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COURSE OUTECOME:

Analyze the force exerted on different types of vanes and
blades

MODULE NO-03
IMPACT OF JET




INTRODUCTION

Jet refers to a stream of fluid emerging from a nozzle

The force is exerted by jet on solid body
which is obtained from the Newton’s

second law of motion or impulse-
momentum principle.

According to Impulse-momentum
principle, state of rest or uniform motion of
a body changes in the direction of an
externally applied force, and that the

".ude of the force equals to the rate of




INTRODUCTION

= i(rm*) = r:urﬂ +*|'ﬂ
dt dt dt

For constant mass dm 0. change In
momentum may occurs due to a change in
the magnitude of velocity or in its direction

or due to both. F:m%:}_:(rz_vl)

According to Newton's third law of motion, action and Blade
reaction are equal and opposite, therefore, the force =

exerted by fluid on the body is ™

- F=(pQ) (V.- V,) =(paV) (V, - V,) "




FORCE EXERTED BY THE JET ON & PLATE

Impact of Jets

The jet is a stream of liquid comes out from nozzle with a high velocity under
constant pressure. When the jet impinges on plates or vanes, its momentum
is changed and a hydrodynamic force is exerted. Vane is a flat or curved
plate fixed to the rim of the wheel

1. Force exerted by the jet on a stationary plate
a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plateis curved
2. Force exerted by the jet on a moving plate
a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plateis curved




FORCE EXERTED BY THE JET ON & STATIONARY FLAT PLATE

Plate is vertical to the jet T
F =ma=m &= 2% (momentum) e it
dt dt _ |

F — Initial momentum —Final momentum  —-—-—- —- V=
o dt P

m
F = At (V1 = T12) 3
Force exerted by jet on vertical plate.

F=paV(Vy —V3) (% =m = pal’)
F = paV(V —0)
F = paV?

&



FORCE EXERTED BY THE JET ON & STATIONARY INCLINED FLAT PLATE

Plate is Inclined to the jet v
F=m;—13) 5
F = paV(y —V,)  (m=paV) “ &
E, = paV(VSind — 0 e == AL
E, = paV?Sin0 T w ,;:7 .
Fy =F, Sin@ = paV2Sin?@ |Fx =paV2Sin?0 | /&7
F — F COSQ — pavz Slne COSQ Jet striking stationary inclined plate.

Fy = paV2 Ssin20 || Fy = paV? Sin6 Cos6




FORCE EXERTED BY THE JET ON & STATIONARY CURVED PLATE

Plate is Curved and jet impinges at Centre

F=m(;—-V,) Fy = paV?%(1 + Cos0)
F=paV(V; —V3) (m = paV) Fy = —paV?Sinf
Fy = paV[V — (=VCos08)] N e

Fy = paV|V(1+ Cos0)] %

N
Fy = paV?(1+ Cos0) \\\\%\\
Fy = paV[O - (VSlTlQ)] P S = r
Fy = —paV?Sin6




FORCE EXERTED BY THE JET ON & STATIONARY CURVED PLATE TANGENTIALLY (SYMMETRICAL)

Plate is Curved and jet impinges at one end tangentially
F=mV;—-V,)

F=paV(V; = 1,) (m = paV)

Fy = paV[VCos6 — (—VCos8)]

Fy = paV|[VCosO + VCos0)]
Fy = 2paV*4Cos6

Fy = 2paV4Cos6

Fy = palV|VSinf —VSinf|
Fy — 0
Fy — 0

]
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Fig. 17.4 Jet striking curved fixed plate at one end.




FORCE EXERTED BY THE JET ON & STATIONARY CURVED PLATE TANGENTIALLY (UNSYMMETRICAL)

Plate is Curved and jet impinges at One end and plate is unsymmetrical

F=m;—-V)

F=paV(V; — V) (m = paV) fvend

Fy = paV[VCos8 — (—VCos®)] P\ e
Fy = paV[VCosO + VCos®)]
Fy = paV?%(CosO + Cos®)|Fy = paV?(CosO + Cos®)
Fy = paV[VSinG — VSin@]
Fy =paV?(Sinf — Sin®)

Fy =paV?(Sind — Sin®) %/
Jet striking curved fixed plate at one end.
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FORCE EXERTED BY THE JET ON & MOVING VERTICAL PLATE

Plate is moving in the direction of jet at “u” Velocity -
V =Absolute Velocity of jet

(V-u) =Velocity of jet w.r.t. Plate

Mass flow.rc.lte per = i = pa(V — u)
Second Strlklng On Plate Fig. 17.10 ]etstrikz'ngaﬂaw(zgizc)zl

F :ﬁl (Vl o Vz) [7?_1 _ pa(V o u)] moving plate.

F=[pa(V—-uw)]V;—V;)
F=pa(V—-—uw)[(V—u)-—0]

. F=pa(V —u)?




FORCE EXERTED BY THE JET ON & MOVING INCLINED PLATE

Plate is moving in the direction of jet at “u” Velocity

F=mV,—=V,) [m = pa(V —w)] |Fx =pa(V —u)?Sin?0

F, = [pa(V —w)] (V; — V) Fy = pa(V —u)? Sinf Cos6

E, = pa(V — u)((V —u)Sind — 0)

E, = pa(V —u)?Sin0

Fy =FE, Sin@ = pa(V —u)*Sin?8

Fy = E, CosO = pa(V —u)? Sin8 Cosb

. 2
F, = 22V"W" 600
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Wig. 110 Jet striking an inclined
moving plate.




FORCE EXERTED BY THE JET ON & MOVING CURVED PLATE
Plate is moving in the direction of jet at “u” Velocity and jet impinges at centre
F=mW;—-V;) [m=palV—-u)] o,
Fx = [pa(V —uw)] (V; = 13)
Fy = pa(V —u)((V —u) — (-(V —uw)Cosh) ° “’“‘“B

(V - u) sin &

Fy = pa(V—u)((V—u)(l—I—CosG)) —-—/-—-'_7 _14_
Fy = pa(V — u)z(l + Cos0) JETDFWE'T/ /
Fy = pa(V—u) [0— (V —u)Sinf] MOVING CuRveD

Fy = —pa(V —u)*Siné Fy = pa(V —u)?(1 + Cos0)

- Fy = —pa(V —u)?Sin8




FORCE EXERTED BY THE JET ON & MOVING CURVED PLATE

Plate is moving in the horizontal direction at “u” Velocity and jet impinges at one end tangentially
. . . a9 L VWL bt g Vi |
V, =Velocity of jet at inlet. H’I’L T . Ere,

V.. =Relative velocity of jet & plate at inlet.

: : : yrs
Vi1 =Velocity of whirl at inlet. oories :
. . Velbcity Ty 8
Ve =Velocity of flow at inlet. Y dlu s 1
u=velocity of plate. d P
Jet striking a moving curved vane at one of the tips

a=Angle between direction of jet and direction of
motion of plate (Guide blade angle) at inlet.

0=Angle between relative velocity & direction of
motion of plate (Vane angle) at inlet.

u,=velocity of plate at inlet.

Inlet Velocity 8
Traingle (TV7T)




FORCE EXERTED BY THE JET ON & MOVING CURVED PLATE

Plate is moving in the horizontal direction at “u” Velocity and jet impinges at one end tangentially

 u | e

V, =Velocity of jet at outlet. ) T

V., =Relative velocity of jet & plate at outle

Vi, =Velocity of whirl at outlet. Qs

Vs, =Velocity of flow at outlet. Vg’%ﬂ Trinng/e.

u=velocity of plate at outlet.
f=Angle between direction of jet and direction of
motion of plate (Guide blade angle) at outlet.

¢=Angle between relative velocity & direction of
motion of plate (Vane angle) at outlet.

u,=velocity of plate at outlet.

- U g — |V,|r:|

G :s;."_
= .\;: y;ﬂvh

Inlet Velocity B

Traingle (TV7T)




FORCE EXERTED BY THE JET ON & MOVING CURVED PLATE

Plate is moving in the horizontal direction at “u” Velocity and jet impinges at one end tangentially

IVT (AADB)
AB =V,
AD =V,,,= V,Cosa

DB = V¢ =V, Sina
AC = u,
CD=V,;—uy
CB=V,

<BAD = «

<BCD =6

c .
A m _% D
‘ Vw,

L U L Vivs

OVT (AEFH) E r— R
EG - V2 : AN

B Outler ]
EF = sz Vebcity Trjang)c. ) B//
GH = u, @D o P ol
FH =V, + u, I oeh AR
EG = Vi Inlet Velocity B

-Nie c/oC!
<EGF=§ Traingle (TVT)
<EHG =9
¢f




FORCE EXERTED BY THE JET ON & MOVING CURVED PLATE

Plate is moving in the horizontal direction at “u” Velocity and jet |m9|nqes at one end tangentially

L T
F =m (Vx1/y1 xz/yz) B ! 5 g %
_ [m = paVyq]
Fy = [PaVr1][Vx1 - sz] brg, ?
Outiet /
Fx = [paV,11(CD — FH] s g S
CD = le — U FH = VWZ + %) d z"{“\”aﬁ:fi;ft: ,:JD
Jet strikin, oving curved vane at one of 7

Fy = [paVy4] (Vw1 ug) — {—(Vz + uz)}]

|

FX — [paVr1][ — Uq — sz -+ uz)] - Imlet Velocity- 8
14
[V

Traing le (_IVD

Fy = [ aV,] w1 + sz] (B is acute angle)

w2l

FX — [paVrl]




Force exerted by the jet on a moving plate G

V

Considering Relative Velocity, Fy = |paV,,|[V,4 — sz]v,, €

Fy = [paVi [l(Viy1—uq) — {=(Vyy2 + uz)}]
If B < 900
F, = paV,, (V,,cos 6+ V,cos 0)

OR
F, = paVy (Viyr + Vo)

- Jet striking a moving curved vane at one of the tips.




Force exerted by the jet on a moving plate
Considering Relative Velocity,

Fy = [paVrl] Vi1 — V2]

Fx = [paVil|(Viy1—uq) — {=(0 + uy)}]
If B =90Q°

F, = paV,, (V,, cos 8- V,,cos @)
OR

I:x — pavrl (VW1)




Force exerted by the jet on a moving plate
Considering Relative Velocity,

Fy = [paVrl][Vxl — V2]
Fx = [paVe [l(Viy1—uy) — {—(uz =V,,2)3]
If B > 90Q°

F, = paV,, (V,,cos 6-V,,cos 0)
OR

F, = paVy (Vwi—Vwo)




FORCE EXERTED BY THE JET ON 4 HINGED PLATE

Force exerted by the jet on a hinged plate




FORCE EXERTED BY THE JET ON & SERIES OF VANES

Impact of jet on a series of flat vanes mounted radially piares

on the periphery of a circular wheel

F=mV,-V,) (m=paV)

Vi=V-u

Fx =lpaV][(V —u) — 0]

Fx =paV][(V —u)]

Work Done
Sec

W =paVu(V —u)
_ Output = W paVu(V —u)

= (W)= FxyXu

= Input

I TMV? 2 paV X V?

,,,,,,,,,

- o
JET OF WATER

Jet striking a series of vanes.



FORCE EXERTED BY THE JET ON A& SERIES OF VANES

Impact of jet on a series of flat vanes mounted radially piares

on the periphery of a circular wheel ’ x,_l / WHEEL
n= Zu(léz— w For Maximum Ef ficiency (n) \ //
dn d[2vu 2u?]_ d 2u  2v° N |
a_du V2 B V2 _du V /2 V =2u e Fi : o it
2 2X2u 2 2X2u 2u |
_ 2u(V —u) 2u(2u — u) 1 / ' \
r] - Vz o 4u2 ) =, I -

JET OF WATER
Jet striking a series of vanes.




FORCE EXERTED BY JET ON SERIES OF RADIAL CURVED VANES
If B < 900

U = wRy Uy = wRy Where, w = Angular Velocty 5

Mass flow rate = m = paVl;

Momentum per sec striking — & « Viyr = paVy Vi,
the plate at inlet

MoTn?ntum per sec = —paVy X Vi,
striking the plate at outle

Angular Momentum
per sec at inlet
Angular Momentum
per sec at outlet

— paVl X VWl X Rl

- —paVl X VWZ X Rz

Rate of change of

Torque =T =
1 angular Momentum T

T = paVi(Vi1R1 + Viw2R2)
Work done /sec =T X w = paV;(Vyuq + Viyauy)

W = palVy (Vw1uy + Vauz) 'T“‘TG 4

WHEEL




FORCE EXERTED BY JET ON SERIES OF RADIAL CURVED VANES

u; = wR, U, = wR, Where,w = Angular Velocty g >

Mass flow rate = m = paVl;
Momentum per sec striking — = « Vs = paVy Vi, Vi, = V2
the plate at inlet

Momentum per sec P )

striking the plate at outle
Angular Momentum
per sec at inlet

Angular Momentum 0
per sec at outlet N

— paV1 X VWl X R1

Torque =T = Rate of change of
angular Momentum
T = paVy (V1R — 0)
A ¢ D

rk done /sec =T X w = paV;Vy1uq

tfm_..{
W = paV1Vyyuy . .]




FORCE EXERTED BY JET ON SERIES OF RADIAL CURVED VANES

U = wRky Uy = wR, Where, w = Angular Velocty
eV ok

Mass flow rate = m = pal/; G
Momentum per sec striking — = « Vw1 = paVyVy
the plate at inlet

Momentum per sec
o = +paV; XV,
striking the plate at outle pary > Ywz

Angular Momentum
per sec at inlet = paVy X V1 X Ry | W = paVy (Viy1tq — Viwottp)

Angular Momentum
per sec at outlet TPV X Vw2 X Ry

Rate of change of
angular Momentum

T = paVi(Vw1Ry — Vw2Ry)
rk done /sec =T X w = paV; (Vyuy — Viyauy) A & D

Torque =T =




JET PROPULSION
» The driving forward of a body by means of jet of gas or fluid.

» The reaction of high velocity
jet issuing from the nozzle
provides the necessary thrust.

Handle Microcontroller

Np o A
L
g O

> |s employed in propelling the |

ships, aircrafts and missiles. et B\ N NS -

» Used for flights, to hydraulic
Jet propulsion for high speed 9 ~ -
ats and pleasure craft. —




PRINCIPLE OF JET PROPULSION

» \Works on principle of Newton’s third law of motion.

> The reaction of jet coming [

out at the back of the ship

propels the ship in the
opposite direction of jet.

» The water from the
surrounding sea by the

centrifugal pump Is taken by
two ways.

L
[

("~ acrion-reacTion >

The Jet Propulsion Principle (Newton's Third Law of Motion)



PRINCIPLE OF JET PROPULSION

1. Inlet orifices which are at right angle to the direction of motion of
ship. (AMID Ship)

2. The inlet orifices which are facing the direction of motion of ship.

INLET
ORIFICE
\.‘i._
u{ i -—Vr
. STERN
INLET

ORIFICE



AMID SHIP

F= paV(V +u) W=Fxu= paVu(V + u) F=m,-V,)
1 _
Kinetic Energy of jet = Epa(V + u)3 (m = pa(V +u))
- 2Vu INLET ORIFICE
n= V + u)? ¢ CENTRIFUGAL PUMP

STERN OR
BACK OF SHIP
[ X = —»V

L \
DIRECTION OF iEng;
+

SHIP
c~—— 22—




NON AMID SHIP

F= paV(V +u) W=FXu= paVu(V + u)

1
Kinetic Energy of jet = Epa(V + W[V +u)? — u?]

n

- 2U
—(V + 2u) INLET

INLET
ORIFICE
— s

ORIFICE

F=m (Vl - Vz)

(m = pa(V +u))

STERN




Problems:

Problem 17.30 The water in a jet propelled boat is drawn amid-ship and discharged at the back
with an absolute velocity of 20 m/s. The cross-sectional area of the jet at the back is 0.02 m? and the
boat is moving in sea water with a speed of 30 km/hour. Determine :

(i) Propelling force on the boat, (ii) Power required to drive the pump, and

(iii) Efficiency of the jet propulsion.
Problem 17.31 A small ship is fitted with jets of total area 0.65 m’. The velocity through the jet
is 9 m/s and speed of the ship is 18 km p.h. in sea-water. The efficiencies of the engine and pump are

85% and 65% respectively. If the water is taken amid-ships, determine the propelling force and the
overall efficiency, assuming the pipe losses to be 10% of the kinetic energy of the jets.

Problem 17.33 The water in a jet propelled boat is drawn through inlet openings facing the
direction of motion of the ship. The boat is moving in sea-water with a speed of 30 km/hour. The
absolute velocity of the jet of the water discharged at the back is 20 m/s and the area of the jet of




Problems:

1. A jet of water of diameter 75 mm strikes a curved plate at its centre with a velocity
of 25 m/s. The curved plate is moving with a velocity of 10 m/s along the direction of
jet. If the jet gets deflected through 165° in the smooth vane, compute.

a) Force exerted by the jet.

b) Power of jet.

c) Efficiency of jet.

2. A jet of water impinges a curved plate with a velocity of 20 m/s making an angle of
209 with the direction of motion of vane at inlet and leaves at 130°to the direction of
motion at outlet. The vane is moving with a velocity of 10 m/s. Compute.

1) Vane angles, so that water enters and leaves without shock.

i) Work done per unit mass flow rate




Problems:

Problem 17.26 A jet of water having a velocity of 30 m/s strikes a series of radial curved vanes
mounted on a wheel which is rotating at 200 r.p.m. The jet makes an angle of 20° with the tangent to
the wheel at inlet and leaves the wheel with a velocity of 5 m/s at an angle of 130° to the tangent to
the wheel at outlet. Water is flowing from outward in a radial direction. The outer and inner radii of
the wheel are 0.5 m and 0.25 m respectively. Determine :
(i) Vane angles at inlet and outlet, (ii) Work done per unit weight of water, and
(iii) Efficiency of the wheel.




Problems:

1. A jet of water 50 mm diameter strikes a flat plate held normal to the direction of jet.
Estimate the force exerted by the jet if

a. The plate is stationary

b. The plate is moving with a velocity of 1 m/s away from the jet along the line of jet.
The discharge through the nozzle is 76 liter per sec.

2. A75 mm diameter jet having a velocity of 12 m/s impinges a smooth flat plate, the
normal of which is inclined at 60° to the axis of jet. Find the impact of jet on the plate
at right angles to the plate when the plate is stationery.

a. What will be the impact if the plate moves with a velocity of 6 m/s in the direction
of jet and away from it.

b. What will be the force if the plate moves towards the Jet.




Problems:

1. A jet of water of diameter 20mm strikes a 200mm X 200mm square plate of

uniform thickness with a velocity of 10 m/s at the centre of the plate which is

suspended Vertically by a hinge on its top horizontal edge. The weight of the plate is

98N. The jet strikes normal to the plate.

(i) What force must be applied at the lower edge of the plate so that plate is kept
vertical?

(i) If the plate is allowed to deflect freely, what will be the inclination of the plate with
vertical due to the force exerted by jet water.

Problem 17.18 A jet of water having a velocity of 20 m/s strikes a curved vane, which is moving
with a velocity of 10 m/s. The jet makes an angle of 20° with the direction of motion of vane at inlet
and leaves at an angle of 130° to the direction of motion of vane an outlet. Calculate :

(i) Vane angles, so that the water enters and leaves the vane without shock.

(ii) Work done per second per unit weight of water striking (or work done per unit weight of water

striking) the vane per second.

oy




Problems:

1. A jet of water having a velocity of 35 m/s strikes a series of radial curved vanes
mounted on a wheel. The wheel has 200 rpm. The jet makes 20° with the tangent to
wheel at inlet and leaves the wheel with a velocity of 5 m/s at 130° to tangent to the
wheel at outlet. The diameters of wheel are 1 m and 0.5 m. Find

1) Vane angles at inlet and outlet for radially outward flow turbine.

i) Work done

iii) Efficiency of the system




. THANKS: \
| 777
Any Questions
777
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