ENGR:2510 Mechanics of Fluids and Transport Fall 2015

EXAM1 Solutions

Problem 1: Shear stress (Chapter 1)
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Information and assumptions
e 1 =0.0201bs/ft?
o V=19 ft/s
Find
e Find (a) shear stress on piston surface, (b) required force

Solution
(a) Shear stress
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(b) Force required

Fr=14
F, = (912 Ib/ft?) [n (4'330) (%)] —2981b
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Problem 2: Hydrostatic force (Chapter 2)
Information and assumptions
e Gate widthis3 m
e y=980kN/m3
Find
e Find (a) the hydrostatic force, (b) pressuce center and
(c) the Force F

Solution
(a) Pressure force

Fr = pA = yh A

3sin 30°

Fy = (9800) (1.5 + )(3 x 3) = 198.45 kN

(b) Pressure center

_ 1.5 +3_45
Y= sinzor T2
_ L
J’R—J’+ﬁ
(3)(3)%/12
yR—4.5+m—4.667m

(c) Force to hold the gate closed

My = L5 198,480 3)(F)=0
My = (ve -~ =) (198480) - (3)(F) =

(4.667 — 3)(198,480)
F= 2 =110.29 kN
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Problem 3: Bernoulli equation (Chapter 3)
Information and assumptions

o y=6421b/ft3

e Ignore friction loss

e SG =13.6 for the manometer fluid

e g=2322ft/s?
Find

e Determine (a) pressure drop, (b) flow rate

Solution

a) Manometer

+( + 14.3) 14.3 (5G - 7) ( 4 30) _
Pa z 12 14 12 14 z 12 Y =Ds
30 14.3
~Ap=py—pp = (E + (F — 1) . (13.6)> (64.2) = 1124.46 1b/ft?
b) Continuity equation
AV, = AgVp
v, —(AB)V —<6>2V =0.25V
A_AA B=\17) VB = VeV
Bernoulli equation
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Problem 4: Acceleration and Euler equation (Chapter 4)

Information and assumptions
e Two dimensional flow
e V=Kxi—Kyj
o K=2s71
e p=998kg/m3
e 1 =1.003x10"3Ns/m?
. payz_"’_?’+u(ﬂ+"2_”)

e Calculate (a) the acceleration components, and
(b) pressure gradient Op/dy, atx=0,y=1.

-

o o

Solution
(a) Acceleration

_6u+ 0u+ Ju
=9 T ax TV ay

a, =0+ (Kx)(K) + (-Ky)(0) = K?x

At (0, 1)
a, = (2)*(0) = 0m/s?
_6v+ 0v+ ov
ay—a U.a U@
=0 0% 0% 0k KO (0) + (—Ky) (=K = K
b= T ax T Vay T x y - Ay
At (0, 1)

a, = (2)*(1) = 4m/s?

(b) Navier-Stokes equation

dap
pa, = —E+u(0 +0)

)
£ = —pa, = —(998)(4) = —3,992 Pa/m
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