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The curves in Fig. 4 may be approximated very closely by the empirica].‘;f E

formula i

- ‘Q - 108 .l/l
f=.0055[1+(20,m0&+lv—n. ]

Equation 8 is applicable to all liquids, and to gases when the pressurg
loss is less than 10 percent of the initial pressure. When the loss iy §

head is high, the formula to be used for gases is
’ nopd _ VS
p? gd pion
which may be rearranged to give the loss in pressure,

n~m=n[1—1/1———ﬂv" ]
gd piny

a9

Ng=2 X 10

F16. 5. COMPARISON oF. VELOCITY PrROFILES FOR 3 DIFFERENT REYNOLDS
. NoMBERS BUT FOR SAME AVERAGE VELOCITY

Pressure Loss in Non-Circular Pipes -

The formulas for friction loss in pipes are based. on the use of pipes of
circular cross-section. The same formulas may be extended to non-
* circular sections, by suitable modification. In the basic formula, Equation

8, the internal diameter d is to be replaced by the hydraulic diameter
dg defined by the equation )

_ 4 X area of cross-section a9
wetted perimeter of cross-section .

For example, in a rectangular duct, 1§t by 2 ft, the cross-section ares
is 2 sq ft, and the perimeter 6 ft. Then the hydraulic diameter will be

de = (4 X2)/6 = 11/, ft.
In the case of a round pipe

_ 4 Xadi/4

du pory

d - (16)
In computing the Reynolds number, and from that the friction factor, the
hydraulic diameter. is not to be used. A better approximate procedure
is to.replace the length in the Reynolds number by 1.25 times the shortest
dimension. Thus, in a duct of dimension a x b where a < b, Ng,, for the
purposes of calculating friction factors, is '

N, = 1.25a Vp/u 7
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i 0.000005
h drawn tubing: 0.00000
%!:)lx(;;x’rt;ercial steel or wrought lron....-- 0.
As halted cast-Arom. .. ...oo-iemereres 0.0004
Ga}l)va.nizediron............:::: 0‘000400085
CastArom. . cxeeemer Tt T vovoss
Wood Stave.....cocoeamsm e 00006 o 0.0
Concrete.. .oweemsersriT ~0.003 to 0.03
R.ivel:edsf,eel.......,....7 ..... '

is N may be used in ‘Equation 10 for laminar flow, and in
Toe Yaluelzo f):\f ng.g.nzagor turbulent flow. ~ The error in the approximation
EQuatlonh t greater for laminar .than for turbulent flow. In the former
p Sorx:ﬁZr;aﬁve orror may be as much as 10 percent, while in the latter it
:.al;i’)st always is less than 3 percgnt. A . :

FLOW OF COMPRESSIBLE FLUIDS

- ible' flui i iations make
£ compressible fluids, the large density varia k
i o ﬂ;?ca%?:v tl‘:e use (l))f the Bernoulli equation, (Equation 7). In certain
1mpr_a(l: ases, however, the exact equations for con_xpressxbk? flow n}a_y_;be
sg:f:{ (':I_f flow occurs with no friction or other internal irreversibility,
S . Y ‘

Equation 6. be(\:omes

1 dp (18$
-_— —= =0
% av: + Y
If, in addition, the flow is adiabatic, ‘
- o pot = pr* 19) .
so that Equation 18 becomes ) ;
N _ 1 pitdp _ o o
. —2—-ng' + o Pt
or by integration, ) | |
Lva— v + _k_wn[(=\F “1f=0" . @)
2 Dt e s l\n) . T

This extension to compressible flow of Be;:noulli’s ‘equation reduces to the
more familiar form if the pressure changeis .small: ) )

The ratio of specific heats, &, is used extensively in fluid dynamics; values
of k for various gases are given in Table 2. -

TasLs 2. Ratio or SpeciFic HEaT AT CONSTANT PRESSURE TO SPECIFIC o
HeaT AT CONSTANT VOLUME FOR COMPRESSIBLE FLuips

CoxuprEssteLe FLomD RATIO & = cpfév

Helium and other monatomic gases: . ........iv.oooorveeces i
Air and othea %isgomlc gaiia{si.d. .............................. 1
Ammenia an rogen 8 €. ettt
Curb:rrxn?ﬁ?)xide¥ methane, natural gas; superheated steam, La8s
moist steam down to a quality of 97 percent............... 1.8t
Sulfur dioxide, ethylene, acetyleye ....... e A
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