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Impact of Jets

1. Iuraduction. 2. Force of Jet Impinging Normally on a Fixed Plate. 3. Force of Jet Impinging on an
Inclined Fixed Plate. 4. Force of Jet hnpinging on a Hinged Plate. 5. Force of Jet Impinging on a Moving
Pluwe. 6. Force of Jet Impinging on a Series of Moving Vanes. 7. Force of Jet Impinging un a Fixed Curved
Vune. 8. Force of Jer Impinging on a Moving Curved Vane.

29.1 Introduction

We see that whenever a jet of liquid impinges (i.e., strikes) on a fixed plate, it expericnces some
force. As per Newton's Second Law of Motion, this force is equal to the rate of change of momentum
of the jet. It has been observed that if the plate is not fixed, then the plate starts moving in the direction
of the jet, because of the force.

29-2 Force of Jet Impinging Normally on a Fixed Plate
Consider a jet of water impinging normally on a fixed plate as shown in Fig. 29-1.

Let V = Velocity of the jet in m/s, and
a = Cross-scctional area of the
jetin m’,
- Mass of water flowingfs = Wavkg

We know that the velocity of jet, in its original direction, is -~ .l
reduced to zero after the impact (as the plate is fixed). Therefore force ~ Fig-29-1. Jetimpinging
exerted by the jet on the plate. wapnaliypn 8 fixed plate.

F = Mass of water flowing/s % Change of velocity
- waV X (V= 0) = walV* KN
g 8
where w is the specitic weight of water in kN/m®.

Example 29-1. A jet of water of 100 mm diameter impinges normally on a fixed plate with a
velacity of 30 m/s. Find the force exerted on the plate.

Solution. Given : d= 100 mm =01 mand V=30 m/s.

We know that cross-sectional area of the jet,
)

a= %‘- X (d)? = % x (0-1)% = 7-854 x 107 m?

and force exerted on the plate,

waV’ 981 x (7-854 x 107%) x (30)*
= kN
g 9-81
= 7-07 kN Ans.

F=
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472 Impact of Jets

Example 29-2. A jet of water 50 mm diameter is discharging under a constant head of 70
metres. Find the force exerted by the jet on a fixed plate. Take coefficient velocity as 0-9.
Solution. Given : d = 50 mm =005 m; H =70 m and C, ='0-9.
We know that cross-sectional area of the jet,
= g x (d)? = % x (0057 = 1:964 x 107 m?
and velocity of the jet, V=C,V2gH =09 x V2 x 98] x 70 = 334 m/s
Force exerted by the jet on the fixed plate,
2 i ] -3 432
Fe waV” _ 9-81 x (1964 x 107) x (33-4) KN
g 9-81
= 2:19 kN Ans.

Example 29-3, A horizontal jet of water is issuing under an effective head of 25 m. Calculate the
diameter of the jet, if the force exerted by the jet on a vertical fixed plate is 2-22 kN. Take C,. = 1.

Solution. Given: H=25 m; F=2-22kNand C, = 1.
Let d = Diameter of the jet in metres.
We know thal cross-sectional area of the jet,

a=T x (d)?= 07854 4
4
and velocity of the jet, V=C, % V2gH = 1x V2 x 981 x 25 = 21 m/s
We also know that force exerted by the jet (F),

2.9 = waV? _ 981 x (07854 4 x (21)?
8 9-81

d* = 2223464 = 00064 or d = 008 m = 80 mm Ans.

= 3464 4

29-3 Force of Jet Impinging on an Inclined Fixed Plate

Fig. 29-2. Jet impinging on an inclined fixed plate.
Consider a jet impinging on an inclined fixed pla{c as shown in Fig. 29-2.
Let V = Velocity of jet inm/s, -
a = Cross-sectional area of the jet in m*, and
0 = Angle at which the plate is inclined with the jet.
We know that the force exerted by the jet in its original direction
= Mass of water flowing/s x Change of velocity

) 2, 2
:/uaV/x V=0 = waV’ KN
8 8
~. Force exerted by the jet in a direction normal (i.e., perpendicular) to the plate,
waV? - waV? sin 0

X sin@ =
4

Downloaded From : www.EasyEngineering.net

F=



Downloaded From : www.EasyEngineering.net

Impact of Jets 473
and the force exerted by the jet in the direction of flow,
2 V2 sin?
Fy=Fsin 0 = angsm 0 % sin g=24a gsm 9
Similarly, force exerted by the jet in a direction normal to flow,
FY=Fcose=ﬂ—g&Q><cose
ks N
- 2waV 52'2 Bcos 6 ..(Multiplying and dividing by 2)
1, 2 i
= %23'"—29 (" sin 28 = 2 sin O cos 6)
34

Example 29-4. A jet of water of 100 mm diameter, moving with a velocity of 20 n/s strikes a
stationary plate. Find the force on the plate in the direction of the jet, when

(a) the plate is normal 10 the jet, and

(b) the angle between the jet and plate is 45°. )

Solution. Given : d =100 mm =01 m; V=20 m/s and 0 = 45°."
(a) Force on the plate when it is normal to the jet

We know that cross-sectional area of the jet,

a= % x (d)! = % x (0-)? = 7-854 x 107 m?

and force on the plate when it is normal to the jet,

waV? 981 x (7-854 x 107%) x (20)?
F= =
g 9-81
(b) Force on the plate when the angle between the jet and plate is 45°

We also know that force on the plate when the angle between the jet and plate is 45°,

=3.142 kN Ans.

waV?

F=

x sin’ @ = 3-142 sin’ 45°kN

= 3-142 x (0-707)% = 157 kN Ans.
Example 29-5. A 25 mm diameter jet exerts a force of 1 kN in the direction of flow against a
flat plate, which is held inclined at an angle of 30° with the axis of the stream. Find the rate of flow.
Solution. Given : d=25mm =0-025m; F, =1 kN and 6 = 30°.
Let Q = Rate of flow of water.
We know that cross-sectional area of the jet,

a= % x (d)? = g x (0-025)> = 0491 x 107 m?

and velocity of the jet, V= Q = ———Q—_; = 204 x 10* Q nvs
a .0491 x 107

We also know that force exerted by the jet (F,),

2
l=an

X sin’ 0

-3 3 2
- 981 x (0491 x 128)] X (204 x 107 Q) x sin? 30°

204 x 10° Q7 x (0:5)* = 051 x 10° @

1}

Q% = 1/0:51 x 10" = 1.96 x 107
0 = 00443 m'fs_= 44-3 li .
' Q= 00443 m li)owﬁo%dlég?r/gmén\gww.EasyEngineering.net
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29-4 Force of Jet Impinging on a Hinged Plate

In the previous articles, we have studied that whenever a jét is impinging on a plate, it exerts
some force on it. Now we shall discuss the effect of this force on a hinged plate. Now consider a plate
hinged at O as shown in Fig. 293 (a).

Fig. 29-3. Jet impinging on a hinged plate.

Let a jet be allowed 10 strike on a hinged plate. As a result of this jel strike, the plate will swing
about the hinge, through some angle as shown in Fig. 29-3 (b). The dngle, through which the plate
will swing, may be found out by taking moments of the force of jet and the weight of plate about the
hinge.

If it is required to keep the plate vertical, then some force (P) has to be applied on the plate as
shown in Fig. 29-3 (c). The value of this force (P) may also be found out by taking moments about
the hinge, as usual,

Note : If the jet of water strikes the plate at its centre, then the inclination of the plate, with the vertical,
may be fou.:d out as discussed below.

Y
Force exerted by the jet, F= %
Moment of this force about the hinge
=F X ‘—21 ..{where d = Dcpth of plaic)
and restoring moment of the plate about the hinge
=Wx g sin 0 ... (where W= Weight of the plate)
Equating these two moments,
d . .
W x 5 oin 06=Fx 3
sin 0 = —&, )
Now moment of the foree P about the hinge
=P.d
Again equating the moments of P and the force of jet,
d
P.d=Fx<
*2
p= %- i)

Example 29-6. A jet of water 25 mm diameter strikes a flat plate normally at 30 metres/s, at 8
point 150 mm below the top of the plate. What force should be applied, 100 mm below the axis of the
Jet, in order 10 keep the plate vertical?

Solution. Given : d =25 mm = 0-025 m; V=30 m/s.

Let P = Force required to keep the plate vertical.
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We know that cross-sectional area of the jet,
ST
L] LA 2 "
a=zx(a)2=zx(0025)2m "] 150 mm
30 m/s j/ L
= 0491 x 107> m? i —
. waV? }/ 100 mm
and force exerted by the jet, F= T v o
9-81 x (0491 x 1079 x (30)° KN
= 9.81 Fig. 29-4.

= 0-442 kN = 442N
Now taking moments about the hinge of the plate,
P x 250— 442 x 150 = 66 300
= 663007250 = 265-2 N Ans.

Example 297, A square plare weighing 150 N and of uniform thickness and 300 mm side i
hung, so that it can swing freely about iis upper horizontal edge. A horizontal jet of 20 mm diametci
and having velocity of 20 m/s impinges on the plate. When the plate is vertical, the jet strikes tl
plate normally at its centre. Find the force, which must be applied at the lower edge of the plate, in
order to keep the plate vertical.

If the plate is allowed 10 swing freely, find the inclination to the vertical, which the plate wil
assunie under the action of jet.

Solution, Given : W= 150 N; Side of square pl.ne 300mm; d=20mm=002m; V=20m
Farce required to keep the plate vertical

Let P = Force required to keep the plate vertical.

We know that cross-sectional area of the jet,

—

300 mm

MU _tp

Fig. 295
= % x =E x (0022 = 0314 x 107 m?

waV’ 981 x (0314 x 107 x 0)°

and force exerted by the jet, F= p 981 = 1256 N
Now taking moments about the hinge of the plate,
P x 300 = 1256 x 150 = 18840
P = 18840/300 = 628N Ans.
Angle through which the plate will be inclined
Let 0 = Angle with the vertical through w hich the plate will be

inclined.
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and force exented by the jet, F=

or

29-5
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From the gcometry of the figure, we find that
i _F_ 1256 _ = 56.0°
sin 0 = W= 150 © 0-8373 or 8 = 56:9° Ans.

Example 29-8. A jer of water of 30 mm diameter strikes a hinged square plate weighing 100N
at its centre, Find the velocity of the jet in order to deflect the plate through an angle of 30°.

Solution. Given:d =30 mm =003 m; W= 100 N and 0 = 30°.

Let

V = Velocity of the jet.
We know that cross-sectional arca of the jet,
T 2 b8 2
a= < X (d) == x(003)
7X@ =5 x 003

0707 x 107" m°

wa® 91 x (0707 x 107 V*
g 981

= 0707 x 107" V" kN = 0707 V* N

kN

From the gcometry of the figure we find that

. F 0707 V*
sin 30+ = - g L
sin 30 m or (-5 100
Vo= 05/7(0:707 x 107 = 707
V=1707 = 841 nvs Ans,
EXERCISE 291

A jetof water of 50 mm diameter moving with a selocity of 10 m/s strikes a flat fixed plate. Calculate

= 0707 107 V*

the force exerted by the jet, if the plate 1s held normal 1o the direction of the jet. [Ans. 196 N)
A horizontal jet of water of 30 mm diamerer is impinging on a vertical fixed plate. It the force exerted
by the jet is 282-5 N, find the velocity o the jet. [Ans. 20 m/s]

A jetof water of 100 mm digmeter is sinihing a plate with a velocity of 35 m/s. Find the force exerted
by the jet in a direction normal to the plite. il the plate is inchned at 30° with the jet.

[Ans. 4-8] kN]
A jetof water of 75 mm diameter moving with a velocity of 15 m/s impinges on a fixed plate. Find
the force exerted on the plate in the direction af the jet. when the angle hetween the plate and the jet
is 25°, [Ans. 177-5 N[
A horizontal jet of water of 25 mm diameter is sriking a vertical plate, hinged at the top, with a
velocity of 12 m/s. It the plate is allowed 1o swing frecly. find that inclination. the plate will assume
due to impactofthe jei. Tuke weightof'the plate as 1RO N, [Ans.23-139)
A jet of water of 50 mm diameter strikes a square plate at its centre. The plate weighing 80 N is
hinged at its top. Find the velocity of the jet, which will keep the plate in equilibrium at an angle of
30°to0 the vertical. [Ans.4-5 m/s]

Force of Jet Impinging on a Moving Plate

Consider a jet of water impinging normally on a plaie. As a result of the impact of the jet, let

the plate move in the direction of the jet as shown in Fig. 29-7.

Let

V = Velocity of the jet in nvs,

a = Cross-sectional arca of the jet in m’, and
v = Velocity of the plate, as a result of the impact of jet in m/s.
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A little consideration will show that the relative velecity of the jet with respect to the plate is
equal to (V-v) mis.

For analysis purposes, it will be assumed that the plate is fixed and the jet is moving with a
velocity of (V-v) m/s. Therefore force exerled by the jet,

F = Mass of water flowing per second
X Change of velocity

=4———2""";‘ Y % (v - vy - 0] g

i_vg(V_—v)E kN

and work done by the jet Force x Distance

wa(V = v)v kN-m Fig. 29-7. Jet impinging on a
8 moving plate.
Example 29-9. A jet of water 50 mm diameter and moving with a velocity of 26 n/s is impinging

normally on a plate, Deternine the pressure on the plate, when (a) it is fixed and (b) it is moving with
a velocity of 10 nv/s in the direction of the jet.

Also determine the work done per second by the jet.

Solution. Given : d=50mm=0-05m; V=26 m/s and v = 10 m/s.
Pressure on the plate when it is fixed

We know that cross-sectional area of the jet,

' a= % x (d)? =§ x (0057 = 1964 x 107} m?

waV’ 981 x (1:964 x 107Y) x (26)°

and pressure on the plate, P, e 9.8]

= | 33 kN Ans.

Pressure on the plate when it is moving
We know that pressure on the plate when it is moving,

wa (V= v)® 981 x (1964 x 107" x (26 - 10)°
g 9-81

= 0-503 kN Ans.

P'_,=

Work done by the jet
We also know that work done by the jet
= Force x Distance = 0-503 x 10 = 503 kN-m
= 5-03 kJ Ans.
29-6 Force of Jet Impinging on a Series of Vanes

A litle consideration will show, that the case of a jet impinging on a moving plate is merely a
theoretical one, which seldom arises in practice; because it requires continuously a jet following the
moving plate. But in actual practice, a case similar 1o this arises, in which a jet of water impinges cn
4 series of vanes, mounted on the circumference of a large whee! as shown in Fig. 29-8.

Let V = Velocity of the jet in m/s,
a = Cross-séctional area of the jel in m?, and
v = Velocity of the vanes, as a result of the jet, in m/s..
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From the geometry of the figure, we find that

Example 29-8. A jet of water of 30 num dicmeter strikes a hinged square plate weighing 100 N
at its centre. Find the velocity of the jet in arder to deflect the plate through an angle of 30°

Solution. Given : d = 30 mm = 0-03 m; W= {00 N and 8 = 30°.
Let . V = Velocity of the jet.
We know that cross-sectional arca of the jet,

a= g x () = I x (003)

s
3

= 0707 x 10°° m’

wa® 981 x (0707 x 107 V*
¢ 9-81

= 0707 x 107" V" kKN = 0.707 VN

kN

and force exerted by the jet, F=

From the geometry of the ligure we find that

, F 0707 V* I
) = — b = —_— = £ - -
sin 30 W or (-5 100 0707 107- )
- V= 0:5/7(0707 x 1077 = 707
ar V=707 = 841 m/s Ans.

EXERCISE 291

1. Ajetol water of 50 mm diameter moving with avelocity of 10 m/s strikes a flat fixed plate. Calculate

the force exerted by the jet. if the plate is held normal to the diregtion of the et [Ans. 196 N]
2, A horizonial jetof water of 30 mm diameter is impinging ona vertical fixed plate. It the force exerted
by the jet is 282-5 N, find the velocity of the jet. [Ans. 20 m/s)

3. Ajetot water of 100 mm diameter is stnking a plate with a velocity of 35 m/s. Find the force exerted

by the jetin a direction normal to the plate. it the plate is inclined at 30° with the jet.
[Ans. 4-81 kN]

4. A jetof water of 75 mm diameter moving with avelocity of 15 m/s impinges on a fixed plate. Find

the foree exerted on the plate in the direction of the jet. when the angle between the plate and the jet
is 25° [Ans. 177-5 N[
5. A horizontal jet of water of 25 mm diameter is striking a vertical plate. hinged at the top, with a
velocity of 12 m/s. If the plate is allowed to swing treely. find that inclination, the plate will assume
ductoimpactofthe jet. Tuke weight of the plate as 18O N. [Ans.23-137)
6. A jet of water of 50 mm diameler strikes a square plate at its centre. The plate weighing 80 N is
hinged at its top. Find the velocity of the jet, which will keep the plate in cquilibrium at an angle of
30°to the vertical. [Ans.4:5 m/s]

29-5 Force of Jet Impinging on a Moving Plate

Consider a jet of waler impinging normally on a plate. As a result of the impact of the jet, let
the plate move in the direction of the jet as shown in Fig. 29-7.

Let V = Velocity of the jet in /s,

Cross-sectional arca of the jet in m?, and
Velacity of the plate, as a result of the impact of jet in m/s.

a

v
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A little consideration will show that the relative velocity of the jet with respect to the plate is
equal to (V-v) my/s.

For analysis purposes, it will be assumed that the plate is fixed and the jet is moving with a
velocity of (V-v) m/s. Therefore force exerted by the jet,

F = Mass of water flowing per second
X Change of velocity

= 2= e gy - vy - 0 L

-l - -
r 1
i

wa(V - v)® kN _

C b —

Force x Distance
- walV - v)v kN-m Fig. 29-7. et impinging on a
8

moving plate. -

and work done by the jet

Example 29-9. A jet of water 50 mm diameter and moving with a velocity of 26 m/s is impinging
normally on a plate. Determine the pressure on the plate, when (a} it is fixed and (h) it is moving with
a velocity of 10 n/s in the direction of the jer.

Also determine the work done per second by the jet.

Solution. Given : d =50 mm =0:05 m; V =26 m/s and v = 10 m/s.
Pressure on the plate when it is fixed

We know that cross-sectional area of the jet,

a= % x (d)? =§ x (005 = 1964 x 107 m?

waV? _ 9-81 x (1964 x 107" x (26)°
g 981

and pressure on the plate, Py = = 133 kN Ans.

Pressure on the plate when it is moving
We know that pressure on the plate when it is moving,

wa (V- v)* 981 x (11964 x 107°) x (26 — 10)°
2 9-81

= 0-503 kN Ans.

P2=

Work done by the jet
We also know that work done by the jet
= Force x Distance =0-503 x 10 = 5:03 kN-m
= 5.03 kJ Ans.
296 Force of Jet Impinging on a Series of Vanes

A little consideration will show, that the case of a jet impinging on a moving plate is merely a
theoretical one, which seldom arises in practice; because it requires continuously a jet following the
moving plate. But in actual practice, a case similar to this arises, in which a jet of water impinges cn
a series of vanes, mounted on the circumference of a large wheel as shown in Fig. 29-8.

Let V = Velocity of the jet in ms,
a = Cross-séctional area of the jet in m?, and
v = Velocity of the vanes, as a resull of the jet, in m/s,
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Fig. 29-8. Jet impinging on a series of vanes.

A little consideration will show, that the jet of waler, after impinging on the vanes, will be
moving with a velocity of v m/s.

We know that the force exerted by the jet’
' F = Mass of water flowing per second X Change of velocity

- wuV X (V=v) = waV(V—vy) D)
8 &
. . X -V [
and work done by jet = Force x Distance = waV(V-y)xv Vg WXy ..(ii)
.~ Work done per kN of water = % V-v)xv (1)
and cnergy of the jet water per kN of water
Vv
o
S _ Work done per kN of water
Efniciency, n= Energy per kN of water
|
sy v__ B .
Vg S RO e
v v
28

Note : The efticiency is also equal o
Work done by the jet
Energy of the jet

Example 29-10. A jet of water 60 mm in diameter, moving with a velocity of 20 m/s, strikes a
Slat vane. which is normal to the axis of the stream. Find (i) the force exerted by the jet, when the
vane moves with a velocity of 8 w/s. (ii) the force exerted by the jet, if instead of one flat vane, there
isascries of vanes, soarranged that each vane appears successively before the jet in the same position
and abvays moving with a veloeity of 8 m/s.

Solution. Given : d = 60 mm = 0-06 m: V=20 m/s and v = 8 m/s.
- (i) Force exerted by the jet when a single vane is moving
We knaw that cross-sectional area of the jet,

a g x (d)? = ’_‘; x (0-06)7 = 2827 x 107 m?

and force exerted by the jet.

Foo wa(V - v’ 981 x (2827 x 107 x (20 - 8)° N
' g B 981. -

0-407 kN Ans.
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(it} Force exerted by the jet when a series of vanes are moving

We also know that force exerted by the jet,
waV (V= v) 981 x (2827 x 107*) x 20(20- 8)

g = 9.81 kN

0-678 kN Ans.

Example 29-11. A jet of water 50 mm in diameter, moving with velocity of 15 n/s, impinges on
a series of vanes moving with a velocity of 6 nvs. Find (a) Force exerted by the jer. (b) Work done by
the jet, and (c) Efficiency of the jet.

Solution. Given: d=50mm=0-05m; V=15m/s and v = 6 m/s.
(a) Force exerted by the jet

We know that cross-sectional arca of the jet,

F2=

a= % x (d) = % x (0-05) = 1964 x 107 m?
-3
and force exeried by the jet, = WAV =) _ 981 x (1964x 10%)x 15 (15~ 6)

g . 9-81
= 0265 kN = 265 N Ans.

(b) Work done by the jet

We know that work done by the jct

W = Force x Distance =265 x 6 = 1590 N-m = 1590 J Ans.

(c) Efficiency of the jet

We also know that efficiency of the jet.
_ 2V = 2(15-6)x6

T2 - e = 048 = 48% Ans.
Fas i 3 =g

29-7 Force of Jet Impinging on a Fixed Curved Vane

n

Consider a jet of watcr entcring and leaving a fixed curved vane tangentially as shown in Fig.
299,
Let V = Vclocity of the jet.
a = Cross-scctional arca of the jet.
a = Inlet angle of the jet. and

B = Outlet angle of the jet.

The jet, while moving through the vane. will excrt sonic force on
vane. This force may be dctermined by the finding out the coniponents of
the force along the normal and perpendicular to the norma! of the vane.

We know that the force of the jet along normal to the vane

= Mass of water flowing per sccond
x Change of velocily along normai to the vand

= %’ (V cos o + Vcos B) w (D)

and force of the jet along perpendicular to the normal to the vane

waV . .
= — (Vsinat — Vsinf) Fig. 29-9. Jet impinging on a
8 fixed curved vane.
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Note : Sometimes the total angle through which the jet is deflected is given instead of the inlet and outlet

angles of the jet. In such a case, assuminga = Band @ = 180°- (ot + PB), the force of the jet along X-X axis,
Fx = Mass of water flowing per second

X Change of velocity
. 2

= Mx 2V sin 9 = 2waV X sin =.
g 2 8 2

Example 29-12. Calculate the magnitude of the force exerted by a jet of cross-sectional area
2000 mm? and of velocity 25 m/s on a fixed smouth curved vane which deflects the jet by 120°.

Solution. Given : a = 2000 mm® = 0-002 m?; V = 25 m/s and 0 = 120°.

We know that magnitude of the force exeried by the jet,
2x 981 x 0:02x (25)°

J 9.81
= 25 x 08660 = 2165 KN Ans.

Example 29-13. A jet of water 40 mm diameter enters a fixed curved vane with a velocity af 50

n/s at an angle 20° 1o the horizontal. Find the normal and tangential forces exerted by the jet, if it
leaves the vane at angle 15° to the horizontal.

Solution. Given : d =40 mm = 0-04 m: V=50 nvs and o = 20°and § = 15°.
Normal force exerted by the jet

2
- 2waV” x sin 60° kN

F X §in 0=

We know that cross-sectional arca of the jet,

a= -} x (d)® = g x (0-04) Sy
and normal force exerted by the jet,
7 = Y G el e,

981 x (1257 x 107Y .. -u
9-81
X (50 cos 120° + SO cos 157) kN
0:063 x [(50 x 0-9397) + (50 x 0:9659)] = 6:0 kN Ans.

Tangential force exerted by the jet
We also know that tangential force excrted by the jet,
F = L;“—’ (V sin o = V sin B)

9-81 x (1-257 x 10™) x 50

9-81
x [(50 sin 20°) — (50 sin 15°)] kN
0-063 x [(50 x 0-3420) — (50 x Q-2588)] kN
0-262 kN |Ans.

\ EXERCISE 29-2
1. Ajetof 150 mm diameter is moving with a velocity of 30 m/s. Find the force exerted by the jet when
the plate is moving with a velocity of 12 m/s in the direction of the jet. [Ans. 5-73kN]

2. A jet of water of 100 mm diameter impinges with a velocity of 25 m/s on a plate moving with a
velocity of 10 m/s in the direction of the jet. Find the force exerted by the jet.

If the plate is now replaced with a series of vanes imoving with the same velocity as that of the plate,
find the force exerted by the jet on the vanes. [Ans. 1.77 kN: 2.95 kN]
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3. A jet of 100 mm diameter, moving with a velocity of 12 m/s impinges on a series of vanes moving
with a velocity of 8 m/s. Determine (i) force on the plate, (i) work done per second, and (if)

efficiency [Ans. 377 N; 3-02kJ; 44-4%)
4. A jetof water of 80 mm diameter moving with a velocity of 20 m/s enters tangentially a fixed curved
vane and is deflected through 135°. Find the work done by the jet. [Ans. 1-42 kN]

298 Force of Jet Impinging on a Moving Curved Vane

Fig. 29-10. Jetimpinging or a moving curved vane.
Considecr a jet of water entering and leaving a moving curved vane as shown in Fig. 20-10.
Let V = Velocity of the jet (AC), while entering the vane,
V, = Velocity of the jet (EG) while leaving the vane,
v, v, = Velocity of the vane (AB, FG),
o = Angle with the direction of motion of the vane, at which the
jetenters the vane,
B = Angle, with the direction of motion of the vane, at which the
jetleaves the vane,
V, = Relative velocity of the jet and the vane (BC) at entrance
(It is the vectorial difference between V and v),
V,, = Relative velocity of the jet and the vane (EF) at exit (It is the
vectorial difference between v, and v,),
0 = Angle, which V, makes with the direction of motion of the
vane at inlet (known as vane angle at inlet),

¢ = Angle, which V,; makes with the direction of motion of the
vane at outlet (known as vane angle at outlet),
V.. = Horizontal component of V (AD, equal to V cos o). Itis a

component parallel to the direction of motion of the vane
(known as velocity of whirl at inlet), ’

V,, = Horizontal component of V, (HG, equalto V, cos B). Itisa
component parallel to the direction of motion of the vane
(known as velocity of whirl at outlet),
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Vy = Vertical component of V(DC, equal to Vsin ). It is a
component at right angles to the direction of motion of the
vane (known as velocity of flow at inlet),

Vp = Vertical component of V, (EH, equal to V, sin B). Itisa

component at right angles to the direction of motion of the
vane (known as velocity of flow at outlet), and

a = Cross-sectional area of the jet.

It may be seen, from the above, that original notations (i.e., V, V.. V,, V)) stand for the inlet
triangle. The notations with suffix (i.e., V,V,), V.., V) stand for the outlet triangle.

A litle consideration will show, that as the jet of waler enters and leaves the vanes tangentially,
therefore shape of the vancs wilt be such that V, and V,; will be along with tangents Lo the vanes at
inlet and outlet. It is thus obvious, that the shape of the vanes is always designed according to the
given data (i.e, first the triangle is drawn with the given data and then the vane is drawn in such a
way, that V, and V,; are along the tangents to the vanes at inlet and outlet).

The relations between the inlet and outlet triangles (until and unless given) are ;

) v = v, and

(ir) vV, =V,.

We know that the force of jet, in the direction of motion of the vane,

Fy = Mass of water flowing per second
X Change of velocity of whirl

-, dak V. - V.0 ()
and work done in the direction of molio;1 of the vane

= Force x Distance = %’ (V. = V,) xv o (i)
and work done per kN of water

=V, -V, xv 3 (i)

Notes : 1. {tis very important to draw the comrect shape of inlet and outlet riangle of velocities. Lot of
patience and understanding is required for this. But, once the correct shape of the two triangles is drawn, then
the example can be solved very easily.

2. The direction of Vi plays an important role for finding out the work done. If vy is greater then
(Vn1 cos ), the value of Vi, is positive. Otherwise it is negative.

3. Power developed by the vane may be found out as usual,

Example 29-14. A jer of water, moving at 60 nv/s is deflected by a vane moving at 25 m/s ina
direction at 30° to the direction of the jet. The water leaves the blades normally 10 the motion of the
vanes. : -

Draw inlet and outlet triangles of velocities, and find the vane angles for no shock at entry and
exit. Take relative velocity at outlet to be 0-85 of the relative velocity at inlet.

Solution. Given : V=60 m/s; v = 25 m/s; a=30°and V,; =0-85 V,.

Inlet and outlet triangles of velocities

The inlet and outlet triangles of velocilies may be drawn as shown in Fig. 29-11 and as discussed
below :

1. Firstof all, draw a horizontal line (i.e., in the direction of motion of the vanes) and cut off
AB equal to 25 mv/s to some suitable scale, to represent the velocity of vanes (v).
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2. Drawalineat an angle of 30°(i.e., angle at which the jet enters "
the vanes) and cut off AC equal to 60 m/s to the scale to |‘ '.‘I
represent the velocity of jet (V). .
3. Join BC, which gives the relative velocity (V,) to the scale. Now
extend ABto D, such that DC is perpendicular to AB. From the
geomelry of the figure, we find that the lengths AD and DC
give the velocity of whirl (V,,) and velocity of flow (V) respec-
tively to the scale. Mecasure these two lengths. C,
4. Nowdraw the curved vane, such that V, is tangential to the vane 4 A
at the inlet tip. A /\8
5. Then draw the outlet triangle of velocities with V., tangential —o
to the vane. Now cut off (EF) i.e., V,, = 0-85 V,,. W
... (As given)

o)
Q

L

Fig. 29-11.
and (EG) i.e., V, = V, atright angles tovand v, (because it

is given that the water Icaves the blades normally to the motion of the blades).
6. Now take (FG) i.e., vy = v and complete the outlet triangle of velocities.
Vane angle at inlet
Let : 8 = Vane angle at inlet.
From the geometry of the inlet triangle (ACD) we find that the velocity of whirl at inlet,
V.= V cos 30° = 60 x 0-866 = 5196 m/s
“and velocity of flow atinlet,  V, = V sin 30° = 60 x 0-5 = 30 m/s
Vi 30
V,—-v 5196 - 25
or 6= 481° Ans.
Vane angle at outlet
Let ¢ = Vane angle at outlet.
From the geometry of the inlet triangle, we also find that the relative velocity of jet and vane,
V= Vi __30
" sin481°  0-7447
Now in the outlet triangle (EFG) relative velocity of jet and vane,
V=085 x V, = 085 x 4031 m/s . (given)
= 3426 m/s
In the outlet triangle, we find that

and tan 0 = = 11128

= 40-31 m/s

o ¢ = 431° Ans.

Example 29-15. A jet of water, having a velocity of 30 m/s impinges on a series of vanes with
a velocity of 15 m/s. The jet makes an angle of 30° to the direction of motion of vanes when entering
and leaves at an angle of 120°. .

Sketch velocity triangles at entrance and exit, and determine the vane angles, so that the water
enters and leaves without shock. .

Solution. Given : V=30 m/s; v=15 m/s; o = 30°and = 120°,
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Velocity triangles at entrance and exit
The velocity triangles at entrance and exit may be drawn as shown in Fig. 20-12 and as discussed
below :

1. Firstofall,draw a horizontal line (i.e., in the direclion
of motion of the vanes) and cut off AB equal to 15m/s
to some suitable scale, to represent the velocity of
vanes (v).

2. Draw alinc at an angle of 30° (i.e., the angle at which
the jet enters the vane) and cut off AC equal to 30 m/s
to the scale to represent the velocity of jet (V).

3. Join BC, which gives the relative velocity (V,) to the

scale. Now extend AB to D, such that DC is perpen-
dicular to AB. From the geomelry of the figure, we
find that the lengths of AD and DC give the velocity
of whirl (V,,) and velocity of flow ¥, respectively to
the scale, Mcasure these (wo ‘lenglhs.

4. Now draw the curved vane, such that V, is tangential
1o the vane at the entrance tip.

Fig. 29-12.

5. Then draw a velocity triangle at exit with V,, tangential to the vane. Now cut off (EF) i.e.,
V, = V, = Through F, draw a horizontal line and cut off FH equal to 15 m/s to the scale
to represent the velocity of vanes at exit (i.e., v;).

6. Join EH which will make an angle of. 120° with FH (as the jet lcaves the vane at an angle
of 120°. Now draw EG perpendicular to FH.

Vane angles
Let 6 = Vane angle at inlet. and
¢ = Vanc angle at outlet.
From the inlet triangle, we find that the velocity of whirl at inlet,

V. = Vcos 30° = 30 x 0-866 = 2598 m/s
and velocity of flow at inlet, V,;= Vsin 30° = 30 x 0-5 = 15m/s
v 15
‘ = ] = =]
n 0=y =% = 2598 15 - 3%
or 0= 538° Ans. - . .
From the inlet triangle, we also find that the relative velocity of jet and vane,
v 15
- I

V1= Gn 538 = 08070 = 189S

From the outlet triangle, we find from the sine rule,
V) . Vrl

sin (60° — ¢) _ sin 120°
vi sin 120° 15 x sin 60° _ 15 x 0-866

or ‘ .sin (60°—¢) = V. = 18.50 = 1859 = 0-6988
. (60° — ¢) = 44.3°
or ¢=157° Ans.
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Example 29-16. A circular jet delivers water at the rate of 60 litres/s, with a velocity of 24 m/s.
The jet impinges tangentially on the vane moving in the direction of the jet, with g velocity of 12 m/s.
The vane is so shaped that, if stationary, it would deflect the jet through an angle 45°. Through what
angle will it deflect the je1? Also find the work done/s. .

Solution. Given : Q = 60 litres/s = 0-06 m3/s; V=24 m/s; v=12m/s; o= 0 (because the jet
impinges tangentially on the vane moving in the direction of the jet) and ¢ = 45°,
Angle through which the jet is deflected

je—— Viny

|<— v

45\ A
vi

) V=24,v=12 /

Fig. 29-13.

Since the jet of water moves in the same direction, as that of the vanes, lherefore the inlet
triangle will be a straight line as shown in Fig. 29-13. Thus velocity of whirl at inlet,

V.= 24dm/s
and relative velocity of the jet and vane,
V.= 24-12=12m/s

Since the velocity of vanes at outlet (v}) and relative velocity of the jet and vane at outlet
(Vr1) are equal to 12 mys, therefore the outlet triangle of velocities will be an isosceles triangle as
shown in Fig, 29-13. 3

. Angle through which the jet is deflected,

f= % = % = 22:5° Ans.
" Work done per second
From the outlet triangle of velocities, we find that velocity of whirl at outlet,
' Vi = 12 + 12 cos 45° = 12 + (12 x 0-707) = 205 m/s

and work done per second W = waV Vo = Vo) Xv
= % (24 - 205) = 2.52kN-m = 252 kJ Ans.

Example 29-17. A jer of water 100 mm in diameter, moving with a velocity of 25 m/s in the
direction of the vanes, enters the vanes moving with a velocity of 12-5 ni/s. [f the jet leaves the vanes
atan angle of 60° with the direction of motion of the vanes, Jind (i) force on the vanes in the direction
of their motion, and (ii) work done per second. ’

Solution. Given : d = 100 mm = 0-01 m; V =25 m/s; v = 12.5 m/s; o = 0 (because the jet is
moving in the direction of the vanes) and f§ = 60°.

(i) Force on the vanes in the direction of their motion

We know that cross-sectional area of the jet,

a= % x (d)? =%x (0-1)* = 7-854 x 107 m?
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Since the jet of water moves in the same direction as that of the vanes, therefore the inlet triangle
will be a straight line as shown in Fig. 29-14. Thus velocity of whirl at inlet,

V, = 25m/s il
(ud)

and relative velocity of the jet and vane,
V,=25-125=125m/s vi\} /v,
Since the velocity of vane at outlet (v,) and relative velocity '
of the jet and vane at outlet (V,) are equal, and the jet leaves the
vanes at 60° (given), therefore the outlet triangle will be an V25, v=12.6
equilateral triangle as shown in Fig. 29-14.
Thus, from the outlet triangle, we find that the velocity of
whirl at outlet,

Via = 6:25 m/s Fig. 29-14.
. Force on the vanes in the direction of their vanes
= M (Vll' - Vll'l)

981 x (7854 x 107 x 25
9.81

(25-6:25 kN) = 3-68 kN

(ii) Work done per second
"We also know thal work done per second

_ waV _9-81x (7-854 x 10™) x 25
W= e (V,—V,) X v = 081

(25-625)% 12

= 44-2 kN-m/s = 442 kJ Ans.

Example 29-18. A jet of water moving at 12 n/s impinges on a concave vane shaped to deflect
the jet through 120° when stationary. If the vane is moving at 5 nvs, find the angle of jet so that there
is no shock at outlet. What is the absoluie velocity of jet at exit and the work done per kN of warer?
Assume that the vane is smooth. {

Solution. Given : V = 12 m/s; Angle through which the jet is deflected = 120° Therefore
¢ = 180°-120°=60°and v=15 m/s.

Angle of the jet at outlet
Let B = Angle of the jet at outlet.

Since no data is given for the inlet triangle of velocities. therefore the jet of water will be
assumed to move in the same direction as that of the vanes. It is thus obvious, that the inlet triangle
will be a straight line as shown in Fig. 29-15.

. Velocily of whirl at inlet,

V.= V= 12m/s
and relative velocity of the jet and vane,
V,= 12-5=7Tm/s
With the velocity of vanes at outlet (v1) equal to 5 ms, relative velocity (Vr) = Vy) equal to?
m/s and vane angle at outlet (¢) equal to 60°, draw Lhe outlet triangle of velocities as shown in Fig.

29-15. :
From the geometry of outlet triangle of velocitics, find that the velocity of flow

Vo=V, sin 60° =7 x 0-866 = 6-06 m/s
and velocity of whirl, Ver=5-=V,cos 60°=5~-(7Tx05)=15ms
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Y _ 606
tan f = =-— =404
Vi 1
B=761° Ans,

or

Absolute velocity of the jet at exit

From the geometry of outlet triangle of velocities, we also find
that absolute velocity of the jet at exit,

Vi = Vh 606 _.606
'= sin B~ sin 76:1° ~ 09707
V=12, v=5
= 624 m/s Ans.
Work done per kN of water
We also know that work done per kN of water Fig. 29-15.

Ve = V) Xv=(»2-15) x5 =525 kN-m/s
52-5klJ/s Ans.
EXERCISE 293

A jet of water having a velocity of 40 m/s enters a curved vane which is moving with a velocity of
20 m/s. The jet makes an angle of 30° with the direction of motion of the vane at inlet and leaves at
angle of 90° with the direction of motion at outlet. Draw the velocity triangles and determine the
vane angles atinlet and outlet, so that the water enters and leaves without shock. [Ans.53-8% 36-2°)

A jet of water moving with a velocity of 20 m/s strikes curved vanes moving with a velocity of 10
m/s. The jet makes an angle of 20° with. the direction of motion of vanes at inlet and leaves at an
angle of 130° with the direction of motion of the vanes. Calculate the vane angles at inlet and outlet,
so that the water has shockless entry and exit. {Ans. 37:9% 6:6°]
A jet of water moving with a velocity of 12 m/s impinges on concave shaped vanes o deflect the jet
through 120° when stationary. If the vane is moving with a velocity of 5 m/s, find the angle of jet,
so that there is no shock at inlet. What is the absolute velocity of the jet at exit both in magnitude
and direction? Assumc the vane to be symmetrical. [Ans. 17-98° 3-96 m/s; 69-1°)
[Hint : Since the vane is symmetrical, therefore 0 = ¢ = 30°)

A 150 mm diameter jet of water moving at 30 m/s impinges on a series of vanes moving at 15 m/s
in the direction of the jet and leaves at 60° with the direction of motion of the jet. Calculate (i) force

exerted by the jet in the direction of motion of the vanes; and (if) work done by the jet.
[Ans, 11-95 kN; 179-25 kJ)

QUESTIONS
What do you understand by the term ‘jet of water’? Derive an expression for the force of
jet on a fixed plate.
Show that the normal force exerted by a jet-of water on an inclined plate is givch by the
relation,
waV? sin 0
8

where a= Areaof jet,

V = Velocity of the jet, and

= Inclination of the plate with the jet.

Derive an equation between the angle, through which a hinged plate will swing, jn terms
of force of the jet and weight of the plate.

Derive an expression for the force of jet impinging on a moving plate and compare it with

the force, when the same jet is impinginlg on a series of moving vanes. ) )
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5. Derive an expression for the force, work done and efficiency of a moving curved vane.
6. Define velocity of flow and velocity of whirl and explain their significance.
OBJECTIVE TYPE QUESTIONS
1. The force exerted by a jet of water impinging normally on a fixed plate
waV waV waV? waV?
a)—— by — ) —(— ) ——
Ok (b) © 5, G
where  w = Specific weight of water,
a = Cross-sectional area of the jet, and
V = Velocity of the jet.
2. The force exerted by a jet of water impinging on a fixed plate inclined at an angle © with
jet.
2 2
@) —“ﬁ,‘;" x sin® &)%Y xsine (o) u:ng“ sin® ()2 ‘;V sin 0
3. Theforce exerted by a jet of water impinging normally with a velocity V on a plate, which
moves in the direction of the jet with a velocity v is
@) wa (V - v’ ) wa (V - ) © wa(V - v) ) wa (V — )
2 8 2 g
4. The cfficiency of a jet of water impinging normally with a velocity V on a series of venes
me. ing with a velocity (v) is given by the relation
2V =) (V- (v - v} v - v
@=5— ) (& 5z )
ANSWERS
1.(d) 2.(c) 3.(h) 4. (a)
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