57:020 Mechanics of Fluids and Transport Fall 2009

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1)

Information and assumptions

Find

2
U_ oy _ ¥
U_zh h2
u=112x10°N-s/m*
U=2m/s

h=0.1m

shearing stress that the water exerts on the
fixed surface

Solution

T=u— (+4 points)

where

1-—= (+3 points)

At the fixed surface (y = 0)

(du) 2U ( )
i =— +1 point
dy/,_, h
So that
m
2U N- sy (2) (2 —) .
— (22 = -3 s/ _ -2 2 (+2 points)
T ,u( A ) (1.12 x 10 — ) 01m) 4.48x107“ N/m
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Problem 2: Hydrostatic force (Chapter 2)

Information and assumptions
e y=9790N/m’ i
e Aquarter-circle 50 m wide dam Y rﬁ ' 2,=9
o Waterdepth=20m = e

-

Find 20
e the horizontal and vertical components of hy-

drostatic force against the dam and the angle of Witer

3

the resultant force from the vertical

Solution
The horizontal force acts as if the dam were vertical and 20 m high:

N
Fy =vh A= <9790 F) (10 m)(20 x 50 m?) = 97.9 MN (+4 points)
The vertical force is the weight of the fluid above the dam:
Fy = y% = (9790~ (3) (20 m)2(50 m) = 153.8 MN (+4 points)
v =r¥=(9790—)(3) 20 m)?*(50m) = 153. p

The angle of the resultant force from the vertical is

-1 FH ° .
6 = tan <—) =32.5 (+2 points)
Fy
1 849 m : 11.51 m
AN H

13.33 m\\ 153.8 MN
AN
ETE /

\
.
CPI _1074muw0
righg, 3.13

A melers up
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Problem 3: Bernoulli equation (Chapter 3)

Information and assumptions

Find

EXAM1 Solutions

the aneurysm

Blood (SG = 1, fuater = 999 Kg/m?)
V;=0.5m/s

A, =1.8A,

Steady and inviscid flow

Weakened wall of artery

causes it to ‘balloon’

pressure difference between the blood in the aneurysm and that in the artery

Solution

From Bernoulli equation,

1 2 1 2
P1 +§le +vz1 =p; +§sz +vz;

where z; = z. Or,

1 2 2
p2— P = EP(Vl -V5)
However,

P = Pwater *SG = (999 kg/m3)(1) =999 kg/m3

and from continuity,

ViA; = V34,
or
y, =21y —(1 )V
274, ' \18)!
Thus,

Py —py = %(999 %) [(0.5?)2 - (%) (0.5?)2] — 86.3 Pa

Atheroma (fatty tissue) lining

(+4 points)

(+4 points)

(+2 points)
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Problem 4: Acceleration (Chapter 4)

Information and assumptions

e Steady flow through a nozzle -

o u=-Vyx/€andv =V,[1+ (y/€)], where V, and € are / 7
constants / § 4

e waterwithVy =1m/sand€=0.1m / x’ )‘

o Neglect viscous effects and use the Euler quation [

Find
/ \
e pressure gradient along the y-axis at point (2), or at (x,y) = / / / | \ Y
(0m,0m) NN A AL P Y
Solution
Pressure gradient along the y-axis by using the Euler equation can be written as
dp .
3y =—-p(a, +9g) (+2 points)
Where,
_0v N av 4 dav
=% T ax " Vay
=0+ (—Vo f) 0) +V, (1 n X) (&) = V_"z(l + X) (+5 points)
£ /\ L £ '
Thus,
a_p =_ V_oz(l + X) + (+2 points)
ay Pl 7)Y
At (x,y) = (Om, 0 m)
m 2
2 __(998)/(s) (1 0my oml g 00 pay
ay m3/] 0.1 m 0.1m T2 ’ a/m (+1 point)
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