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gxample 2. A hemispherical bowl is filled with water, and
dram through its central radius, cutting off a semi-line of the sur

en the planes, prove that the angle which the resultq
betuoé -1 sinoL '

o

two vertical planes are

ace ; if 2a. be the angle
nt pressure on the surface makes

with the vertical = tan

sol. Let OAZ and OBZ be the two vertical
planes through the central radius OZ, the angle
AOBbetween the planes being 2a.
Now the vertical thrust, Z on the curved
surface is given by
Z = weight of the super-incumbent liquid 2
= weight of the liquid contained 9.

3 2

2 ABZ = —aa3).
= pg.gm (as volume O 3

If Y be the horizontal thrust parallel to y-axis, then
Y = pressure on the face OAZ

4a
= pg.(%naz),g’% [as depth of C.G. of a quadrant = g]

=13
30 Pg-

Similarly horizontal pressure Parallel to x-axis ie., the pressure on face OBZ is
eq‘.lal toY = _;.aspg_

These two equal forces, each equal to Y, act at right
gles to the two faces which include an angle 20 between i
"M therefore the angle between these two Y'sis Tt — 20..

®ce if H be the resultant horizontal thrust on the 2 O
yl then

H= \/[Y2 + Y2+ 2.Y.Y cos(n — 201)]

2 .
1 .2 N _ 43 :
=Y,[(2 - 2cos20) = Saspg J (@sin’a) 37 pgsin

makes
‘”it}? o 9 be the angle that the resultant thrust (resultant of H and Z now)
theverﬁcal, then

Fig. 147
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- o= (%)

Q, ; .
r)f\' *Example 3. A vessel full of water is in the form of an eighth part of an ellipsoid (axes a
b, ¢) boundary by the three principal planes. The axis c is vertical, and the atmosphg,-,';

pressure is neglected. Prove that the resultant fluid pressure on the curved surface is 4 Jorce of

intensity.
%Pg[bzc“ +a’k? + %thazbzc2 2

Sol. Referred to O, the centre, as origin, the
equation of the ellipsoid is
2. L2

X L +Z = ool
THiztz=l (1) Y
Now the vertical component Z of the 7
pressure is given by Fig. 148
Z = weight of the liquid contained
= pg(-;- Volume of the ellipsioid) = %% nabcpg
1
= gnabcpg. r (2)

acting vertically downwards through the centre of gravity of the octant of the ellip-
soid, i.e., through, the point (%a : gb y gc)

Again X = horizontal thrust along x-axis
= thrust on face OBC

1 4 1
=p (—an).—z_ 2
8 2 3% 3 pgbc
1
(as area OBC = 7 2¥ea of an ellipse of semi-axes b and ¢) acting through the CP. of the

elliptic quadrant OBC, Proceeding as in Ex. 1, P .65, the coordinates of C.P. of OBC ar€

3 3
0,3 3 )
( 8 16”6)

And Y = horizontal thrust along y-axes

= thrust on face OAC
gl Laac) % _ 1
pg(4 MC)EE = gpgacz
acting through the C.P, of face OACi.e, through (Ea 0 _g'_uc).
g ' 16
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g ¢ 3
Now the vertical line through (ga ; %b, %c) line parallel to x-axis through

(0, éb %nc) and a line parallel to y-axis through (2a , 0, %nc) pass through a
. 3 3b 3
common point| — 8 E I

since X, Y, Z intersect at a common point, these can be reduced to a single force
of magnitude

R=X2+Y% 422

= \j(3b2c4p232 - 1a2c4p2g2 + 316 2C2p2g2)

1 1 21.2 2]1/2
= b<c* + = b
pg[ a’c* + =n’a

. 3 3 ;
Also line of action of the resultant of X, Y, Z acting through (—a , —%b , —nc) is

8. 8 16
givenby
3 3 3
-= -=b z-—c¢
I AN SRR T
X Y Z
3 3 3
. -Zp et
gt MR " 16
or =g =1 AT b
_gpgbc —pgac gna cpg

3
| 3.\ 2 3mc
= =“(" '%“)=b(y ”’éb):?(z 'Ts') °
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o\ .
1 spxample 9- A clf)sed cylmder, very nearly filled with liquid, rotates uniformly about a
ting liné, which is vertical; find the resultant pressure on its curved surface

Determine also the point of action of the pressure on its upper end.
Sol. Let the cylinder rotate about the vertical
qerator OZ with a constant angular velocity 0. X<*f= 30
Consider @ point P at a distance u from OZ and :
s depihz fromO- L

Then pressure at P is given by : S

dp = plo?u du + g dz]

Integrating,

P= p[%mzuZ + gz]. ..(1) et et

1<

N

The constant of integration vanishes as the

ylinder is very nearly filled, so that at O whe Fig. 154
u=0,z=0,p=0. ;

Let 4, ¢, z) be any point on the surface of the cylinder. Then u = 2acos¢ in is the

equation of the cylinder .
Hence element of the surface =u 8¢ 8z 22 cos¢ 8z and putting u = 24 cos¢ in (1)

pressure at the point (4 , ¢ , z)

= p[%(oz.tiaz cos” ¢ + gz] =pRw’%? coszq> +g2).

= Total pressure on the curved surface

_ n/2 x=h 292 "2
= 2apj¢=_n/zjz=ocos¢[20) a’ cos” O+ gzJdp dz

= 2ap[4a2m2hj:/2cos3 ddd + ghsj:/2c0s¢ dq)]

= 2ap[4a2m2.-§— + ghz] = %aph [8:120)2 + 3gh].

20d part, Putting z = 0 in (1), the pressure at any point (, ¢, 0) on the upper
end = lpmzuz 5
2
v CPLet the elementary area of the upper end encl
('. - (the point of application of resultant pressure
through O) at a distance X such that
n/2 p2acosd 1 2 2
: —pw dodu
- -n/zjo ucos¢2p u‘udd
ke T e b

osing (u , ¢ , 0) be u a6 3¢ . Then the
) of the upper face lies on the x-axis

84 Z/zzcos6¢d¢ 8a I:/2c0s6¢d¢
= en/2 4 = _5— n/2 4
5 220 o do Io cos” ¢ do

Xi=
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) ).

24 203

Hence the point of application is (ﬂ , 0 O)
3



