[3.68: PROBLEM DEFINITION

Situation:

Water exerts a load on square panel.
d=1m, h=2m

Panel

Find:
(a) Depth of the centroid (m).
(b) Resultant force on the panel (kN).
(c) Distance from the centroid to the center of pressure (m).

Properties:
Water (15°C), Table A.5: v = 9800 N/ m3.

1. Locate the centroid by inspection (center of the panel).

2. Find the pressure at the depth of the centroid using the hydrostatic equation.
3. Find the resultant force using F' = pA.

4. Find the distance between the centroid and the CP using y., — 7 = I/ (7A)

1. Depth of the centroid of area:

Z = d+h/2=1m+ (2m) /2

2. Hydrostatic equation:
p =177 = (9800N/m*) (2m) = 19.6kPa
3. Resultant force:

F = pA=(19.6kPa)(2m) (2m)
| F = 78.4 kN|

4. Distance to CP:
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e Find I using formula from Fig. A.1.

bh?  (2m)(2m)*

_ 4
B G =1.333m

e Recognize that y =z = 2m.

e [inal calculation:
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|3.?2: PROBLEM DEFINITION

Situation:
A rectangular gate 1s hinged at the water line.
h=12m,b=18m

03 m Hinge

Find:

Force to keep gate closed.

Properties:
From Table A .4, Yy, = 9810 N/m?.

| SOLUTION

Hydrostatic Force (magnitude):

Fe = pA
= (Yo ¥ ¥) (216 m)
= (9810N/m’ x 0.6m) (2.16 m’)
= 12714N

Center of pressure. Since the gate extends from the free surface of the water, F
acts at 2/3 depth or 0.8 m below the water surface.

Moment Equilibrium. (sum moments about the hinge)
Y M =0
(Fo x08m) —(12m)F = 0

12714 Nx0.8 m
1.2m
[F— 8476 N  to the left




|3.76: PROBLEM DEFINITION

Situation:
A butterfly valve is described in the problem statement.
d=3m,0=30° y=9m.

Water
9m Butterfly
value

Shaft

Air at
atmospheric pressure

3 m diameter

Find:
Torque required to hold valve in position (N-m).

SOLUTION Hydrostatic force

F = pA=7yHyA
D2
= (9 m x 9810 N/m®) <7r>< I) m?

3 (3m)2
- 9mX9810N/m XWXT

= 623,770 N

Center of pressure

_ 1
Yep =Y = Q_A
mrd /4
ymr?
(1.5m)* /4
9m/0.866
= 0.054 m

Torque

Torque = 0.054m x 623,770 N
T = 33,685 N-m
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|3.77: PROBLEM DEFINITION

Situation:
A submerged gate may fall due to its weight (or be held in place by pressure).
i =1m, o =4m, w=1m.
W = 150kN, a = 45°.

Standard
atmospheric
pressure

Hinge

Find:
Will the gate fall or stay in position?

Properties:
Water (10°C), Table A.5, v = 9810 N/ m?3.

1. Geometry

e Slant height:
Y1+ y2/2 _ (1+4/2)m

=424
sin o sin 45° 3m

g:

e Depth of centroid:
Az=y + = = <1+—) m=3m

e Panel surface area

2. Pressure at Centroid:

p=7Az = (9810N/m?) (3m) = 29.43kPa
3. Hydrostatic force:

F = pA = (29.43kPa) (5.657m?) = 166.5 kN

4. Distance from CP to centroid:
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e Area moment of inertia from Fig. A.1:

7 — wh?
12
poo Y2 AWM o
~ sina sin4bh° m
_ 3 (1 . s
7 - wh :( m) (5.657 m) 1500 m®

12 12

e Iinal Calculation:

I (15.09m")
Yo =Y =54 T (4.243m) (5.657 m2)

= 0.6287m

5. Torques:

e Torque caused by hydrostatic force:

h . 5.657m

mhzg_(ycp_y)_

Tus = Fap, = (166.5kN) (2.2m) = 366 kN - m

—0.6287Tm = 2.200m

e Torque caused by the weight:
/2 4m/2

J— = =
Y tana  tan4be

Tw = Wz, = (150kN) (2m) = 300kN - m

The torque caused by the hydrostatic force exceeds the torque caused by the weight:
So the | gate will stay in position.
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[3.103: PROBLEM DEFINITION

Situation:
A platform floats in water.
Whlatform = 30 kN, Weylinder = 1kN/ m.
y = 1m, Deyindger = 1 m.

10m f‘ .
Floating
| platform
l Tm Weight = 30 kN
L= "1"' e
| — <— Diameter=1m

Find:

Length of cylinder so that the platform floats 1 m above water surface.

Properties:
Vwater — 107 000 N/ m?3.

1. Equilibrium (vertical direction)
Weight of Weight of
+4 . =
platform a cylinder

1000 N)

.

on a cylinder

( Buoyant force )

’YVD

(30000N)+4L<1000N) 4<10000N>< 7 (1m)? (L—lm)>

(30000N) + 4L (

m 4

2. Solve for L
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[3.105: PROBLEM DEFINITION

Situation:
A submerged gate has a concrete block attached to it.
b=1m, { =2m.

Submerged
concrete
block

Hinge

Find:
Minimum volume of concrete to keep gate in closed position (m?).

Properties:
Concrete v = 23.6kN/ m?.

Hydrostatic force on gate and CP

F = pA=1m x9,810N/m?® x 2m x 1m = 19,620 N
I lm x (2m)?
gA 12x1mx2mx1lm

Yp — Y = =0.33 m

Sum moments about the hinge to find the tension in the cable

1-0.
T:19,620x%:5,258N

Equilibrium applied to concrete block

( Tension ) n ( Buoyant ) — (Weight)

in cable force

T+ V’YHQO = V’yc
Solve for volume of block
T

Ve — fYHgO
5258 N

23,600N/m? — 9, 810N/ m?

V:

|V = 0.381 m?]
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|4.5: PROBLEM DEFINITION

Situation:
Dye is injected into a flow field and produces a streakline.
Pathline starts at t = 45, ends at t = 10s. Flow speed is constant.

Find:
Draw a pathline of the particle.

The streakline shows that the velocity field was originally in the horizontal direction
to the right and then the flow field changed upward to the left. The pathline starts
off to the right and then continues upward to the left.

/ Streakline




|4.25: PROBLEM DEFINITION

Situation:

A path line is given with velocity as a function of distance and time.
V =s%"2 r=04m.
s=15m,t=0.5s.

Find:

Acceleration along and normal to pathline (m/s?).

Apply Eq. 4.11 of EFM 10e for acceleration along pathline.

Equation 4.5

ov. oV %6
a:(V—S+—u —|—(T>un

Evaluation of velocity and derivatives at s =2 m and ¢ = 0.5 sec.

V o= Y2 =152%x05Y2=1.59m/s

%—V = 25tY2 =2 x 1.5 x 0.5Y2 =2.121/s

S

oV 1 1

= = 532f1/2 =3 % 1.52 % 0.5 Y2 = 1.59 m/s’

Evaluation of the acceleration

1.59?
a = (1.59 x 2.12 + 1.59)u; + ( 01 ) u,

a = 4.96u; + 6.32u,, (m/s?)
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|4.44: PROBLEM DEFINITION

Situation:
Velocity varies linearly with distance in water nozzle.
L=03m,V; =9m/s, Vo =24m/s.

Find: Pressure gradient midway in the nozzle (kPa/m).

Properties:
p = 1000kg/ m3.

Apply Euler’s equation.

Euler’s equation
O (p+72)
— 2) = —pa,
o pT p

but z =const.; therefore

a - T
’ SV
Qg = Gconvective — V 3
* or

v o
5, = (24-9)/03=505

Vimia = (24dm/s+9m/s)/2 = 16.5 m/s
ay = (16.5 m/s)(50 m/s/m) = 825 m/s”

Finally

5, = (1000 kg/m”)(825 m/s%)

g—i — —825 kPa/m
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|4.50: PROBLEM DEFINITION

Situation:
Water discharges from a pressurized tank.
21 =05m, zo =0m, V; =0m/s.

Find:
Velocity of water at outlet (m/s).

Properties:
Water (20°C, 10kPa), Table A.5: p = 998kg/ m?, v = 9790 N/ m?.

Apply the Bernoulli equation between the water surface in the tank (1) and the outlet
(2)
Ve Vs
p1+721+;07 =P2+VZ2+07

Neglect Vi (V} < V3).Also ps = 0 gage. The Bernoulli equation reduces to

V2
p% = p1+7(z1 — 22)

- \/2<p1 (5 — )
p

Elevation difference z; — 2o = 0.5 m. For water at 20°C, p = 998kg/m? and ~ = 9790
N/m3. Therefore

998 kg / m?
Vo =5.46m/s

v \/2(10, 000 Pa + 9790 N/ m3 (0.5 m))
2 p—
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|4.55: PROBLEM DEFINITION

Situation:
A glass tube with 90° bend inserted into a stream of water.
V =5m/s.

Find:

Rise in vertical leg above water surface (m).

Apply the Bernoulli equation.

Hydrostatic equation (between stagnation point and water surface in tube)

Bs —htd
Y

where d is depth below surface and h is distance above water surface.

Bernoulli equation (between free stream and stagnation point)

s V2
p_ — d_|__
gl 29
2
h+d = d+V—
29

2

ho= L

29
b (5m/s)’
2(9.81m/s?)

95



|4.62: PROBLEM DEFINITION

Situation:
Two Pitot tubes are connected to air-water manometers to measure air and water
velocities.

Find:
The relationship between V4 and Vi .

V= \Jaghh = | 22r:

p

The Ap, is the same for both; however,

Puw >> Pa

Therefore V4 > Viyr. The correct choice is | b).

62



|4.81: PROBLEM DEFINITION

Situation:
A two-dimensional velocity field is given by:
U = Cz v = Cy
(z%+y?)” (z2+y?)"
Find:

Check if flow is irrotational.

Apply equations for flow rotation in x — y plane.

v Ou 220y [_ 2yCx }
or 0y (@+y)? L (@24
=0

|The flow is irrotationa1|
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|4.101: PROBLEM DEFINITION

Situation:
A closed tank with liquid is rotated about the vertical axis.
w=10rad/s, rg = 0.5m, a, = 4m/ s>

Find:
Difference in pressure between points A and B (kPa).

Properties:
p=1000kg/ m3 S =1.2.

Apply the pressure variation equation for rotating flow between points B & C. Let
point C' be at the center bottom of the tank.

Pressure variation equation- rotating flow

2, .2 2,2
_prwt _ prew
PB 9 Pc 9

where 75 = 0.5 m, r¢ = 0 and w = 10 rad/s. Then

pe—po = L))

1200 kg / m?
- Tg/m(100rad2/82)(0.25m2)

= 15,000 Pa

pc—pa = 2v+pat
= 2(11,772N/m*) + (1,200kg/m?) (4m/s?) (2)
= 33.1kPa

Then

pB—pa = pB—pc+ (P —Ppa)
= 15,000 Pa + 33,144 Pa
— 48,144 Pa

p —pa = 48.1 kPa
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