Group Homework Solutions:
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1.8 The volume rate of flow, @, through a pipe containing a

slowly moving liquid is given by the equation

_ TR Ap
= gt

where R is the pipe radius, Ap the pressure drop along the pipe,
- a fluid property called viscosity (FL'T), and € the length of
pipe. What are the dimensions of the constant /87 Would ynu
classify this equation as a general homogeneous equation?
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1.21 A tank of oil has a mass of 25 slugs.
(a) Determine its weight in pounds and in new-
tons at the earth’s surface. (b) What would be its
mass (in slugs) and its weight (in pounds) if lo-
cated on the moon’s surface where the gravita-
tional attraction is approximately one-sixth that
at the earth’s surface?
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The information on a can of pop indicates that the can

. contains 355 mL. The mass of a full can of pop is 0.369 kg

while an empty can weighs 0.153 N. Determine the specific
weight, density, and specific gravity of the pop and compare
your results with the corresponding values for water at 20 °C.
Express your results in 51 units.
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1.36 A tire having a volume of 2.5 £' containg air at a gage
pressure of 30 psi and a temperature of 70 °F. Determine the
density of the air and the weight of the air contained in the tire.
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1.54 As shown in Yideo V1.2, the “no slip” condition
means that a fluid “sticks™ to a solid surface. This is true for
both fixed and moving surfaces. Let two layers of fluid be
dragged along by the motion of an upper plate as shown in Fig.
P1.54. The bottom plate is stationary. The top fluid puts a shear
oreds 8 tha uapor plato, and tho lower fuid PUIC 4 SheAr Vet
on the botton plate. Determine the ratio of these two shear
Stresses. Fluid 1
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1.56 The sled shown in Fig. P1.56 slides along on a thin
horizontal layer of water between the ice and the runners. The
horizontal force that the water puts on the runners is equal to
1.2 Ib when the sled’s speed is 50 ft/s. The total area of both
runners in contact with the water is (L08 ft?, and the viscosity
of the water is 3,5 % 1077 Ib s/ft*. Determine the thivkness of
the water layer under the runners. Assume a linear velocity
distribution in the water layer.

BFIGURE Pi1.56
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1.59  Alayer of water fiows down an inclined
fixed surface with the velocity profile shown in
Fig. F1.59. Determine the magnitude and direc-
tion of the shearing stress that the water exerts
on the fixed surface for ' = 2 m/s and h =
0.1 m.
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1.84  As shown in Video Y1.5, surface tension forces
can be strong enough to allow a double-edge steel razor
blade to “float” on water, but a single-edge blade will sink.
Assume that the surface tension forces act at an angle 8 rel-
ative to the water surface as shown in Fig. P134. (a) The
mass of the double-edge blade is U.64 ¥ 10 “kg, and the
total length of its sides is 206 mm. Determine the value of
f required to maintain equilibrium between the blade weight . :
and the resultant surface tension force. (b) The mass of the ®E FIGURE P1.%4
single-edge blade is 2.61 X 107*kg, and the total length of

its sides is 154 mm, Explain why this blade sinks, Support

your answer with the necessary calculations.

Surface tension
force

T T
(a) z El'ﬂﬂ]-u:al = \ \L /{9
% = TS!Ln 8 w
where 920 = A x 9 and T= 0 x length of sides.

blade

(O.b+x|b'3zb3)(ﬁ.9|"“/5t)=ﬁa#m&i%)(&zotm)sine
sine = O.HI5
6=245°

(b) For single-edse blade
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Sihce maximum Value fov sine s |, iF follows

+tnat W >Tsme and Single -€dge blade will sink.
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Solutions for Extra Practice:
1.12

Q=Cy2gB(H +V?/2g)"
[L?:T—l:l - [C][LI/ZT—l][L][LB/ZJ

Since each term must have the same dimensions, C is dimensionless. Thus the
equation is a general homogeneous equation that would be valid in any consistent
system of units. Yes.
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1.28 A beaker contains 10 in.” of pure glyc
: in?

erin. If 2 in.* of water is added to the glycerine
what is the specific gravity of the mixture?

density of mixture =

oty < (w}’m#,& + /A x (volume),,
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L3Y A closed tank having a volume of 2 fi* is filled with

0.30 Ib of a gas. A pressure gage attached to the tank reads 12
psi when the gas temperawre is 80 °F. There is some question
as to whether the gas in the tank is oxygen or helium. Which
do you think it is? Explain how you arrived at your answer.
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1.5 7 A 25-mm-diameter shaft is pulled through
a cylindrical bearing as shown in Fig. P1.57. The
lubricant that fills the 0.3-mm gap between the
shaft and bearing is an oil having a kinematic
viscosity of 8.0 » 107* m?*/s and a specific gravity

of 0.91. Determine

the shaft at a velocity of 3 m/s. Assume the ve-
locity distribution in the gap is linear.

the force P required to pull
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1.5% A Newtonian fluid having a specific gravity of 0.92 y
and a kinematic viscosity of 4 X 107" m¥s flows past a v
fixed surface, Due to the no-slip condition, the velocity at
the fixed surface is zero (as shown in Video V1.2), and the
velocity profile near the surface is shown in Fig, P15, De-

3y 1 (z]‘
termine the magnitude and direction of the shearing stress U2 213

developed on the plate. Express your answer in terms of [/ - '
and &, with U/ and § expressed in unils of meters. per sec-
ond and meters, respectively.
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A 12-mm diameter jet of water discharges vertically
into the atmosphere. Due to surface tension the pressure inside
the jet will be slightly higher than the surrounding atmospheric
pressure. Determine this difference in pressure,

For equilibrium (see Fgure ), /1{
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