Name: -=----===-ccmmeuuu Exam 1 Time: 50 minutes

ME:5160 Fall 2022

The exam is closed book and closed notes.

1. A reservoir of water (p = 998 kg/m®) discharges through a conduct (D=50cm), where a turbine
is placed to generate hydroelectric energy. System friction losses between section (1) and (2) are
hy = KV,?/(2g). (a) Find an expression for h, as a function of V,. (b) Suppose that h, =
17.9m and K = 3.5, what is the correspondent value of V,?

The exhaust water from the turbine is guided using a fixed plate, as shown in the Figure. (c)
Determine the horizontal and vertical component of the force that the water jet exerts on the

plate.
Hint:
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2. A viscous, incompressible fluid flows between two infinite, parallel plates distance h apart, as
shown in the Figure. The upper plate moves at constant velocity U while the lower plate is at

rest. Use the given coordinate system and assume that the flow is laminar, steady, fully
developed (Z—z = 0), and 2D. Assume pressure gradient is constant and gravity is not negligible.
(a) Simplify the continuity equation and show that v = 0. Find (b) velocity distribution u(y) and

(c) wall shear stress in terms of g, p, g,Z—Z, h and 6.

Incompressible continuity equation:

6u+6v+6w_
ox 9y 0z

Incompressible Navier-Stokes Equations in Cartesian Coordinates:

op 0*u  0%*u 0%u ou Ou Ju ou
ng‘w“(axz Tay? +azz> =P(“a+“a+”$+wa—z)
op 0%v 0%v 9% ov dv  Ov ov
pgy_@+ﬂ<6x2+6y2+6zz>=p( )
op ’w  0*w 0w ow ow  ow ow
pgz_a+ﬂ<6x2+6y2+azz>=p( )
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3. The drag F, on a sphere located in a pipe through which a fluid is flowing is to be determined
experimental. Assume that the drag is a function of sphere diameter, d, the pipe diameter, D, the
fluid velocity, V, and the fluid density, p. (a) What dimensionless parameters would you use for
this problem (don’t use D as a repeating variable) ? (b) Some experiments using water indicated
for dm=0.2 in, Dm=0.5 in, and V=2 ft/s, the drag is 1.5x10 Ib. Estimate the drag on a sphere
located in a 2 ft dimeter pipe (D) trough which water is flowing with a velocity of 6 ft/s. The
sphere diameter is such that geometric similarity is maintained.

—v |
— Spher D

— \V/i [

Dimensions

Quantity Symbol MLT® FLTO
Length L L L
Area A L iy
Volume v iy I?
Velocity Vv - LT!
Acceleration dv/dt LT LT
Speed of sound a 7 Lr
Volume flow 0 G bt S
Mass flow 1 mT ™! FTL™'
Pressure, stress D, O, T ML™'T ™2 FL™?
Strain rate € e f
Angle 0 None None
Angular velocity o, () T 7 i
Viscosity m ML FIL™
Kinematic viscosity v L i
Surface tension Y MT 2 FL™!
Force F MLT ~ F
Moment, torque M ML*T 2 FL
Power P ML’T FLT™!
Work, energy W, E ML*T 2 FL
Density p ML /i e
Temperature /4 (C] (C)
Specific heat B & L’T?0! L’T 0!
Specific weight Y ML>T2 o
Thermal conductivity k MLT30™! FT'@™!
Thermal expansion coefficient B o' o'
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Solution:

1. (a) Apply energy equation between (1) and (2):

aV? aV?
(p +—+z) (p +—+z> +he+h, 2
P9 29 . \Pg 29 .

VZ
O0+0+2), = <O+E+Z> + he + hy
2
A A V,*
hy=h—=——K=—=h—=(1+K) 2
29 29 29
(b) Substitute K=3.5, h; = 17.9m -V, = 3m/s. (+1)
(c) Using continuity: A,V, = A3Vs, but D, =D, - V, =V; (+1)

ZF = g(|_vean) +j Vo(V, - n)dA
CcS
Assuming fixed control volume, V,. = V, constant density and zero acceleration

z F= fCSVp(V . n)dA

Assuming V and p uniform over A,and A; and projecting in the x-direction:
Z E =-F = f up(V-n)dA = —V,p(V, -ny)A, + V5 c0s(30°) p(V3 - ng)A,

—F, = pV,%A, + pVa? cos(30°) A5 = pV,%A,(1 + cos(30°))  (+1)

99832 -1 - (0.5m)?
E, =— Z (1.866) = —3289N (+1)

Projecting in the y-direction:
ZFy = —F, = fc upV M)A = 1 5in(30) (Vs ms)ds

—F, = —pV5®sin(30°) 4;  (+1)

998-32 -+ (0.5m)?
y = 4

(0.5) = 881N (+1)
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2. Assumptions:
1. Steady flow (5. = 0)
2. 2D flow (w=0)
3. Incompressible flow (p =constant)
4. Fully developed flow (Z—Z =0)
5. Pressure gradient is constant (VP=constant)
(@) Continuity:
0u+0v+6W_0 (+1)
ox dy 0z
dav
0O+—+0=0 (+1)
dy
(4) (2)
v(y) =constant
v(0) =0 from BCs (+1)
Therefore, v=0 everywhere. (+1)
(b) x-momentum
op 0*u 0%u 0%u ou Ou du il
O A e v 7 R Rl e o I

_ op 0%u
pgsm@—a+u 0+a—yz+0 =p(0+0+0+0)

(4) (2) (1) (4) (a) (2)

Integrate twice:

ap Y2
u(y) = (a—pg sme)ﬂ+cly+62 (+1)

Boundary conditions:
aty =0:u(y) =0-¢, =0 (+0.5)
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aty=h: u(y)=U - c; = %— %(Z—X — pgsin 6) (+0.5)

Replace and find:

op y2 (U h /dp
=(— —pgsin®)—+ ———(—— i e) 1
u(y) (ax pgsin )Zu <h 2n\ax Pesin®) |y (+1)

(c) Wall shear stress:

du <6p ) 9) N U h(ap ) 9) U h(ap ] e) .
ox  PESIE)Y h  2p\ox pesin ~h 2p\ox pesmm (+1)

Twzﬂay

y=0

Solution 3
a) Pi theorem
F=f(d,D,V,p)

F=MLT2d=LD=LV=LTp=MLT3

k—r=5-3=2|*1

Repeating variables d,V, p
M, = d3VPp¢F = (L)*(LT )P (ML™3)¢(MLT~2) = M°LOT°
M:c+1=0
Lia+b—3c+1=0
T:-=b—2=0
sa=-2,b=-2,c=-1

F
= pvzdz +3

Iy

I, = daprCD = (L)*(LT~HP(ML3)°(L) = M°LOT®
M:c=0
Lia+b—c+1=0

T:—b=0
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b) Similarity

~a=-1,b=0,c=0

2

d)Fm=(1)

F

E +3

2 t0.2in 0.8 ft 1
[ . +
f0.5in f

Fm

(

pv2dz

6ft/s

pmVidm

0.8 ft

2

2ft/s

)

0.2/12 ft

) (1.5 x 10~3 1b) = 31.11b

+2




