057:20 TEST #1 Fall 2004
Prob. 1

Information and assumptions
Provided in problem statement

Find
Shear stress at walls and at centerline

Solution

Shear stress at Y = 0 ft

Wy
dy /0

7, :,u><10=(8><10_5)><10 =8x107* Ibf / ft’ (Inter. + Ans. = 1)

Shear stress at Y = 0.05 ft
du
dy

Toos = #x0=0 (Inter. + Ans. = 1)

Shear stress at Y = 0.1ft

du
dy y=0.1
To1 = ,ux(—lO) = —8><:|.0_4 Ibf / ft2 (Inter. + Ans. = 1)

=0

y=0.05

=-10
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Prob. 2

Information and assumptions
Flow in a nozzle, details are provided in problem statement

Find
Local acceleration a|

Convective acceleration ac

Solution

0 2t 2 2
ot (1-05x/L)* | (1-05x/L)’  (1-0.5x0.5L/L)’

—3.56 ft/s? (Inter. + Ans. = 1)
oV
a, =V > (Eqn. = 5)

I - 2t
(1-0.5x/L)" & | (1-0.5x/L)’
_ 4t° _ 4x 3

(1-0.5x/L)’L (1-0.5x0.5L/L) x4
=37.9 f'[/S2 (Inter. + Ans. = 2)
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Prob. 3

Information and assumptions

Provided in problem statement

Hydrostatic force acting on the gate.
Gate is stable or unstable

Solution 1
F = DA (Egn. = 4)
:9810><4><( _ 8 jX]-
sin 45°
=443,950N (Inter. + Ans. = 1)
y:l( 8 j:5657m
2\ sin45°
Yo, =V +1/VA (Ean. = 3)
:5.657+1W( : | j/(5,657xw>< : . j
12 \sin45° sin 45°
—7.54m (Inter. + Ans. = 1)

Point B is
8m
sin 45°
The gate is unstable (Inter. + Ans. = 1)

—-3.5m=7.81m> 7.54m
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Solution 2

F = ﬁA (Egn. = 4)

:9810><4><( _ 8 jxl
sin 45°
= 443, 950N (Inter. + Ans. = 1)
2 8
Yoo :gsin45° = 7.54m (Eqgn. + Inter. = 4)
Point B is

8M 3 5m=7.81m>7.54m

sin 45°

The gate is unstable. (Inter. + Ans. = 1)
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Prob. 4

Information and assumptions
Provided in problem statement

Find
Estimate the time required to fill the remainder of the tank

Solution 1

Continuity equation

d
V-A=—"{[ pdv
;,0 dt .[cvp
d
V-A) —(V-A) =——| dV
( )out ( )m dt oV
(V’A)in _(V'A)out - VZ t_V1
1 1
= zD%h, —= zD%h,
17rd2V1—£7zd2V2=4 " 4
4 4 t
2 J—
dZ(Vl_Vz): D (hi hl)
2 _ 2 _
_D’(h-h) 075°(1-03)

d*(V,-V,) 0.12°(2.5-1.9)

(Inter

.+ Ans. = 3)
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Solution 2

Inflow Q, = 2.5><%><7z><0.122 =0.028274m’/s

(Eqgn. + Inter. + Ans. = 1)

Outflow Q, =1.9><%><7z><0.122 —0.021488m°/s

(Egn. + Inter. + Ans. = 1)

Continuity equation:
Net flow rate into the tank

Q,=Q,—Q, =0.028274-0.021488 = 0.006 /86 m3/s
(Egn. + Inter. + Ans. =7)

Volume of the remainder of the tank at t = O:
v =(1-0.3) x%x 70,75 = 0.30925m°

Time required to fill the remainder of the tank:

¥ _ 03095
~Q 0006786 R




