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V= % (- Iy B¢ N
where .
- r = the radius of the pipe in feet. ;
L = distance perpendicularly from the axis of the pipe, in feet.

Accordingly, the maximum velocity occurs at the center of the pipe
and is twice the average velocity; the average velocity is found when L
= 0.707 r. It is worth noting that roughness of the pipe wall has no
effect on the loss in head for laminar flow. - : :

" Between values _of the Reynolds number of 2000 and 4000, there is an
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Fi16. 4. ReraTiON BETWEEN FRICTION FACTOR AND REYNOLDS NUMBER
Note: The straight line at-left .shows values of Friction: Factor for.laminar flow.
o Reprinted by permission from fl.S.M.E. Transactions. .

unstable region where the flow changes from laminar to turbulent, or
vice versa: The actual value is impossible of prediction for any condi-
tions of flow, though in general it may be said that the prevailing type
of flow persists into the unstable region; however, once the change starts,
it proceeds very rapidly.© =~ - o C

When'the flow is turbulent, the velocity profile is essentially parabolic
‘over four fifths of the pipe diameter, biit near the pipe walls, the effect
of friction becomes evident, and in the boundary layer at the pipe wall
the flow is laminar. Fig. 5 compares the velocity profiles for three
different Reynolds numbers, but for the same average velocity.

- The lower curve:in the turbulent region in Fig. 4 represents the relation
of f to the Reynolds number for smooth pipe, such as drawn brass tubing
or glass tubing. The effect of roughness on f, which is, a considerable
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F16. 5. COMPARISON OF VELOCITY PROFILES FOR 3 DIFFERENT REYNoLDs NUMBERS
. ) BUT FOR SAME AVERAGE VELOCITY .

‘

factor in turbulent flow, is open to some conjecture; artificially roughened
pipes, for instance, give results at variance with actual tests. The
curves above the smooth pipe curve of Fig. 4 represent a summary of
tests on rough pipe, each of them identified by a value of _e/d, with e
signifying the absolute roughness in feet. Values- of ¢/d-for different
pipes are given in Table 1. :

_To find the friction loss for any pipe, follow the curve ‘with.th‘e proper
value of e/d, to the pertinent value of Ng.; and from this point proceed
horizontally to left margin to find the value of f to use in Equation 5.

-“Equation 5 is applicable to all liquids, and to gases when the pressure
loss is less than 10 per cent of the initial pressure.. When the loss in
head is high, the formula to,be used for gases is
M = _ﬂ_._V"_.‘ R : .(9) .
o gd pm

- which may-be rearranged to give the loss in' pressure’ .

Pl‘—Pz‘=Pl[1—Jl —g'lfll{:;vl] o . (10)
Pressure Loss in Non-Circular Pipes A :

The formulas for flow in pipes are based upon the use of pipes of
circular cross-section. The formulas may be used with conduits of other
shapes, and in conduits not flowing full,-when the flow is turbulent, by
using the hydraulic radius, Ry, which is really a ratio:

area of cross-section.

- = - - . 11
Ra = wetted perimeter of cross-section” - - an
TaBLE 1. VALUES OF ¢/d FOR DIFFERENT KINDs oF PirE
- ) TYPE OF gxrx. R o 17 e
Smooth drawn tubing S .. 0.000005
Commercial stecl or wrought iron 0.00015
Asphalted cast-iron 0.0004
Galvanized iron . 0.0005
Cast-iron ) . . 0.00085
‘Wood stave. e e e el . 0.0006 to 0.003
Concrete. : 0.001 to 0.01
Riveted steel 0.003 to 0.03




