1. [Static pressure & monometer]

\Y4

Water

(7= 9800 N/m?) 50°

r

h=1485cm

-

Mercury

(SG = 13.6)

(a) (b)

(a) Monometer (+2 points)
Patm TV - SG-h—y(H + 0.02) = paem
~H=SG-h—0.02=(13.6)(0.1485) — 0.02 = 2.0 m

(b1) Hydrostatic pressure force (+4 points)
D 0.04
h.=H— (E) sin50° =2 — (T) sin50° = 1.985 m

mD? m x 0.042 s
A= = =1.257X10"° m

4
Fp = yh,A = (9800)(1.987)(1.257 X 1073) = 24.5 N

(b2) Pressure center (+4 points)
__ he 1985

y= sin50°  sin50°
R* B ()(0.04/2)*

=2.591m

L= 7 =1.257x 1077 m*
R S 1.257 x 1077 — 2891
TYRTYEGAT S (2591)(1.257 x 10-3) _ ~ > ™

2. [Continuity+Momentum-+Energy]



/Elbow mass, M = 10 kg

y Internal volume, ¥ = 0.006 m?3
1
erodmmE T ’:1\

El /\%’Q;L‘J_F

p1 = 100 kPa (gage

=0.0182 m? p, =7
z1=015m A, =0.0081 m?
(a) Continuity (+1 point)
V_Q_ 0.11 _6.0m/
1724, " ootz >0 ™M/
V_Q_ 0.11 —13.6 m/
2=, 00081 o mM/S
(b) Energy equation (+3 points)
12 - V22
pP2=p1tYy + (21— 2)

2

~ p, = 100,000 + (9800) [

(c1) x-momentum (+3 points)

—F + p14; — p2Azc0s0 = (pQ)V, cos 6 — (pQ)Vy
or
E, = +p1A; — ppA; c0os30° — (pQ)(V, cos 30° — V)
F, = (100,000)(0.0182) — (27,066)(0.0081) cos 30° — (999)(0.11)(13.6 cos 30° — 6) = 995 N

(c2) y-momentum (+3 points)
—F; + pA;zsin6 — Mg — y¥ = (pQ)(=V2sin6) — (pQ)(0)
or
= py,A,sin0 — Mg — y¥ + pQV, sin 8
~ F, = (27,066)(0.0081) sin30° — (10)(9.81) — (9800)(0.006) + (999)(0.11)(13.6) sin 30°
=700N




3. [Navier-Stokes]

h=1mm
X
Widthh=1m
(a) B.C. at x = h (+4 points)
du pgsinf
=ng) =u C-h=
Y/ y=n
C=h
(b) Acceleration (+2 points)
Ju dv dw Ju OJu
! = =PV = = O

ot ot ot ox oz
ou u ou

- T~ 0+ w)(0) + (0 0)(0) = 0
S R R +(u)()+()( 5+ =

a, _g_'t’+ug_”+vg_;+wa— =0+ (w)(0) + (0)(0) + (0)(0) =0

a
_aw ow ow ow 0 0 0)(0 0(0 0
@ = g Huge Frg, W= 0+ @O) + 0)0) + (0)(0) =

(c) Flow rate (+4 points)

sin @ 2 sin@ b 3"
0= Jpg (hy_y )bdy pg_[___

0

=2.03x107° m3/s

_ pgsin@bh®  (912)(9.81)(sin 15°)(1)(0.001)*
== 3y - (3)(038)




4. [Major+Minor - Q]
Elevation = 200 ft
Diameter = 0.5 ft. lr

Kienttanee= 0.6

I / Water

L [ / Pump \ ‘
Total length of pipe = 200 ft

Closed tank-l S:? p=3psi

Air
— S~ Elevation = 195 ft

Keielbow= 0.3

Energy equation (+5 points)

Energy equation withp; = 0and V; =V, =0,

D2 LV? &
O+O+Zl+hp=7+O+ZZ+fEE+ZKLE

or

144 1 195 4 200 v + (0.6 +2x%0.3) v
f ' 2% 322

200 + 15 = 3 X
B 0.5 2 x 32.2

62.4

L |_8422 13.0769 .
= |200f+12 \°" [6.2112f +0.0186 @

Solve for V,

Iteration process (+4 points)
_pVD  (1.94)(V)(0.5)

u 234%x10°5
e/D\"" 6.9 0.003/0.5\"" 6.9
=) +==[=-18log|——=) +

Re

=41453-V  (2)

Re 3.7 re| @

]

Assume f =0.03 and using (1), (2), and (3) in sequence,
V =7.988 - Re =331 x10° - f = 0.033

Assume f =0.033,
V =7.648 > Re = 3.17 x 10° > f = 0.033 (Converged)

1)

Flow rate (+1 point)

A_nDZ_nx0.52_0196 5
T4 T g4 Coem

Q =VA = (7.648)(0.196) = 1.5 ft3/s




5. [Boundary layer]

al) Reynolds number (+2 points)

U=5x%x0.5144 = 2.572 m/s
pUL  (1030)(2.572)(360)

ke, = = 7.95 x 108
o 1.20 x 103
a2) Friction drag coefficient (+3 points)
G = o s = 0455 =0.00162
7~ Qlog1o Re)2%®  (logyo 7.95 x 108)258 =
or
0.031 0.031
Cr = = - =0.00166

Ref (7.95 x 108)7




b1) Friction Drag (+3 points)
A=1Lb=(360)(70 + 2 X 25) = 43,200 m?

1 1
Fp = EpUZA - Cp = E(1030)(2.572)2(43200)(0.00162) =2.38x10°N
Or
F,=2.44x10° N

b2) Power (+2 points)
P =FyU = (2.38x105)(2.572) = 6.12 X 10° W =~ 0.6 MW
or
P=6.28x10°W




6. [Pi theorem + Drag+Similarity]

0.0015

0.0010

0.0005

/ Design speed, Fr = 0.268

|
|
|
I
|
|
|
|
|
|
|
|
1

0.1 0.2 0.3 0.4

(a) Pi theorem (+4 points)

D, ¢ U p g
{MLT~%} {L} LT~ {ML~%} {LT%}
{F} {L} {LT™1} {FT?L™%} {LT?}

r=n—-m=5-3=2
I, = £2UYp°D,, = (L)*(LT"HP(ML™3)¢(MLT~?%) = M°LOT®
(or = (L)*AT™HP(FT?L™*)°(F) = FOL'T?)

>a=-2, b=-2, c=-1
-~ 11 _1,0_2U_2 —1D _ DW
o1 = p w pUZez

I, = £2U%p¢g = (L)*(LT"HP(ML™3)¢(LT~?) = MOLOT®
(or = (L)AUT HP(FT?L™*) (LT™%) = FOL°T?)
>a=1, b=-2, c=0

_ gt
HZ = €1U Zpog = W

(b) Similarity requirement (+2 points)

8 _ 8¢
UZ  UZ
U=163x%0.5144 = 8385m/s
100

m=——=4m

25




Om

/ 1
o Up — = (163X 05144) [--=1.677m/s

U

(c) Wave-making drag (+4 points)

Model:
U 1.677
Fr = = = 0.268
Jat  /(9.81)(100/25)
Cy = 0.00065 from the chart
1 1
Dy = U Gy = (E) (999)(1.677)2(4)2(0.00065) = 14.6 N

Prototype:

U 8.385

N Jot B J/(9.81)(100) =0

Cy = 0.00065 from the chart
1 1
Dy =5 pUPE - Gy = (E) (1,030)(8.385)2(100)2(0.00065) = 235 kN

Fr

268




