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;» = the density.in pounds per cubic foot.,. ... REERI
. p:=;the absolute viséosity in pounds per foot-second.-. - . -

Bt f snd the Reynolds nipiber are diensionless. To id ;

iﬁg: the Reyholds number, values. of B ,:the'kineméfic viscosity, arezshévzvn
as a function of temperature for air in Fig. 2, and for water in Fig. 3
Fig. 4 shows the relation between f and the Reynolds number, adapted :

from a review by Moody.! | s _
left of the chart supplies the values of f for laminar flow determined by

the formula: i
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Fig. 3. RELATION OF KINEMATIC VISCOSITY TO TEMPERATURE OF WATER -
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With laminar flow, the velocity profile is a parabola, having the formulal’:’.
efe-w ol

where . - L .
r = the radius of the pipe in feet.

L = distance perpendicularly from the axis of the pipe, in feet. ! 3

the center of the pipe

Accordingly, the maximum .velocity occurs at !
locity is.found when L3

and is.twice the average velocity; the average ve
= 0.707 r. It is worth noting that roughness of
effect on the loss in head for laminar flow. - :

Between values of the Reynolds number of 2000 and 4000, there is

1Buperior numbers refer to the references at the end of chapter.
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The straight line sloping .downward at the 3§

f ‘the pipe wall hé;s_n(').
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unstable region where the flow changes .from laminar to turbulent;
» OF

vice versa. The actual value is im i

f ‘ : possible of predicti . g

tions of fow, though in genoral it may be said that the ;f;v:%gc e
i ype

of flow persists into the unstab ;

of e 0 e le region ; however, once the change starts,

o ;(3)111" ﬁllli‘fa tg;)xx; flSt }:,:r}l))iupl;m(tﬁa:xl:: tl\erelobci?;y profile is essentially parabolic
for ) ter, but near the pi e

of friction becomes evident, and in the boundaryelalh;:(re’x‘-e ;:ag]sé t;‘)l}f)ee‘zvea(.:l}

the flow is laminar. Fi
2 g. 5 compares th i i
Reynolds numbers, but for the same a?r:ri]g: l?élgz(i)ges for three different

The lower curve in the t i
urbulent region in Fi i
of f to the Reynolds number for smoo%‘h pi:e ;%Jcﬁ gpziev?;s bt;l:;snzlag;on
s ubing
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N . strai e BE:’YE{EN FricTiON FACTOR AND REYNOLDS NUMBEB
Ihe a; gh ine at left shows values of Fricti actor for laminar flow.
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or glass tubin
{ g. The eff
in turbulen 5 1 ect of roughness onf, an effect which i i
ior instance giov‘:’r]ess l?lptsna J,o some conjecture; aniﬁcmvﬁlyﬁﬁz?ﬁiﬁ?p?se .
be smooth variance with actual tests. The .
Pipe, each of | pe curve of Fig. 4 represent a summar s o s
roughnece o 1!232? ld‘e;ntlﬁed by a value of e/d, with e sgni(};]'zesgi onbrough
To find 11 : b alues of e for different pipes are given 51 'I%:i.)l:oiqte
valye of e friction loss for any pipe, follow th i '
orizontal{;i,tgol:?te pertinent value of Ny, and ?rgxlxllrvtii: Iﬂ:)' fhe proper
margin to find the value of f for use u? Ié%ﬁxf’fi%cneeg




