e

. Fluid Flow -

c R4 1958; Guidé}

72
7 .,
the empirical?

. The curves in Fig. .4 may. be approximated very.closely. by
formula:l. - - - - v e s e o
' R » 2 e 108\
-+Equation'8 is:applicable: to all liquids, and: to gases when' the pressure 4
loss'is less than-10 percent of the initial pressure. - When the loss in head
is:high,;the formula to be used for gasesis .. c i i
I Coe : px’—p.z’ .fl-V’x’- . DRI [
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which riay be'arranged to give the loss in pressure,

2
P1—1{2=P1[1"' -lf'ﬂl—]
- ‘ gd pii

. F16. 5. ComMPARISON OF VELOCITY PROFILES #or 3 DIFFERENT REYNOLDS
. NUMBEES BUT FOR SAME AVERAGE VELOCITY

Pressure Loss in Non-Circular Pipes 7 . » % ’
The formulas for friction loss in pipes are based on the use of pipes of 38
circular cross-section. The same-formulas may be extended to non-i:j
circular.sections; by suitable modification. In the basic formula, Equationig
8, the internal diameter d is to be replaced by the hydraulic diameters
dg defined by the equation: . :
- 4 Xxareaof cross-section

= wetted perimeter of cross-section

ft, the cross-section areagh
draulic diameter will (-E
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R
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For example, in a réctj.angular duct, 1 ft by 2
is 2 sq-ft, and the perimeter 6 ft. Then-the hy
dy-= (4x2)/6 = 1/sft. . ~

In the case of a round pipe, -

4 2/4
L . - dﬂ=———xsl =4d
'In computing the Reynolds,
hydraulic diameter is not to be Al ‘ ]
i to replace the length in the Reynolds number by the shortest dimensi
plus one-fourth of the hydraulic diameter. Thus, in a duct of dimension
ax b where a < b,» Nxe, for the purposes of calculating friction factors, ._,,:\

Ngo = 6 + 0.25du)7p/ﬂ - (g8
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TaBLE 1. VALUES OF ¢ FOR DirrerenT KINDS OF Pipm

TvyrE oF Prre
A - e
%mooth d_raiwn tubing............... 0 600005
ommercial steel or wrought iron.................... . .
Asphalted cast-iron...... glron T o s
Galvanized iron............. ... .. . [ Rt
CaSt-irON . ... ...ovoonnsn S ooos
(V)Vood SLAVE. ... ... 8‘88885
omorete. oL .0006 to 0.003
Bivoted gteel |17 8831 to 0.01
........................... .003 to 0.03

Th. - < K ’

Bavaiion 13 ot Fig, & for sorbutent oy T orior Lomaner flow, sod in

] . 1 ow. € error in t| imati

ljass,gntlﬁ;vl::.l; g:',%azer for ]_ani)mar than for turbulent lflllovgl © ?ﬁpzﬁﬁl?ﬁgﬁ
, tive.error ma, ) ) ile i

almost always is less tharf 3¢p2§c?1;1t?h % 10 percont, while in the latter it

FLOW OF COMPRESSIBLE FLUIDS

In the flow of com i i
. ! pressible fluids, the large densit, iati
lmpracticable the use of the Bemoulli’ equation, (Equz:.gox:’ %I.atlfr? SceI:-]f;aa]J'&:J3

special ¢ i
. Special cases, however, the exact equations for -compressible- flow- may be -

stated. If flow occurs

Eauation 6 bowor. with no friction or other internal irreversibility

1 dp
—dV = =
| ) 5+ =0 (18)
If, in addition, the flow is adiabatic,
, ot =Pt
so that Equation 18 becomes "
1
P dv: pitdp =0
. g n pl/k (20)
or by integration,
Zlg(w— vy E_mI(myE
k—1p Y43 —ip=0 @

This extension
nsion to compressible flow i i
more familiar foun of P urg v l?:nlé:rposullé’lsl equation reduces to the

Ihe Iatlo Of S[)e(}]li(: 1 Xt ] .
heats k 5ed extensive. y V. :
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IABLE 2. RATIO or S C
PECIFIC HeaT A STANT PRESS] RE TO SPECIFIC
EAT AT CUON:
C AT CONSIANI VoLuME FOR COMPKESSIBLE Fruips

Coxpressiare Fium

— RATIO & = ¢ /ey
irl::(li and other monatomic gases :
mmonigther diatomic gases.g ............... 1140
o and hydrogen Sty T 15t
moist steam | €thane, natural gas superh -
i sty m down pone; Dat , superheated steam
dioxide, ethylene, zﬂ:e?;vlltezng Tporeent e : 138 b0 158
.......................... 1.24 to 1.26




