7.5

Models are ra be built of the following prototypes: (a) tides; (b) oil flowing through a full pipeline; (c)
waler fet; (d) flow over the spillway of a dam; (e} a deep submersible vehicle; (f) an airplane flying at
speed; (¢} a supersonic aircraft; (h) a supersonic missile. For dynamic similarity, indicate which singl
dimensionless ratio will govern, and give reasans why.

Governing dimensionless ratios are:

R for parts (&), (e}, and (f), because for these the significant forces are inertia and fluid friction due to
viscosity {air compressibility is not appreciable at low airplane speeds). «

F for patts (@), (c), and (), because for these the significant forces are inertia and gravity, 4
M for parts {g) and (%), because for these compressibility is jmportant. 8



7.9

7.10

BG

A 500-ft-long ship will operate at a speed of 20 mph in ocean waier whose viscosity is 1.2 cP and specific
weight is 64 [p/°. What should be the kinematic viscosity of the liquid used with a 10-fi-long mode! of 1)

ship 5o that both the Reynolds number and the Froude number would be the same? Does such a liquid
exist?

R, =R,; F,=F, ; LV/v, =1; V/gL)" =1

To satisfy both R and F, [LV}v], = (VIG@/iLYP], . e v, = [gL)'PL], = L)” assuming g, = 1.0
L =LJL, =500/10 =50; v = v,fv, = (507 = 354

#, = 1.2¢P = 12 x 107 N-s/m? = 0.0209(1.2 x 107%) Ib-sec/ft® = 2.51 x 10°* Ib-sec/ft?

Eq2.1L: v, = ptp = 251 x 107%/(64/32.2) = 1.261 x 1073 fr¥}sec

¥, = Vv, = 1261 x 107354 = 357 < 10" ft¥fsec =

Fig A.2: There is no such liquid available. 4

Water flows over a spillway at 5000 ¢fs. For dynamic similarity, what should the model scale be if the f}
rate over the model is 1o be 45 ¢fs? The force exerted on a certain area of the model is 1.0 1b. What
would the force be on the corresponding area of the prototype?

Gravity and inertta govern, so satisfies Froude’s number. Equating these, we get
. - - w2, g2 : -

Eg7.2: V, VP{VM (Lp!Lm) L™ assuming g, = g,

Q = Ax¥, = (L*xL¥®), = L ; (500045) = L, ;

L =LJL =65; 2=LJL, =1:658 <

F, = (pViL%, = p VL] = (L)L} = L} assuming p, - p,. [Altermatively, F, = (pQV), )

(F,/1.0) = (658 = 285 ; F, = 1.0(285) - 28516




A 1:600 scale model is built to study rides. (a) Whar length of time in the model corresponds (0 one day in
the protorype? (b} Suppose this model could be tested on the moon where g is one-sixth of that on earth.
What then would be the time relationship between the model and prototype?

Gravity and inertia dominate, so F governs, and F, = F, (Eq. 7.9).

@ VIED™], = VgL, : -V, = @D Eq 7.3 T,=LJV,=LieL" - [LTg,
T, = TIT, = T,\fL]g, = T, /&L, = T,/ le JIL,IL)
On earth: T, = (24 h)y/(I/DAG00/D) = 24 hrf24.5 = 0980 hr <

() On the moon: T, = (24 h)/(6/H(G00/1) = 24 hj10 = 240 br <

A vertical jet of water issuing upward from a nozzle at a velocity of 44 fps will rise 1o a height of
approximately 30 ft on the earth. To get a water jet to rise 10 a height of 120 ft on the moon, where the
gravity in one-sixth of that on earth, what must the jet velocity be? Neglect atmospheric resistance.

Gravity and inertia dominare, so F governs, and F, = F,_.
Eq.7.1: L, =LJL, = 30/120 = 0.25; g, = £,/8, = 6

Eq. 7.9: [VLY"l, = (gL', ; ~ VIV, = J& gL L) = J6(025) = 1225 = V, (Bq. 7.2)
V, = V.V, = 44/1.225 = 359 fps = 4

A 3-fi-high sectional model of a spillway is built in a 1-ft-wide laboratory flume. The flow is (.86 cfs under

a head of 0.380 ft. If the model scale is 1:20 and the prototype spitiway is 600 ft long. what flow does this
represent in the prototype?

L =LjL =20; g =10. Gravity and incrtia dominate, so F governs, and F, = F, (Eq. 7.9).
VL], = VIGD™, so V, = gLy" - Jg L, = JI20) - 447 ; A, = L} = 20* - 400
Q - AV, - 400(447) = 1789 ; Q, = (0.86 ofs/R)(600/20ft) = 25.8 cfs

0, = Q,Q, = (?5.8 cfs)I789 = 46,200 cfs



