ind the force exert : : —
t strikes the plate n;:r:a?v (;J_.e,i of water of diamete} s o}
: Y 0f 20 nys,

4=75 mm = 0,075

F = paV* Wwhere p = 1000 kg/m’
. F = 1000 x .004417 x 20? N - 1766.8 N. Ans.

; 17'.210(§Vater is (Jlﬂczvmg through a pipe ar the end of which a nozzle is firted. The diameter
le is mm and the fzead of water at the centre nozzle is 100 m. Find the force exerted by
water on a fixed vertical plate. The co-efficient ;

of velocity is given as 0.95.
ter of nozzle, d=100mm =0.1 m

‘ ) H=100m

ient of velocity, =095

Q
l

g .1)* = .007854 m’

cal velocity of jet of water is given as
| Vi, = 28H = 42X 981x100 = 44.294 m/s

Actual velocity

A Theoretical velocity
= 0.95 x 44.294 = 42.08 m/s.

locity of jet of water, V= C, X Vi ‘

X - o by equation (17.1) as X

B v;mcal 5zlatell;o%l Vxenoogssi « 42.08% (- In S.L units p for water = 1000 kg/m’)
= pa = .

= = 13.9 kN. Ans. ; .
5 f13907.2 fN diameter 75 mm moving with a velocity of 25 m/s strikes a fixed
\ jet of water of di

-« 60°. Find the force exerted by the jet on
h ot and plate is 60° Finc : ‘
0 le between the jet and pres : of the jet.
| t?r‘:c;?oenaggr;al 10 the plate and (i) in the direction of

st g
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* (i) The force in the dlrecuon of the J‘at
= paV sin® 0
_1\000 x .00441
Problem 17.4 A jet of water of diameter 50 mm St
between the plate and the jet is 30°. The force exerted i
the rate of flow of water.
Solution. Given :
Diameter of jet,

is given by equation (17.3),

7% 25 x sin® 60° = 2070.4 N. Ans.

rikes a fixed plate in such a way that the angle
n the direction of the jet is 1471.5 N. Determip,

d =50 mm = 0.05 m

N

= 001963 m”

Area, a= % (.05)?

‘Angle, 8 =30°

Force in the direction of jet, F, = 1471.5 N

Force in the direction of jet is given by equation (17.3) as F.=

As the force is given in Newton, the value of p should be taken equal to 1000 kg/m’
1471.5 = 1000 x .001963 x V2 x sin” 30° = .05 V*

v2—1—59_30000
05

paV? sin> @

V =54.77 m/s
Q = Area x Velocity

= 001963 x 54.77 = 0.1075 m*/s = 107.5 liters/s. AnS-
Problem 17.5 A jet of water of diameter 50 mm moving with a velocity of 40 m/s, strikes a curved
fixed symmetrical plate at the centre. Find the force exerted by the jet of water in the direction of the
jet, if the jet is deflected through an angle of 120° at the outlet of the curved plate.

Discharge,

Solution. Given : 2
Diameter of the jet, d =50 mm = 0.05 m : g’;?& EEC%FoN
Area, a=Z (057 = 0.001963 m? WO
e AL
Velocity of jet, V= 40/m/s ”V/?'
Angle of deflection T 120° /

From equation [17.6 (A)], the angle of deﬂection =180°-6
e 180° - 6 =120° or B = 180° 1205 = 602
Force exerted by the jet on the curved plate in the direction of the jet is given by equatio? &
E - pav2 [L + cos 6]

- 1000 X 001963 x 407 x [1 + cos 60°] = 4711.15 N- o

em 17 6 A jet of water of ahameter 75 mm moving with a velocity of 30 M/S, strikes @
nd ar gea"gle of 30° to the honzantal The jet leaves th

Fig. 175

~direction of y by equation (17.9),

solution. Given :

piameter of the jet, =75 mus

T :
. Area, a= ;‘. (‘075)2 = 00

velocity of jet, V=30 mss
Angle made by the jet at inlet tip with hOHZomal 9=
Angle made by the jet at outlet tip with honzoma]
The force exerted by the jet of water in the direc

F, = paV? [cos § + cos

and Fy:

» 17.3 FORCE EXERTED BY A JET ON A HIN

Consider a jet of water striking a verfical plate at
exerted by the jet on the plate, the plate will swing t
Fig. 17.6




: o te,
Force due to jet of water, normal 10 the P
F,= paV? sin 0
 where @ = Angle between jet and plate = 90" -9 8

2. Weight of the plate, W
Moment of force F, about hinge =

i

F.x OB= paV? sin (90° - 6) x OB = paV* cos B x 0B
L 4 -

08 _aV*x OA = paV’ x x

cos®

. ; ’/ sin®=Wxxxsin6
Moment of weight W about hinge =Wx0A e B sWoxx
2w x =W XxXsin 0

For equilibrium of the plate, paV

= paV* cos 8%

o pal] (17.10)
; sin 0 = W
From equation (17.10), the angle of swing of the plate about hinge can be. calculated. |
Problem 17.7 A jet of water of 2.5 cm diameter, moving with a v'eloctty Voﬂf 10 WS. slnkeg: a
hinged square plate of weight 98.1 N at the centre of the plate. The plate is of uniform thickness. Find
the angle through which the plate will swing.
Sclution. Given :

Diameter of jet, d=25cm=0.025m

Velocity of jet, V=10 m/s
Weight of plate, W=98.1N
Area of jet, a= %:- P = %x (025)* = .00049 m’

The angle through which the plate will swing is given by equation (17. 10) as

J 258 2
oAl 00049 %10 (o p =100
- 98.1
=490
L : 0 = 29.96°. Ans.
tre with @

roblem 17.8 A jet of wateg of 30 mm diameter strikes a hinged square plate at its cen
velocity of 20 m/s. The plate is deflected through an angle of 20°. Find the weight of the
the plate is not allowed, to swing, what will be the force required at the lower edge of
ep the plate in venf¢al position. ;

Sclutio

plate.
the pla®

Given

2
sin 6 = pak
sin 20° = 1000 x w =
or 7 =
282.72°
i W=y =8266N

B

If the plate is not allowed to swing, a force P will be app!
the lower edge of the plate as shown in Fig. 17.7. The w
the plate is acting vertically downward through the C.(

plate.
Let F = Force exerted by jet of water

h = Height of plate
= Distance of P from the hinge.

The jet strikes at the centre of the plate and hence di

Taking moments* about the hinge, O, P X h =

_Fxh EL

i 2xh=_2_-
=1000X'0001

P

Problem 17.9 4 rectangular plate, weighing 8
of horizontal edge. The centre of gravity of the plate
2 cm diameter, whose axis is 15 cm below the hing

Position. Find the corresponding velocity of th
Jorce continues 1o act at the centre of gravit
Solution. Given : -

W.eig,ht of plate, W= ‘
D?Stance of W from hinge, x= 10
Diameter of jer, d=2

Area

y -




OA = 0G

AG = OG sin 3

Substituting these values in equation (i), we get

P=11775N 02717 V2 x .1732 = 11.775 x

problem 17.10 A jet of water of diameter 25 mi
‘thickness with a velocity of 10 m/s at the centre of the

I on its top horizontal edge. The weight of the plate is 98.
force must be applied at the lower edge of the pla?é"
allowed to deflect freely, what will be the inclination of

by jet of water?
Solution. Given :

Fig. 17.8

Diameter of the jet, d=25mm=25x1
The force exerted by a jet of water on the vertical plate, o
2 2 5 . Area =T (0257
F=paV’=l000x.0003Hx5 =7.85:N :a, a=k
15 m from the hinge. Taking moments about Size of the plate, =20cmx20¢

This force F is acting at a distance of 15 cm or 0.

hinge, we get Weight of the plate, W=98:1 No

Fx0.15=Px0.10 Velocity of jet, V=10 m/s

0 Fx015 _ 785x.15 _ 11.775 N. Ans. (D) Let Ulghforge applied at the lower edge to keep.
0.10 10 vertical position is = P . See Fig.17.9 (a).
(i) The plate is deflected through an angle of 30° as shown in Fig. 17.8(b). phfgfce exerted by the jet of waterathem
Angle gf swing = 305 -
The force at the C.G. =P=11L715N
Let the velocity of the jet in this position = V m/s
Jibrium under @€~ This force is acting at a distance Of%

For the deflected position of the plate as shown in Fig. 17.8 (b), the plate is in equi
action of three forces, which are :
(i) Weight of the plate. W acting at G at a distance 10 cm from O.
(i) Horizontal force, P acting at G. :
~ (dii) Normal force F,’ on the plate due’to jet of water.
 The angle between the jet and the plate, 8 = 90° - 30° = 60°

of 20 cm from the hinge.
Taking moments about hinge,

Hence, F, is given by equation (17.2) as i
' F,' = paV* sin 0 = paV?*sin 60° (i) When the plate is :
= 1000 x 000314 x V2 x sin 60° = 0.2717 V? Let the inclination

es about hinge 0. we get In this positi

(AG



fpt 10
—_cose " cos B

at a distance 10 cm

The distance

The weight W of the plate is acting
- from hinge. Distance

DG = 0G sin 8 =10'x sin 6
Taking moments about hinge, we get
’ F,x OB =WxGD
or paV? cos 8 x = Wx 10 xsin 0
cos 6
paV? =W xsin 6 Fig. 17.9. (b)
2 2
BRa o0 202 X1) o
98.1
; 6 = 30°. Ans.

Problem 17.10 (A) A square plate of uniform thickness and length of side 300 mm hangs=
vertically from hinge at its top edge. When a horizontal water jet strikes the plate at its centre, |
plate is deflected and comes to rest at angle of 30° to the vertical. The jet is 25 mm in diameter @
has a velocity of 6 m/s. Determine the weight of the plate.

Solution. Given :

Length of plate, L=300mm=0.3m
Angle of swing, or angle made by deflected plate with the vertical, 8 =30°
Dia. of the jet, d=25mm=0025m
2 =5 Area ofjgt, a= % o % (0.0252) 2
- Velocity of jet, V=6m/s
i et W = Weight of pla{e

| (17.10), we get sin @ < PXaXV"
b . %%



jet is assumed zero, the jet of Water ]

.
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: i the
pe If the plate is smooth and loss of energy due © lmpact)of : - ‘
\ will leave the inclined plate with a velocity equal to (V=1)- 2ay. o And input per second =
The force exerted by the jet of water on the plate in the direction normt {0 g ate Is given as . I (‘mass) .
F. = Mass striking per second X [Ipilial velocity in the normal : 3 & E(s—ec-)
4 direction with which jet strikes — Final velocity] H . e 4t Lo
=Pa(V—u)[(V-u)Sin9-0]=Pa(v‘“): sin 6 T g~ . i =5xl000x.
This normal force F, is resolved into two components namely F and F, in the direction of the jet " 1 _ b S 381702 ;
and perpendicular to the direction of the jet respectively. ¥ g T oftheicin 132536 0. g
F,=F,sin8=pa(V-u) sin" 0 (17, 14) 58 Problem 17.12 (A) A nozzle of 50 mm diameter delivers a
Fy = F, cos 8=pa(V- u)z sin 6 cos 0 (17.15) to a plate that moves away from the jet at 5 m/s. Find :
Work done per second by the jet on the plate (i) ’:e f”’C: :" the plate,
= F. x Distance per second in the direction of x ‘ (“) e Vol a’fd
g ke 20 N/ (iii) the efficiency of jet.
= F,xu=pa(V-u) sin Oxu=pa(V-u usin” 6! - S, I |7.,I6j Solution. . GLae
Problem 17.11 A jet of water of diameter 10 cm strikes a flat plate normally with a velocity of Dia. of jet s ey e

15 m/s. The plate is moving with a velocity of 6 m/s in the direction of the jet and away from the jet. Find:
. Area, a= j:- (0.05%) = 0.001

(i) the force exerted by the jet on the plate

(ii) work done by the jet on the plate per second. Velocity of jet, V=20 mss. Velocity of plate.

(i) The force on the plate is given by equation (17.11

Solution. Given :
Diameter of the jet, d=10cm=0.1m Fo=pa(V-uf
T T = 1000 x 0.0019635 x (2
= = & = — (1)’ = .007854 m’ i - 7
Area, i 7 ( m (ii) The work done by the jet :
Velocity of jet, V=15 ms R ais. i

(iii) The efficiency of the jet.n = _ﬁ_:;u—_ léﬁ

Velocity of the plate, u=6ms.
| (i) The force exerted by the jet on a moving flat vertical plate is given by equation (17.11),
: F,=pa(V-u)

= 1000 x .007854 x (15 - 6)*> N = 636.17 N. Ans.
(ii) Work done per second by the jet
| .= F, X u=636.17 x 6 = 3817.02 Nm/s. Ans.
Problem 17.12 For Problem 17.11, find the power and efficiency of the jet.
Solution. The given data from Problem 17.11 is
i a=.007854 m?, V= 15 m/s, u = 6 m/s
 work done per second by the jet = 3817.02 Nm/s
_ Work done per second _ 3817.02

= 3.817 kW. ADS:
00 oo~ = 3817




‘ "Hﬁm&ﬁﬁcaﬁ ot
Solution. Given :
Diameter of the jet,

d=75¢cm= 0.075 m

& Area, g _:_ (075)2 = .00‘*-“7 m"
Angle between the jet and plate 6 =090°-45°=45
Velocity of jet, V = 30 ns.

() When the plate is stationary, the normal force on th

(i) When the plate is moving with a velocity 15 m/s and awa
plate is given by equation (17.13) as Py
E,=pa (V-u) sin 6

() The power and efficiency of the jet when plate is moving is Sined as
Waork done per second by the jet

= Force in the direction of jet x Distance moved by the plate in the direction of je/sec

= F._x u, where F, = F,sin 8 =702.74 X sin 45° = 496.9 N
Work donefsec = 496.9 x I3 = 745335 Nm/s
Work done per second _ 7433
1000 .
Outpet _ Work done per second
Iper  Kimetic enerpy of the jet

78535 4535 453.5

S

2 Power m kW =

Efficiency of the jet =

=)

e plate is given by equation (17.2) as
S / ’ x sin 45° = 2810.96 N
SR = 1000 x .004417 x 30" X sin 45 . Ans.
F,=paV sin@ y from the jet, the normal force onthe .

where « = 15 m/s.
— 1000 x 004417 x (30 —15)® x sin 45° = 702.74 N. Ans.

= 7.453 kW. Ans.

= = =
ﬂi (paV)x V*
=0129 = 0.125 = 125%. Ans.

19 | =

i17.43 Force on the Cmived Phiz when the Plate is Moving in the Diygti?;:
is moving

matoems velooEy = e descion of e )1 s shows e Fig. 17.12.

L= V=Absolse velocky of jer, v-o
-:Aﬂ‘;ﬁ, > *
& =Vloiy of Gepiae nfe dmcionof Ge et

Bsve velocky of e 21 of watr or Ge vdocky wids

whic = seikes e owved ghue = (V-2 :

tﬂti“dk_&deﬁg&n’—;ﬂa

of ju & zeve, fies e velooky Wil Wik fe jot »ill be

Jer. =t 3 jer of waey saikes 2 omnved plate & the centre of the plae which

£ —

paV’  —x1000x.004417x 30°
>

E L4

Mass of the water striking the plaie =pxax M
. L s pa(ieuls
. Force exerted by the jet of water on dlé'cuwedipﬁw
: - F,=Mass striking per sec
' plate in the direction of

= pa(V=u) [(V-u) -
=paV-u)[(V-uw)+(V-u

“=pa(V-u)’ 1 +cos 8 -

Work done by the jet,op the plate; per secapd 2
3 3 '=F,x Distance travelleg per

=F,xu=pa(V-u[l+

e pa(V-ul xull +

Problem 17.14 A jet of water of diameter 7.5 c¢m stri

velocity of 20 m/s. The curved plate is moving with a velocity of

Jet is deflected through an angle of 165°. Assuming the plate

(i) Force exerted on the plate in the direction of jet, (ii) Powes
Solution. Given : s

Diameter of the jet, d=75em=0075m ;
Area, a= 2 075" = 0.004417
fuie o Wy
Velocity of the jet, V=20 m/s i
Velocity of the plate, u="%ms

Angle of deflection of the jet, = 165° Bl s
Angle made by the relative velocity ‘ﬂm&&*
0= 197 <168 =18,
’t,Ff,rwczmadbyﬂwjﬂmmMﬁﬁm&ﬁd
=F,=paV -} (| ¥ ews by
= 1000 7 04817 7 (20 =
‘u; Herk dome by the jei on the phate per second
s F 7 uz 1290,

7. Power o the jot




__

red through 60° from its original direction by
k with a velociry of 30 m/s and leaves i a
le is 0.8 kg/s, calculate the magnitude and

Fluid Mechanics

Problem 17.15 A jetof wa'e'f"’"’ B nsunshoc
a curved plate which it enters tangentially WZ::;O:‘I;S -
mean velocity of 25 m/s. If the discharge fr,f the vane is stal

nozzle is deflec

onary.

direction of the resultant force on the vane, ' ; |
Solution. Given : |
Velocity at inlet, V, =30 m/s
Velocity at outlet, V, =25 m/s
Mass per second =038 kg/s

Force in the direction of jet,
F,. = Mass per second X (V= V20
V,. = Initial velocity in the direction of x
=30 m/s =
V,, = Final velocity in the direction of x

30 m/sec

Original direction
of jet

17.13 ()

where

=25 cos 60° =25 x — = 12.5 m/s

| -

F,_=0.8[30-125] =08 x 1f755°="14.0 N

Similarly, force normal to the jet, |
F,, = Mass per second X (Vy, = V)
=0.8 [0-25sin 60°) =-17.32 N
_ve sign means the force, F, is acting in the vertically downward direction.

Resultant force on the vane = /F_} +F = ,/142 +(-17.32) =22.27 N. Ans.

The angle made by the resultant with x-axis

Ebe=1732
tanf=—=—+—=_1237
i, 14.0 )
a)
_ve sign means the angle 6 is in the clockwise direction with x- axis as shown in Fig. 17- 134
; v 8= tan™' 1.237 = 51° 2.86". Ans.

le
Problem 17.16 (a) A stationary vane having an inlet angle of zero degree and an outlet ang

n
25 ° as shown in Fig. 17.13(b), receives water at a velocity of 50 m/s. Determine the comPO;:rc
a'ctmg on it in the direction of the jet velocity and normal to it. Also find the resultant
«de and dzrecuon per unit weight of the flow.

l
ing with a velocity of 20 m/s in the direction of the jét oA

tion of the vane velocity and across it, also the resultant’
€ the work done and power developed per unit wetgh' a

F, = Mass per sec X [V, - V]
Vie =50 m/s
Vae =~ 50:¢0s 252 = = 45315
Force in the direction of jet per unit weight of water

_ Mass/sec[50-(~45.315)]

«Weight of water/sec
e 1'71 _ (Mass/sec)[50 +45.315]
(Mass/sec) X g
1 95315

— [50 +45.315] NN-—m- -9716N/N

¢°Q

Force exerted by Jet in the direction perpendicular to the du'ecnon
flow,

(Mass per sec)[VU = Vz_,.]

y

8 X Mass per sec
l l . IS
= ; Viy =Vl = ; [0-50sin25°] (. W, = 0, _‘

_ —50sin 25°
o o ,
—ve sign means the force F, is acting in the downward direction.

Resultant force per unit weight of water = ‘ﬂf + 1",2

=-2.154. Ans.

or Fg = /(9.716) + (2154)7. =9.952.N, Ance S il
The angle made by the resultant with the x-axis,

6= tan" 2217 = 12.50° \ns. e
(b) Velocity of the vane = 20 m/s.
When the vane is moving in the direction of the jet, the fo
exerted by the Jet on the plate in the direction of jet,
= [Mass of water smhng/sec] x [VL,
where V| = Imual velocity ef the striking w: 5 :
= (V u) = 50 20“- m/s




.
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Mass per sec [30 + 27.189]
i Mass per sec X&

_ (30+21189) _ 5859,
%

e direction perpendicular to direction of jet, per unit weight,

Force exerted by the jet in th

el
il L Vyl
8

where V,, =0 ; V,, = (V-u)sin 25°= (50 - 20) sin 25° = 30 sin 25°

L Fr=_l [0-30sin25°=-1292N
» 6981

2

Resultant force = 4/(5.829)° +(1.292)° =3917N

; 1292
The angle made by the resultant with x-axis, tan 0= 5829 =0.2217

O fang 9217.= 12.30°

Work done per second per unit weight of flow
= F/Xu="589%x20= 116.58 N m/s

Work done per second = 116.58 80116 kW. Ans.

1000 1000
Problem 17.17 A jet of water of diameter 50 mm moving with a velocity of 25 m/s impinges ona
fixed curved plate tangentially at one end at an angle of 30° to the horizontal. Calculate the V’eﬂllm"’

force of the jet on the plate if the jet is deflected through an angle of 50°. Take g = 10 m/s”

. Power developed =

Solution. Given : V sin 80°
Dia. of jet, d =50 mm = 0.05 m’ ' T v
Area of jet.a = % (0.05)2m2 ‘ /
Velocity of jet, V = 25 m/s F v cos 80°
The angle made by the jet at inlet with Fr
horizontal, 8 = 30° i : | ANGLE
Angle of deflection = 50° i 555 DEFLEC
- Angle made by the jet at outlet with 0 N
 horizontal is given by, : : ’(;"
- = 0 + Angle of deflection : 2 1200
Vsin30°

=30° + 50° = 80°

eiofe e, =0l i
The force exerted by the jet of water in the
ion of x iven by,f :

V cos 30" -
TR R
hielntEa

®  The —ve sign shows that force F, is gcﬁng in-the dowriward dfrecuon

where p = 1000 :
a= % (0.05% V =25 m/s ;

Y=V cos 30° = 25 cos 30°,
~ Vy =V cos 80% = 25 cos 80°.
Substituting these values in equation (i), we get

F,= 1000 £ (005 25 (25 cos 30° 2

The force_'ih the direction of y is given by, %
\ . : Fy“: paviv,, - sz] ; to
=1000 ><-%‘(o.o‘5)2 x 25(25 sin 30° -

The resultant forc? is given by, - )

o S :‘fO 3 2 .-?é 2 4
P EHE i
= /84977 +504.9% = 1037 N. Ans.

And the angle made by the resultant with the horizontal is given by,

/it
tano= — = Ehals %
F 849.7

o =tan"' 0.7=35° Ans.
17.4.4 Force Exerted by a Jet of Water on an Unsymmetrical
when Jet Strikes Tangentially at one of the Tips. Fig. 17.15 show:
a moving curved plate (also called vane) tangentially, at one of its tips. Asdle)et
the loss of energy due to impact of the jet will be zero. In this case as plate is m oving,
which jet of water strikes is equal to the relative velocity of the jet with respect to the
plate is moving in different direction of the jet, the relative velocity at inlet will b
difference of the velocity of jet and velocity of the plate at inlet. :

LUt Vi e

G5 F\P B
VX §V‘z
vr, \i

Fig. 17.15 jetstriking a mozing ¢



