57:020 Mechanics of Fluids and Transport Fall 2007

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1)

Information and assumptions
e Newtonian fluid

N
: U
e SG=0.92, py,o@ac = 1000 kg/m’ + P
e v=4x10"m?%/s I—
u_ oy
e U=1m/s,§=2mm=0.002m 5 , ﬁ—sm(ig)
e Z=sin (EX) o/
v 26 .,
——
Find Fixed
e The magnitude and direction of the shear- surface
ing stress developed on the plate
Solution
(a) Shear stress
du
—— (+6 points)
“al, s
e i (BY
B (U s (2 6))|y=0
TU Ty T U U .
=ug5eos(53)] _ =35 =55(56 pmo V) (+3 points)
_ T, 1m/s 3 -4 2
= S X oo —X (0.92 x 1000 kg/m> x 4 x 10~* m*/s)
= 289.0 N/m’ (+0.5 point)

(b) Direction: acting to right on plate (+0.5 point)
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Problem 2: Hydrostatic force (Chapter 2)

Information and assumptions

EXAM1 Solutions

Ywater = 9790 N/m?
panel width b =2 m
Slant angle: tan 8 = 4/3

bh3 h.=2m
* =T
4 m A
Find
e Water force acting on the panel
e Line of action (center of pressure)
Solution
(a) Water force Fg
Fr = pA =yh.A = yh.(bh) (+3.5 points)
=9790 N/m3 X 2m X (2m x V32 + 42 m)
= 195,800 N = 196 kN (+0.5 point)

(b) Center of pressure

_ Ixc __ bh3/12 h .
YR = yeA 7€ (n/2)(bh) + 2 (+5.5 points)
_ 2mx(5sm)*/12 , 5

T (5/2m)x10m2 @ 2

=3.33m (+0.5 point)
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EXAM1 Solutions

Problem 3: Bernoulli equation and manometer (Chapter 3)

Information and assumptions
*  pu,0 = 998.2kg/m? at 20°C
e py = 1360 kg/m3 at 20°C
e p;, =170kPa
e Losses in the manometer are negligible

D, =6cm

D;=10cm

e Steady, inviscid, incompressible flow

Find
e p, and flow rate Q

Solution
Manometer

p2 =1~ (P = Pu,0)gh (+1.5 points)
= 170,000 Pa — (1360 — 998.2) Kg/m3 X 9.81 m/s? X 0.08 m
=169,716 Pa (+0.5 points)
Bernoulli equation
L+ 5VE +pgzy = py +5VE + pgz

Since V; = 0and z; = z,,

V, = /2(p1_p2) (+6 points)
PH,0

Flow rate

Q=VA,= ’M X = D2 (+1.5 points)
PH50 4

_ 2%(170,000—169,716) Pa
998.2 Kg/m3

X % x (0.06 m)?

= 0.0021 m3/s

= 7.6 m3/hr (+0.5 point)
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EXAM1 Solutions

Problem 4: Acceleration and Euler equation (Chapter 4)

Information and assumptions
e One-dimensional flow

. u=C(1+ZTx)t,C=1ft/sz,L=6in

e Viscosity effects are negligible

e p=10lbm/ft3 u=3Ct
Find
e Local and convective accelerations and pres-
sure gradient at x = éand t=1s
Solution
(a) Local acceleration
u a 2x 2x .
Friale [C (1 + T) t] =C (1 + T) (+3.5 points)
u _ 4 ft 2XL/2\ 2 .
6t|x=§,t=1 =1 Z X (1 +— ) =2 ft/s (+0.5 point)
(b) Convective acceleration
ou 2x ] 2x 2C%t? 2x .
u— = [C (1+T) t] xa[C (1+T)t] == (1 +T) (+3.5 points)
u _2x(1 ft/sz)zx(l s)2 2XL/2\ 2 .
o x=§'t=1 = T X (1 += ) =8 ft/s (+0.5 points)
(c) Pressure gradient
dp _ (0w du
ax P (6t tu ax)
2x 2C2¢t2 2x
=-ple(1+3)+* 5 (1+7)]
2 2Ct2 .
= —pC (1 + Tx) (1 + . ) (+1.5 points)
dp _ 3 2 2XL/2 2x1ft/s?x(1 s)?
hectems = (11bm/ft> x 1ft/s?) x (1+222) x (1+ e )

= —101bm/ft? - s? (+0.5 point)
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