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1. A gate 20 ft high in a rectangular constant width channel is pivoted at its center. Water at 40
F on one side of the gate is 20 ft deep. On the other side of the gate water at 40 F is 10 ft deep.
What is the magnitude, direction and location of the force required to keep the gate closed?

20 ft .
10 ft

2. A closed rigid tank is filled with 20 C water to a depth of 15 m. A pressure gage in the top of
the tank reads 400 kPa. The tank has an exit pipe whose exit is 10 m above the tank bottom. What
is the velocity at the pipe exit? How far above the tank bottom would the pipe exit have to be to
stop the flow? 1Pa=1 N/m’, IN=1kg 1 m/sec’

Q 400 kPa
A
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3. Air at a constant density enters a diffuser of rectangular cross section, Aj=w h;, with a uniform
velocity Vi and pressure p;. The velocity distribution at the diffuser exit, A,=w hy, is parabolic
with a maximum velocity of V; and a pressure p,. Determine the velocity V; in terms of h; h, and
V. Derive the integral equation in terms of density, pressures, V; ,and channel heights for

determining the force required to keep the diffuser from moving. Do not perform the integration
and substitute limits.

V.Y

2h,

Y

b,
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1 1 FORCES
F= Ip dA
20 ft d F = (pghaverage) W harea - (p g W)havweage X harea
depth depth
h h?
F. F=(pgw)—xh =—-(pgw)
< 2 2
h h’
F+—F, F=(pgw=xh,==(pgw)
- [
1ot Z F= Freaction + Fl o F23
2 2

Grade NO Freaction - p g W(% _%] = 194 X 322 X W(200 - 50)
100 1 .

90 5 F.cion = 9370 w Ib, =93701b,/f tof width

80 3

70 15 MOMENTS (+ assumed clockwise)

60 1 3 Fl(z_hl _h) _Fz(zhz j = (p g W)FReaction X d

50 9 3 2 3

h? h, h? 2h
gg 3 — (PgwW)x= =2 (p g W)X == = (P g W)Frcqeion ¥ d
20 1 d= 666'66:33'33 = 2.22 ft below the pivot

ave 69



A closed rigid tank is filled with 20 C water to a depth of 15 m. A pressure gage in the top of
the tank reads 400 kPa. The tank has an exit pipe whose exit is 10 m above the tank bottom. What
is the velocity at the pipe exit? How far above the tank bottom would the pipe exit have to be to
stop the flow? 1Pa=1 N/m’, IN=1kg 1 m/sec’

1om 10m 9982 kg/m’

VELOCITY

2 2
&+V_l+ghl :p_2+£+gh2
p 2 p

p, =400 kPa gage, (400 +p,,, ) kPa absolute
p, = 0 kPa gage, p,,, kPa absolute
4 2 2 2
00,000 N/m 3+pa +0+15g= p, N/m - V; +10g
998.2 kg/m 998.2kg/m> 2
V. 400,000

2 998.2
V =29.9 m/sec

HEIGHT
400,000 N/m’

+5%x9.81

+0+15g=hxg

400,000

= +15=55.89m
9.81x998.2




3.

Air at a constant density enters a diffuser of rectangular cross section, A= w 2h;, with a
uniform velocity V; and pressure p;. The velocity distribution at the diffuser exit, A,=w 2h;_ is
parabolic with a maximum velocity of V; and a pressure p,. Determine the velocity V; in terms of
hi, hy and V. Derive the integral equation in terms of density, pressures, V; ,and channel heights for
determining the force required to keep the diffuser from moving. Do not perform the integration
and substitute limits.

CONTINUITY
PA,V, = [pVdA

pA,V, =2 .pV wdy

0

2h,

V.Y

=2WpV2J- _% y
2

Y

3

= 2wpV, | y—=2—

3h?

pw2h,V, =2wpV,| h, - —-
P

pw2h,V, =2wpV,| h, —h—zj



Momentum Flux, = (pA V)V, = (pw2h, )V}

Momntum Flux, =2 j (pV)Vw dy
0

h 2
=2pwWV; _[ %) dy

0 2

h

4
:2pWV22_[ 1—2L+y—jdy

' n2 !

h
F=(p,w2h, —p,w2h,)+(pw2h, )V —2pwV; | (1—@ y—4j dy
2

2
2
h
F=(p,w2h, p1w2h)+(pw2h )V 2pw V h—j dy
h, 3 h2 h4

2



A

A gate 20 ft high in a rectangular constant width channel is pivoted at its center. Water at 40

F on one side of the gate is 20 ft deep. On the other side of the gate water at 40 F is 10 ft deep.
1 What is the magnitude, direction and location of the force required to keep the gate closed?

20 ft

A

10 ft

FORCES
F= jp dA

F = (ppgaverage) W harea - (p g W)havweage X harea

depth

depth

F =(pgw)5x10=50(p g w)
F,=(pgw)10x10=100(p g w)

F, =(pgw)5x10=50(p g w)

E, =(pgw)5x10=50(p g W)

ZF =Fepcion T Es —F —F, —F
F..ion =P g W(=50+50+100+50)

F

reaction

=150pgw

MOMENTS (+ assumed clockwise)

(1l 20,
3 3

500 1000
—+

2x10

Freaction

xd—F,x5—F,

1000

——+150d-500———=0
3 3

d 333.33

= 2.22 ft below the pivot

2x10

-0
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1. The velocity distribution in Couette Flow is u =k y. Show
that this velocity distribution is an exact solution to the Navier
Stokes Equations beginning with equation (6.18) and to the
Continuity Equation beginning with equation (6.8)

v__1Dp DV 22
Vev=="op @Y 5 = VPHPETRVIV (6.18) X  Couette Flow
2. A 2 dimensional source flow of strength, ¢ =6 m 3/sec in placed in a uniform flow

with a velocity of U_=3 m/sec. The pressure and temperature of the uniform flow are
100 kPa and 20 C at a point far from the location of the source.

a) Specify the stagnation pressure increase over the pressure of the uniform flow and
the location of the stagnation point relative to the center of the source flow.

b) Specify the location on the surface where the static pressure is the static pressure in
the uniform flow plus Y4 the stagnation pressure increase,.

3. The following forward velocity V, and thrust T, data were measured in a wind tunnel
at sea level where the, air density is 1.2 kg/m’ with an .8 m diameter propeller operating
at 2000 rpm. Assume that the thrust T, is a function of forward velocity, density,
diameter and rotational speed only.

V, forward velocity, m/sec 0 10 20 30
T, Thrust, Newtons 200 278 211 100

a) What are the dimensionless numbers which govern the propeller operation?
b) Using the experimental wind tunnel data determine the thrust generated by a

geometrically similar propeller operating at 1500 rpm and a forward speed of 45 m/sec at
an altitude where the density of air is half that at sea level.
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v

—>
CONTINUITY T_y’ —/ u=ky
LA S L L P o
ox 0y 0z p\ot ox Oy oz X  Couette Flow
@Jr@:o steady
ox 0Oy 1 dimensional
d(u=ky) a(v=0) viscous
ox ox constant density Grade No
0+0=0 90 3
80 10
MOMENTUM 70 9
ou op (u o du o 60 4
pl —Fu—+v—+wW— |=——+ >+ > x direction
ot ox oy oz ox \oxP oy: oz 50 8
M _steady P06 o weo 40 7
ot ox  0x 30 4
2 2
G Ty, Fu_0fa0) ok 20 1
ox ox oy- oyl oy oy

p(0+0+0+0)=0+u(0+0+0) ave 64
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stagnation
Y=Y +VY,
lI’:Uwrsin9+i9
2n

u, :la—T:Uwcose+i

r or 2mr

b
uez—a—\P:—UO@sinO )
or

stagnation point where,u, =0,u, =0
u, =0 whensin0=0,0=0,n

q

u =0whenr=-————
27U, cosO

q 6

2nyU - 213 T

stagnationpoint,0 = 7,1 = —

U,
pO_poo = p

:%x1.2x32:5.4Pa

pU2 p(U, sin@)
2

pU fo p(UOO sin 6)2
P—DP, = -
2 2

cing? =1 2P=p.) _, 2x27

pUi 1.2x9
sin®? =.5
sin@ =.707=06=45and 135

0 = £45 from stagnation point



T=1f(D,N,V,p)
T =f(D*,N° V:,p?)
unit exponents of parameters
T DN V p
M 1T 0 0 0 1
L 1.1 0 1 -3
T -2 0-1 -1 0

5 parameters - 3 units
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expect 2 dimensionless parameters

solve for a,c,d, in terms of b,

Zexponents =0

integer

b

first second
find : | dimensionless ,| dimensionless
number number

M units: 1=d

L units: 1=a+c¢—-3d
T units: -2=-b-c
from T, c=2-Db

from L, lI=a+2-b-3

T=£((D) )b(V ()’)
T

T= f( 2+b N )c 2-b (p)d:l)
Tt ()
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ST v e
| v V2D2? | AvIn?
V prototype V test pV D prototpe p V D test

\Y4 oD V'D® T
D = — [ X]| — T - %
protope ((Dj ( Vv jtest b p j £p V2D2 jteSt

3.

prototype Tprototype

( 45 ) (mD] 45°D? T
X X )
1500 V ) 1.2 pVv’D? )

1 0 300 oo 00

2 10 278 3.62 160 4.8 35,491. newtons
3 20 211  .687 80 24 7,494. newtons
4 30 100 .145 53 1.59 1,582. newtons
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1. Water at 60 F is pumped from a ground level tank to an elevated tank. The liquid level in the ground
level tank is 20 ft above the pump inlet. The pipe entrance from the ground level tank is square edged. The
pipe run is 250 ft of 4 in ID commercial steel pipe with a roughness of .0004, two standard 90 degree
elbows and a gate valve. The water dischargers abruptly into an elevated tank open to the atmosphere at a
elevation 60 ft above the pump inlet. What power is required to operate the pump at 300 gpm if it is 50 %
efficient?

2. Air leaves a diverging nozzle having an exit area of .2 m’, at 100 kpa, 300 K and 200 m/sec. a) What is
the stagnation pressure and stagnation temperature required to produce this flow? b) What stagnation
pressure and stagnation temperature are required to achieve the 100 kpa and 300 K exit conditions at an exit
Mach Number of 1. ¢) With an exit Mach Number of 1 what can be done to increase the mass flow though
the .2 m® nozzle exit?

3. A golf ball manufacturer wants to study the dimple size on performance of a golf ball. A model four
times the size of a regular ball is installed in a wind tunnel. Performance is dependent on the variables of
velocity, dimple depth, air viscosity, diameter, air density, and spin rotational rate.

a) What dimensionless parameters must be controlled to model the golf ball performance?

b) What should be the speed of the wind tunnel to simulate a ball in flight at 200 ft/sec

c) What rotational speed must be used to simulate the flight if the regular ball rotates at 60 revolutions
per second? u oy

4. For a boundary layer velocity profile given by, U, o

find the wall shear stress and the displacement thickness in terms of the boundary layer thickness,0 .



assume 60° F water

2
p=1.938 slugs -~ 0000121 ¢
ft? sec

300 gpmx1.938x32.2
7.48 ft’/gal x 60 sec/hr

2
_nD _ 3.1416 ><(4.10226] _ 0884 f°

=41.69 Ib/sec

4 4
:Q: 300 gpm > =7.56 ft/sec
A 7.48x60sec/hr x.0884 ft
62.37 Ib/ft® x 7.56 ft/sec x 4.026
N = pVD _ 12
T 2.7131b_/ft hr/3600 sec/hr
Nye =209,915.
@ Reand%= 0004, f=.0172
Kentrance = ‘57 Kexit = 1"Kgate =.2 Kelbow =.75
valve
2
I = V—(fk + ZK)
2¢\ D

|

"\/T" 60 ft
20 ft 300 gpm
4 X
+—>
4 in, 250 ft
2 2
&+V_+Zé &-FV—-FZ §+E+§lf

P 28, g P 2g. g, m g

20=60+w+14.21

w =54211ftlb,/lb_

W=mxw=5421x41.45=2247. 1t Ib/sec
2247 . ftlb/sec

el ~ 550 £ 1b/ sec/ HP
W =4.085HP/50% =

actual

=4.085 HP

8.17 HP

2
L (.0172><( 300ft j+(.5+2x.76+.2+1)j

4.026/12
I, =1421ft



N

a=,/yRT =+1.4x287x300 =347.2 m/sec

M:200m/sec _ 576

347.2
Table C.10 @ M. = .58

a) L =037, T,=220_3202K
T, 937
P _ 7962, p, - 190 _155.6kpa
Do 7962
b) @M =1,
T _s33, 1,=3% 360k
T, 833
P 5283.p, =190 _189.3kpa
Po 7962

c) increase the density at the throat

m=pxgxAxa

decrease the stagnation temperature at the nozzle inlet

Grade No
90 5

80 11

70 9

60 14

50

40 1

30

ave 70.8



|

Force =f(D,k,V,u,p,®)
Drag D* k" V¢ p® p° of

M 1 0 0 01 1 O
L 1 1 1 1 -1 -3 0
T -2 0O 0 -1 -1 0 -1
I=d+e

l=a+b+c-d-3¢
-2=—c—-d-f
solve for b,c,d
d=1-¢

c=2-d-f

c=2-1+e-f

c=1+e-f
I=a+b+(1+e-f)-(1-¢)-3e
l=a+b-e-f

b=1-a+e+f

Drag D* k" V¢ ! p° of
Drag D? (arer e M(1-e)

Drag=f ( )““mber( )a( )e( )f

oo 322

D’

L

p/p = constant

model —

((DD) ((DD
o) — e
k model

_ Dprototype
(Dmodel -

(O]

model —

_prototype.

model

k

[k pDV @D

b

ok

pDV

prototype

|

l’l jprototype

1

= 1 x 200 = 50 ft/sec

jprototype

D

model

J Vmodel
Vprototype

11
—x—x50=3.751ps
44 P

]('0 prototype
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