57:020 Mechanics of Fluids and Transport Fall 2008

EXAM2 Solutions

Problem 1: Momentum equation (Chapter 5)

Information and assumptions
e D;=8cm

e D,=5cm O ©)

e p,=1latm — P2 =p,= 101 kPa
e V,=5m/s
e h=58cm
®  Pmercury = 13,546 Kg/m3 Mercury
®  Pwater =998 Kg/m3
Find
e The total horizontal force resisted by the flange bolts
Solution
a) Manometer:
S (Vmercury - ywater)h = (pmercury - pwater)g h
K
= (13,546 — 998) (m—i) (9.81 Sﬂz) (0.58 m) = 71,300 Pa (gage)
~ p, = 71,300 Pa (gage) and p, = 0 Pa (gage) (+2 points)
b) Conservation of mass:
— — m\ (& 2 _ T 2
0,=0Q,=0, or (5 ;) (Z) (0.08 m)? =V, (Z) (0.05 m)
Solve for 1/,
V, =128 m/s
3
Q = V24, = (12.82) (%) (0.05 m)* = 0.0251 ™ (+3 points)

c) Momentum equation:
YE = —Fpoir + pl,gageAl = (Pwater@) (V2 — V1)
- NY(® 2 _ Kg m* _ m
Fyor = (71,300 mz) (4) (0.08 m) (998m3) (0.0251 - )(12.8 5.0) (s)

~ Fpoie = 163 N (+5 points)
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Problem 2: Energy equation (Chapter 5)

Information and assumptions
e 5G=0.68 -
e (0=012m’s
e h, =03V2/2g
o W,=20kw
e p=999 Kg/m? for water at 20°C
e D;=01m;D,=02m
e 7,—2z;=3m
e =981 m/s?

Find
e The difference in pressures between sections (1) and (2)

Solution
a) Continuity equation
Q Q 0.12m3/s

V=2, =i = miaozmy - >82m/s

Dy

Dl)z = (3.82m/s) (0'2 m)z =15.28m/s

0.1m

A
V1=V2A_i=V2(

b) Pump head

_ W W 20,000 N-m/s

P~ g (SGp)gQ _ (0.68x999Kg/m3)(9.81m/s2)(0.12m3/s) 2501m

c) Head loss

h =03/ = (03)0s28m/s)?
L — Y.

29 (2)(9.81m/s2) =3.57m

d) Energy equation

Py Vi _p2
St TAathy =Tt n it hy
=0

T N
p1—p2 = ( p)-g 23 +(z;—21) —h,+hy

=012 m/s

Section (2)
Dy,=02m

(+2 points)

(+2 points)

(+2 points)

= (0.68) (999 %) (9.81 522) [(3'82"‘/ SP-(528m/9)° | 31 25.01 m + 3.57 m]

(2)(9.81m/s2)

= —197 kPa

(+4 points)
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Problem 3: Exact solution (Chapter 6)

Information and assumptions Section (1) Control volume ~ Section (2)  Pipe
e p=1,260Kg/m3 \
e 1=150N-s/m2 ﬂ‘ /
e D=0.075m 1" Umay_
e u(r)= umax —2 (R =1?) nA |
®  Upax = 1.0 m/s L
e [=10m : L

Find

e Wall shear stress t,,, pressure drop Ap, and head loss h;,

Solution
(a) Wall shear stress

_ du _ umax 2UUmax
tw=u (=) = umE ), =

_ (1.5N-s/m?)(1m/s)
- (0.075/2)m

N
(b) Pressure difference

(p1 — Pz)(ﬂRz) —1,(2nRL) =0 (= =V)

_ @00 m)
Ap = p1—Pp =7y o = (80.00) A = 42,667 Pa

(c) Head loss

(+3 points)

(+4 points)

B / // _+Q%Z‘|/+/+hll ( alvl—a2V2,Zl—Zz, —ht—O)

Ap _ 42,667 N/m?
pg (1,260 Kg/m3)(9.81 m/s?)

hL=;(p1—pz)= =3.45m

(+3 points)
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Problem 4: Dimensional analysis (Chapter 7)

Information and assumptions

hd sz(Hrb:g) I_‘ b ’}
e Q=237 0 \VAR .
e H=1L === 1?
e bh=1L —
- -2
e g=IT Weir plate
Find
e A suitable set of dimensionless variables
Solution
Q=f(Hbg)
where,
Q= L3T % H=1L; b=1L; g =LT™?
From the Pi theorem, k —r =4 —2 = 2 Pi terms required. (+ 5 points)
a) I, = QH%g"
(L3T—1)(L)a(LT—2)b — MOLOTO
3+a+b=0 (for L)
—-1—-2b=0 (for T)
anda = —Eand b= -1
2 2
Iy = SQl
Hfgf
b) M, = bH%g"
(L)(LE(LT2)P = MOLOTO
1+a+b=0 (for L)
—2b=0 (for T)
anda=-1landb =0
b
adly =
Thus,
b .
EQl =¢ (E) (+5 points)
2g2
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