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OBJECTIVE TYPE QUESTIONS
The Reynold's number of a ship is :
(@) directly proportional to its velocity
(b) directly proportional o its I:;agth
() indirectly proportional 1o the kinematic viscosity of the fluid
() all of these
The Weber's number depends upon the value of

29

Impact of Jets

{a) surface tension of the flud {Er‘;nmdensu}'ofﬂtﬂuid " I Introduction. 2. Force of Jet Impinging Normally on a Fized Plate. 3. Force of Jet | o s
(<) intensity of pressure (d) both ‘a’ and *&’ Inclinéd Fised Plate. 4. Force of Jet Impinging on a Hinged Plate. 5. Force of Jet Impinging on a Moving
: _ . 6. Fi Jet Impingi Series of Moving Vanes. 7. F. Jet Impingi i
If a flow is governed by Euler law, then we must have the valu® of ﬁ;rﬁg;m::um;q ""“"gﬂ“"‘" arce of Jet Impinging on a Fixed Curved
{a) surface tension of the fluid (b) intensity of pressure _ : . — 1
(¢) bulk modulus of the fluid (d) all of these ¥ %1 Introduction : i
The value of bulk modulus of a fluid is required to determine e i We see that whenever a jet of liquid impi (L.£:/shfikies) o &-fised plale, Tt EXpeReHidst
(a) Reynold’s number (b) Fraude’s number abh ol ace. As per Newton’s Second Law of Motion, this force is equal tothe rate of change of momentum
{¢) Mach number {c) Euler's number ' the jet. It has been observed that if the plate is not fixed, then the plate starts moving in the direction
 ANSWERS il %2 Force of Jet Impinging Normally on a Fixed Plate .
1. (d) 2. (d) 3. 4.0 : - Consider a jet of water impinging normally on a fixed plate as shown in Fig. 29-1. o
3 Let V = Velocity of the jet in m/s, and
: a = Cross-sectional area of the
jetinm’. s

2. Mass of water flowing/s = “"?V kg

We know that the velocity of jet, in its original direction, is R
uced 10 zero after the impact (as the plate is fixed). Therefore force ~ Fig- 29-1. Jetimpinging

Herted by the jet on the plate., RO on s fred S
E F = Mass of water flowing/s x Change of velocity
L LAVPRE
2 g

1€ is the specific weight of water in KN/m".

R, _E*‘mpleﬂ-l.AjernfwmquMG mm diameter impinges mnmﬂyanaﬁmdphm.uﬂ.ﬂ
- 'Y 0f 30 m/s. Find the force exerted on the plate.

Solution. Given : d = 100 mm =0-1 m and V =30 m/s.

We know that cross-sectional area of the jet,

, a=;x{a)2-§xmn*=?~ss4xur3ml
10rce exerted on the plate.

waV® 98] x (7.854 x 107} x (30)°
fim B o 9-81 iy
= 707 kN Ans.
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<5 i,

wﬂlﬂ Jet of water 50 mm diameter is discharging under a constant k

snetres. Find the force exerted by the jet on a fixed plate. Take coqﬁcumvefocmmﬂ?
Solution. Given : d = 50 mm = 0-05 m; H = 70 m and C, =09,
We know that cross-sectional area of the jet,

a=7x (d'f:— x (005 = 1.964 x 107° m?

and velocity of the jet, V= C\"ZgH =09xﬁxusl X0 = 334 mis.
Force exerted by the jet on the fixed plate,

Fo waV’ . 981 x (1964 x 107%) x maﬁm\
S QRN ; Sy PRI
= 219 kN Ans. .

1}, A, o N#’L !:":
wﬂldmmdmrummmmytm;i . Ca
diameter of the jer, if the force exerted by the jet on a vertical fixed plate is 2-22 kN, 3 “‘__
Solution. Given: H=25 m; F=222Nand Cy=1. 1yl i,
Let d = Diameter of the jet in metres. ¢ sl
We know mﬂmmﬁomlmnfﬂwjﬂ, ot i
a= < x (d= 07854 &
and velocity of the jet, V= C X‘\II Ix*ﬁxﬂﬂlx!ﬂ
We also know that force exerted by the jet [F}

2122:_".:& 931x{n?:5;ld2}x(21;| W'

d’ = 2223464 = 00064 or d = EH]Bm su
29.3 anf]ﬂlmphgingonmlmﬁmdmm S

ZlmF

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

_i‘lx{y ﬂ]_ﬂfm
g g

T

. Force exerted by the jet in a direction normal (i.e.. perpendicular) 1o the pim.

F-ﬂ;f sing o waVisin®

(a) Force on the plate when it is normal to the jer

(b) Force an the plate when the angle between the Jet and plate is 45°

ﬂiJltl

™
’,dth:fmmmedhy&ummth:dmunuﬁhw
A0 ¥ FX—F-HI'I:B' _.“ﬂ_w in 0= E‘i;‘i_ﬂ.ﬁh
Similarly, force exerted by the jﬂmad;recunnmmﬂmﬂnw kT, D R
Fy=F cos 8 = —“Fw‘?‘-—“ﬂ x cos 9
= 2waV? szr:q'msﬁ ,.,ﬂu!ulﬁpl;finganddividingb}
wal* sin 20 o . | :
= . $in 20 = 2 sin © cos

Example 29-4. A jet of water of 100 mm diameter, moving with a velocity of 20 /s strikes

starionary plate. Find the force on the plate in the direction of the jet, when

{a) the plate is normal to the jet, and
{b) the angle between the jet and plate is 45°.
Solution. Given : = 100mm=01m; V=20 m/s and 8 = 45"

We know that cross-sectional area of the jet,

\ as.:- x(.g)lu_x(ﬂn’::mﬂx ll]"'m: i Pty ¢

1

ndfome on the plate when it is normal to the jet, ‘riagniil i
_waV® 981 x (7854 x 107) x (20 L P
F il 2 o8 =3-142 kN Anp

fa |

We also know that force on the plate when the angle between the jet and plate is 45“
F=

waV” X sin’ 0= 3:142 sin” 45° kN

= 3.142 x (0-707)° = 1.57 kN Ans. :
Example 29-5. A 25 mm diameter jet mmaﬁm.ufi kN in ﬂmdarrﬂmuafﬁawagmnﬂ

%1 L

fat plate, which is held inclined at an angle of 30° with the axis of the stream. Find the rate of flov

Solution. Given: d=25mm = =0025m; F,=]1kN and 8 =30

Let Q@ = Rate of flow of water.
We know that cross-sectional area of the jet, '

a= E x .:af;E X (0:025)" = 0491 x 10 m?

‘j?elmit}r of the jet V= 2 —-—.—H._L._...._
3 =2
1 2" 01T 2 0
We also know that force exerted by the jet (F),
1= waV? X sin"@
_ 981 x (0491 x 107%) x (204 x 103
: Qu}i : 2 X x o 30

2mxlﬂ’9’£m5} —&SlxlE’Q"
Q‘z 14051 % 10%) = 196 x 107
Q= 00443 Mm% = 443 litres/c Ame
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29-4 Force of Jet Impinging on a Hinged Plate ) o

In the previous articles, wchvemMMwhuumaJﬂ is impinging on a pl "
some force on it. Now we shall discuss the effect of this force on a hinged plate. Now co
hinged at @ as shown in Fig. 293 (a). i i

We know that cross-sectional area of the jet,
a= —E x (&) = ; x (0025  m?
= 049] x 107 m?
; Vv
exerted by the jet, ~ F= 24X
gnd force Jet 2

9-81 % (0-491 x 107%) x {3[;:.2 :
i 9.81 Fig. 294,

= 0442 kN = 442 N
Now taking moments about the hinge of the plate,
P x 250 = 442 x 150 = 66300
P = 663002250 = 2652 N Ans.
Emmpk!ﬂ?ﬂsqmpd’am weighing 150 N and of uniform thickness and 300 mm sid
 hung, so that it can swing freely about its upper horizontal edge. A horizontal jet of 20 mm ::Emu
- and having velocity of 20 m/s impinges on the plate. When the plate is vertical, Ihe;ﬂmin

| plate normally at its centre. Find the force, which must be applied at the lower edge of the plate
grder ta keep the plate vertical.

If the plate is allowed 1o swing freely, find the inclination 1o the vertical, which the plate »
- wisume under the action of jet.

Solution. Given : W = 150 N; Side of square platc = HanLd 20mm=002m; V= ZDn
Force required to keepl.hepﬂme vertical e

fay

Fig. 29-3. Jel impinging on a hinged plate. i
Let a jet be allowed to strike on a hinged plate. Marﬂulﬂfﬂnsﬂmh Ihe
about the hinge, through some angle as shown in Fig. 29-3 (). The angle, thmugh :
will swing, nmyhefmuﬂmnhy[akmgmnsufﬂnfmnfjﬂnmﬂnw&gﬁ'
hinge.
If it is required to keep the plate vertical, then some force (P) hﬁmb:applmj,
shown in Fig. 293 (¢). The value of this force (P) nﬂynlsobefmuﬂmlbylatmﬁ mo
the hinge, as usual,

Note : Efmeplufwucrsmmmm“ismnmdm&hemclmauonnflh:phl-..'
may be found out as discussed below.

Let : :
; i i id aauk . F= mernmmdmkaeplhcpiatevmml.
Force exented £ ¢ We know that cross-sectional area of the jet,

Moment of this force about the hinge 0

=F“§ ..{where d = Dey

and restoring moment of the plate about the hinge ]

Equating these two moments, .

4. o._ d
W x > sin @ =F x 3
sin © = -E, i
Now moment of the for P abouthehings = % x (@ =7 x (002 = 0:314 x 107 m?
= P |
; , : ’ ' -3 2
ﬂgamequanngthemmmuffandme:‘mufm force exerted by the jet, £ walV’ _ 981 x (0314 x 107 x (20) s e
P.d=Fx 3 B 9-81
i Now taking moments about the hinge of the plate,
Eng P x 300 = 1256 x 150 = 18 840

Example 29-6. A jet of water 25 mm diameter strikes a flat plate normally at 30% P=18840/300 = 628N Ans.
point 150 mm below the top of the plate. What force should be applied, 100 mm below ih k EEH!FOugh which the plate will be inclined
jet, in order 1o keep the plate vertical? = Let 8 = Angle with the vertical through which the plaie will be

Solution. Given : d = 25 mm = 0025 m; V= 30 m/s. : kol B " p

inclined.
Let P = Force required to keep the plate vertical.
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. Jitle consideration will show that the rclative velocity of the jet with respect to the plate is

{IH} ms. -
nalysis purposes, it w:ll be assumed that the plate is fixed and the jet is moving with a

_.ﬁza v_v) mfs. Therefore force exerted by the jet,

F F = Mass of water flowing per second

‘From the geomeiry of the figure, we find that
B 1250

E— — e B
sin BT - 1%0 -1}33?3 orﬂ-Sﬁ-ﬂ"

Enmpk- 29-8. A jet of water of 38 mm diameter strikes a hinged sqruarc.-
at its centre. Find the velocity of the jet in order to deflect the plate through an o

-
'
. ]
Solution. Given : d = 30 mm = 0:03 m; W = 100 N and 6 = 30~ HoL AR IR PINIY. & O 43yt o -ty
Let | V = Velocity of the je1. ﬂ——}x{ﬂf— v]—ﬁi """ ----: :
We know that cross-sectional arca of the jet, ¥ ' :
V v A
: . e kN
a=3><{a’}2=-'>.cmm}2 . g p—v —q
i # it Tis - ork done by the jet = Force » Distance
= 0707 x 107 m* _wa(V =)y oo Fig. 29-7. Jet impinging on a
4 moving plate.

SAile

wvﬂ 9.81 x (0-707 x m";v‘l
B 98] b :',|
= 0707 x 107 V2 kN omv‘u A

From rhc geometry of the figure we find that

and force exerted by the jet, =

locity of 26 nﬁr’summg
~ Example 299. A jetof water Sﬂmmdmme.rerﬂnd maoving with a ve

mally on a plate. Determine the pressure on rhep{ale. when (a) it is fived and (b) it is moving with
Jlociry of 10 m/s in the direction of the jet.

Also determine the work done per second by the jel.

. s _ iy g S S
sin 30° = —E o 05 = 2797V _ 6907 10- " Solution. Given :d = 50 mm =005 m; V=26 m/s and 5
G o sssure on the plate when it is fixed

V= 05/(0.707. % 107), = 70:7. . e W. know that cross-sectional area of the jet. :

or V=707 = 841 m/s _Ans. : E xl{d}i =E Qlfﬂﬁﬂﬁ}z = 1964 x 107 m’
EXERCISE 291 o) x (Zﬁ}
1. A jetol waler of 50 mm diameter moving with ervelocity of 10 m/s strikes a flat fixee I B e ot (e e e W""a 9"“ x {1964 x 10 ) = 1.33 kN Ans.
the force exerted by the jct. if the plate is held normal to the dircction of the jet. P F e 7 Mo 981 '

2. Ahorizontal jet of water of 30mm diameter is impinging on averncalﬁmdplat Ifth
by the jet is 282-5 N, find the velocity of the jet.

3. Ajetof water of 100 mm diameter is striking a plate with a velocity of 35 mys. Find the

sssure on the plate when it is moving
We know that pressure on the plate when it is moving,
wa (Vo= v}’ Eﬂlx{lﬂﬁdxl{}'}x{%-lﬂ}

by the jet in a direction normal to the plate, if the plate is inclined at 30° with the jet. . _ P = 981
et ., -8 { . ¢ g
4. A jetof water of 75 mm diameter moving with a velocity of 15 m/s impinges on a fixee b = :503 kN Ans.
!]:.':l;'onrcc exerted on the plate in the direction of the jet, when the angle between the _ rk done by the jet -
I "
T {hm u..e ﬂ &
5. A horizontal jet of waler of 25 mm diameter is siriking a vertical plate, hinged at the ! WEAND i WOtk it ; i 0 = 503 kN-m
= Force % Distance =0-503 x 1 il
velocity of 12 m/s. If the plate is allowed 1o swing freely, find that inclination, the pI#- t
due to impact of the jet. Take weight of the plate as 180N. n = 503 kJ Ans.
6. A jet of water of 50 mm diameter strikes a square plate at its centre. The plate weighir F . a Series of Vanes
hinged at its top. Find the velocity of the jet, which will keep the plate in equilibrium at of Jet Imp - moving plate is m:l'cl}’ a
30°to the vertical. [4 A little consideration will show, that the case of a jet impinging on a ng

; the
gt ®orerica) Idom arises in practice; because it requires continuously a jet following
Rl o by e 1 k" mgclilla:;}: EB:thlls :q:ual practice, a cE.ﬂ: similar to this arises, in which a jet of water impinges on

Consider a jet of waler impinging normally on a plae. 45 a result of the impact of th U%ries of vanes, mounted on the circumference of a large wheel as shown in Fig. 29-8.
the plate move in the direction of the jet as shown in Fig, 29-7. . Let V = Velocity of the jet in ms,
Let .. .¥ = Velocity of the jet in m/s, ] a = Cross-sectional area of the jct in m’, and
a = Cross-sectional area of the jet in m’, and 3 v = Velocity of the vanes, as a result of the jet, in m/s.

v = Velocity of the plate, as a resuli of the impact of jet in



D

jotolJos ' a7o

o emrud,ky*;f.g jet when a series of vanes are moving
We also know that force exerted by the jer,
5 waV (V — v) sunx (zsz'rx 107%) x 20(20- 8)
o P 9.81 kN
= (678 kN Ans. -
Example 29-11. A_remfmmrjﬂmmd:mler,mwngmm velocity of 15 m/s, impinges on
ries of vanes moving with a velocity of 6 m/s. Find (a) Force exerted by the jet, (b) Work done by
F' and (c) Efficiency of the jet.
Solution. Given : d =50 mm =005 m; V=15 m/sand v = 6 m/s.
Force exerted by the jet
- We know that cross-sectional area of the jet,

=Ex{d}2=§x{ﬂ-ﬂj)z=l-9€4xlﬂ'3mz

Fig. 298, ktunmmmnmnﬁm

A little consideration will show, that the jet of wan:r. after impinging on lus
moving with a velocity of v m/s,

We know that the force exerted by the jet™ )
F= Massufmﬂomngpermi!x&am
___w: x (V=-v) = ‘——"L—”:_v “1_. %,

R % Di wV!V—v!xv

and work done by jet

fgm:exm‘mdhythejﬂ. o WV{:1“ L 981 x {lﬂgﬁflxglrgl_ * 15 (15— 6) iiN

=~ Work done per kN of water = ) (V-wxv
g . = 0265 kN = 265 N Ans.

and energy of the jet water per kN of water 8| Work done by the jer

=£ We know that work done by the jet
2g ; W = Force x Distance =265 x 6 = 1590 N-m = 1590 ] Ans.
Efficiency, = Work done per kN of water . . | Efficiency of the jet :
Etugyperkﬂofwm We also know that efficiency of the jet,
; —(V—v}xv Z{IV—v}xv T'|=E(V‘;v]v=1u5*?><ﬁ=ﬂ-43=4ﬂ%m
e = 7 {15)
% T Force of Jet Impinging on a Fixed Curved Vane
Note 1 The efficiency is also equal to \ Cum:dera jet of water entering and leaving a fi xcdwwedmtangcmmllyaﬁshnwn in Fig.
Work done by the jet 3
Energy of the jet Let V= \"eln(‘:lt}fufthcjﬂ. g-:us;

a = Cross-sectional area of the jet,
« = Inlet angle of the jet, and
. B = Outlet angle of the jet,

The jet, while moving through the vane, will exent some force on
This force may be determined by the finding out the components of
hﬁtﬂmgﬂwmﬂﬂpﬂpﬂﬂkulﬂrhﬂmmﬂﬂfﬂwmn&.
Wtkmwumhfmufmjuahlgmmmmpvm

Example 29-10. A jet of water 60 mm in diameter, moving with a velocity of 2
flat vane. which is normal 1o the axis of the stream. Find (i) the force exerted b:l
vane moves with a velocity of 8 m/s. (ii) the force exerted by the jet, if instead of on J
tsa series of vanes, so arranged that each vane appears successively before the Jﬂh e s
and always moving with a velocity of 8 m/s. '

Solution. Given : d =60 mm =006 m; V=20 m/sand v = Emfs-.

(i) Force exerted by the jet when a single vane is moving

¥

Y = Mass of water flowing per second
i Sl G sacuomlm‘&:ufﬂw_]et. g ; ,.5 x Change of velocity along normal to the vane
a1 z_ & 2% 3 1t
a=7 X (&= 7x (006) 2827 x 107 : _g:_tr{Vmu+va} B

and force exerted by the jet, ‘“‘Ce of the jet along perpendicular to the normal to the vane

wa(V = v 981 x (2827 x 107%) x (20 -
g 3 9-81 '
= 0407 kN Ans.

wal’
Fyim = T (Vsina — Vsin ) Fig. 29.9. Jet impinging on a
: fixed curved vane,
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Note : Sometimes the total angle through which the jet is deflected is given instead of the inlet ap
angles of the jet. In such a case, assuming & = Band 9 = 180°- (a + B), the force of the jet along ‘

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

23
=——”’va 2V gy = Jom

2 P X sin E

Example 29.12. Calculate the magm'tude of the force exerted by a jet of cross-sec ,,

Solution. Given : a = 2000 mm’ = 0-002 m%, V = 25 m/s and 6 = 120°.

We know that magnitude of the force exerted by the jet, ol
Fa 2waV* s oniles ko 002 (25)
g 9-81
= 25 x 0:8660 = 21.65 kN Ans. N

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

m/s at an angle 20° to the horizontal. Find the normal and tangential forces exerted by g

leaves the vane at angle 15°to the horizontal. 59

Solution. Given : d =40 mm = 0-04 m; V = 50 m/s and o = 20° and B = 15°.
Normal force exerted by the jet \ ol
We know that cross-sectional area of the jet,

a= Z (a')-—x(004) =1257 x 10° m

and normal force exerted by the jet,
F, = K:_V (V cosa + Vcos B)

_ 981 x (1257 x 10%) x 50
9.81 3

X (50 cos 20° + 50 cos 15° kN e
= 0063 X [(50 x 0:9397) + (50 x 0:9659)] = 6

Tangential force exerted by the jet
We also know that tangential force exerted by the jet,

F,=wa"/(Vsina-vSin[3)

_ 981 x (1257 x 107%) x 50
' 9.81 ,
x [(50 sin 20°) — (50 sin 15%] kN

0-262 kN Ans.

EXERCISE 29-2
1. A jetof 150 mm diameter is moving with a velocity of 30 m/s. Find the force exerted by .
the plate is moving with a velocity of 12 m/s in the direction of the jet.
2. A jet of water of 100 mm diameter impinges with a velocity of 25 m/s on a plate
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 moving with the same velocity as tha
find the force exerted by the jet on the vanes. [Ans. 177 0

0-063 x [(50 x 0-3420) — (50 x 0-2588)] kN

Wad of Jets 48

3. A jetof 100 mm diameter, moving with a velocity of 12 m/s impinges on a series of vanes movin
with a velocity of 8 m/s. Determine (£) force on the plate, (i) work done per second, and (ifi

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 curves
vane and is deflected through 135°. Find the work done by the jet. [Ans. 1-42kN

98 Force of Jet Impinging on a Moving Curved Vane

Fig. 29-10. Jet impinging or a moving curved vane.
Consider a _)et 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),

= Angle with the direction of motion of the vane, at which th
jet enters the vane,

B = Angle, with the direction of motion of the vane, at which th
jet leaves 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 th
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 o_f the vane
(known as velocity of whirl at inlet),

V,,, = Horizontal component of V, (HG, equal to V, cos ). Itis:

component parallei to the direction of motion of the vane
(known as velocity of whirl at outlet),



¥y = Vertical component ofV(DC,equalmVsiﬁﬁ
component at right angles to the dircction of
vane (known as velocity of flow at inlet),
Vi = Vertical component of V; (EH, equal to V, sin
component at right angles to the direction of m
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
triangle. The notations with suffix (i.e., V},V,1, V,,,, Vjy) stand for the outlet triangle.
A little consideration will show, that as the jet of water enters and leaves the Vanes tar
therefore shape of the vanes will be such that V, and V,, will be along with tangents 1o th
inlet and outlet. It is thus obvious, that the shape of the vanes is always designed accordi
given data (Le., first the triangle is drawn with the given data and then the vane is ¢
way, that V. and V,, are along the tangenis to the vanes at inlet and outlet).
The relations between the inlet and outlet triangles (until and unless given) are;
(0 v = v, and :
(if) V.=V,
We know that the force of jet, in the direction of motion of the vane,
Fy = Mass of water flowing per second
® Change of velocity of whirl

and velocity of flow at inlet,

.:l- » e

2.  Drawaline at an angle of 30° (i.e., angle at which the jet enters
the vanes) and cut off AC equal to 60 m/s Lo the scalc to
represent the velocity of jet (V).

3. Join BC, which givesthe relative velocity (V) to the scale. Now

« extend AB to D, such that DC is perpendicular to AB. From the
geometry 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. Measure these two lengths.

4. Now draw the curved vane, such that V, is tangential to the vane
at the inlet tip.

5. Then draw the outlet triangle of velocities with V,; tangential
to the vane. Now cut off (EF) ie., V,;, = 0:85 V.

e [AS given)
and (EG)ie.Vy = 'v} at right angles to v and v, (because it
is given that the water leaves the blades normally to the motion of the blades).

6. Mow take (FG) ie., v, = v and complete the outlet triangle of velocities.

TE—L

-—q—\fw

Fig. 29-11.

Vane angle at infet

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 = 51-96 m%

V.= V sin 30° = 60 x 0-5 = 30 m/s
waV ! il
= BTy T {Vw - le} V 3{}
; §; and tan 0= o—— = = 11128
and work done in the direction of motion of the vane Y, = r0le =10
48.12
= Force x Distance = *2¥ (v, — v,)) x v = B @Sl suAne
4 Vane angle at outlet
and work done per kN of water Let ¢ = Vane angle at outlet.
=V, -V xv e From the geometry of the inlet triangle, we also find that the relative velocity of jet and v
Notes : 1. It is very important to draw the correct shape of inlet and outlet wiangle of veloci Vy 30 '
patience and understanding is required for this. But, ance the correct shape of the two miangles is V,= sind8-1° = 07447 = 40-31 m/s

the example can be solved very easily.
2. The direction of V1 plays an important role for finding out the work done. If vi
(V1 cos @), the value of Vi is positive. Otherwise it is negative.
3. Power developed by the vane may be found out as usual, 5
Example 29-14. A jet of water, moving at 60 m/s is deflected by a vane moving at 23
direction at 30° to the direction of the jet. The water leaves the blades normally to the me
Draw inlet and outlet triangles of velocities, and find the vane angles for no shockat €
exit. Take relative velocity at outlet to be (-85 of the relative velocity ar inlet. b
Solution. Given : V =60 m/s; v = 25 m/s; o= 30%and V,, =0-85 V..
Inlet and outlet triangles of velocities
The inlet and outlet triangles of velocities may be drawn as shown in Fig. 29-11 8
below : i
1. First of all, draw a horizontal line (i.e., in the direction of motion of the vanes)
AB equal 10 25 m/s to some suitable scale, to represent the velocity of vanes (¥

Now in the outlet triangle (EFG) relative velocity of jet and vane,

V,=085x V, =085 x 4031 m/s ... (given)
=-34-26 m/s
In the outlet triangle, we find that
o SLOL0 S8
cos g = V. T 342 =07297
o= 43-1° Ans.

Example 29-15. A jet of water, having a velocity of 30 m/s impinges on a series of vanes with

S¥elocity of 15 mfs. The jet makes an angle of 30° 1o the direction of motion of vanes when entering
' leaves ar an angle of 120°.

Sketch velocity triangles at entrance and exit, and determine the vane angles, so that the water

ity and leaves withowt shock.

Solution. Given : V=30m/s; v = 15 m/s; o = 307 and B = 120°.



f

or ¢=157° Ans.

Velociry triangles at entrance and exit x s WE:
The velocity triangles at entrance and exit may be drawn as shown in Fig. 2012 a
below : T
I. Firstofall, draw ahorizontal line (/... in the direction

of motion of the vanes) and cut off AB equal to 15 m/s

to some suitable scale, to represent the velocity of
vanes {v).

2. Draw aline at an angle of 30° (i.e., the n}_‘lgl: at which
the jet enters the vane) and cut off AC equal to 30 m/s
1o 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 geometry of the figure, we
find that the lengths of AD and DC give the velocity
of whirl (V) and velocity of flow V, respectively to
the scale. Measure these two lengths.

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

Example 29:16. A ci it delivers water at the rate of 60 litres/s, with a velocity of 24 m/s.
ot impinges we:u‘:;'uri vane moving in the direction of the jet, with a velocity of 12 mis.
” is 50 shaped that, if stationary, it would deflect the jet through an angle 45° Through what
- will it deflect the jer? Also find the work donels. .
sohﬁm-ﬁivmrﬂ=ﬁﬁliuts!s=_§mﬁm3!5;V=2¢mfs;1v=12_mrs;u;-rﬂ{bmmﬂmjn
R d mgmtiaﬂyoﬁﬂmvmmqvingimhmﬁmcﬁmafﬂm;ﬂ}md#:ﬁ,

P hrough which the jet is deflected

- ———

V=24, v=12 /

Fig. 29-13. . e
. Since the tufwawrnmrsmtbnsamedhmhmhgsﬂm}ufﬂm \f-anrs:mmfom the inlet
. ..-4 wiiilbcr straight line as shown in Fig. 29.13. Thus velocity of whirl at inlet,

- V,=24mfs 9 R
sdrelative velocity of the jet and vane, ,
: V,= 24-12=12mis v
i i v ocity of the jet and vane at outlet
 Since the velocity of vanes at outlet (v1) and relative ve:l?cu}r o | ;
¥1) are equal to 12 m/s, therefore the outlet triangle of velocities will be an isosceles tmmgle g!

(¥

Vi

151 W

Fig. 29-12: o)

5. 'Then draw a velocity triangle at exit with ’)’,, tangential 1o the vane. Now cu
V,, = V, = Through F, draw a horizontal line and cut off FH equal to 15
to represent the velocily of vanes at exit (Le., v)). ;

- J awrodl W

6. Join EH which will make an angle of 120° with FH (as the jet leaves the vane

of 120° Now draw EG perpendicular 1o FH.

i
4

Vane angles wnin Fig. 29-13. c
Let 8 = Vanc angle at inlet, and o . Angle through which the jet is deflected, i e
¢ = Vane angle at outlet. Ty -”"‘“{_ B= Ve 22.5% Ans, i ,,:‘
From the inlet triangle, we find that the velocity of whirl at inlet, . it
V, = Veos 30° = 30 x0:866 = 2598 mis o0 40 done per second

v ' =
i i =V sin 30° = i From the outlet triangle of velocitics, we find that velocity of whirl at outlet, P
and velocity of flow at inlet, 1.-}_ Vsin 30° =30 x 05 = |5mfs 8 gle V. = 12 + 12 co8 45° = 12 + (12 x 0707) = 205 mis

v, "5 '
H= L = 1-366 diue %
B 82, T D R D T bl e S Blivork done per 5000nd 1 W e, (Vs = Van) KV L
or 6= 538° Ans. & gl 0.06 - ﬁ
" 81 x =252k
From the inlet triangle, we also find that the relative velocity of jet and vane, - 28X (241 £°20.5) = "2 52N-m = b1

9.81
E 17. A jet of water 100 mm in diameter, moving with a velocity of 25 m/s in the
e “;‘5: vE:nlez. ini&r:{he vanes moving with a velocity of 125 m/s. If the jet Iemes‘ i?;;::i
| ::,.,g le of 60° with the direction of motion of the vanes, find (i) force on the vanes in the
“SNeir moti ii) work done per second. =
e céridv::} 00 s = 001 m: V= 25 s: v = 125 s o = 0 (because the jet &
Ing in the direction of the vanes) and p = 60°. :
Orce on the vanes in the direction of their motion

We know that cross-sectional area of the jet,

Bk 2 _E. 01P=7854x% 107 m’
a_d}t[tﬂ .,‘Jll( )1 :

v 15
V,= —I— = = 1859 m/s
T o8 S3-8°05 OBU70 - . .
From the outlet triangle, we find from the sine rule,
o2 i Ve ;s
sin (60° — @)  sin 120° - LS e
v sin120° 15 x sin 60° 15 X 0866 _
Vi e Lo BBeS@esen BN
(60° - ¢) = 44.3° b

or sin I{ﬁl'.il-."—ﬂ =



V. =25mfs
relative velocity of the jet and vane,
V.= 25-125=125m/s
Since the velocity of vane at outlet (v;) and relative veloeity
the jet and vane at outlet (V) are equal, and the jet leaves thz

s at 60° (given), therefore the outlet triangle will be ah
ilateral triangle as shown in Fig, 29-14. Va25 v=125

Thus, from the outlet triangle, we find that the velocity of
at outlet,

V.= 625 mfs
Fumemt]wvanesintlwdirecﬁmnfltﬂrvnms

_ waV
. eV =TI

9-81 x (7-854 x 107) x 25

_:F Wad:dmgpgrummd
We also know that work done per second

= L:E[Vw—v_,l] ¥y _981x (7854 x 107%) x 25

= 442 kN-mfs = 44-2 kJ Ans.
Example 29-18. A jer of water maving at 12 m/s impinges on a concave vane 5

ume that the vane is smooth.

= 180°-120° = 60° and v = 5 my/s.
le of the jet at outlet
[Ar:l T B = Angle of the jet at outlet.
Since no data is given for the inlet triangle of velocities, therefore the jet of
1i b:asl:raig?li line as shown in Fig, 29-15.
< ¥elocity of whirl at inlet,
V.=V =12mfs
relative velocity of the jel and vane,
V,= 12-5=Tm/s

-15.
From the geometry of outlet triangle of velocities, find that the velocity of flow
y Vqa =V, sin 60° = 7 x 0866 = 606 m's
velocity of whirl, Va=3=-V,cos 60°=5~-(7x05 =15ms

Siiweﬂ?:jmufmmminﬂwmdh‘mﬁm as that of the vanes, therefore the i ' .'
' be a straight line as shown in Fig. 2914, Thus velocity of shirl at inlet.

H,m{u:g velocity of the jet at exit
From the geomelry of outlet triangle of velocities, we also find
hat absolute velocity of the jet at exit,

v 9.81 (25-625 k) =

981 (25~ G

Jet through 120° when stationary. If the vane is moving o
i . g at 5 m/s, find the angle of jet so th
no shock at outlet. What is the absolute velocity afﬁrmmmmewarmirw

Solution. Given : V = 12 m/s; Angle through which the jet is deflected = 120°. ..

sumed to move in the same direction as that of the vanes. It is thus obvious, that the in]

s a:: ith the velocity of vanes at outlet (v1) equal to § m/s, relative velocity (Vel = 1.’.-11: qu
vane angle at outlet (¢) equal to 60°, draw the outlet triangle of velocities as sk own

ppact ot Jets g B

3 QG Vs &06
- _L —
an p=ylo= s T4

B=761° Ans.

L Mg oa606 1 i 606
Vi= o B~ sin 761° 09707
= 624 mis Ans.
Work done per kN of water

We also know that work done per kN of water Fig. 29-15.
: (V. = Vi) X v = (12 - 15) X 5 = 525 KN-mis

= 525k)s Ans.

EXERCISE 293

ﬁ;jetﬁl’wamhaﬁngawbcityofﬂnﬁsmmacun’ed\'anewhichisrguvmg:n'imavchdlyuf
20mfs,TMjﬁnﬂﬂmangkuf3ﬂ“wiﬂlﬂjedhﬂﬁmenujmuf1b:ﬁ'm‘lﬂal.m]ﬂand]aslmsat
a:agl:ufﬂn'wimmdiracﬁmufm&matmﬂﬂ Draw&mvelqcitywimgbsmddmmmmm

A}:mfwawrnmingwishavmwdmmmmvmm_wiﬂmwmn{m
uﬂs,ﬂmjﬂmkes:mmghufw“wilhmedi:mﬁmofmimofwalmhlgﬂkamﬂm
angleul'130“withd:tdirecﬁonufmodmnfﬂwvmﬂahﬂmmwammgkammtmﬂwm
sumatwmtmsstmmmwmmt ey [Ani?@“:ﬁ-!ii’]
Ajetot'wamrmovingwthavehdnruflzrﬂsimpmgﬂsmmweshapedmsmdcﬂedﬂe:ﬂ
mroughliﬁ“whmﬂaﬁmmq'.!Ethnran:isnmingwid:avdmit}rufinﬂs.ﬁnd&wanglan_fph
mmatﬂ:ﬁcisnoshockmin]:x.Whatistheabmlumwlocityofﬂmjetmtxitbommmnmdc
and direction? Assumc the vane to be symmetrical. [Ans. 17-98% 3-96 mfs; 69-1%]
[Eﬁm:Simﬂmvmissymnﬂriml.Mdmﬂ=q=3ﬂ°l
Almmdianmwjmn[wammﬁngataﬂmfsimpiusﬁmawiﬁohmwiugulsm
inmamﬂunontujamdmmmrwimunummufmﬁmofﬂmjummmfm
-::u:rtedbyﬂlcjclinthcdim:ﬁnnufnn&mufm:vm:aﬂ{i:]wutdmebym_m

[Ans. 11-95kN; 17925 K]

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 excrted by a jet of water on an inclined plate is given by the
relation,

o wal® sin ©
g
where a= Areaof jel,

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, in terms
of force of the jet and weight of the plate.
Derive an expression for the force of jel impinging on a moving plate and compare it with
the force, when the same jet is impinging on a serics of moving vanes.



Laian

5.. Derive an expression for the force, work done and efficiency of a moving c
6. Define velocity of flow and velocity of whirl and explain their significance.

Jet Propulsion

OBJECTIVE TYPE QUESTIONS
1. The force exerted by a jet of water impinging normally on a fixed plate

V v iarkal
2 . 1. frnduction. 2. Pressure of Water due to Deviated Flew, 3. Principle of Jer Propulsion. 4. Propulsion

wf Ships by Water Jets. 5. Propulsion of a Ships Having Infer Orifices ar Right Angles to the Direction of its

where = w = Specific wc;ghl of water, |
Mation {i.¢.. Crifices Amidship), 6. Propulsion of a Ship Ha_y_r'ag‘hfﬂ Qirifices Fucing the Direction of Flow.

a = Cross-sectional area of the jet, and

V' =Velocity of the jer. 4 %30 1 Introduction
2. The force exerted by a jet of water impinging on a fixed plate inclined at an & In the previous chapter, we have discussed the jet of water impinging on the various Iype:s of
Jet. jates and vanes, under different sets of conditions. As a matter of fact, it is the basic theory for the
waV i M . wal® . wal? design of all types of Hydraulic Machines ie., turbine, and pumps etc. In this chapter, we shall discuss
(a) 2 x gin@ (b) *xsin@ (o) % sin@ () T sin - jet propulsion.
3. The force exerted by a jet t.:-i' water impinging normally with a velocity V on a plate, 30-2 Pressure of Water due to Deviated Flow
moves in the direction of the jet with a velocity v is ; i ; i -‘v o Sometimes, a plpelmc carrying water, changes its direction from its straight path. The \-'tlﬂl:lt)'
wa (V = w* wa (V¥ — v) g - wa o of water flowing through pipe is also changed” due to change in its direction. It is thus obvious, that
@ 2 ) g € } s the deviated flow of water will cause some pressure on the pipe wall.
4. The efficiency of a jet of water impinging. 11«:||1-n.'allzpr vnlh a \"Blﬂclt}f Vunam \',"j.
mngmmavdmﬂy{u}lsgvmhyﬁmmlam“ S
2V - v) - v) (v = vf
a) ——" b
; ANSWERS ;
Ld)s 2@, 3O d@ o
iFH])

Fig. 30-1. Deviated Mow
Now consider a pipeline, carrying waler, and deviated from its stnught path as shuwn n F;g.l

301,
Let V = Velocity of water in the pipe in section 1,
a = Area of the pipe, and
o = Angle, through which the cmu‘e of pipe has bm de\rlaﬂd '
from its straight path.
. Velocity of water at section 2
= Vcoso
and mass of water flowing at section 1
- wa¥
s
. Momentum of the flowing water at section 1 in the X-X direction
=Massx‘v"clmity=i:£ x V=“?"ﬂ
——

*Velocity is a vectlor quantity, which changes because of change in direction.

[489]
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