives a measure of pres-
sure energy. For incompressible flow

13
¢ = —eVr=p+ 31
p=pr+ P vty
where
1
=5 oV 32
and is the dynamic pressure. A total head-tube measures
stagnation pressure directly.

From Equation 29 it follows Umb for frictionless, sdmbahc
flow
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Table 2....Ratio of Specific Heat at Constant Pressure to
Specific Heat of Constont Volume for
Compressible Fluids

Comprassible Flid Rotio k = cp/cy
Helium and other mopatomic gases........... 1.66
Air and other diatomic gases. . . . :g

Ammonia sad bydrogen sulfide .

Carbion dioxide, methane, natural gas, auper
heated steam, moist steam down to s qun.lu,y
of 97 percent.

Sulfur dioxide, ethylene, actiy

80 that

T - l] (38)
If the initial velocity is sufficiently small, M\* wxllbeneghglble
80 that
2kgpior ( u -1
k-1
= Ax ?;f!’;“!" B 'f{—'[(%:):f—'_l] 39

i this i3 computed and the figures are plotted the curved
line (part.ly solid and partly broken) of Fig. 6 is found. The

maxioum vatue o B may be oomputed by differentiating
h

w= Ay

w with respect to p; and equating the result to zero. This
L T h o

This represents another extension of the Bernoulli ti
to compressible flow. Friction will cause a loss in pressure

energy.

-~ }deal -Fiow -through Nozz}e or Orifice

The majority of low-head mea.sunng syrtems dapend upon
a correlation between pressure drop, area, and quantity of
flow. The basic formulas may be stated on the assumption
that the flow is frictionless and adiabatic. Deslgmmng the
main stream by station 1, and flow st some measuriog re-
striction by station 2, the ﬂow in pounds per second i3

w = pdi Py = psds Vs (34}
or, in terms of Mach number,
‘¢
w = A VEepie @35)

According to Equation 29

(36)

from which

P Tl PPN .
2 PR Vs ] ;
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For air, with k = x.4o,§ = 053.
Actually, the broken part of the curve is not attained for

rPe/P
2 s pz/& o.lA 190

.. Relation of How of Gas to Pressure
Drop in o Converging Tube

fig.6..
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