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ME:5160 Fall 2023

The exam is closed book and closed notes.

1. In the Figure below the bend is flanged at section 1 (the flange is not shown) and the flow exits
to atmosphere at section 2. If V1 = 0.5 m/s, h = 40 cm, pwater = 998 kg/m3, and pmercury = 13,550
kg/m?®, neglecting the gravity forces and assuming uniform flows at 1 and 2, find: a) V> using
continuity equation; b) p1 using manometry equation; c) the force components on the flange bolts
in x and y directions using linear momentum equations; d) the friction head loss between 1 and 2
using energy equation.
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2. The viscous, incompressible flow between the parallel plates shown in Figure is caused by the
motion of the bottom plate. Assuming pressure gradient along the x direction is constant ( C)

steady, 2D, and parallel flow and using differential analysis: (a) Show that the flow is fully developed
using continuity equation; (b) Find the velocity profile u(y) using Navier-Stokes equations with
appropriate boundary conditions; (c) Find wall shear stress at bottom wall; and (d) Find the flow rate
(hint: Q = [V - n dA and assume constant width w). Explicitly state all assumptions.

Air

Free surface

y

L.

ﬂ

Plate is moving with U velocity

Incompressible Continuity Equation:

u 6v
= =0
ox 6y 0z

Incompressible Navier-Stokes Equations in Cartesian Coordinates:

Ly (O P o)
PYx dx H dx2 = 0y?2  0z2

dp

REY v v ov v
ng‘5+“(axz+—+;) —P(a”a”a—wa)
ap 22w

po. =G u(GE+ Sa e 5E) = (G ufi e v+ w )

Shear stress (At free surface, shear stress is zero)

du OJv
oy =t =4 (354 35)

=p(at+ua+v£+w£)
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3. The power P developed by a wind turbine is a function of turbine’s diameter D, air density p,
wind speed V, and rotation rate . Namely it can be written as P = f(D, p, V, w). Viscosity effects
are negligible. Rewrite this relationship in dimensionless form.

Dimensions

Quantity Symbol MLT® FLTO
Length L L L
Area A iy oy
Volume v 7 P
Velocity Vv Er '
Acceleration dv/dt i L=
Speed of sound a LT™! LT
Volume flow 0 LT Iy
Mass flow m mT! FTL™'
Pressure, stress p. o, T ML™'T 2 FL™?
Strain rate € ! i 7
Angle 0 None None
Angular velocity w, () 7! e
Viscosity w ML FTL™?
Kinematic viscosity v i i
Surface tension Y MT 2 FL™!
Force F MLT F
Moment, torque M MLAT > FL
Power P mML’T> FLT™!
Work, energy W.E ML’T? FL
Density p ML o e
Temperature T (C] (O]
Specific heat Bs 15 L’T 0! L’T 07!
Specific weight Y ME*T FL™?
Thermal conductivity k MLT30! FT7'07!
Thermal expansion coefficient B o' o'
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Solution 1:
a) Continuity:
AV = A1,
B

b) Manometry:

P1 + pwaterg(0'6) - pmercurygh =Pa = 0

P1= pmercurygh - pwaterg(o-ﬁ)

= (13550)(9.81)(0.4) — (998)(9.81)(0.6) = 47,296 pa (gage)

¢) x — momentum:

Z E. = mu, — muy

—Fepoies + P14 = pQ(0 —Vy)
Fypoues = P11 + pAV (V) = A (py + pVe)
Frpous = E(O.OB)Z] [(47296) + (998)(0.5)%] = 239 N

) — momentum:

Z E, = mv, —mv,

—Fy potes = pQ (V2 — 0)

Fypores = —pAsVE = —(998) E (0.025)2] (5.12)% = —12.84 N

+3

+2

+1




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

ME:5160 Fall 2023
d) Energy equation:
py | a Vi p2 | @V
—+ +z,=—+ +z,+h
pg 29 ' pg 29 TP
(47296) (1.0)(0.5)? _ (1.0)(5.12)? G0 +h
(998)(9.81) 2(9.81) B 2(9.81) ' U

h; =0.51m +0.5
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Solution 2:

KNOWN: Flow condition, Boundary condition
FIND: (2)

- Show that the flow is fully developed

- velocity profile u(y)

- Find wall shear stress at bottom wall

- Find the flow rate

ASSUMPTIONS:
.0 _
- steady: 5 = 0
a

- 2D flow: w = 0; £=O
- Parallel flow: v =w =0
-9 _ constant

ox
ANALYSIS:

(a) Continuity
Ju N Jdv N ow 0
ox 0dy 0z

—+04+0=0 -» —=0 - llyd l d (2)
P P fu y deveiLope

(b) x-momentum equation

) B op N 0%u N 0%u N 0%u
—+u—x+v—y+w— ~POx T 5 T ox2 dy?2  0z2

oP N 0%u
ox " H dy?
0*u 10p
ayZ  nox (1.5)
Integrate twice

1 dp

u(y) = 200

y:+cay+ec, (1.5)



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

ME:5160 Fall 2023
Apply boundary conditions
y=0 - u=U - ¢=U
: o ~u(g)=0 (G ra)=0
= 4 = e d ] = - —_ | — =
y T u dy u 1 \ox Cq 2)
1/0p
o= ()
Therefore,
10p , b(op
u(y) = 29x” —;(a)}"l' U
1 (0py\, ,
u(y) = 2 (&) (y*—2by)+U
(c) Shear stress at bottom wall
du 1 (0p dp
TEHG T M{ﬁ(a) 2y - Zb)} = (a) (y—b)
0
Twan = 7(0) = —b (%) (0.5)
(d) Flow rate
b w (dp\ /1 b
= . = _ | — a3 2 b
0=[vonda=w | uay=5(5F) (552 - 0?) +wooh
_wap\ (1, _ wb?dp
Q=252 (507 =97 +wob = =557 ) + o (03)
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Solution 3:

ASSUMPTIONS: the problem is only a function of the above dimensional variables
ANALYSIS:

P=fHD,p, V., w).

n=>5

pz{MT_ﬂ, D = {L}, ﬂ=[:{_3]‘ "r:[;]’ ”:{%}

j=3 =+ k=n—-j=5-3=12

(4)

The repeating variables are D, p, V
Calculate first non-dimensional group

My = PD%*pbV©

, M2 MY (L€
unit [I,] = {F} {Lu}{Lg_b} [ﬁ

Above one should be non-dimensional

e

(2)

[M]=»1+b=0
[L]=24+a-3b+c=0
[Tl==3=c=0
sh==1c==-3,a=-2

4Ty = PD-2p~1y-3 = Pﬂivg (1)
Calculate second non-dimensional group
M, = wD%pbVe _
unit [I1,] - [%]{L“}[g} {1’;_} (2)
[M]=b=0

[L]-a—-3b+c=0
[T]=-1-¢c=0

sbh=0c=-1a=1
wD
s = MDI{JDF_I = ?
As a result,

P wD
Iy = fac(lly) = W = fnc (T) (1)



