57:020 Mechanics of Fluids and Transport Fall 2012

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1)

Information and assumptions

o u=0.041b-s/ft? { \
e V=2ft/s T y
e h=0.2in 'l’ ‘ “ > \
e bottomwallarea A = 2 ft? T '—‘/
Find h [
e Findtheshearstressat the bottomplane, y=-h ) l )
e Findthe shear-force actingon the bottom wall
Solution
du
T= ME/
(+4 points)
(a) Atthebottomwallwherey=-h
du  3Vy 3
o ‘?)yz_h =
(+2 points)
Thus,
3V (0.04 b - s/ft2)(3)(2 ft/s)
t=H (T) = T2t 1z 4 Ib/fe?
(+2 points)

(b) Then,the shear-forceis

F=1-A= (144 1b/ft>)(2 ft?) = 28.81b

(+2 points)
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Problem 2: Hydrostatic force (Chapter 2)

Information and assumptions —5ft ——‘
e Ignore atmosphericpressure. W]

e The weightofthe gate isnegligible.

N

e p=6241bm/ft3

i<

o g=2322ft/s? T
e unitconversion, 1 Ibf = 32.2 Ibm ft/s?
,— Gate 15 ft
Find 12 ft
e Determine the mass of the required weight W
to keep the L-shaped gate closed.
-
Solution
The average pressure on a surface
h
P=pgh.=pyg (5)
(+2 points)
Thus,
P—<62 4lbm)(32 zft)(lz t)( 1 Ibf )—3744119 It
U 3 2a)\7/ 32.2lbm.ft/s2) " 171
(+1 points)
Resultantforce acting on the gate
1bf
F=PA= (374.4 ft_z) (12 ft X 5 ft) = 22464 Ibf
(+1 points)

The line of action of the force passesthrough the pressure centerbelow the watersurface, ys, is

_2h_2x12ft_8 .
YP—B— 3 f

(+2 points)

For equilibrium
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YMy = (22464 Ibf) X (Bft +3ft) —- W x(5ft)=0
(+3 points)
Thus,

W = 30900 Ibf

(+1 points)
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Problem 3: Bernoulli equation (Chapter 3)

Information and assumptions l Tcm

e ¥, =980x%x103N/m3 — l dcm
o g=980m/s? T ot
e Di=7cm —_— (1) (2) ——
e D,=4cm
e Ignorefrictionloss - ‘[
e SGof manometerfluidis 1.6 T o po = 101 kPa
e h=66cm
h
Find . S
e Determinethe gage pressure atsection (1) using

manometerreading.
e Findtherelation of the velocities atsection (1) and (2) using volume fluxQ.
o Determinethe velocity atsection (2).

Solution
(a) Pressureatsection(1)is

p1—p2=EG—-1Dyyh

(+3 points)
Thus,
103N N
pp—p,=16-1) <9.80 X 3 ) (0.66m) = BBBOW = 3880 Pa
(+1 points)
(b) From the continuity
Q=Vi4; =LA,
Thus,
T p2 2
vV, = sz—:z VZ%ZE - Vzg—fzz 0.327 V,
(+2 points)

(c) UsingBernoulli’s equation,
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W py Vi
bW, P2 N
Yw 29 ATy, 29T 7

(+3 points)

Since z, = z,, the above equation reduces to

Using the relation betweenV,andV,

Therefore,

W Dy
V, = \/(p1 —pz)/<)2/_g<1 _D_§>>

|

i

| 98><
V, = |(3880 P —_—

\|
\ )

(+1 points)
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Problem 4: Acceleration and Euler equation (Chapter 4)

Information and assumptions
e One-dimensionalflow v
e Steadyflowthroughanozzle
X
e u=1y, (1 +2 Z)

e Viscosity effects are negligible

o Uy=6m/s
e p=123kg/m3
e L=01m

e po =177 Pa (gage)

Find
e Accelerationa,at x=L x=0

e Pressurepatx=1L

Solution
(a) Accelerationsare

Jdu Ju x Uy 202 x
=— — = 14+ 2= (2_):_0 14+2=
Gy = or+ Uz (0)+Uo (1+ L) 7)== (1 L)
(+6 ponits)
m
@(6%) ( 20.1m> 60
0.1m 0.1m) ~ 2160m/s
(+1 points)
(b)
_ pfade= —p2% (1+3)+c
whereC =pgasp = ppatx = 0.
(+2 points)
Atx=L
2U¢ L 5
p= _pTL(1+Z>+p° = —4pUy +po
kg my2
= —(4) (1.23 ﬁ) (6?) +177 Pa = 0 (gage)
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(+1 points)
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