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Solved Examples
Ex2: Hydrostatic Forces on Completely Submerged Curved Surfaces
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Ex2: Hydrostatic Forces on Completely Submerged Curved Surfaces

Horizontal force on vertical surface:

Fy=F, = P,,A= pghcA= pg(s + R/2)A

1 kN
= (1000 kg/m’)(9.81 m/s*)(4.2 + 0.8/2m)(0.8 m X 1 m}( )

1000 kg-m/s?
= 36.1 kN
Vertical force on horizontal surface (upward):
F}r - Pavgﬂ - -ﬂghf.'ﬂ - P:g'‘i!ib'[:nuttnzlm*"?l

1 kN
= (1000 kg/m*)(9.81 m/s*)(5 m)(0.8 m X 1
(1000 kg/m?)(9.81 m/s?)S m)0.8 m m}(mmg_mz)
= 39.2kN

Lecture (3) - Fluid Mechanics | - 15t year - Mechanical Dept.




Solved Examples =

Ex2: Hydrostatic Forces on Completely Submerged Curved Surfaces

Weight (downward) of fluid block for one m width into the page:
W = mg = pgV = pg(R* — wR*/4)(1 m)

= (1000 kg/m?)(9.81 m/s3)(0.8 m*(1 — w/4)(1 m}(

1000 kg-m!sz)
= 1.3 kN

Therefore, the net upward vertical force is

F,=F,— W=392— 13 =379kN

Then the magnitude and direction of the hydrostatic force acting on the
cylindrical surface become

Fo= VF, + F2 = \/36.12 + 37.92 = 523 kN

tan 8 = F/F, = 379/36.1 =105 —» 0 = 464°
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Ex2: Hydrostatic Forces on Completely Submerged Curved Surfaces

To find the weight of the cylinder per m length of the cylinder. Taking a moment
about point A at the location of the hinge and equating it to zero gives

FpRsinf — W

cyl

R=0— W, = Fgsinf = (52.3kN) sin 464" = 37.9 kN

2,

L—5s=42m
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Fluid statics

Force to pressure vessels

Cylindrical pressure vessel
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Force to pressure vessels

Cylindrical pressure vessel

the stress o, is called circumferential stressor the hoop
stress, and the stress o, is called the longitudinal stress or
the axial stress.
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Force to pressure vessels
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Cylindrical pressure vessel

Equilibrium of forces to find the
circumferential stress:

2lto, = 21Irp s - F=2pir

Equilibrium of forces to find the
longitudinal stress

27 1t0, =717 =y

We note that the longitudinal welded seam in a pressure ftank must be
twice as sfrong as the circumferential seam.
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Fluid statics

Force to pressure vessels

Spherical pressure vessel

F=7xpr’
Horizontalforce = o (271 )t
t
o=r+—
2

oc2zr )t=prr?
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Fluid statics

Buoyancy and Stability

dhd b4 T

Archimedes’ Principle
. .. . Po+pgh
Fluid pressure acts all over the wetted surface of a body floating in a fluid, h, i ﬁ l‘
and the resultant pressure acts in a vertical upward direction. This force is
. h, = -
called buovancy.
— Body [*—
The buoyancy of air is small compared with the gravitational force of j —
the immersed body, so it is normally ignored. T t 1
. Po+pgh,
The force{ F| acting on the upperjsurface is
Fy =(py + pgh))A Do
: . Y ¥ ¥
The force F:e acting on the lower|surface is
F, =(p, + pgh;)A =» Body [*
B -

So, when the volume of the body in the liquid is ¥, the resultant force F from
the pressure acting on the whole surface of the body is IR

F=F —F = pg(h, — h)A = pghA = pgV
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Pressure Distribution in Rigid-Body Motion

Equiaccelerated straight-line motion

minute element of mass m on the liquid surface, where its acceleration is a,

6= tﬂ"_[g j_xa_
tanf = a/g

p = pph
p=F/m

_r.2 21152 o
ﬁ = [ay + (.5' + '-’Iz} ] '/ f//’///////’f//x’f@f’////x’//z’/x
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Fluid statics

Pressure Distribution in Rigid-Body Motion

Rotational motion

mra?®  ro’
tan (.f) = =
myg g
but also dz
tan lii = a
Therefore,
dz _ re’
dr g
Putting c as a constant of integration,
zZ = E r +c
2g
If z=hy at r=0,c =h,
22
w
Z — hﬂ, = _EEJ__
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Example 2: Pressure Distribution in Rigid-Body Motion

The coffee cup in the following figure is
removed from the drag racer, placed on a
turntable, and rotated about its central axis
until a rigid-body mode occurs. Find (a) the
angular velocity which will cause the coffee
to just reach the lip of the cup and (b) the

gage pressure at point 4 for this condition.
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Example 2: Pressure Distribution in Rigid-Body Motion

The cup contains 7 cm of coffee. The remaining distance of 3 cm up to

the lip must equal the distance h/2 in Figure (2.16). Thus from Eq. (2.43)

) o, 0*(003(m)f
h=2(0.03(m))= 2z 200.81(n/sY))

Solving, we obtain

o =1308 or w=362radl/s

Where @= % (IN: revolution per minute)
36.2 =% > N=345pm Ans. (2)

Lecture (3) - Fluid Mechanics | - 15t year - Mechanical Dept.




Solved Examples =

Example 2: Pressure Distribution in Rigid-Body Motion

To compute the pressure, it is convenient to putthe origin of coordinates

rand g at thebottom of the free-surface depression, as shown in Figure
(E2.8). The gage pressure here is p,=0. and point A 1s at
(r., z) = (3 cm, -4 cm). Equation (2.44) can then be evaluated

p =%pr1m1 +p 4P, = :U.S (l[ll[l I:kgfms]([l.[l?:(m}]l (36.2 [radfs})zl

r—

1010 (kg/m* )9 81(m/s* )~ (0.04(m))|+ 0 = 990 Pa

Ans. (b)
This is about 43 percent greater than the still-water pressurep, = 694 Pa.
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Q (2)

Two water tanks are connected to each other through a
mercury manometer with inclined tubes, as shown in the
following figure. If the pressure difference hetween the

two tanks is 20 kPa, calculate @ and 6.
pr—

Water
A
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Homework g‘

Hw (3)
.38y

Find the net hydrostatic force per unit width
on the rectangular gate AB in the following

figure and its line of action.
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