ADDITIONAL TUTORIAL FOR 5 AND 6™ CHAPTERS

1. A firehose on a boat is producing a 3-in diameter water jet with a speed of v = 65 mph. The

boat is held stationary by a cable attached to a pier, and the water temperature is 50 °F

calculate the tension in the cable. (Text Book Prob. 6.9)

2. A windmill is operating in a 10-m/s wind that has a density of air 1.2 kg/m3. The diameter
of the windmill is 4 m. The constant pressure (atmospheric) streamline has a diameter of 3
m upstream of the windmill and 4.5 downstream. Assume that the velocity distributions

are uniform and the air is incompressible. Determine the thrust on the windmill. (Text Book

Prob. 6.66).
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An engineer is measuring the lift and drag on an airfoil section mounted in a two-
dimensional wind tunnel. The wind tunnel is 0.5 m high and 0.5 deep (into the paper). The
upstream wind velocity is uniform at 10 m/s, and downstream velocity is 12 m/s and 8 m/s
as shown. The vertical component of velocity is zero at both stations. The test section is
1m long. The engineer measures the pressure distribution in the tunnel along the upper and

lower walls and finds

p, =100-10x—-20x(1—x) (Pa,gage)
p, =100-10x+20x(1—-x) (Pa,gage)

where X is the distance in meters measured from the beginning of the test section. The gas
density is homogeneous throughout and equal to 1.2 kg/m3. The lift and drag are the vectors
indicated on the figure. The forces acting on the fluid are in the opposite direction to these

vectors. Find the lift and drag forces on the airfoil section. (Text Book Prob. 6.69).
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For this system, the discharge of water is 0.20 m3/s, x =1.0m,y=2.0m, z=7.0 m, and
the pipe diameter is 30 cm. Neglecting head losses, what is the pressure head at point 2 if

the jet from the nozzle is 15 cm in diameter? (Text Book Prob. 7.32)
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In this system d = 25 cm, D = 40 cm, and the head loss from the venturi meter to the end
of the pipe is given by h; = 0.9V?/2g, where V is the velocity in the pipe. Neglecting all
other head losses, determine what head H will first initiate cavitation if the atmospheric

pressure is 100 kPa absolute. What will be the discharge at incipient cavitation? (Text Book

Prob. 7.57).

N..]
I
N
)
Q
o)
s
—— 2,

sl

First wrik. en 3 fércM oo Veabur! fechom ro +ha end o Hia pipe .
rrowm table A5 py= 2340 Fa ubs
, y s N e . 2
Filtt+ Vil22 ¢ t(’.e\,‘f¢\/\_/lo e toe AL
¢ o
£ L {'\ " (1}
Vageur + V1 «;,?. — ‘Je\:,/L-é.DJ\L 22‘
Nupaus = 2.3%0 Pules = =93660 Pu pure
/ J s CL\Y vify Lo ¥
Vit 2z VAAL % Vie Ve AL/Aaq=2S6Vy Vi /ezessYy /2o
. . v 2
. p N ;L
- Vo0 (9482 eSS PR ‘_43\';,13 Vs B 0w
B & g B
Y \ T
= VeAL = 6.49x TIYvo s 2 0.343 W'l
2y Vo | 19 ‘8.‘_
<
{3 '\II’J 4. .ot wa




6.

If the velocity varies linearly with distance through this water nozzle, what is the pressure

gradient, dp/dx , halfway through the nozzle? (Textbook Prob. 5.10)
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The velocity in the outlet pipe from this reservoir is 6 m/s and h = 15 m. Because of the
rounded entrance to the pipe, the flow is assumed to be irrotational. Under these conditions,
what is the pressure at A. (Textbook Prob. 5.47).
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8. The flow pattern through the pipe contraction is as indicated, and the discharge of water is

70 cfs. For d = 2 ftand D = 6 ft, what will be the pressure at point B if the pressure at point
A is 3500 psf? (Textbook Prob. 5.57).
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10.

As shown in the figure, water flows in the two-dimensional bend, which turns in a
horizontal plane. Here V1 = V2 = .13 m/s, p1 = 10 kPa gage, and, p2 = 0 gage. Would you
expect cavitation to occur anywhere within the bend if the atmospheric pressure is 100 kPa

absolute? Hint: The streamlines are drawn to scale (Textbook Prob. 5.74).

Two-dimensional

flow in a two-
/imensianal bend

Streamlines

A tank has a hole in the bottom with a cross-sectional area of 0.0025 m2 and an inlet line

on the side with a cross-sectional area of 0.0025 m2, as shown. The cross-sectional area of
the tank is 0.1 m2. The velocity of the liquid flowing out the bottom hole is V =./2gh

where h is the height of the water surface in the tank above the outlet. At a certain time the
surface level in the tank is 1 m and raising at the rate of 0.1 cm/s. The liquid is

incompressible. Find the velocity of the liquid through the inlet. (Textbook Prob. 4.57).
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12. It is predicted that a flow field will have the following velocity components: (Textbook

Prob. 4.101)
u=V0e3C+xy?) v=V(y’+yx’) w=0

V is a constant. Is such a flow field possible? (Does it satisfy continuity?)
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13.  Atornado is modelled as a combined force and free vortex. The core of the tornado (forced
vortex region) has a diameter of 10 miles. The wind velocity at a distance of 50 miles from
the center of the tornado is 20 mph. What is the wind velocity at the edge of the core? What

is the centrifugal acceleration of the air at this location? (Textbook Prob. 4.105).
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