Fluid Properties

. The force P1 acts at a depth of h1 bar from free liquid surface, which is given by:

_ g
h, = S+ 7
1 ‘{1.1 1
3 a 3
I, =2 _2x1Y g aegmt
12 1
A —2.4m3,1=15+%=2_1m
— 2
=228 o1 2157m
242

~. Distance of P, from the hinge = (1.5+ 1.2}—51 =27-2157=0543m
Simularly the force P, acting at a depth of Ez from the liguid surface is given by:

— Iz _
;r:. E=
13 e + X
. 4 AN 4= 2
where, I = 0.288 m” (as above). T ERSIT 06m A=24m
— 0.288
fl, = ————— +06=08
27 24%06 2

Distance of P, from the hinge = 1.2-08=04m
Now the resultant force will act at a distance given by:
71.67%0.543 _ 1413%04 0.578 m above the hinge (Ans.)
57.54
{if} Force required to open the gate, F:
Taking moments of P, , P, and Fabout the hinge_ we gef:
Fx12+P, %04 = P, x0.543
of, Fx12+1413x04 = 71.67 %0543
71670543 -1413=x04

or, F= =27.72 kN (Ans.) ,
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Lecture -15 Fluid Statics

INCLINED IMMERSED SURFACE i Ll-l:['l.lld surface
Refer to Fig. Consider a plane inclined surface, immersed in a liquid.

st

Let, A = Area of the surface,
Xbar = Depth of centre of gravity of immersed surface from the free liquid surface,

=

0 = Angle at which the immersed surface is inclined with the liquid surface, and
w = Specific weight of the liquid.

(a) Total pressure (P):

Consider a strip of thickness dx, width b at a
distance | from O (A point, on the liquid surface,
where the immersed surface will meet, if produced).
The intensity of pressure on the strip

=wl sinB

Area of the strip = b.dx

Pressure on the strip

= Intensity of pressure x area

=wlsin 0. b. dx

Now total pressure on the surface,

P jwfsma_b_¢c=wsma_[f.b_dr

‘[ . 6. dy = moment of surface area about 00

— E
sing’
P = wsinf % AT (same as in Arts. 3.3 and 3.4)
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Fluid Properties

(b) Centre of pressure (hbar):

Referring to Fig 3.27, let C be the centre of pressure of the inclined *
surface.

Let, h—bar = Depth of centre of pressure below free liquid surface,

IG = Moment of inertia of the immersed surface about OO,

X-bar = Depth of centre of gravity of the surface from the liquid
surface, .
0 = Angle at which the immersed surface is inclined with the liquid «
surface, and

M = | wising.bdr=wsin® | *.b.dx
But, J b= 1y, = moment of inertia of the surface about the point O (or
the second moment of area)
M = wsin8 I, AN
The sum of moments of all such pressures about () is also equal to % i)

where, P is the tofal pressure on the surface.
Equating eqns. () and (#7), we get:

Fh :
—— = wsinf ]
smp oY
wdATh :
o = wsinf _J; (= P=wd3y)
—  Isin’8 .
h=——
of, Vs (iif)
Also, I, = I+ AW ... Theorem of paralle] axes.
where, I = Moment of inertia of figure about horizontal axis through its centre of gravity, and
F=Distance between 0 and the centre of gravity of the fimure={ (=$) in this case.

Rearranging equation (i), we have:

A = Area of the surface.

Consider a strip of thickness of dx, width b and at distance | from
00.

The intensity of pressure on the strip = wisin 6

Area of strip=b . dx

-~ Pressure on the strip =

Intensity of pressure x area = wl sinB b . dx
Moment of the pressure about OO
=(wlsinB.b.dx)l=wl2sin@.b.dx

Now sum of moments of all such pressures about O,

. 2
- 2 — 2 -
sin” & X Jesin~ 6 _
— T+ A — = .+
A_‘f['}+ (51'315}} &
_ -2

It will be noticed that if 8 = 90° egn (3.3) becomes
the same as equation
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Numerical

A 1m wide and 1.5 m deep rectangular plane surface lies in water in such a way that its plane makes an angle of 30° with the free water
surface. Determine the total pressure and position of center of pressure when the upper edge is 0.75 m below the free water surface.

L g Free water surface
Il
Solution. Width of the plane surface = 1m = T
Depth of the plane surface=1.5m x 0 =30°
Inclination, 8 = 30° l ]
Distance of upper edge from free water surface 5.1. Rectangular

plane surface

-

=0.75m . wh
(i) Total pressure, P: Y k
b

Using the relation, P = wA —xbar
where, w = 9.81 kN/m3,

k
'.'l.
Area, A=15x1=15m2,
Xbar = LU + UM =0.75 + MN sin 30°
=0.75+1.5/2

x0.5=1.125m S

P=9.81x1.5x 1.125 m = 16.55 kN (Ans.) \/ \./

(i) Centre of pressure, J:

)
Using the relation, 1 = Igstn” 6
where, I, = X1 _ 0981 *
12
. — _ 0.281x(0.5) _
e po= 220X 02) L4195 =1.166 m (Ans.
e ' T T15x1125 m (Ans.)
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Fluid Properties

. A circular plate 1.5 m diameter is submerged in water, with its greatest and least depths below the surface being 2 m and 0.75 m
respectively. Determine: (i) The total pressure on one face of the plate, and (ii) The position of the centre of pressure.

. Solution. Diameter of the plate, = 1.5 m

U 5 Free water surface
C Area of the plate e
7 T 5 T - 7 4 TS oLTIT oI
. Distance, SN =0.75m, UM = 2m 4= R d- = 7 ® 1.52=1767m T E ----- pebedestdieetiod
O Distance of c.g. from free surface, fl =

X = 5N+ GNsind

= 0.75+0.75 sin6
: M UM -UL
o ST AN T T
2-075
= =0.8333
1.5
X=075+075=%08333=1375m
(1} Total pressure, P:
We know that,
P=wdx=081=1767=1.375
= 23.83 kN (Ans.)
(if} Centre of pressure, f:
Using the relation,
—  I.sin’6
h=25 +X
1 s X
/64 x1.5% x (0.8333)° _
= +1375=1446
1.767=x1.375
ie., i = 1.446 m (Ans.)
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Fluid Properties

A triangular plate of 1 metre base and 1.5 metre altitude is immersed in water. The plane of the plate is inclined at 30° with free water

surface and the base is parallel to and at a depth of 2 metres from water surface. Find the total pressure on the plate and the position of
centre of pressure.

Solution. Refer to Fig. 3.31.
Area of the plate,

Water surtace 4= % x1%x15=075m

Inclination of the plate, 6 =307
Total pressure on the plate, P:

The depth of c g of the plate from water
surface,

x =2+ 1 sin 30°
3

=2+05%x05=225m
Using the relation,
P=wdx=081=x075=225

=16.55 kN (Ans.)
Depth of centre of pressure, /r:
Moment of inerfia of a triangular section

about its c. g,
~3
I, = 29 000375 w
~  I_sin’6 _ 000375 sin”30°
h=2X_" .7v= +225
& T 075%225
= 2.264 m (Ans.)
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