57:020 Mechanics of Fluids and Transport Fall 2008

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1)

Information and assumptions

Lubricant

e SG=0.91, py,o@ac = 1000 kg/m’

o v=8x10"mYs Bearing

e U=3m/s,§=03mm=3x10"m —v % -

e D=25mm=0.025m,L=0.5m

U

e U= Ey

e P=14 } 0.5m |
Find

e The force P required to pull the shaft at a velocity of 3 m/s.

Solution

P=1-4

Shear stress T
= du

—,4(v\=,Y
=K dy (6 y) >
where, u =vp = u-SG - py,0esc
= (8 x107*m?/5)(0.91)(1000 Kg/m3) = 0.728 N - s/m?

3m/s
3x10™* m

~17=(0.728N-s/m?) ( ) = 7280 N/m?
Contacting area A
A = DL = ()(0.025 m)(0.5 m) = 0.0393 m?

Pulling force

P=1-A=(7280N/m?)(0.0393 m?) = 286 N

(+6 point)

(+2 point)

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

Information and assumptions
e y=624Ib/ft?
e Gate weight W =800 Ib
e panel widtha =4 ft
e wetted panel height b =6 ft
e Slant angle 8 =60°

I _ ab3 Water
XX 12

Find
e The tension inthe cable T

Solution
Water force Fg

Fr = pA = yh A
where, h, = = X 6 ft X sin 60° = 2.598 ft
A= 6ftx4ft=24ft?
o Fp = (62.41b/ft3)(2.598 ft)(24 ft2) = 3890 Ib (+4 point)

Center of pressure

YR = :2_54 + Ve
where, I, = ab® _ GRS _ 7 g
12 12
A=ab = (4ft)(6ft) = 24 ft?
y. =3ft
72 fit + 3ft=4ft (+4 point)

* YR T Groafo)
For equilibrium (X My = 0)
T(8 ft)(sin 60°) = W (4 ft)(cos 60°) + Fg(2 ft)

__ (800 1b)(4 ft)(cos 60°)+(3890 1b) (2 ft) _

=T (8 ft)(sin 60°)

13501b (+2 point)
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Problem 3: Bernoulli equation and manometer (Chapter 3)

Information and assumptions
*  Ywater = 9.80kN/m3

e vy =6.67kN/m?3 for gasolin : T '
e SG =1.07 for manometer fluid _Q,. —— )@ —7 0.09-m

. .. A o] diameter
e Losses in the manometer are negligible ? 0.05 m

e Steady, inviscid, incompressible flow L 1

T f

Find 10 mm 20 m = h
e Flowrate Q U —

Solution

Manometer

p1tvl+ymh=p,+y(£+h)
P2 =01 = (¥m —V)h
= (9.80 kN/m?3 x 1.07 — 6.67 kN/m?3)(0.02 m) = 76.32 N/m? (+4 points)

Bernoulli equation

L +5VE +pgzy = p, +5VE +pgz

SinceV, = 0and z; = z,, (+3 points)
_ (p2—-p1) — (p2—-p1)

Vi = \/2 = JZg —
_ m 76.32 N/m?2 _ m .
= \/2 (9.81 SZ) (—6'67“03 N/m3) = 0474 S (+2 point)

Flow rate

Q = V1A, =DV,

= (%) (0.09m)? (0.474%) = 3.02 x 10-3“‘?3 (+1 point)
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Problem 4: Acceleration and Euler equation (Chapter 4)

Information and assumptions
e One-dimensional flow Us ¥

3
o u=Uy(1+5)
e Uy=1m/s,R=1m

> N
Find

e  Fluid acceleration at x = —2R

YYYYYYY

Solution

Acceleration

Du ou .
= =u-- (+5 points)

<0y (1) (-3 ) = 25((2)" + (&) (43 o)
At x = —2R,

_ _M((L)4 n (L)7) = —0.164 sﬂz (+2 point)

1im —2R

Ay

X
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