ENGR:2510 Mechanics of Fluids and Transport Fall 2016

EXAM 2 Solutions

Problem 1: Control Volume Analysis [Momentum] (Chapter 5)
Vi=2mls

p1 =125 kPa
Dy =7.5cm lg

Information and assumptions
e =999 kg/m?
®  Mnoze=4.5 kg
e ¥ =0.002m3
Find
e Determine (a) the velocity V2 at the nozzle exit and (b) the vertical component of the reaction force, Ry,
exerted by the nozzle on the coupling to the inlet pipe.

Solution
(a) Continuity equation

Q1 =0, (+1)
V,=Vv, -y (ﬂ)2 =(2) (7—'5)2 =18m/s (+1)
2 14, 1\p, 2.5
(b) Momentum equation
MVour — MVin = —P141 — Whozate — Wwater + Ry (+6)

m = pV A, (= pV,A,)
Vin = —V3
Vour = —V,sin30°  (+1)
Thus,
(pV141)(=V; sin30%) — (pV141)(=V1) = —p141 — Whozze — P8%nozzte + Ry
7.5

Ry = (pV1A;)(V; — V;5in30°) + p1 A1 + Whozzie + PE¥nozz1e = (999)(2) (%) (100

(125,000) (g) (17750)2 + (4.5)(9.81) + (999)(9.81)(0.002) = 554.19N  (+1)

2
) (2 — 185in30°) +
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Problem 2: Energy equation (Chapter 5)

10-cm 1.D. pipe
Valve
-; 1.5m
Catch
tank V(1)
o] O | U_| =
15°CH,0
Sump

Information and assumptions
o =999 kg/m?
o m=360kg, tegecn =155
o W,=950W

e (Calculate (a) the water flow rate Q in the pipe and the velocity V: at the exit and (b) the head loss h in the
pipe and valve.

Solution

(a) Flow rate and exit velocity

_ 2 _ (360kg)/(155) 3
Q= = ovokg/m?) 0.024m>/s (+1)
_©Q _ 0024 _
Vv, = ™ (g)(o.1)2 3.06m/s (+1)
(b) Head loss
hy=W = 90 _4035m (+1)

Pomg ()08

D1 = P2 = Pamm and V; = 0.

V22
Zl+hp —2_g+ZZ+hL
Thus,
V7
h, = hy — 26 (22 — 21) (+6)
2
h, =4.035-32 _ 15=206m (+1)

2Xx9.81
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Problem 3: N-S (Chapter 6)

Information and assumptions

e p=2864kg/m3
e 1 =725x%x10"2 Ns/m?
e h=1cm
o =45
[ ) a—p =
ax
Find

e (a) Solve the equation for u (b) Calculate the volume flow rate q and average velocity V.

Solution
(@) x-momentum equation

By integrating the differential equation twice,

+Cy+C, (+43)

uy) = - e

No-slip boundary condition aty = 0:

u(0)=0+0+C, =0

£ Cy=0(+2)
No-slip boundary condition aty = h:
sina
u(h) = —pgTh2 +Ch+0=0

“C = —pngLM h (+2)
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Thus,

cu=2(hy —y?)  (#1)

(b) Flow rate and average velocity

By integrating the velocity profile,

h h :
pgsina
q =f u(y)dy=f
0 0 2p

pgh3 sina
12u

(hy —y*)dy =

_ (864)(9.81)(0.01) sin 45°
- 12(7.25%10~2)

=6.89 x 1073 m? (+1)
The average velocity is

q 6.689x1073
V =_-= —_——

. o1 =0.689m/s (+1)
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Problem 4: Dimensional Analysis (Chapter 7)
V
U

Information and assumptions
e §=f(xUpwn
Find
e  (a) Use the Buckingham Pi theorem to show how many dimensionless parameters are associated with
this problem and (b) use the method of repeating variables to generate a dimensionless relationship for &
as a function of the other parameters.

Solution
(a) Buckingham Pi theorem

§=f(xUpu
where,
) X U I u
L L LT ? ML3 ML Tt
(+2.5)

(b) Repeating variables method
M, = 8x%PU° = (L)(L)*(ML )P (LT~1)¢ = MOLOT?® (+2)
m=7 (1)
M, = ux®pPU°¢ = (MLIT~1)(L)* (ML 3)P(LT~1)¢ = MU+D)[(-1+a=3b+)7(-1=c) = pO10T0  (42)
a=-1,b=-1,c=-1
slly=—-=E2 (+1)
The functional relationship is

8

2= f(BE) = f(Re)  (+05)
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