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ASSIGNMENT 4 (DUE Tuesday, March 8" 2011)

PROBLEM 1 (15 points)
During a wind tunnel test on a sphere of radius, r = 150mm it is found that the velocity of

flow u along the longitudinal axis of the tunnel passing through the centre of the sphere
at a point upstream which is a distance x from the centre of the sphere is given by

r3
u=U, 1—x—3

Where Ug is the mean velocity of the undisturbed airstream. If Uy = 60m/s, what is the
convective acceleration when the distance x is (a) 300mm, (b) 150mm.
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PROBLEM 2 (20 points)
The velocity along the centreline of a nozzle of length L is given by

2
u=2t (1—0.5%
L

Where u is the velocity in m/s, t is the time in seconds from the commencement of flow;
x is the distance from the inlet to the nozzle. Find the convective acceleration and the
local acceleration whent = 3s, x = 0.5L and L = 0.8m
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PROBLEM 3 (15 points)
Liquid flows through this two-dimensional slot with a velocity of v =2 (q,/b)(t/t,), where

Jo and to are reference values. What will be the local acceleration at x = 2B andy =0 in
terms of B, t, to and go? Hint: Begin by identifying which are the variables and which are
the constants before solving the problem.
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SOLUTION

. - G t
v =2(3)(z)
°/ But@ x =2B, b =3B/4

8go
= 3Bts

o

PROBLEM 4 (15 points)

The hypothetical liquid in the tube shown in the figure has zero viscosity and a specific
weight of 10 kN/m?®. If pg-pa is equal to 12 kPa, one can conclude that the liquid in the
tube is being accelerated (a) upward, (b) downward, or (c) neither (i.e. acceleration = 0)?
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[SOLUTION

Euler’s equation

Py

y

Let { be positive upward. Then
Pa/m. Thus

y

y
g

a¢ has a poaitive value; therefore,

PROBLEM 5 (15 points)

d

= —EfP—F ,--e?]
L( % 2
p( ol "3{)

= (12,000 —~)
(12,000

- o(=2-1)

= g(12—1.0) m/s

acceleration 1s upward. Correct answer 1s

If the velocity varies linearly with distance through this water nozzle, what is the pressure
gradient dp/dx, halfway through the nozzle? (p = 62.4 Ib/ft)

30 ft/s
/
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SOLUTION

Euler’s equation

0 (p+vz)
R W e aT
B Y P
but z =const.; therefore
dp
9z =
’ AV
Qy = Qeonvective — ! 3_
T
aV

Fe (80 —30)/1 =50 s~"
a
— (55 ft/s)(50 ft/s/ft) = 2,750 ft /s

Finally
3_-;-:: = (—1.94 slug/ft")(2, 750 ft/s%)
aI \ VT :
a_f" = —5, 330 psf/ft
Ox

PROBLEM 6 (20 points)

The closed tank shown, which is full of liquid, is accelerated downward at (2/3)g and to
the right at 1g. Here L = 2.5m, H = 3m, and the liquid has a specific gravity of 1.3.

Determine pc-pa and pg-pa.
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SOLUTION

Euler’s equation i z direction

dp |
E_.-‘ - pPa
d
d—p = —plg+as)
{'Ep ; ’ 3 y g 2 2
- = —1.3(1,000kg/ m") (9.81m/s” — 6.54m/s”)
— —4.251 N/m°
ps—pa = (4,2561N/m%) (3m)
= 12,753 Pa

e —pa =127 kPa

Euler’s equation 1in z-direction

dp
dz
Pc — PEB
Po — PA
Pc —Pa

pa.,
pa. L

1.5 % 1,000 =% 981 x 2.5
31 882 Pa

pc — ps + (ps — pa)

31 882 + 12 753

44 635 Pa

Pe —pa =446 kPa
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