ENGR:2510 Mechanics of Fluids and Transport Fall 2015

EXAM 3 Solutions

Problem 1: Hydrostatic Force

r=5ft Water

Information and assumptions
*  Ywater = 62.4 lb/ft3

Find
o Compute the (a) horizontal Fy and (b) vertical Fv hydrostatic forces on the wall and (c) the line of

action (i.e., the angle 6) of the resultant force Fs.

Solution

(a) Horizontal force
Fy = yhcAproj (+4)
Fy = (62.4)(5sin45°)(2 X 5sin45° x 9) = 14,040 lb (+1)
(b) Vertical force
Fy = y¥% =y Mquarter circte — Yriangte) (+3)
F, =y¥ =(62.4)(9)[(m)(5)%/4 — (2)(55in45°)(5 cos 45°)/2] = 4007 1b (+1)

(c) Line of action of the resultant force

Fiy
an FV

9 = tan-1 ( 4007
14,040

) ~15.9° (+1)
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Problem 2: Momentum

02=40mm/
A

+y

Information and assumptions
e =998 kg/m?3
e k=1.6kN/m
o f,=-kAx
e Steady state
e Circular cross section area for water jet

Find
e Find the x-component of the force on the wheels, F;, caused by deflecting the water jet and (b)
the compression of the spring, Ax.

Solution

(a) Flow rate

Q=AV (+1.5)
2
0= [w] (20) = 0.02513m3/s  (+0.5)

Momentum equation

D= )= ) () (+4)

E. = (M) oy — (Mw)in = pQup c0s45° —uy)  (+2)

E, = (998)(0.02513)(20 cos 45° — 20) = —147N (+1)
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(b) Spring compression

By Hook’s law,

F, = —kAx
Fy
Ax = ——
Tk
Thus,
(—147)
Ax = — =0.092m (or 92 mm) (+1)

1,600
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Problem 3: PI and Similarity

Model data
w,, = 40x rad/s
D, =8in.

Ap=pa-pm

Centrifugal pump

0 0.5 1.0 1.5 2.0
Q, (ft¥s)
Information and assumptions
o Ap=f(D,wpQ
e D, =8in p, =998kg/m3, w, =40nrad/s
e D=12in, p=998kg/m3, Q =6 ft3/s

Find
e (a) By using dimensional analysis, show that the two pi terms of this problem are Iy = Ap/pa?D?
and I, = Q/wD?
e Use experimental data given (see figure) to predict the pressure rise across a geometrically simi-
lar pump (prototype) for a prototype flowrate of 6 ft3/s.
Solution
(a)
Ap D 1) P Q
MLT 2 L T-! ML3 A
(+1)
Pi terms

I = DwPpCAp = (L)X (TP ML) (ML™'T~2) = L°T°M° (+1)

Thus,a=-2,b=-2,and c =-1. (+0.5)

__Bp
1™ pw?D?

I, = D%PpQ = (L (T~HP(ML3) LT = L'T°MP (+1)

Thus,a=-3,b=-1,and c=0. (+0.5)
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) Q
‘M2 =03
(b) Similarity
Q  Qnm

wD3  w, D3
on= () (2) 02
Qm = (28—2) (%)3 (6) =1.19ft3/s (+1)
Prediction equation

Ap _ App,
pw?D?  pnwhDF

o= ()Y () ana 2

From Fig. 3(b), Ap,, = 5.5 psi at Q,,, = 1.19 ft3/s.

~Ap = (1) (28—2)2 (%)2 (55)=27.8psi (+1)
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Problem 4: Pipe Flow (Iterative)

Ajr
N = p =10 Ib/in? gage
Manf_ - H0
K=1
Pipe is 2 ft commercial
steel pipe
@35 Ibfin? gage = 0.1217 X 10-* fZ/s 45ft
Air
" dend sesot 650 f1
e T
H0 7= 2 )— '
_ ‘\K_ 9
K=04 Pump . = 0.

o

Information and assumptions

1 e/D\111 69
° F =-1.8 10g [(?) + E]

e g =32.2ft/s? p=1.94slugs/ft3, u=2.34 x10° Ibf - s/ft?, y = 62.4 |bf/ft?
° hp =52ft,£=0.00016ft,D=2ft

Find
e Determine flow rate

Solution

Energy equation

b1 V12 b2 sz <L )Vz
—+—+z;thy=—+—+2z,+(f=+ 3K |=— (+3)
y Fag Tt = gttt Ip*2K)g,
Since V1=V,=0
p1 D2 L V2
—+zi+h,=—+z +( —+ K)—(+1)
35><144+36+52
62.4

2

_ (10x144)
B 2x32.2

62.4

(650 + 650 + 45)
2

s 57869
= le7z5f 123 FaD GD

+ (45 +11.3) + (f +(0.4+09+ 1))
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Reynolds number

pVD  1.94x2
u 234 x10°5

Re = V => Re = 165812 V (Eq.2) (+1)

Friction factor
0.00016/2\""" 6.9 -2
f=|-18log|[————=| +—=—

= — r => f = [-1.810g[6.633 x 10°¢ +%” (Eq.3) (+1)

Using equation 1, 2 and 3.

Assume f =0.01,

V =25265 - Re = 419 X 10° - fy,, = 0.01195
Vrew = 23.60L° - Re = 3.91 X 106 - fy.,, = 0.01198

View = 23.58%—) Re =3.91 X 10° - fp,.,, = 0.01198 — converged  (+2)

nD? T X 22
Q=VT=2358X

=73.1 ft3/s (+1)
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Problem 5: Boundary Layer

Information and assumptions
e Assume simplified geomtery: plate of length 38 in and width 24.5 in
e v=1.664x10° ft*/s and p=1.94 slugs/ft?
. hp =52ft,£=0.00016ft,D=2ft
e Re.i =5x%x10°

Find
e Determine skin friction drag Dr from the keel if the speed of sailboat is (a) 2 knots and (b) 10
knots
Solution
(a)
Re, — UL (2x 1.689)(24.5/12) _414x10° (Laminar) (+2
LT T T 1e6ax108 ¢ aminar) - (+2)
1328 1328 0.002063 +2)
r JRe, VAlax105
Dy = C; -~ pUZbL x 2 = (0.002063) (1) (1.94)(3 x 1.689)2 (38) (24'5) x2=0.31b (+1)
r=trgf - 2) ' 12/\12 -
(b)
Re. — UL (10 x 1.689)(24.5/12) ~207x10° (Lami Turbulent) (42
e, = = 1664 < 10=5 = 2. aminar — Turbulent) (42)
0.0074 1700 0.074 1700
Cr = = = 0.003216 (+2)

" Re/S  Rey  (207x 10975 2.07x 106

D= UZbez—(0003216)(1)(194)(10><1689)2(38)<24'5)—11 51b (+1
F=pP = 2) ' 12)\12 )7 +1)
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Information and assumptions
o p.=7,844 kg/m?
Pair = 1.225 kg/m? and = 1.78 x 107° kg/m-s
D=3cm
U= 40m/s
Neglect the string drag and the buoyancy force on the sphere

Find
e Find (a) the net weight W, (b) the drag, and (c) the angle 0

Solution

(a)

W = psgV (+2)
(m)(0.03)3
W = (7844)(9.81) [T] =1.09N (+1)

(b)

_oup
Re = P (+2)
. (1.225)(40)(0.03)

1.78 x 107>

=83 x 10* (+1)
Cp = 0.5 (From Appendix B) (+2)

Firag = C, - U?nD?/4
drag D Zp
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Forag = (0.5) (%) (1.225)(40)27(0.03)2/4 = 0.346 N (+1)

(d)

a W 109
MY T Farag 0386

~0=~72° (+1)
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