1. [Static pressure & buoyancy]
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(al) Hydrostatic pressure force (+3 points)
h 2.5
Fp=yhed =y (E) (hx 2) = (9.8 x 10%) (7) (2.5 % 2) = 61,250 N
(a2) Pressure center (+3 points)
L 25 £(@(25)3
=y+—=—+S5———=1.667 m (from free surface
YREVeTyAT 2 T ()25 x2) ( )
(b) Tension (+2 points)
(2.5 — 1.667) x (61,250)
T = 2 =12,760 N
(c) Cylinder mass (+2 points)
W=T+Fz or Mg=T +y¥
m)(1)?
T+y¥ 12,760 + (9.8 X 103)%(2-5 —1) 12,760 + 11,545
M= = = = 2,480 kg

g 9.81 9.81




2. [Momentum+Energy]

6 in.
< —
Section (2) }'\_
12 in. «——F,

V=5 ftfs mm—ip-

Section (1)

Continuity (+1 point)

v=(2) n=(2) © =20 s

Energy equation (+3 points)
p VP vy
—+—4+0=04+—+4+0+nh
, + 29 + + 20 +0+h,

= VZZ_V12+h = (62.4) 202_52+1 = 363.4 + 62.4 = 425.8 Ib/ft?
TPV Ty T T gk T ) T T AR T A

(a) Momentum equation with loss (+4 points)

—F, + p1 Ay = m(=V,) —ml;
where,
Th = pA]_V]_ = pAZVZ = 7.62 kg/m3

T X 12

o E, = pyAy +m(Vy + Vy) = (425.8) ( ) +(7.62)(20 +5) =334+ 191 = 5251b

Alternatively,
—F, + p1Ay = —pA, VS — pA, VY

o~ Fx = plAl + pAszz + pA1V12 = 525 lb

(b) Without loss (+2 points)

_, (e = 363.4 Ib/ft2
PL=VY 29 = 41b/

T X 12

“F = (363.4)< ) +(7.62)(20 + 5) = 285 + 191 = 476 1b

or




o F, = piA; + pA,VE + pAVE =4761b




3. [Exact solution]

(al) B.C. at x = 0 (+3 points)
V(0)=0+0+C2=V0 4.|h"7

oo CZ = VO

(a2) B.C. at x = h (+2 points) l
g
dv y
— =—-h+¢, =0 x
dX)xzh Hu 1
Yh
S =
1 I
(b1) Shear stress (+3 points)
dv y yh 2
Ty = u—) =u (—x - —) = —yh = (12.4 x 103)(0.002) = —24.8 N/m
dx x=0 U x=0
(b2) Flow rate (+2 points)
= fh dx = Voh Y _ (0.015)(0.002) (12.4 x 10°)(0.002)° _ 7.96 x 107 m3/
q—OUx—O 311_ . . 3015) =17. m>/s

~ 8 cm3/s




4. [Pipe flow - Q]

® v
T Kielbow=1.5 = Q )
120 fi
z @ l Kreit=1.0
Pu:np ™ D =75 inch, L = 2,000 ft
g

Q # L] L]
KL thbow =13

Energy equation (+6 points)
L V2
O+O+Zl+hp =0+0+Z2+<f5+ZKL>E
with h,, = 250 ft, z; = z; + 120 ft, L = 2,000 ft, D = (7.5/12) = 0.625 ft, and

ZKL=0.8+2><1.5+1.0=4.8

Thus,
VZ

040 250 =0+ 0 120 ( 4.8)—

tO0+z+ 0+ + 1200 +\f oo + 48 ) 55357
or,

250 — 120)(2)(32.2 8372
e ( i )(2)(32.2) )
20006 4 48 ~3200f + 438

Iteration process (+3 points)

Guess f =0.02:
1
V= (22 Y =11 ft/s —» Re = 22 = G2VONOS/1)
3,200X%0.02+4.8 u 2.09%x10

= 6.4 x 10°

1 0.00085/0.602\ -1
\/_7 =-1.8 lOg [(T) +

Guess f = 0.022:
V =10.55 ft/s - Re = 6.12 X 10> = f,,,, = 0.022 (Converged)

64><105] ™ Jnew = 0.022




Flow rate (+1 point)

Q = VA = (10.55)

- (7.5/12)?
=)

=3.24 ft3/s




5. [Turbulent boundary layer]

Reynolds number (+2 points)

oo VL _ (60X 14667(11) __ (88)(11)
LT T T 1697 x10-%  1.697 x 10-*

= 5.704 x 10°

Friction drag coefficient (+3 points)

0.074 0.074
== - =0.00330
Re; (5704 x 1095

Cy
Alternatively,

0.031
Cr = — = 0.00336

7
ReL

or
0.455

=——=0. 29
Cf (logReL)2-58 0.003




Friction Drag (+5 points)

1

1
- D; = (0.00330) (E) (2.28 % 10-3)(88)2{(6 x 11) +2 x (3.2 x 11)}
— 0.0291 X (66 + 2 X 35.2) = 1.9 + 2.1 = 4 Ibf




6. [Pi theorem + Drag]
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(a) Pi theorem (+4 points)
D=MLT %d=LU=LT Y e=Lp=ML"v=LT"
or
D=F;d=LU=LT Y;e=Lp=FL*T%v=1°T""

Thus, k —r =6 — 3 = 3. Select p, U, d as repeating variables:

I, = Dp?UPd¢ — (MLT?)(ML™®)*(LT~YH)P(L)¢ = M°L°T® - a=-1,b=-2, c=-2

M, = epUPd¢ — (L)(ML™3)*(LT~YH)P(L)¢ = MOL°T® - a=0, b=0,

c=-1

My =vp®UPd® - (LAT"HML3)*ATHPL) =MLT® - a=0, b=-1c=-1

Alternatively,

I, = Dp?UPd¢ — (F)(FL™*T?»)*(LT HP(L) = FOLOT? —» a=—-1,b=-2,c=-2

)

I, = epUPd°

(L(FL™*T?)* (LT HP (L)€ = FOL0T? - a=0,b=0,c=-1

M3 =vp®Uld® - (L*THFL*THUTHP(L) =FOLT® » a=0,b=—-1c=-1

. l‘[ [ D . H _g. H — v
T ov2d2r 2T 4’ YT ud
Thus,
D (s Ud)
pU2d? =9 d v
(b) Drag force (+6 points)
£ 3.75x1072 B
—=————=125x1077

d 3




ud (51)(3/12)
Re=—— =232 _ g4 510
¢ = T1s57x10* %

Thus, Cp = 0.2 from the chart and

2

T 1 N /3
D=C¢p -%pUZZdZ = (0.2) (E) (2.38 x 1073)(51)2 (Z) (E) =0.031b




