ENGR:2510 Mechanics of Fluids and Transport Fall 2015

EXAM 2 Solutions

Problem 1: Control Volume Analysis [Momentum] (Chapter 5)
d=6.25in.

P, A v,

=

D=12.51n.

1 2 7 A

v, =4.25 ftls —» E 8 500
=

Information and assumptions
e Water properties p = 1.94 slugs/ft3 andy = 62.4 Ib/ft3
e g=2322ft/s?
e Nozzle discharges to atmosphere (p, = 0)
Find
e Calculate (a) the jet velocity V2 at the nozzle end, (b) the pressure p1 at the flanged joint, and (c)
the horizontal component of the anchoring force Fx to keep the nozzle in place
Solution
(a) Continuity equation

A1V1= A2V2 (+1.5)
y, =21y —<D>2V —(12'5 in)z (4.25 ft/s) = 17 ft/ +0.5
2= Vi=\g) i=\gasm) A2/ = s (#0.5)

(b) Bernoulli equation

1 2 1 2
21 +§le +vyzy =p; +5sz +vz,

Sincep, =0
1 5 5
P = EP(VZ —-Vi) +vy(z, — z1) (+2.5)
1 slugs11bs?/ft , s 12
P1 —§< YR Tsiug (17% = 4.25%)ft*/s* + (62.4 Ib/ft )(E ft>

~py =325.21b/ft? (+0.5)
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(c) Momentum equation
MUgye — MUiy = P14y — F
E, = p1A; — m(Uout — Uin)

2 2
where m = pQ = pV; A4, Ugyt = Vo c0s30°, uy, =V, and 4, = % = TXU25/12)

= 0.852 ft? .
By =p1A; — p(V1A1) (Vo cos30° — V1) (+4.5)

F, = (326)(0.852) — (1.94)(4.25 x 0.852)(17 cos 30° — 4.25) = 2041b  (+0.5)
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Problem 2: Laminar Pipe Flow (Chapter 8)

- @

T
Container B

Information and assumptions
e »=9,780 N/m?and of 1= 0.0008 N-s/m?
o pa=p;=34.5kPa gage
o  hp=32uLV/nd?
e Neglecting the minor losses
e Assume laminar flow

Find
e Determine the flow rate Q through the capillary tube
Solution

Energy equation neglecting minor losses:

b1 V12 b2 sz
—4a=—+2z+h,=—=+a,=—+2z, + hy + hy (+4
” alZg Zq P=T, aZZg Zy t f( )

Sincep, =0,V; =0,V,~0, h, =0,and h; =0,

%+o+z1+o=o+o+z2+o+hf

hfz%‘l‘Zl_ZZ (+3)

(34.5 x 1000
f =\ 9730

s ) +(1) — (14 +435in45°) = 0.087 m (+0.5)
Thus,

32uLV
ydz = Ay
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"~ 32ul

_ (0.087)(9780)(6/1000)?
~ (32)(0.0008)(4.3)

=0.278 m/s (+1)

Therefore
Q=VA (+1)

[(n)(6/1000)2]
4

Q = (0.278) =7.87x10"°m3/s  (+0.5)
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Problem 3: N-S (Chapter 6) ) h=1mm
Information and assumptions
2

. Z—ylzt = —P8Bx

e p=912kg/m?and u=0.38 N-s/m? g =18°

e h=1mm,b=1m,and #=15° Widthb=1m

e g= 9.81 Tn/S2
Find

e (a) Derive an expression for the velocity distribution u(y) and (b) find the volume flow rate Q =

Jy u@)bdy

Solution

(a) Navier-Stokes equation

d’u sin @
Integrating,
du _ sin @ 1e, (+2.5)
dy P8 0 y 1 .
and integrating again,
sin 6 y?
u(y) = —pg 2 Cy+C  (+2.5)
Aty =h,
du) _ sin9h+C _0 C = sint9h(+1 5)
dy - pg 1 L1 =pg 0 :
Aty =0,
u(0)=0+0+C,=0 ~C=0
sin 0 y?
~u(y) = pg hy -=-| (+1.5)
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(b) Flow rate

(" sin® y? _ pgsinfbh?
0= [ g™ (b -2 oay = ERRT (h19
o - O1DO8DEIN1T)(1) (1/1000)3

_ —6 123
35 s =2.03x10°m’/s  (+0.5)
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Problem 4: Dimensional Analysis

Vortices
(Chapter 7) Y, | v v v v /
La ) s } s D
Information and assumptions —»—I d |-—
b f = (p, d' V' .u)
e dp/dm = 2
Find

. (a) Use dimensional analysis to develop a functional relationship for f. (b) Vortex shedding oc-
curs in standard air on two cylinders with diameters dm and d,

Solution
(a) Dimensional analysis

f=@dV,u
f p d 4 1
{r™} {ML73} {L} {LT~"} {ML'T™1}
(+2)

r=n-m=5-3=2 (+2)
nl — pavbdc‘f = (ML_3)a(LT_1)b(L)C(T_1) = MaL(—3+b+C)T(—b—1) = MO10TO
=a=0,b=-1,c =1.Thus,

fd

I, =vdf = i (+2)

HZ — paVde[,l = (ML—3)a(LT—1)b(L)C(ML—lT—l) - M(a+1)L(—3+b+C—1)T(—b—1) = MOLOTO

=a=-1,b=—-1,c =—1.Thus,

1 g— u
[, =p ' Vd™ ovd (+2)
fd pVd
... - ¢( )

(b) Dynamic similarity
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bo futn o B (W)(2)-()G)=5 o
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