57:020 Mechanics of Fluids and Transport Fall 2012

EXAM3 Solutions

Problem 1: Hydrostatic forces on plane surfaces (Chapter 2)

Information and assumptions

Weight of a cube : 3,000 Ib
Depthof liquid : 10 ft
Width of the wall : 8 ft

Specificgravity fothe liquid, y

The force acting on the inclined section AB, Fy
The location of the pressure centerfromthe free
surface, yg, alongtheinclined wall

Solution
(a) Buoyancyforce

Or

W =vy¥

w
V=%

Since ¥ isjust forthe immersed partonly,

e Liquid Wall width = 8 ft

¥=(4ft)x(4ft)x (2ft) =32 ft3

3,0001b
AT

(b) Hydrostaticforce

10 ft
A:(sft)x(

sin 30°

=93.75 Ib/ft3

(+3 points)

) = 160 ft?

b\ /10 ft
~Fp = (93.75 —) (—) (160 ft2) = 75,000 1b

ft3 2

(+4 points)
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(c) Pressure center

IXC

Ye

YR = + Ve

| _enEs)
xXc 12
10
N € BTN

= 5333.33 ft*

533333 ftt
YR =10 fO) (160 ft2)

+ (10ft) = 13.3 ft

(+3 points)
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Problem 2. Linear momentum (Chap. 5)

8cm
Information and assumptions l

e Water,y = 9,790 N/m3
e SG=13.56 forthe manometerfluid

l 5cm

Jet

e Manometerreading, h = 58 cm — (D (2)—>

e Frictionisneglected. p—

e Theupstream pressure atsection 1
e Theaverage velocityatsections1and?2 Ih
e Theaxial flange force, F,, required to keep the noz-

zle attached to pipe 1

Solution

(a) Manometerequation
P1 — Pz = m—¥)h=(SG—Dyh
where p, = parm = 0 (gage).
.p; = (13.56 — 1)(9,790 N/m3)(0.58 m) = 71,300 Pa (gage)
(+2 points)
(b) Bernoulli equation

m oV, _p Y
y+2g+ = +2g+z2

where, p; =71,300 Pa (gage), p, =0 (gage),V, = V; A, /A, =V, (D,;/D,)? and z; = z,. Thus,

Solveforly,

pulm
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(2)(71,300 Pa)

0.08 m _1]

~ V=
(999 kg/m 3)[ Goes)

=5.1m/s

From the Continuity equation,

v, =V, (D)z (5.1 )(008m)2—131
2= \p, m/s)\Gosm) = 13-1m/s

(c) Momentum equation
P1A1 — p2Az + B =m(Vy — ;)
where p, =0 (gage) andm = pVj A, = pV,A,. Thus
Ee=pAy(V; = V1) — pr Ay

or

(+4 points)

- (999 k—) (51= )(%) (0.08 m)? (13.1? _51 ?) — (71,300 Pa) (%) (0.08 m)% ~ —154 N

(+4 points)
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Problem 3. Similarity and model testing (Chap. 7)
Information and assumptions

e Windvelocity, V = 44 ft/s
e Prototypelength, L =30 ft

e Prototype diameter,d =1.25 ft 350
e Airdensity, p = 2.38 x 10~ 3slugs/ft3 300
e Airviscosity,u = 3.74 X 1077 Ib - s/ ft? 50
e Modellength, L,, =2 ft fhm
e Modeldiameter,d,, =1 in. 2 o
e Waterdensity, p,,, = 1.94 slugs /ft3 =
100
e Water viscosity, i, = 2.34 X 10~>lb- s/ft?
50
Flnd 00 10 20 30 40 50
e Re similarity requirement Model velocity, ft/s
e Predictionofdrag
Solution
Similarity requirements:
V. d Vd
Pm "m%m _ P (Re similarity)
Hm U
D Dy,

VI = V2L (Prediction equation)

(+6 points)

From the Re similarity requirement

Thus, the model velocity corresponding to the full-size velocity, V =44 ft/s, is

_3 slugs _clb-s

2.38x 107 Ze82\ 1 ocp\ [234%1075 =\ g ft

Vi = slugs (1/12 ft) Ib-s (44 ;) =50.7 s
1.94 3 3.74 x 1077 iz

(+2 points)

60



57:020 Mechanics of Fluids and Transport Fall 2012

EXAM3 Solutions

From the prediction equation

For D,,, = 250 Ib at 1/, = 50.7 ft/s,

2
2.38x 1073 Slf‘t‘§s 28\ L eq 2
D= Ties Sft (1 P f) (2501b) =521b
1.94 F§— 50.7 < /12 ft

(+2 points)
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Problem 4. Major and minor loss (Chapt. 8)

Information and assumptions
e Water density, p = 999 kg/m3
e Viscosity, u = 1.12 X 1073N.s/m?
e hy=116m
e Entrance effects are negligible

Find

o Determinetheflowrate, Q

Solution
Energy equation:

P1 %

{=200m,D=0.1m

D2 >

€ =0.0008 m

Turbine

om—
i
90° elbows

f Z
_+a1_+21:7+a2_+22+ht+hL

Y 29

2g

where, p; = p, = 0(gage),V; = 0,V, =V, z; —2,=200m, hy =116 m,h; = hy + hy,, and assume a

turbulentflowthusa, =1

1) Major loss:

where, £ =200 m andD =0.1 m.

2) Minor loss:

where, > K, =5+1+1=7.

Thus, the energy equation becomes

2
0+0+(200m) =0+

2% 9.81 m/s?

L V2

D2g

16 m) + (f xS +7)
m) -+ X 0T 2 % 9.81 m/s?

(+3 points)

(+2 points)

(+2 points)

@=x

200 m

Free
Jet
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or
1
V_( 1648 )E
~ \2000f + 8

Assume f = 0.02 >V = 5.86 > Re = 5.23 X 10° = f,,,, = 0.036 (#0.02)
Assume f = 0.036 >V = 4.54 - Re = 4.05 X 10°> — f;,,.,, = 0.0360 (=0.036; converged)
Thus, f =0.036 and V =4.54 m/s.
(+2 points)
2Q=VA= (4.54%) (%) (0.1m)2 = 0.0357 m3/s
(+1 point)

VD (4.543)(0.1 m)
Note:Re = — = ~—=——— = 4.05 X 10%; aturbulentflowthusa, = 1.
v 1.12x10~6
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Problem 5. Boundary layer (Chapt. 9)

Information and assumptions
e Platedimension: Height H = 1.5 ftandlength L = 5 ft
e Incomingflow velocity, V = 40 mph (58.7 ft/s)
e Flowisassumedinitially laminarforthe parallel orientation case
e Forthebluntcase, drag coefficientCp = 1.2

Find
e CalculatethedragD (in Ibf) forboth plate orientations

Solution

PIZZA

(a) Parallel orientation:

pVL  (2.38 x 1073 slugs /ft3)(58.7 ft/s)(5 ft)

Re, = = 1.87 x 10°
e 3.74x 1077 Ib - s/ft2
Thus, the flow is transitional.
(+2 points)
_0.031 1440 0.031 1440 0.0032
s Re,% RE, (1.87 x 106)% 1.87 x 10° '
(+3 points)

Thus,
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1
D = Cf szVZA X (2 sides)

or

1 _, slugs ft)2
D = (0.0032) <§) (2.38 x 1073 3 )(58.7;) (1.5 ftx 5ftx 2) = 0.2 Ibf
(+3 points)
(b) Normal orientation:
1
D = Cp X EpVZA
or
1 1 ft)
D=(12) <E> (2.38 x 1032 th‘ffS) (58.7;) (15 ftx 5 ft) = 36.9 Ibf
(+2 points)

Equivalentsolution 1):

. _ 0074 1700
f= ReL

: = 0.0032
Re;

D = 0.21bf

Equivalentsolution 2):

o __ 0455 1700
7~ (logRe,)?58  Re,

= 0.0031

D =0.21bf
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Problem 6. Bluff body drag (Chapt. 9)

Information and assumptions ; A

e SGof buoyantball, SG=0.5 L

e Diameterofthe ball D=10 cm

e Waterdepthh=10m

e Drag coefficientCp = 0.5 V

e Theballrises up withterminal velocity. h=10m

e Density of water, p = 999 kg/m3 Diameter

e Viscosityof water,u = 1.12 X 1073N.s/m? O " D=10cm

e Volumeofsphere, ¥ = D3 /6 (SG=0.5)
Find —_—

e Time the ball takesto reach tothe watersurface.
Solution
(a) Rising (terminal) velocity
From a vertical force balance about the ball, Buoyancy = Weight + Drag;

1
Y¥ = ¥Ypau ¥ +Cp X EPVZA
(+5 points)
or
D7 (569 4 gy x2pr2 Ip2
T TR e
SolvingforV,
v 4(1-SG)gD
B 3Cp
or
4)(1 - 0.5)(9.81 m/s2)(0.1m
Ve 4)( )( /s?)( )=1.14m/S
(3)(0.5)
(+4 points)

(b) Risingtime

h_ 10 m ~
VvV 11l4m/s

9s

(+1 point)
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