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Series 10 - Solutions
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7.13

7,13 The drag. ¥, on a washer shaped plate
placed normal to a stream of fluid can be ex-
pressed as
o= fidy, dy V. g )

where d, is the outer diameter, d; the inper di-
ameter, ¥ the fluid velocity, o the fluid viscosity,
and g the fiuid density. Some experiments are to
be performed in a wind tunnel to determine the
drag. What dimensionless parameters would you
use [0 organize these data?
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It Aollows That a=-/, bso, c=0, and Therefore
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T0g Under certain conditions, wind biowing past a rectan-
gular speed limit sign can canse the sign 1o oscillate with a fre-
quency o (See Fig. PT.09 and Video V9.9.) Assume that w is
a function of the sign width, b, sign height, &, wind velocity, V,
giT density, g, and an elastic constant, &, for the supporing pole. Ll :)m
The constant, &, has dimensions of FL. Develop a suitable set
of pi terms for thds problem.
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7.22  The pressure drop, Ap, along a straight
pipe of diameter £ has been experimentally stud-
ied, and it is observed that for laminar fow of a
given fAuid and pipe, the pressure drop varies di-
rectly with the distance, [, between pressure taps.
Assume that Ap is a function of D and f, the
velocity, V, and the fluid viscosity, j. Use di-
mensional analysis to deduce how the pressure
drap varies with pipe diameter.

ap=F(0,4,V 4)
Ap= FL* D= f=! yELr™’ /L;'- FL2*T
From he pi fheorem, 5-3=1 pi ferms reguived .
By {f?ﬁ‘;&ﬂ:fiﬂ}l for T, (contaiming 4p):
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7.28  As shown in Fig. PT.28and Video V5.4, a jet of lig-
wid directed against & Block can tp over the block. Assume thit
the velocity, ¥, needed to tip over the block is a function of the
fluid density, p, the diameter of the jet, D, the weight of the
Hlock, W, the width of the block, b, and the diciance. . be-
pween the jet and the bottom of the block. (a) Determine a set
of dimensionless parameters for this problem. Form the di-
mensicnless parameters by ingpection. (b) Use the momentum
equation w determine an equation for V in terms of the other
variables. (¢} Compare the results of parts (a) and (h).
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Y7.3¢  The pressire drop acrs u shirt ek Plol the resulis of (hese tesls, using saitable di-

liwed plug placed a3 circulor b through mensionless paameters, an log-log gragh papes.
whiich a liquid i Dot (e Fig. PT38 an be Use s standand vurve-filing sechmigus 1o deter
eupressed as mine a general squation fnr &p. What are (he
Tirmsits of applicokility of the equation?

hg = flp, ¥, 2, d)

whese p is the Huid density, and Vi3 the maean
vebocaly in the mabe. Some experimental ob-
ained with £ =o.d.rx = J0de ', and
¥ ol mknm given in the fidloying Tahge:
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Also see attached excel file for a more detailed explanation on curve fitting for
this exercise.
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T. 49 A thin layer of spherical particles rests
on the bottom of & horizontal tube as shown in
Fig. P7.£9, When an incompressible fluid fows
through the tube, it is shserved that at some erit-
ical welodty the particles will rise and be trans-
ported along the tube. A model is to be used to
determine (his critical velocity. Assume the erit-
ical velocity, ¥, to be a function of the pipe di-
ameter, D, partiche diameter, d, the Auid density,
p. and viscosity, p, the density of the pasticles,
.. and the acceleration of gravity, g. (a) Deter- e
mine the similarity requirements for the model, F[I."IJIIE I"J' ﬂ,
and the relationship between the eritical velocity
for model and prototype (the prediction equa-
ton). (b} For a length scale of Fand a floid density
scale of 1.0, what will be the critical velocity scale
(assuming all similarity requirements are satis-
fied)?

(a) = (0 dppp,q)
VSLT™ DL d3 L pi pU%rt w s LT ,c;_am:'*r* 9= LT
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From The pi theortm, 7-3= 4 pi terms reguired, and o
dimensronal umfym yields
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