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Turbines: v,= velocity of jet at inlet
uroines: u,= velocity of the vane/bucket at inlet \

Pelton v,, = relative velocity of jet at inlet

wheel -

a = angle between the direction of the jet and the direction of motion of the vane, guide

(1889) blade angle (Here in this figure it is zero)

0 = angle made by v,, with direction of motion of vane at inlet, vane angle at inlet (=0) Figure 13.2.4 Definition sketch for impulse-turbine installation (from
. . Linsley e al. (1992)).

v, = velocity of whirl at outlet

vy, = velocity of flow at outlet

B = angle between v, with the direction of motion of vane at outlet

¢ = angle made by v,, with direction of motion of vane at outlet, vane angle at outlet

Elevation

Angle of
Deflection

Plan view of jet

striking one bucket I ..
Splitter’ ridge
—

Rotation v, (jet velocity)= v, = u;+v,, Net Head H = Hg-hrh,
< < h=4fLV2/(d*x2g)
Vi u, Height of r.mzzle above tail
race level is hp
7DN/60=u=u,=u, d* = diameter of penstock

D = diameter of wheel



See force on curve plate when plate is moving in the direction of jet

Let V= ﬁsoluﬁ \;elocity of jet, | (V = u) (V —u) sing
a = Area of jet,
u = Velocity of the plate in the direction of the jet. outlet =2
V = Relative velocity of the jet of water or the velocity with ..
which jet strikes the curved plate = (V — u). (V — u) cos ¢ ' \\\
If plate is smooth and the loss of energy due to impact "y
of jet is zero, then the velocity with which the jet will be \ \
leaving the curved vane = (V — u). Y, Inlet =1 I
This velocity can be resolved into two components, one i - — el ',_f_
in the direction of the jet and other perpendicular to the JET{)F WATER ’,' /' i
direction of the jet. .
Component of the velocity in the direction of jet Relative velocity f’/;’
= — (V = u) cos ¢ experien_ced by \ R
(—ve sign is taken as at the outlet, the component is in z:fttlzta;r'?::;zd MOVING CURVED
the opposite direction of the jet). ' PLATE __
Component of the velocity in the direction perpendicular Jet sm'king a curved moving

to the direction of the jet = (V — u) sin @ . late.
forpelton wheel.. [PV RISV cosf]

Turbines: Power conversion
P=nQogh® P=Te @ T=Fr €@ F=AM=mav=pQAv




See force on curve plate when plate is moving in the direction of jet

per sec... = |
Mass of the water striking the plate = p X a X Velocity with which jet strikes the plate M=00

= pa(V — u) For general case, but for pelton wheel... *
Force exerted by the jet of water on the curved plate in the direction of the jet,
F, = Mass striking per sec X [Initial velocity with which jet strikes the

plate in the direction of jet — Final velocity]
=paV-u) [(V-u) - (V-wcos )] pelton wheel
=pa(V—-u) [(V-u)+ (V-u)cos @] ¥

= pa(V — u)* [1 + cos @ ] =
Work done by the jet on plate per second = [(V —u), +(V ~u), cos ¢]

aDN/6O=u=u,=u,

v, (et velocitv)= vy, = u;+v,, . . . .
= : - = F, X Distance travelled per second in the direction of x
B<90°, V., is negative, slow runner = Fx X Ul= pa(V_._ u)2 [1 4+ COS ¢] X U
B=90°, V., is zero, medinm runner : ) ‘
B>90°, V,,, is positive, fast runner = pa(v —_— u) XU [1 <+ COSs ¢]

In connection to the fig of pelton bucket and * Where water coming out of the nozzle is

velocity triangle, always in contact with the blade/bucket/plate, if
Vi—u;=Vyy, Vw, =Vr,cosg-u, all plates are considered. Hence mass of water
v, (Jet velocity)=v,; = u;+v4 striking the plate is paV.

Fx = paV,[(V —u), +(V —u), cosg| = paV, [Vr, +Vr, cosg] = paV, [(Vw, —u,) + (VW, +U,)]

Fx = paV, [(Vw, +Vw,)]  ASU = U,



From velocity triangle: vw, =Vr, cos¢—u,
Force exerted by water by the jet of water in the direction of motion: Fx = paV, (Vw, +Vw,)
(since B is acute angle, + sign), a=area of jet

Work done by the jet on the runner per second = Fxxu = paV, (Vw, +Vw,)u Nm/s

Power given by the jet = Fxxu = pav, (Vw, +Vw,)u/1000 kW

Work done per unit weight of water striking = pav, (VWV+VW U _(\/W +Vw, )u
pav,g g

Energy supplied by the jet at inlet in the form of K.E. = 1/2mV?

Friction factor K = Vr,/Vr,

1 1
1 = — aV V 2 = — V 2 ’ i
K.E. of jet per second = (,0 WV (,OQ) ] . =2(p'— p*)(1+ K cos @)
Hvdraulic effici paV,(Vw, +Vw,)u  2(Vw, +Vw,)u  2(V, —u)[1+cosg]u
raulic erriciency = - =
y Y "= 12 (PQ)V12 V12 Vl2
Hydraulic efficiency is f™ee - /2
Ve u, maximum when LT
P < Theoretical efficiency
Angle Of i( ) 0 Or u = V_ Actual efficiency
Deflection du 2 |/
EDN/6OZUZUIZUZ 77h maX - (1+ COS¢)/2 Blade speed, u : / |
p=ulV,
Rotation v, (Jet velocity)=v,,; = u;+v,,
< v < Net Head H = Hg-h;
r1 Uy h=4fLV2/(d*x2g)

p<90°, V,, !s negative, §Iow runner d* = diameter of penstock
p=90°, V,, Is zero, _medlum runner D = diameter of wheel
B>90°, V,, is positive, fast runner
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Design of Pelton Wheel

Velocity of jet at inletv, =C_,/2gH where Cv = coefficient of velocity = 0.98-0.99
Velocity of wheel u=¢,/2gH where ¢ is the speed ratio = 0.43-0.48 s

Angle of deflection is 165° unless mentioned. i
Pitch or mean diameter D can be expressed by u=7zDN /60 ﬁie
Jetratio m=D/d (12 in most cases/calculate), d = nozzle diameter

Number of bucket on a runner Z =15+ D/2d (Tygun formula) or Z =5.4J/m
m=6 to 35

Number of Jets = obtained by dividing the total rate of flow through the turbine T
by the rate of flow through single jet

Tz 7

Size of Bucket: Axial Width B=3d to 4d, radial lengthL=2d to 3d, depthT =0.8d to 1.2d
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Governing of Pelton Turbine

Bell crank
lever

FMM" lever

. Relay or control valve
mt;chc:} to turbine P2 :j Py

Roller

LMy

Oil sum

P Sl:wumutur-fj
Load of turbine=power output as demand

If Load increases, speed of the governor
decreases and vice versa

From penstock
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