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- The!eurves m F]g. 4 may be approxrmated very closely by the empmcal
formula dooed,
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Equatlon '8 g app‘hcable to all liquids, and to- gases’ ‘when, thé pressure

b loss is less thafi*10 percent of theihitial pressure =

18 hxgh, the formula to be used: for gases is "5 .
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. whmh may be ﬁl"anged to give the zloss in ‘pressufe’
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. Fluid Flow L B

. TasLe 1, VaLgps ofe ror. DirgeruNT Kinos or Pres .. |

- TyrE OF Pi3E Pe W
Smooth drawn tubmg ............... . 0.
Commercial steel or wrought iron ... ;.7 0.0 .0 0.00015
Asphalted cast-iron................ peee e, .| 0.0004: .. ..
*Galvanizediron..................0.0...000000 ; o1 70,0005
Cast-iron . .............. A ... 0.00085
Wood stave................. - 0.0006 to 0.003
- Concrete................ e Lo ...l 0.001 to 0.01 )
Riveted steel............ DA, e 0.003 to 0.03

T

This value of Nr, may be used in Equation 10 for laminar flow, and in
Equation 12 or Fig. 4 for turbulent flow. The errorin the approximation’
is somewhat greater for laminar than for turbulent flow. In the former
case, the rela.twe error may be as much a8 10 percent wlnle in t.he latter 1t
almost always is less than 3 percent. - o N

FLOW OF COMPRESSIBLE FLUIDS

In the flow of compressible .fluids, the large density variations make
impracticable the use of the Bernoulli equation, (Equation 7). In certain
special cases, however, the exact equations for compressible flow may be
stated. If flow occurs with no fnctton or other mternal 1rreversxb111ty,

Equation 6 becomes
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X, in addition, the flow is adiabatic,

Nmnns BUT FGB 5SAME Avmuum VELOCITY . . e ko pnm"‘ ) - " 19)
" Pressure Los; in Non+Cifcular- Pxpes s so that Equatlon 18 becomes '
The formulss for friction loss in pipes.are based on the use of pipes of CorT ' piedp - TR
circular cross-section, - The same formulas may be extended to mnon- = 2_9 de + T 0 (20
circular sections, by suitable modification. In the basic formula, Equation = #
8, the ‘intérnal- diameter 'd 'is to be replaced by the hydrauhc diameter or by mtegratlon, o - ' e S
dn deﬁned by. the: equatlon ’ 1 : : " o [ /pot N e
N 1 pli i e e
"4 X area of cross- sectlon w (15) {“‘ 2g (V” - V") + 1, l:(;l) k _'31]- =0 " IR @n
tted ter of -section_ - & . . . . .
e periieter of cross-section, ¥ This extension to compressible flow of Bernoulli’s equation reduces to the
i For example, in a rectangular duct, 1 ft by 2 ft, the cross-section area E more familiar form if the pressire change is small.
\EE ‘3 2 sq( 4ftx ;;1/% t_h? I}I)/Brlgleter . 6 ft Then the _l_lydm‘}.hc dmrneter W}H be % The ratio of specific heats, k; is used extensively in fluid dynamics; values
HEn 3 - 3 of k for various gases are given in Table 2. .
il E3 .
o In the Of a mund plpe ’ % TasLE 2. RA'I‘IO oF SpectFic HEAT AT CONSTANT PRESSURE TO SPECIFIC
"4 -4 X rd’/4 —d: 1) § Hear AT CoNSTANT VOLUME FOR: COMPRESSIBLE FLuips
} gH= ————— .
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PAE ) : . . . . Cc-mzsmu; Fium Ratio k = cpfev
i .In computing the Reynolds number, and from that the friction.factor, the Helium and oth t 1.66
0] }% " : hydrauhc diameter -is not to be uset’l A better: approximate procedure Air and i’éheﬁ d?;t?ng;::ag(;ggsc .g?.s.es 1.40
i is to replace the length.in the Reynolds number by the shortest dimension C onia and hydrogen sulfide . 1.34
it plus one-fourth of the hydraulic diameter. . Thus, in a duct of dimension ag:o?;lt S'té’;‘,’ﬂeao?v‘eti‘“ Y nalt‘tfmlf%%s' supel;heated steam, 1.28t01.32
1l axb'whére a'< b, Nn., for ‘the purposes of caloulating frietion factors, is § Sulfur dioxide, ethylene, acetylone. - ... .................| 1.24t01.28
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