57:020 Mechanics of Fluids and Transport Fall 2013

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1) 45in/s |
A

Information and assumptions y +
e 1=0.001lb-s/ft’
e (a)u=15y
e (b)u=45-53B-y)2

e Find the shear stress at the boundary (y=0)and 3”
from the boundary (y=3")

Solution

(a) Straight-line

and

Thus,

(b) Parabolic

and

Thus,

T= ,u@ (+5 points)
dw_ 4 sy =15
dy —dy- T
du) du) 15 1 ( )
JR— = — = S +1 pOint
dy/y_o  dy/y=s
Ty—o = Ty=3 = (0.0011b - s/ft*)(15s7") = 0.015 Ib/ft> (+1 point)
W 0G—-y) (+1 point)
o y poin
du) 10(3 = 0) = 3051 (+0 )
—_— = —0)= S +0.5 point
dy/,_o
du) 103—-3)=0s"1 ( )
—_— = —3)=0s +0.5 point
dy y=3
Ty=o = (0.0011b - s/ft*)(30 s™) = 0.03 Ib/ft> (+0.5 point)

Ty=3 = (0.0011b - s/ft?)(0s™) = 0 1b/ft? (+0.5 point)
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Problem 2: Hydrostatic force (Chapter 2)

A
Information and assumptions >
Use gauge pressure.

EXAM1 Solutions

*  Yyater = 62.4 Ib/ft’ v
Find v
e Determine the magnitude and location of the t
vertical and horizontal components of the F
. ,'n‘
hydrostatic force
Solution

(a) Pressure force

6
Fy = yh.A = (62.4)(=) (6 x 10) = 11,232 1b
2

(+2.5 points)

() (6)?
4

F, =y¥ = (62.4) < )(10) =17,6431b (+2.5 points)

(b) Pressure center

Fy is located at

I 6 6)3(10)/12
y =y, 4+ == <_) + —( )°(10)/ =4 ft (+2.5 points)
veA \2/ (6/2)(6)(10)
Fy is located at the center of gravity of area ABC, or
= ﬁ = )6 = 2.55 ft (+2.5 points)

T 37 3w
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EXAM1 Solutions

Problem 3: Bernoulli equation (Chapter 3)
Information and assumptions

e (Q=0.142 kg/m* @
e Ignore friction loss r

e SG =13.6 for the manometer fluid 300 mmn b Elogr——we

*  Vwater = 9,780 N/m’ l

e Determine the h

Solution

Continuity equation

Q=AV
- Q 0142 )
T e
Vo = Q 0142 —g
2= T m(0a5)z/4a - em/s
Bernoulli equation,

p VY P2 V7
—t+—tz1=—+—+2z
v 29 ! 29

SinceV; =2m/s,V, =8m/s,and z; = z,,

9,780

m) [(8)2 - (2)2] = 29,908 Pa

Y
P1 — D2 =Z(V22 _V12) =(

Manometer equation,

pP1— P2 = h(Ym — Yw)
or

1
(p1—p2) = X 29,908 = 0.243 m

h =
Y — Yo (13.6 — 1)(9780)

Mercury

(+1 point)

(+0.5 point)

(+0.5 point)

(+4 points)

(+1 points)

(+2 points)

(+1 point)
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EXAM1 Solutions

Problem 4: Acceleration and Euler equation (Chapter 4)
Information and assumptions

e Two dimensional flow

o V=—xi+zj

e Viscosity effects are negligible

.« T=p(a-g)
e p=123kg/m’

z

N

NI
NI
N1

s
-

e Acceleration a, and a, at x=0.5m, z=0.1m

a_p) at x=0.5m, z=0.1m

. ap
) P d —_—
ressure graaler 1ts (ax "3z

Solution

(a) Acceleration,

_6u+< au+ 6u)_0+ 1)+ (2)(0) = (+3 points)
ay ===+ (U4 w=—) = 0+ (=01 + (DO =x p
_aw+< aW+ aW)—0+ 0)+ (=)= (+3 points)
a, ==+ (ugtw=) = 0+ (=) + @) = z p
At point 1,
a, = 0.5 m/s2 (+0.5 point)
a, = 0.1 m/s2 (+0.5 point)
(b) Pressure gradient,
dap .
o= —p(a,) (+1 points)
dp .
PP —p(a, + 9) (+1 points)
At point 1,
% — —(1.23)(0.5 — 0) = —0.615 Pa/m (+0.5 point)

a—z = —(1.23)(0.1 +9.81) = —12.19 Pa/m (+0.5 point)
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