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FE7.1 A smooth 12-cm-diameter sphere is immersed in a stream of 20°C water moving

at 6 mys. The appropriate Reynolds number of this sphere is
@235 () 1.2ES () 2386 (d)7.2E6  (¢) 7.2E7

FE7.2 If, in Prob. FE7.1, the drag coefficient based on frontal area is 0.5, what is the
drag force on the sphere?

@17N ® 51N © 102N @130N ()203N

FE7.3 If, in Prob. FE7.1, the drag coefficient based on frontal area is 0.5, at what

terminal velocity will an aluminum sphere (SG = 2.7) fall in still water?
(a) 2,3 m/s @) 29m/s (c) 46m/s (d65ms (e)82m/s

FE7.4 For flow of sea-level standard air at 4 m/s parallel to a thin flat plate, estimate the
boundary-layer thickness at x = 60 cm from the leading edge:

@10mm (b) 26mm (¢) 5.3mm (d) 7.5 mm (e)20.2 mm

FE7.5 In Prob. FE7.4, for the same flow conditions, what is the wall shear stress at
x = 60 cm from the leading edge?

(@0.053Pa () 0.11Pa () .16 Pa (@032Pa (c)0.64Pa

FE7.6 Wind at 20°C and 1 atm blows at 75 km/hr past a flagpole 18 m high and 20 cm
in diameter. The drag coefficient based upon frontal area is 1.15. Estimate the wind-
induced bending moment at the base of the pole.

(a) 2.7 Klﬂ-m (b) 152kN-m (c) 194kN-m (d)30.5kN-m (¢) 6.0 kN-m
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This looks unreasonable, C; — C; _ and the bee could not fly slower than 10 m/s?

Even if this high lift coefficient were possible, the angle of attack would be unrealistic:

2w sino

?
C =112= TY AR with AR =238, solve for o= 19° (too high, >a.

s!all)

7.124

The bumblebee can hover at zero speed by flapping its
wings. Using the data of Prob. 7.123, devise a theory for
i flapping wings where the downstroke approximates a short
flat plate normal to the flow (Table 7.3) and the upstroke is
feathered at nearly zero drag. How many flaps per second
of such a model wing are needed to support the bee's
weight? (Actual measurements of bees show a flapping rate
of 194 Hz)

Solution. Any “theory” one comes up with might be crude. As shown in the figure, let the
wings flap sinusoidally, between 10, thatis, @ = 6 cosQt. Let the upstroke be feathered
(zero force), and let the downstroke be strong anough to create a total upward force of
0.75W on each wing - to compensate for zero lift during upstroke. Assume a short flat
plate (Table 7.3), Cpy = 1.2. Then, on each strip dr of wing, the elemental drag force is

d
dF =8 Vb dr, where v=:Ee = Q8 sin()
R

. 2 2.2 3 .2
F :J.%CD(r Qeostt) bdr = %CDQ 6 bR"[sin Qt]wg = 075W
0

and [sin’Q] =~

Assume full flapping: 6 = g -;—

N1

1. 2,72

(7) (0,00728)(0‘00865)3
solve for Q = 2132rad/s+2n = 340 rev/s Ans.

Evaluate F = 0.75(0.00088)(9.891) = 12225(142)9

This is about 75% higher than the measured value Q. ~ 194 Hz, but it’s a crude theory!





