1S-1. Introduction

A hydraulic turbine is a prime. mover (

a machine which uses the raw cnergy of a substance and

converts into mechanical energy) that uses the energy of flowing water and converls it into the me-
charical enerey (in the form of rotation of the runner). This mechanical energy is used in running an*

elecmc gencrator which is directly coupled to the shaft of the
h\'dr:mli: turbine; from this electric penerator, we get clec-

ric power which can be transmitted over long distances by
mezns of transmission lines and transmission towers. The hy-

rzulic turbines are also known as “water turbines’ since the
fluid mediem used in them is water.

3

First hydroclectric station was probably staMed in America
in 1882 and thereafter development took place very rapidly. In
Indiz, the first major hydroelectric development of 4-5 MW
czpacity name as Stvasamudram Scheme in Mysore was com-
missioned 1n 1902,

Hwdro (water) power is a conventional renewable source
of energy which is clean, free from pollution and generally has
a pood environment effect. However, the following factors are
mzjor obstacles in the utilisation of hydropower resources:

(i) Large investments,

(1) Long pestation period, and
{itr) Increased cost of power transmission.
it o, L . .

Fag. 18:1, shows the flow sheel ofhydioclectric power plant,
18-2. Classification of Hydraulic Turbines

T'he hydraulic turbines arciclassified as follows

. Accordingo the lltf.ud and quantity of water available.
% According to the name of the o pinator,

3. According to the action of water on moving blades
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Hydraulic Turbines

4. According to the direction of flow of water in the runner.

o

According to the dispostition of the turbine shaft.

6. According to the specific speed V.

1. According to the head and quantity of water avaliable :

() Dmpudse wrbine requires high head and small qrannty of flow.
() Reacton nobine . vequies low head and et vase of flow,

Actually there are two types of reaction tutbines, one for medum head and

other for low head and larpe tlow,

According to the name of the originator

(1) Peleon wrbine ... named after Lester Allen Pelton of California (!

pulse type of turbine and is used for high head and low dischargy

(i) Francy werbine .. named afier James Bichens Francis. It is a rea:

from mediem high to medium low heads and medion small to mece

ofwaler.

(i) Nalpan turbine ... named after Dr. Victor Kaplan. {t 15 a reaction £y,

ireads and large quanties of flow.
2 According to action of water on the moving blades:

—» Impulsc turbine-Pelton tur!

Turlhines ———» ; :
_ » Francis turbine

L Reaction turbine —

L Kaplan and propc

+  According to direction of flow of water in the runner:
() 1 ;mg-cn(ial flow turbines (Pelton turbine)
(173 Radial flow turhine (no more used)
{u1) Axial flow turbine (Kaplan turbine)

(iv) Mixed(radial and axial) flow turbine (I'rancis tuw bine).
in rangential flow turbine of Pelton type the water strikes the munner tan
rolaticn.

In axial flow turbine water Nlows parallel to the axis of the turbine shaft
axiz] flow twrbine. In Kaplan wrbine the runncr blades are adjustable andcan
fixed 1o the boss of the ranner. 1f the runner blades of the axial low turbines are
“propeller murbines™.

i1 mived flow tbines the water enters the blades radially and comes out.
wrbine shaft. Modern Francts turbines have mixed flow runners.

5 According to the disposition of the turbine shaft :

Jhaft may be either vertical or horizontal, In modenr practice,

Turbine
chalts whegeas the rest, especially the larpe umts, have vertc

have horizontal
6. According to specific speed @
The specifie speed of a turbine ts defined as the speed of a 1-vnm'cuic.1!
under /m head. All peometncally similar turhies (eresp

would develop 1 kW
under the same head.

have the same specific speeds when operaling

Specitic speed,” N =

2
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where,

The followmg table pives the com

nes
Fluid Mechanics and Hydrauhc Machi

N =The normal working speced,

P’ = Power output of the turbine, and

I1="The netor elfective head in meties. , - hile
™ - N . IS e conditions, w
Turbines with low specific speeds work under high head and low discharg

. . ; o » ¢ ons.
speaific speed turbines work under low head and high discharge conditi

their operation and application.

Aspecty

Conversion of fluid
cnergy

Changes in pressure
and veloeury

Adnmittance of water
over the wheel

ater-tight causing
Extent to which the

water fills the wheel/
turbine

Installation of unit

Relative velocity of|

wdarter

Flow regulation

Impulse turbine

The available fluid energy is
converted into K.E. by a
nozzle. '

The pressure remains same
(atmospheric) throughout the
action of water on the runner.

Water may be allowed to enter
a part or whole of the wheel
circumference.

Required

The wheel/turbine does not run
full and air has a free access to
the buckets.

Always installed above the 1ail
race. No draft tube is uscd.

Either remaining constant or
reduces slightly due to friction.

— By mcans of a needle valve
fitted into the nozzle.
— lmpossible without loss.

e

S lmipulse Turbines—Pelton Wlheel

tnan impulse wibine the pressure energy
aph the nozzle and forms the hiph ve

~heel,

Pelton wheel (named after the American e
turbines that have been desipned
nturbine s a tangantial flow

of water iy

impulse turbine,

www.Jntufastupdates.com

converted into Kinetie e
locity jet of water, The formed w

ngineer Lester Allen Pelion),
and utilized, is by far the

-

. = i with regard .
patison between the impulse and reacthion turbines ! 1 g

Fable 18.1. Comparison between Impulse and Reaction Turbine:

Reaction turbines

The energy of the fluid is partly
rransformed 1nto K.E. before it
(fluid) enters the runner of the
turbine

After entering the runner wath an
excess pressure, water under-
goes changes both in velocity
and pressure while passing
through the runner. ’
Water i1s admutted over the cir-
cumnference of the wheel.

Not necessary.

Water completely Tills all the
passages berween the blades and
while flowing between inlet and
outlet sections does work on the
blades.

Unit may be installed above or
below the il race-use ofadraft
tube 1s made.

Due to continuous drop in pres-
sure during flow throu
blade, the relatjve
lmcreases. .

gh the
velocity

By means of a guide-vane
assembly:,

Alwaysg dccompanied by
loss, )

———

78V when passed

aer)etis used for driving

among the

various im-
hnportant,

The Pelton wheel or
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Hydraulic Turbines
Source of waie,

Koyana river
Sharavthi river

Uhlriver

ions in India:
“tant Pe DineinstallationsinIn o
Important Pelton tur binel L ocation (State)

S. No. Scheme/Project Koyana (MaharaShUa)
1. Koyana hydroclectric project . y" il (Kamﬂlﬂk“)
2. Mahatama Gandhi hydroclectric works Shara

i Napar
3, Mandi hydroclectric scheme Joginder Nap

(Ilimachal Pradesh)
Pallivasal (Kerala)
Pykara (‘Tamil Nadu)

Mudirapuzlc rver

4. Palhivasal power station :
lhivasal power stat Pykara river.
©5. Pykarahydroelectne scheme
~ . . . Maool/Tirbi
18.3.1. Coustruction and working of Pelton Wheel/Tui bine ; i1y spaced
L : : il turhi > nted equally sp
A Pelion wheelurbine consists of a rotor, at the periphery of which are mou i I} cac); source
. ‘ o i sfe a highh
double hemuispherical or double ellipyoidal buckets. Waler is transferred from a hig ! p /et
i i . : ' peed jel.
through penstock which is fitted with a nozzle, through which the water flows out ata high speed j
. e and. ame
A needle spear moving inside the nozzle controls the water flow through the nozzle and [hg s
time, provides a smooth flow with negligible encrgy loss. All the available potential energy is thus
converted o kinetic energy before the jet strikes the buckets of the runner. The pressure all over
the wheelis constant and equal to atmosphere, so that energy transfer occurs due to purely impulse
aclion. :
he pelton turbine is provided with a casing, the function of which is to prevent the splashing of
warer and lo discharge water 1o the tail race. , -
When the nozzle is completely closed by moving the spear in the forward direction the amount of
water striking the runner is reduced to zero but the runner due to inertia continues revolving for a long

time. In order to bring the runner to rest in a short time, a nozzle (brake) is provided which dirccts the

jet of water on the back of buckets; this jet of water is called braking jet.

Brake nozsle

—

Jet of water

T T I 777777777777

Iy, 18.2. Pelton wheel,
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Speed of the turbine runner is kept constant by a governing mee

;cgt{:f]ates the quantity of water flowing through the runnc
oad. '

hanism that automatically
v in accordance with any variation of

b kFl‘g. 182, shows a schematic diagram of a Pelton wheel, while Fip. 183, shows two views of its
ucket.

Water jet diameter
| 1=
| —»

Splitter.

=~

=2lo3;-§:3104;—§-:11 lo16;%=0.8101.2;notch(widlh):l.ld +5mm
(

N
d

Fig. 18.3. The bucket dimensions.
The jet emerging from the nozzle hits the splitter symmetrically and is equally distributed into the
two halves of hemispherical bucket as shown. The bucket centre line cannot be made exactly like a
mathematical cusp, partly because of manufacturing difficultics and partly because the jet striking
the cusp invariably carries particles of sand and other abrasive material which tend to wear it
down. The inlet angle of the jet is therefore between 1° and 3°, but it is always assumed to be zero in
a1l calculations. Then the relative velocity of the jet leaving the bucket would be opposite 1n direction
to the relative velocity of the entering jet; this cannot be achieved in practice since the jet leaving the
bucket would then strike the back of the succeedtg bucket to cause splashing and interference so
that overall turbine efficiency would fall to low values. Hence, in practice, the angular deflection of
the jet in the bucket is limited to about 165° or 170°, and the bucket is therefore slightly smaller than
2 hemisphere in size.
Fig. 18-4. shows a section through a horizontal-impulse turbine.

Hydraulic brake

Needle .

- Nazzle prpe

o el

”’ ’
Farl water elevation
e - e 3

FERS : £ F 5 T il(l(i’ln‘f(l‘ifu'
-‘ﬁ,'zn,'. ¥ |||H“”n”“;.‘[ﬂ
vnimm:;mﬁ"‘"‘" ’ ' gf?ﬁﬂ;‘ﬂi?ﬂﬁk\f el

‘EU.I' (T

Pl 184, Section through ahonzontal-impulse turnoe
18-3-2. Work done and Efticiency of a 'elton Wheel
Fig. 18:5. shows the velocity triangles,
Let, N =Speed of wheel inr.p.an,,
1) = Diamcter of the wheel,
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Hydraulic Turbines

' Loy
d = Diameter of the jet,

u = Penipheral (or circumfcrcminl) velocity of munner. [t will be s
the runners at the mean pitch. (i.e. u = W)
DN '

o ——

at I[ll!_‘l JHII -\HH o

_- To be fined
Lo runner

Quilat

wgle of detieon

-~
~

1
€ | ——— P ——
Fig. 18.5. Velocity triangles.
V, = Absolute velocity of water at inlet,
¥,y = Jet velocity relative to vane/bucket at inlet,
U = Angle between the direction of the jetand dircction of moti 1 of the vane b b ¢
(also called guide angle),

0= Angle made by the relative velocity (V) with the dire

ction « - motionat inler (4]
called vane angle at inler)

V  and ¥y~ The components of the velocity of the jet Y

»indirection «  motion and Poipen
dicular to the direction of motion of the vane ‘

tespectively,
V, 115 also known as velocity of whirl at inlet,
Vy 15 also known as velocity of flow at inlet,
V, = Velocity of jet, leaving the vane or velocity of jetat outlet . he vane,
V) = Relative velocity of the jet with tespect to the vane at outl:
¢ ~ Angle made by the relative velocity ¥, with the direction o
outlet and also called vane angle ar outler,
B = Angle made by the velocity ¥, with the

V., and ¥, = Components of the velocity V.

whon ol the vare

direction of motion o e vane at vutl Coand

, inthe direction of motion of
1o the direction of motion of vane at outlet;

V.2 is also called the velocity of whirl at ourlet, and

ae and perpendiculag

www.Jntufastupdates.com

Scanned by CamScanner



10¢ : Fluid Mechanics and Hydraulic Machines

V', 1s also called the velocity of flow at outlet.

tlet. The velocity triangle at inlet will be a straight line where

) Vo=V —nV ey (1, =1y = 10)

ey Vicu =V, V=V, ez

a = O0and 0=0

Chutlet tFrom velocity triangle at outlet, we have
=t 44

1 2 A]rl‘
where, K = blade friction co-cfficient, slightly less than uniry. ldealy when bucket
arfaces are perfectly smooth and energy losses due to impact at splitter arc neglected,
K =1

. - o

1, Vi =V, cos w,=V,cosd-u (" u, = uy=u) (When 3 <90°)

w)
‘epending upon magnitude of the peripheral speed (), the unit may have 2
low, medium or fast runner and the angle B and ¥V, , will vary as follows :

1) Slow runner B <90° (V.2 1s -ve)
i)y Medium runner } =90° V., =0)
) Fast runner B >90° . (Vg 15 4ve) J

o force exerted by the jet of water in the direction of motion is given as
F=paV (V. ,+V.,) ' - ..(18.1)

and a are the mass density and area of jet [a = E (IEJ rcspccilvcly.:}

1w work done by the jet on ruriner per second
= Fxu=paV (V +V ) xu " ..(182)
\9ork done per sccond per unit weight of water striking

paVy (V,, + Via) x u _ pahy (V, + V) xu
Weibh'l of water striking pab, x g
= +( w V) u -(18-2(a)] -

1 energy supplied to the jet at inlet is in the form of K.E. and is cqual to > m ol

L

. 1 .
-inetic energy (K.E.) of jet per second = 3 (paky) x Pﬁ

Waork done per second pal (Vo) v V5) xu

'vdraulic efficiency, n - _
> T K of jet per second ) ;
5 (p(’l‘ ] ) X I}|-

2(Vy + V) xu

A : | -(18-3.)

0 un

Froninlet and outlet velocity triangles, we have
Vo = V0V, =V -, =V—H :
Vo=V C0g¢h” ,c05¢-u—!\L’lgc)5¢m~z¢—A(l

—u)cosd—u
St tituting the values of V W and Vo ineqn (18-3), we have

= 20 KO 0008 il 2004 - ) 1+ K cosgyla

= |
W 2 (18-4)
11 nydraulic efficiency will be maximun for given value of ¥, when
L _www Jntufastupdates.com
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Hydraulic Turbines

(u

(S du

20+ Keosd) 0ty =0
Pl du

I
2 Ccos i d 7y _
Since, w + 0, # — (W - u )=0
i’l2 (u
d (185)

F oYy = -1
or, | Lo AU 0 or 5
imum when the

ation states that hydraulic efficiency of a Pelton wheel is max

ater at inlet. The maximum efficiency can be

=

The above equ
velocine of the wheel is half the velocity of jet of w

. J
obtamed by substituting the value of 1 = —2'— ineqn. (18-4).

V] / Vl VI h
2|V - 2 (1 + K cos ) — 2><-—(I+Kcos¢)‘<—i
- 2 2 _ 2 2
(nh)m.lx - 7 - 2
o %
_(I+ K cos ¢)
or, (nh)nux - P (186)
If friction factor, K = 1 (i.e., assuming no friction), we have
l+cosd
— ...[18-6(a)]

(Tlh )m.'l | S 2

18-3-3. Definitions of Heads and Efficiencies .
Fig. 18-6 shows a gencral layout of a hydroelectric power plant using an impulse turbine (Pclton

wheel).
1. Gross head. The gross (total) head is the difference between the water level at the reservoir

(also known as the head race) and the water level at the tail race. It is denoted by H
T . . i g
7. Net or effective head. The head available at the inlet of the turbine is known as net or effec-

live head. It is denoted by / and is given by
H ='Hg - hf-- h
where, h[= Total loss of head between the head race and entrance of the turbine
(U'L ;/2 .
DY 2% (L = length of penstock, D = diameter of penstock,

i = velocity of flow in penstock), and
h = Height of nozzle above the tail race.

The following are the important ¢fficiencies of turbine :

3, Efficiencies.
ney (1,). It is defined as the ratio of power developed by the runner to the

(i) ydraulic efficie
jet al entrance (0 the turbine.

0 = Power developed by the runner
T : i
Power supplied at the inlet of turbine

power supplied by the

Mathcmatically,

8 www.Jntufastupdates.com
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Fluid Mechanics and Hydraulic Machines

1060

Q ||] "' wl ) u
pQﬂ (Vh'l j V\r?)‘fi = [__E_J .

wQ, 11 wQ, /1

U’M i I’\\'.") - . ,[ (187)

pll i

Head s . A v p )
S —t cegEgoosom=esm=s A |
=\ /\ @ TTtrtem-- - . !
s P Y Vanes

Pelton wheel

Y : Y Tail race

Fg,IB.ﬁ Layout of hydroelcctric power plant using an nnpulsu turbine (Pelton wheel).

V Velocities of whirl at inlet and outlet respectively,

Il

where, .

w2

u = Tangential velocity of vane,

H = Net head on the turbine, and
Q. = Actual flow rate to turbine runner (bucket).

The paameter, H_ = ) (V.4 +V,,) urepresents the energy 1r1nsfer per unit weight of water

and is refemsd to as the ‘runner head’ or *Euler head'.
I - H = All = Hydraulic losses within the turbine.
(1¢) Makeanical efficiency (). Itis defined as the ratio of the posver obtained from the shaft of
the turbinemthe power dcveioped by the runner. These two powers differ by the amount of mechani-
<zl losses, s bearing friction, elc, "

. Power available ine shafl Shafl '
Matheastically, 1), = c tlable at the turbine shaft _ _bhdtl power

Power developed by twbine runner Bucket power
P i
B e 5 r = oo ISS
w(), (EML‘ ”] T WOt ( )
IH

Valueseme:chanical cfficiency for a Pelton wheel usually hie betw

ing on sizeesd capacity of the unit,
(i1i) Vmmetric efficiency M,). The volume
actually stekimg the runner to the volume of

cen 97 to 99 percent depend-

tric efficiency is the ratio of the volume of water
vater supplied by the jet to the wrbine. That'is

Volume of water actaally stiiking the nunner ()

) Total water wpphul by the et -(189)
For Pemturbines, 0= 0:97 (0 099, ¥ (1e Jet 1o the turbine (@)

=

v

9 www.Jntufastupdates.com ' '
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) Overall e
() Over W efficiency (n o lis defined as the ratio of power avail.
power supplied by the water Jer. That is

Powu available at the turbine ~.lm|l Shalt pow:

Water pn ‘
d by the jet,)

lton wheel lie between .84
The individual efficiencics may be combined to pive,

—

" Power available fro;n_ﬂw waler jet
(where, Q = the total discharge inm's supplic

The values of overall cfficiencey for a Pe

I]O e 11" ~ nm N 1“I
,{" {‘ ()n P
T “():,7: b U B ‘;“517. which is the sam,

LTy s the efficiency ofa generator, then power output of hydroun:
= (WOH) % N X ”x
The product n ~ N, 18 known as hydroclectric plant officiency
18-3-4. Design Aspeets of Pelton wheel
The followmg points should be considered while designing a Pel
I Velocity of jet. The velocity of jet at inlet is given by,
W= C. J2ell
Cv = Co-cfficient pfyelocity( =098 0or 0-9"
H = Net hcad on turbine.
2. Velocity of wheel. The velocity of wheel (1) is given by,
u = K, Zgﬁ
where, K = Speed ratio. It varies from 0-43 to 0-48.
3. Angle of defléction of the jet. The angle of deflection of the jet !
1657 if no angle of deflection is given.
4. Mean diameter of the wheel (D). The mean diameter or pitch dia
civen by,

where,

5 Jet ratio (m). It is defined as the ratio of the pitch diameter (.
diameter of the jet (d). It is denoted by *m” and is given as :
D

m=—
d

Normally, the jet ratio is adopted as 12 in practice.

6. Bucket dlmumons. Some of the main dimensions of the bu
follows : .

Referto Fig, 183 : 8 =3 w0 dd; .= 210 3d; 1 = 08 1o l'2d.

7. Number of jets. Normally a Pelton wheel has one nozzle or o
nozzles may be employed when more power is 1 be produced with the
nozzles can be used on Pelton wheel, However, practical consideration
two jets per runner for a vertical runner and not more than four jets p

* configurations. ‘

Number of jets is obtained by dividing the total rate of flow throw

flow of water through a single jet.

(lies between 11 and 16 for maximum hydrat

10 www.Jntufastupdates.com
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1o Fluid Mechanics and Hydraulic Machines
. . ) YEY )
_ 00324000 0017 Kb s V=001TIV)
006 x 2 x 98] 2»>981  (097)

= 0003417 + 00541, = 005741

, 400 "
I = | =8348 m/¢
00574

‘ )
S Flow rate = Area of jet < velocity of jet = —3- « (0:08)? » 8348 = 0-419 mels (Ans.)
| The shaflt power :

Veloany of bucket, i, = 0481, = 048 8348 = 4007 m/s
Refer to Fiy 188, l’rl 3 l’l e 83:47 - 4007 = 434 /s
V. om I'I = 8348 nvs

w)

Outlet Va2
veloeity

triangle Deflection

T~ of jet

f e 1] < "';‘;' o _\G ~¥165°y

Bucket

_ Fig. 18.8
From the outlet velocity triangle, we have ‘
V, =085V, =085x43-4=36-89 /s
Vi =u,=V,cosd
= 40-07-36-89 x cos 15°=4-d44 s
Mecchanical efficiency,
Shaft power

Nm = :
™ Power given to runner

. Shaft power, = n_.x power given to runner
But power given to runncr

W
== Q(Vy -V xu
Iy

. s ginn i€ Of(ia | i 3 ; :
[Here —ve sign is taken since > 90° (i.e,, ¥, and ¥, arc in the same direction))

- Shaft power . BN, X - OV = V) x
o ?
=09 x il

() RI » 0'4'0 (SJ"‘S bt 4'4") x '-‘0 07 k\\' (“" “l_—.g.sl L—_N’frr‘l) )
= 11943 KW (Ans.)

11
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Hydraulic Turbines

: . , h
; otal hea "
T 18-S, The wat 'm'aih!bh’ﬁ)!' a Pelton whec[ is4dm /s and the tota lCudf,m!
Example 18-S, The water s with two jets per runner. All !hcﬁ .
reservoir to the nozzle is 250 m. The turbine has two runners with J e o bl M R
- - . - fficienc ansmission through the pipel; &
have the same diameters. The pipe is 3 km long. The [ff’(-‘f”i'." ”f”””". o "nr&nf iy -; p(‘“”E"’.“
and the nozzle is 91 % and cfficiency of cach runner is 90 %. The velocity co-cfficient of each nozzy,,

is 0975 and co-efficient of frictwn 4f" for the pipe is 0-0045. Determine : \

(1) The power developed by the turbine,
(i) The diameter t)_[‘lhc.‘j(‘f, and

.
() The diamerer of the pipeline. [M'UJ
Solution, Rate of flow, - ams
Total or pross head, Hp 250m
Total number of jets =2x2=4

Length of pape, L=3km=3000m
Friciency of ransmussion, n=91%
tiliciency of cach nanner, 1, -~ 90%
Co-cMicient of velocuty, C,=0975
Co-cMcient of friction, Y =005
() Thepower developed by the runner :

Lfficiency of power transmussion, 1 =
- !{ F
(where, A = loss of head due o friction) ¥
250 - A

091 =
250
hf=_250 -250x091 =225 m
". Net head on the turbine, /= Hg— ”;= 250-225=2275m

Veloeity of jet, Vi=C,J2gH = 0‘97S\j2 x 981 %2275 = 6514 nvs
Now, \Water power = Kinetic energy of the jet

or,

"

l b ] 1 2
- mh’ = 3 POy} = 5 1000 x 4 6514° = 8486439 Nuvs

= 8486439 J/s or I = 84B6-44 k\WV

.. i Power developed by the tuibine
ut, hydraulic efficiency, n, =

Water power

of, 09 - Power developed by the turbine
B486-44

. Power developed by the tuibine .
=09 ¥ B486-44 = 76378 KW (Ans.)
(ir) ‘The diameter of the jet, d :

: Total discharge 4 10 Vs
s . 1 r -l' ] & =———— ...,A .__ v LT e T3 1 ‘_
Discharpe per je f No.of s "
It g
1ut, e Ul .

0 10x 4 )
l ” o w— N (l” L {lﬁl‘l Ol (! 5 et e ‘ u'|.‘ m (l\l“-)
4 nox 6514
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Fluid Mechvan.ics and Hydraulic Machines

energy and when the wate / : N
r flows lhmugh the moving parts, there is a change both in pfessurc and

h] 3 A S

pressure and absolute veloci T '
i e )h(l)oT:lly get reduced. The water which acts on the runner blades is under a
pheric and the runner passages are abways completely filled with water.

13

. Shaft
Guide blades

7 Spiral casing

Draft tube
Taul race

pulili e e e

Guide wheel

Guide
~~ blades/vanes

Fig. 18.11. Schematic diagram of a Francis turbince.
Important reaction turbines are Francis, Kaplan and Propeller.

18-4-1. Francis Turbine

Fig. 18-11 shows a schematic diagram of a Francis turbine. The main parts of aﬁfir:cr's
. , :

turbine are: \

1. Penstock ... 1tisa large size conduit which conveys water from the uRsTr

@\ of the
>

dam/rescrvoir to the turbine runner. ~

2. Spiral/scroll casing ... It constitutes a closed passage whose cross-sectional area gradually
decreases along the flow direction, arca is maximum at inlet and

nearly zero at exit.

1. Guide vanes/wicket gates ... These vancs direct the water onto the runner at an angle
appropriate to the design. The motion to them is given by
means of a hand wheel or antomatically by a governor.

4. Governing mechanisin ... It changes the position of the guide blades/vanes to attecta
variation in water flow rate, when the load conditions on the
turbine change.

5 Runner and runner blades ... — The diiving force on the runnet is both due to impulse
and reaction effects;
— The number of tunner blades usually varies between 16
o 24, _
6. Draft tube ... Itisagradually expanding tube which discharges water, passing through the
runner, to the tail race.

The modern Francis turbine is an imward mixed flow reaction turbine (in the earlier stages of
development, Francis turbine had a purely radial flow runner), i.e. waier under pressure, enters the
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runner from the guide vanes towards the centre in radial el RET R e
runner axially. The Francis turbine operates under medium heads and also :cc {uT
of water. Itis employed in the medium head power plants, This lype n(‘lu‘rbinc]cr:- ‘
heads. Water is brought down to the turbine through a penstock and directed to a l]‘u
orifices fixed all around the circumference of the rumner. These stationary orifi.
called as guide vanes ov wicket gates.

The head acting on the turbine is pardy transformed into kinetic energy and
pressute head. There s a diﬂ'crcnu: of pressute between the puide vanes and 1
called the reaction pressure and is responsible for the motion of the runner. Tt
urbine 1s also kKnown as reaction turbine,

In Francis tubine the pressure at inlet is more than that at the outlet. This
in the turbine must tlow in a closed conduit. Unlike the Pelton type, where the
few of the runnet buckets ata time, in the Francis turbine the runner is alway.
moment of runner ix affected by the change of both the potential and kinetic ener
doing the work the water s discharged to the tail race through a closed tube of ¢
secthion. This is known as draft tube. 1t does not allow water to fall freely to tail |
Pelton turbine. The free end of the draft tube is submerged deep in tail water mal
water passage, night from the head race up to the tail race, totally enclosed.

Fig. 18-12 shows general layout of a hydroelectric power plant using a req

Head race ¥ o
| EESmIT S ST ot i
====-1// A" ==t IIIII__...° ‘
== U/ /N T TTTmee-aol ol
Reservoir H .
g | p
Penstock H m
- -k - T —— - T , !
7 il — %
NI TR R Sty o |
v A r—- ~T] |
y 4 \

NE
=g i

Fig. 18.12. General layout of a hydroelectric power plant using a reaction |

Important Francis Turbine Installationsin India:

r:—f“m- T Scl;«'lln(.:;l-:;njcct ' - liliatmn(quu)“ ______]
Bicadntlll ISR, dvitochitaibdicint o SRNRESEEE B
I B2hakhya dam project Bhakia (Punjab) ‘
2 Cauvery hydroelectric scheme Siva Samudram (Kamataka)
3 Chainbal hydroelectric scheme Ciandhi sapar (Rajasthan)
4, Hirakud dam project | Hirakud (Orissa)
5. Rihand dam project Rihand (Uttar Pradesh)

Important differences between Inward and Outward Flow Reaction Turbine

The following arc the important differences between inward and outward flow
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_—

H[_‘H ()utwrnrd flow reaction

S Aspects Inward flow reaction
turbine turbine
Entry of water Water enters at the outer | Water enters at the inner

periphery flows outward and

petiphery, flows inward and
at the outer

towards the centre of the | discharges
turbine and discharges at the | periphery.

outer periphery.
Positive (Positive centrifugal
head increases the relative
velocity of water at the outlet).

Centrifugal head | Nepative (nepative centrifugal
, mparted head reduces the relative
! velocity of water at the outlet).

Discharpe Does not increasc. The discharge increases.

Speed control Easy and effective. Very difficult. '
If the turbine speed increases

| Tendeney of the | Nilo The turbine adjusts the
the wheel tends to race; the

wheel to race speed by itself.
turbine cannot adjust the speed
by itself.

Suttabiliy Quite suitable for medium | Quite suitable for low or

high heads; best suitable for | medium heads.

large outputs and units.

Applicarion [For power projects. Practically obsolete.

18+4:1-1. Work done and efficiency of Francis turbinc

Net head at the turbine runner : In the Fig. 18-12,
Hg = @Gross head = Difference of water levels between head race and tail race

Irf = Loss of head in the penstock;
= Nethead = (H, - /). The net head is also called available or working
or operation head.

o= Total energy available at exit _ | total energy available at exit
from the penstock from the draft tube

2 2
=~ ﬁ + V + Z — -P. + L +
w2 wo 2gp -
. penstock draft tube

[the draft tube exit is at tail race level, and the datum is also taken at that level, then

1/3 ' 2
/= [_/_—)_ 4 ;__ +- :J _ id
W =g penstock 2 1

where, V, = velocity at the exit of the draft tube)

leglecting the velocity at the draft tube exit (V). we have

1Iso,

P % '
1wl e 2
' (w 20 J - (1816)

Work done by the runner :

g, 1813, shows the runner and the velocity diagrams (inlet and outlet) for anvl:nward W
re. uon turbine. The general expression for the work done with usual notations according { o
v r momentun equation, is given by, g to the

B
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Hydraulic Turbines O(Centcrof\\'hccl)

Inncr
pcriphcr‘Y

Outer Periphery

L J
Fig. 18.13. Vclocity diagrams for an inward flow reaction turbine.
Work done = POV yu WV )
) W .
=— VgtV u) ..(18-17)
J
where, @ = Discharge through the runner, mYs.
The maximum owtput under given conditions is obtained when V.p=0.
Thus, the maximum work done is given by,
w
Work done = © (V' uy) ..(18-18)
g

This discharge in this case is mrz’mi Forradial dischar

ge, the ab.sol'ure velocity at exit is radial,
Hydraulic efficiency, n,:

If H is the net head, then input 1o the urbine = wQl

w(Q
, = mEiy)
0 = Power developed by the runner S
b= : : —l ==
Power supplied to the trbine (water power) wQOH
V. u
or, n, = L
' gfl -.-(1819)
However, if the vclocxly of whirl at the exit is noy zero, then
‘Vul ul = V v? My
nh = 18']9
= - [1819(a)]

The hydraulic clficiency of the Francis turbine varies from 85 to 9() percent

16 - www.Jntufastupdates.com
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Mechanical efficiency, n,: 1

The mechanical elficiency is piven by.

Shaft power (P
fy = "ot POWE (") (1820)
Power developed by the runner -

Overall efficiency, N,

The overall efTiciency is given as

Shafl water P

1]" N 121l walel .,_”8'2[)
Water power — wQH

nﬂ - ]]h X 1]m

The overall efficiency varies from &0 to 90 percent.

and, [18-21{a)]

18-4:1-2. Working proportions of a I'rancis turbine

The following working proportions pertain to a Francis turbine :
. . . "B
1. Ratio of width to diameter D :

The ratio of width (8,) to the diameter of the wheel (D,) at inlet is represented by 7. Thus
B,

D,

The value of n varies from 0-10 to 0-45.

2. Flow ratio (Kj) -

n =

Flow ratio is the ratio of the velocity of flow at inlet to the theorctical jet velocity Thus,

Vi .(18-23)
2gH

The value of Kfvaries from 0-15 to 0-30.

3. Speed ratio (KK))

Flow ratio, Kf

Speed ratio is the ratio of the peripheral speed at inlet to the theoretical jet velocity. Thus

Speed ratio, K, = .
J2gH

The value of K ranges from 0-6 to 09,

18:4+1-3. Design of Francis turbine runner

‘e runner of a Francis turbine is required to be designed to develop a known power £, when
running at a known speed N r.p.m. under a known head . The design of the wunner involves the
determimation of its size and the vane angles.

The desipn of a Francis turbine runner is carried out as follows :°

I
i

Assume suitable values of Ngs Ny 1 A’, and N,

Determine the required discharged @ from the relation

.P = ]'In x “n()“' (1324)
3. Obtain the velocity of flow ftom the discharge and flow arca.
Let 8, D, and ¢, respectively be the width, diameter and thickness of runner vane atinlet (Fig.
18-14).

__ 17
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1C8s

e D;
2 V;.lnc

1;1 I - .-—...... 2 d " . - —— e Vv
— { . n

™ Shaft axis

Fig. 18.14. Entry of flow to runner vanc,

Then. total arca at the outer periphery (i.e., at the runner inlet),
A=(nD-Z,)8,=K D B,
where K 1s known as vane thickness factor/co-efficient; its value is alv

(usually of the order of 095 or so0).

Discharge = Arca of {low x velocity of flow
ic. . Q=KnD\B, xV,
' 0 . G (- 8,=nD,) J18 240

~. Flowvelocity, V, = =
) < K,nD\B,  KmnD}

Q
V., =K J2eH, .. K,J2gH = -
n S NES A K,mnly

Also,
172
- or D, = 0 . {18-27)
. (K, J2gH) Kmn |
Then, width 1'3’| =nD, - {Eqn. (18-2.
4. Find the rim velocity {tangential velocity) u, from the relation
D, N
i = _
LTG0 - *
5. Find the velocity of whirl at inlet (V, ) from Eq [18:19)
Vi p n, et y
N, =—— or V=
gl ", N
| ' . o vane angele (0) fromthe © lowing relati
6. Obtain the guide vane angle («) and the runner vane angle
obtained from inlet velocity triangle (Fig. 18-13).
,/ i l\\ M)y
. tan o = —— S8
wl ‘
V l - U:\- Ly
and, tan 0 = ‘U_..._
wi T ) : eep ad tnlat
: C o Aanechalf it hameters
7. Assume runner diameter 1, at the outlet to be approximately one haltth
— Dl ) I
Ihus, D, = 5 and w, = A
8. The velocity of flow at the exit (V) is ohluiuc’d as follows i i cquatio
Q=K DBV, = K DBV,
18 www.Jntufastupdates.com
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V K 7D, B,
Thus, £l Za

Vi KqmD,B
Usually, it is presumed that V, =V, and K| = k,,, that gives B,= 2871 I
Find the runner vane angle at exit (¢ ) from the velocity outlet triangle, assuming the

discharge at the runner exit to be radial (B = 90?). Thus,
i (1831
144

The number of vanes vares from 1610 24. Inord
of vanes should be either one more or one less than the num

3-4-1-4. Advantages and disadvaﬁtages of a Francis turbine over a P

tan ¢ =

er to avoid periodic impulse, the number

ber ofs:ur'de vanes.

Pchion wheel

Advantages: )
he Francis turbine claims the following advantages over P
rating head can be more castly controlled.
ating heads can be even two.

ater level is relatively

clton wheel :

|. In Francis turbine the varifuion in the ope
’ In Francis turbine the ratio of maximum and minimum oper
The operating head can be utilized even when the variation in the tail w
large when compared to the total head.
The mechanical efficiency of Pelton wheel decreases fas

The size of the runner, generator and power housc require
Francis turbine 1s uscd instead of Pelton wheel for same power gene ration,

ter with wear than Francis turbine.

d is small and economical if the

iisadvantages/Drawbacks :

; compared with Pelton wheel. the F rancis turbine has the followimg drawbacks! shortcomings

Water which 15 not clean can cause very rapid wear in high head Francis turbine.

The overhaul and inspection 1s much more difficult comparatively,

Cavitation 15-an ever-present danger.

The water hammer effect 1s more troublesome with Francis turbine.

If Francis turbine is run below S0 percent head for a long period it will not only lose its

efficiency but also the cavitation danger will become more serious.

vample 18:16. An inward flow reaction turbine has external and internal diameters as 1-08 m

une 54 m. The turbine is running at 200 r.p.m. The width of the turbine at inlet is 240 mm and
velo v of flow through the runner ts constant and is equal to 2-16 m/s. The guide blades make an =
ang  of 10° o the tangent of the wheel and discharge at the outlet of the turbine is radial. Draw ;
the et and outlet velocity triangles and determine :

\  The absolute velocity of water at inlet of the runner, ’

) The velocity of whirl at inlet, j

- - - :‘-

(| The relative velocity at inlet, 2

\ The runner blade angles,

Width of runner at outlet,

Ieight q;‘wu!erﬁowfng through the runner per second, 5
( 1+ Head at inlet of the turbine,
(+ 1 Power developed, and

. Hydraulic efficiency of the turbine. &,
3
¥
o
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H‘,‘{I[.Hlllf- Tuibines

D’=l-08m

Solution. External diameter,

Internal diameter, D,=054m

Speed, N=200rp.m

Width atinlet, B, =240mm=024m
Velocity of flow, Vﬂ-— Vﬁ:Z'IGm/S
Guide blade angle, a=10°

Discharge at outlet .... radial
B=90°and V_,=0
DN _ mx 108 x 200 13y s
60 60
DN mx 054 x 200

Tangential velocity of wheel atinlet, 1y =

. Tangential velocity of wheel at outlet, wu, = = 565 mVs
() Absolute velocity ol water atinlet of the runner, V, :
Frominlet velocity triangle, we have
V,sina= Vﬂ .
4 216. .
W= L. = 1244 m/s ( Ans.)

sina  sin 10°
(1) Velocity of whirl at inlet, Vou ®

V., =V, cos a = 12:44 x cos 10° = 12-25 m/s (Ans.)

I '

Outlet velocity /]
triangle

Runner

Intel velocity

tiangle ~~p T =K T T _
v a=1
- n Va=Vp=V,
. > ~ © .
fe—— u,——p 0 B =00°
H Vh'l
Fig. 18.15 r

(ifi) Relative velocity atinlet, ¥
Y, = \/(le - “l)z + V[l2

= J12:25 ~ 11312 + (216)?
=2-35 nv/s (Ans.)

o ——— e
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(iv) Runner blade angles, 0,4 :
Again, frominlet velocity triangle, we have
v, 216

tan 0 = = = 2:298
0=tan"' 2:298 = 66-48° (Ans.)
From the outlet velocity triangle, we have
Vi, 21
tan § = L+ = O hag
w, 565
2, ¢ =tan™' 0-382 =20-9° (Ans.)
(v) Width of runner at outlet, B, : . t
[ty alon
~D,B,V, = 1D,B,V (=€) .--Can_ff":/”o_ :’/qf)f. §
or, D,B, = D,B, (V=" ;
. g DBy V08X 0244 oy or 480 mm (Ans.) E
D, 0-54 :
rsecond : :

(vi) Weightof water flowing through the runner p¢
Weight of water flowing per second
=w=wx ‘.'I!)lBlVﬂ
~0.8] x nx1:08x024 %2167 17-25 kN/s (Ans.)

(vir) Head atinlet of turbine, H : .

L p e 2
= — TV jIr| ==
1 p (Vg V200 26

;2

l)

1 (M) + 2—2— : (- V,=0)
g g _
2:16°
2 x 981

- L 225 %1131y +
981

=14-36 m (Ans.)
(viif) Power developed :
, wQ v
Power developed = pO x Vo = P—é_,’_ X ¥t .

= %S_ %1225 x 1131 = 243:6 kKW (Ans.)

¢ (ix) Hydraulic efficiency, N,
Yath [Eqn (18:19)]
gt
1225 x 11131
081 x 14-36
Example 18:17. A reaction turbine works at 450 rp.m. under a head of 120 m. 1ts diameter at
inletis 1-2 m and the flow area is 04 m* . The angles made by absolute and refative velocities at -
inlet are 20° and 60° respectively with the tangential velocity. Determine :

N, =

- 09835 or 9835% (Ans.)

(1) The volume flow rate,
(if)  The power developed, and : '
. (iiiy  The hydraulic efficiency. [AMIE, Fluid Power Engg.| :
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Solution. Speed of turbine, N=450T.p.m

Head, //=120m

Diameter atinlet, D) = 1-2m

Flowarea, nD 8, = 0-4 m?

Angle made by absolute velocily, a = 20°

Angle made by the refative velocity at inlet, G = 60°

Y.z

Qurlet
velocity
rangle

[nlet
velocity
tnangle

Fig. 18.16
{1} Thevolume flow rate, Q:

Tangential velocity of the turbine,

DN 1 x 12 x 450
u, = — = ) S
i 2 0 = 2827 nvs

Frominlet velocity triangle, we have:

V /
o tan 20° = L'
le V

wl
Vp=V,,an20°=0364 v

4
/‘n,]';o' tan 0 = -——II—_ - -—-O_?’_(Kl_i/___

- wl

V=V, - 2827 (. 1, =0-3¢€

) tan 60° = —-O—Bﬁf_y__ or 1732 = 0364 ¥/ wl
V., -2827 N
‘' — 2827

or, [- —IRTY :
P2V -2827)=0364 ¥, or 173 1/“,,—48-%:0-364:'

lan o =

or

Vi & =2

(1732 - ()304)
From eqn, (1), we have

= 3579 m/s

f 0364 % 3579 = | 3. 027 nvs
“ Volume flow rate, O = ) B = ¥,

Bu, ) B, _04“])
04 = 13- 027 5211 lll;/\ (AII.S ) A«
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1090

(

foree
(hro
J'I'H'z.

dran

Fluid Mechanics and Piy=re=ms

Powerdeveloped : o V- 0 .Given]
Work done per second = pQ (V1)) 2

= 1000 % 5211 x 3579 x 28-27 = 5272402 Nmv/s or /s
Power developed = 5272402 /s or W= 5272+ kW (Ans.)

The hydranlic efficiency, 1, ¢

s ..[Eqn(18-19)]
M == :

L 33779 % 2827 0-8595 = 85:95% (Ans.)
081 = 120

: : e ameter of 1 m and its
cample 1818, oAn imward flow reaction turbine has an external (fm'i.'ri;ft /-fm(r N esing
. . 5 ’ 4 O Y’ i - 5
vat inler is 250 mm. If the velocity of flow at inlet is 2 m/s, Sind ucr;)H! J'b{,({e (h;‘r!(new
' ; ; ‘ ) bl cKness.
s the turbine per second. Assume 10 per cent of the area of flow 15 blocked by

; ’ B el tangent.
peed of the runner is 210 r.p.m. and guide blades make an angle of 10° to the whe g
demlet veloceity triangle and find :

.V The runner vane angle at inlet,

- olution. External diameter, D/=1m

23

et velocity triangle is shown in Fig 18-17,

' The velocity of wheel at inlet, A
The absolute velocity of water leaving the guide vanes, and

The relative velocity of water entering the runner blade.

[AMIE, Fluid Power Engg,|

cadthof inlet, B, =250 m=0-25 m

“locity of flow at inlet, Vﬂ =20 m/s

rea of flow blocked by blade thickness = 10 %
ced of the runner, N=2 10 r.p.m.

uide blade angle, o= 10°

cight of water passing through the turbine :
‘ca blocked by vane thickness = -l% x 1D B, = 0l nD, B,
Actual arca through which flow takes place,

A=nDB -0 DB, =09 DB, =09n x1x(Q25= 0-7068 m?
Weight of water passing per second through the turbine
=X A x I-’ﬂ =9-81 x 0-7068 x 2 = 1368 KN/s (Ans.)

r

The runncr vane angle at inlet, 0 ;
Tangential velocity of wheel at inlet,

f = N e ix0

60 e 10:99 nvs
From inlet velocity triangle, we have
V . .
tan o = ‘,/--" - 2,9 Wa = 20 40
Va P tan @ tap g0 = 1134 nvs
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7‘ [ Z
Y B =57
= Vi -y 11347 1099
0= tan- 5714 = 80:07° (Ans.)

Runner vane

or,

Inlet velocity
tnangle v

1
= o !
| ,
I: ! wl o
Fip. 18.17

(i) "The velocity of wheel at inlet u:
The velocity of wheel at inlet = u, =10-99 m/s (Ans.)
(7i)  The absolute velocity of water leaving the guide vanes, W,

Agam, frominlet velocity triangle | we have

V 3.
sin o = i, or, sin 10° = ZL]
v, v,
’ 2:0 &
M =— = 11-52 m/s (Ans.)
sin 10°
(1v) The relative velocity of water entering the runner blade, J/ - '
r
V 9.
sin 0 = ~—“~ or, sin 80:07° = -"-—q
rl Vrl
v 20
= —— =203 m/s (Ans.
" sin 8007° ( ‘

Example 18:19. /n an inward flow reaction turbine the head on the turbine is 32 m. The external
and internal diameters are {44 m and 0-72 m respectively. The velocity of flow through the-num >
is constant and equal to 3 m/s. The guide blade angle is 10° and the runner vanes arerigid at i ,f"
V' f the discharge at outlet is radial, determine - £ et

(1) The speed of the turbine,
(it)  The vane angle at outlet of the runner, and
(1if)  Hydraulic efficiency.
Solution. Head on the turbine, H =32 m
External diameter, Dl =144 m
[nternal diameter, D, =072 m
Velocity of flow, V].= constant; V,n = Vp =3 m/s
The guide blade angle, a = 10°

Runner vanes are radial at inlet,
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1118 Fluid Mechanics and Hydrauhc‘ Machines

—

Poef T2 asrm
1 n[)lnl " % 7 x (]1 = al nmv/s (An;_)
) 7:2
and, Voo 0 ) I
- nD, i, mx275x03 m/s (Ans.)
/ 2 ,2
Nn\v‘ hcnd. ,{ = E“:l‘{il' + EJ—- = E‘-‘lil.L 4 .i_/z— ( l’uz _’0, L"} = ,f.')

§ 2y 2
v, x3t4 277

216 = —+ or 21632V, + 0391
98l « 2x98I "
/e (216 - 0:391) - 6738 s
32
(i) Vane angles atinlet and outlet, 0,¢:
14 82
A Y82 1062

From inlet velocity triangle, 1an 0 = o = e
0 =tan”' (0-1062) = 6:06° (Ans.)

V :
I 277 _ 00641
Uy 439

& ¢ =tan™' (0-0641) = 3:66° (Ans.)
18-4-2. Propeller and Kaplan turbines-Axial Flgw Reagtion Turbines
It has been observed that with increasing specific speed the flow tends to be axia
parallel to the axis of the rotation of the shaft, the rbine is known as axtal flow turbine; when the
head at inlet of the turbine is the sum of pressure encrgy and kinetic energy and during the flow of
water through runner a part of the pressure cnergy is converted into kinetic energy, the turbine 13
known as reaction turbine. The shaft of anaxial flow reaction turbine is vertical. The lowerend of the
shaft is made larger which is known as *hub’ or "boss’. The vanes are fixed on the hub and it acis a3
runner for axial flow reaction turbine. Two important axial flow reaction turbines are: (1) Prepeller
twurbine, and (if) Kaplan turbine.
In these turbines all parts such as spiral casing, stay vanes, guide vanes, control vanes, and dr
o tube are similar to mixed-flow turbines in design. But the water enters the runncr v an axtal direction
and during the process of energy transfer, it travels across the blade passage i axial durection and
leaves axially. The prgssure at the inlet of the blades is larger than the pressure at the exit of the
blades The enerpy transfer is due to the reaction effect, ie. the change in the magnitude of relative

velacity across the blades.

From outlet velocity triangle, tan ¢ =

[ 1fwater lows

aft
J

In an axial Now turbine the munber of blades are fewer and hence the loading on the blade is
larger Smaller contact area causes less frictional loss compared to moved flow arbines, but the
peripheral speed of the tibine is larger. Axial Qow rotors do not have a rimcat the outer end lixe the
Francis totors: but the blades are enclosed in a eyvlindrical casing,

The tip cleaance between the blades and the cylindrical casing 1s small; henee the flow past
bl.nf!cs. c.’avn Iu.f considered two-dimensional. The water coming out from the guide vanes undergoes a
whirl which is assumed 1o satisty the law of free vortex (V= (/r). Accordingly the whirl is largest
near the hub and smallese at the outer end of blade. Hence the blade is nwvisted along its avis.

18:4:2-1, Propeller turbine

'ldhr, need 1o utilize low heads where large volume of water is available makes it essential t
provide a I;Lrgc flow area and to run the machine at very low speeds. The propeller turbine Is a
reaction turbine use g - and 8 is : vi idi

used for heads between 4 m and 80 m. It is purely axial-flow device providing the
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* The runner is generally kept horizontal, i.e the shaftis vertical. The 17

Hydraulic Turbines
larpest possible flow area that will utilize a large volume of water and still of

which dare not too large.
" The propeller turbine (Fig. 18:36) consists of an axial-flow

runner with four to six or at the most ten blades of air-foil shape.

14

‘nflow velocio

blades resemble the propellerof a ship. In the propeller turbine, as
in Francis turbine, the runner blades are fixed and non-adjustable. —
The spiral casing and guide blades are simmular to those in Francis f
wrbine. The guide mechanism is similar to that in a Francis turbinc. &

18-4-2-2. Kaplan turbine

A propeller turbine is quite suitable when the load on the
urbine remains constant. At part load its efficiency is very low;
since the blades are fixed, the water enters with shock (at part load)
and eddics are formed which reduces the efficiency. This defect of
the propeller turbine i1s removed in Kaplan turbine. In a Kaplan turbine the
adjustable and can be rotated about pivots fixed to the boss of the runner. The |/
awtomatically by servomechanism so that at all loads the flow enters them wit/
high ¢fficiency is maintained even at part load. The scrvomotor cylinder is usu
in the hub. Figs. 18:37 and 18-38 show the Kaplan turbine runner and Kaplan
diagram) respectively.

Fig. 18.1

Runner —p
vane

‘ Section X = X
Guide vanes T

Fig. 18.37. Kaplan turbine runner. Fop. 18.38

_ The Kaplan turbine has purely axial flow. Usually it has 4 to 6 blades haviny
IS also known as a variable-pitch propeller turbine since the pitch of the turbip
becagsc of adjustable vanes. The. Kaplan turbine behaves like a propeller tu
tonditions. .

The scroll casing, guide mechanism and draft tube are similar to that inethe F:
fhape of runner blades is different from that of Francis turbine. The blades of
made of stuinless steel.

26 ' www.Jntufastupdates.com

Propeller turlinie

nner bladey .
des are adiusted
Thu-,

caccommodared

i shock

rhine (schem

Scroll cassing

)

le vane
ttube

ul race

ter inlet
n penstock
1

v

o outstde rim. 1t
can be changed
e at full-load

icis turbine. The

plan turbine ace

Scanned by CamScanner



i

sapldllbturbme, hike ever
v ds; as the spe

Important Kaplan Turbine Installations in India :

: e atiile
Y propeller turbine, is a high speed turbine and is used for smaller
cd 1s high, the number of runner-vanes is small.
Kaplan turbines have takent

he place of Francis turbines for certain medium head installations,
plan turbines w

ith sloping guide vanes to reduce the overall dimensions are being used.

Dilferences between Francis Turb

Working propoertions :

'he expressions for work done, ef

+.No. | Scheme/Project Location (State) Source of water

I Bhukra-Nangal Project . Gangwal & Kota (Punjab) _Nangal hydel

2. Hirakud Dam Project Hirakud (Orissa) Mahanadi river-

3. Nizam Sagar Project Nizam Sagar (Andhra Nanjira river

Pradesh) .

q Radhanagri Hydroclectric Kolhapur (Maharaﬁhlru)‘ Bhagvati river
Scheme .

g Tungbhadra Hydroclectric Tungbadhra (Karnataka) Tungbadhra river.
Scheme _

ine and Kaplan Turbine :

o I . . = - N
".No. Aspects Francis turbine Kaplan turbine
—l E— s — e ——y
— ]
L Type of turbine Radially inward or Partially axial flow.
' mixed {low,

2, Disposition of shafi Horizontal or vertical Only vertical,

g Adjistabdility of runner vanes | Runner vanes arc not | Runner vanes are adjustable,
adjustable. '

i Number of vanes Large, 1610 24 blades Small 3 10 § blades

2| Resistance 10 be overcome Large, (owing to large Less (owing to fewer number
number of vanes and of vanes and less welted area)

i greater area of contact

with water)

O, Head Medium (60 m1o 250m) | Iow (up to 30 m)

7. Flow rate Medium Large :

: Specific speed 50-250 250-850

pecific sy
! Type of governor Ordinary leavy duty
. A B

Ticiency and power dev

—

: ' . a cloped by axial flow Propeller and
Ri 1 turbines are identical to those of a Francis turbine; and (he working Proportions are obtained
i identical fashion. However, the following deviations need 10 e noged carefully-
In case of a propeller/Kaplan turbine, the ratio n is taken as .9“'_ (amd not f_)
. : : D !
where, D, = Outside diameter of the runner, ang 0 b
D, = Diameter of boss (or hub),
Discharge Q= Area of flow x velocity of flow
T 2
=X -Dyw k. S5 H
=y b s -E{ : (where, Kj.': flow ratio)
www.Jntufastupdates.com o
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T'he value of 2 ranges from 0:35 to 0-60.

The value of K[“—' 0-70.

2. The peripheral velocity u of the ‘
consideration and thus the blade angles vary iro ey
warped; this is necessary to ensure shock free entry and extt

s upon the radius of the point under

vanes depend :
PRELen P he boss and the vancs arc

m the nm to {

100 .
Pl
L]
= .
c B0 el 1
2 - Fixcd blade )
£ 9ol il propeller
g 601
50) I 1 L | 1 | J
0 20 40 60) $0 100 120 140
Full load, pereentage —p

Fig. 18.39. Comparison ol ¢[Ticiencics of propéller (fived blades) and Kaplan turbines.

.'JJ

The velocity of flow remains constant throughout
i3, 18-39 shows the comparison of elficiencies of propeller (fixed blades) and Kaplan
“turbines.
18-4-2-3. Kaplan turbine versus Francis turbine :
- Kaplan turbine claims the following advantages over Francis turbine :
. Forthe same power developed Kaplan turbine 1s more compact in construction and smaller
in size.
2. Part-load efficiency is considerably high.
3. Low frictiopal Tosses (because of small number of blades used).
[‘meupl{l/‘i 37. A Kaplan turbine develops 22000 kW at an average head of 35 m. Assuming
a speed ratio of 2, flow ratio of 0-6, diameter of the boss equal to 0-35 times the diameter of the
runner and an overall efficiency of 88 per cent, calculate the diameter, speed and specific speed of
the turbine.
Solution. Shaft power, P = 22000 kW; Head, # =35 m,
Spccd rato, A = 2:0; Flow ratio, K[: 0-6;
Diameter of boss (D,) = 0-35 x diameter of the runner (D), i.e. D, = 0-35D,;
Overall efficiency, n, = 88 per cent.
" Diameter of the runner, D :

K, = —e =20, u, = 20 x J2gH =2:0x J2 x 981 x 35 = 52-4 mvs
J2gll
p Vﬂ 7 f

28 e T T Y S e e
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' — ncr
| s Run
' I
| ; 1
- Boss
l»«—— I'.),,——»\
["l' I)U —_—P

Fig. 18.40

=06 % 2% 981 x 35 = 157 nvs

Overall efficiency, :
' Shaft power (P) 22000
Mo = Water power . wQIf
088 22000
o T 981« Q%35
b
0=—220 98 ms

088 =« 981« 35
Also Q = Arca of flow x velocity of flow

or, 728 = g (D} - (035D,)2] x 157
[~ D, =035 D,
=5 D3 [1-035°)x 157 = 10820}
12
( s ] =26 m (Ans.)
10-82
Spced of the turbine, N
Dy N 60u, 60 x 524
= voon, N=—-2 = """ _ 3849 rpm. (Ans.
1 60 2D, .y 3 rp.m. (Ans.)

Specific speed of the turbine, N :

_NJP 3849 x 22000
s HSH - (35)514 = 6706 (Ans.)
Example 18-38, The following data pertai
Power available at shaft =
=95 %, Overall efficiency = 88 ¢

nto a Kaplan turbine -
27500 kW; Head = 20 m; Speed =

150 rp.m. Hydraulic efficiency
6. Outer diameter of runner =

45 m; Diameter of the hub = 2

29 www.Jntufastupdates.com
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Hydraulic Turbines
A 1133
ssuming that the turbine discharges without whirl ar _—

determine the »
at the hub and at the outer periphery. e the ru

CE NN Gyl

Solution. Shaf power, P = 22500 kW

Vot D o, -
Head, I = 20m : T . -——n-_v/,‘

. = : M Ongt ]
Speed, | N = 150rpm. Vp= 1y s H,:“ ”
Hydraulic eMiciency, n, = 95% i triane
Overall cfhiciency, N, = 88%

Outer diameterof tunner, Dy = 4:5m Runner yane
Diameter of the hub, Dy = 2m
Overall efliciency,
Shaft power (P) 22500 22500
My = —— = , o, O=
; Water powet wQI Nowif
- scharge, Ut o
0 —~ {7
22500 : T T
R -~ = 13032 m’/s [« o~ —j
0-88 ~ 981 % 20 I,q_ U —  —p
b1 2
Also, 0 =—(D; - D) x ¥y,
or. 13032 = " (457 =27)x ¥V,
V=2 1021 ms
n 2
—x(45-29)
4 ( : :
Vane angles at hub :
DN _mx2x150 o0
60 - 60
— _ Valy or, V., = nhS'H_ = 095 x 981 x 20 =1 37 ovs
Hydrauhc efficiency, N, = —g// ' v Tl , 157

| V 10.21 .
o_Q)= —L—= =226
From inlet velocity triangle, 1an (180°-0)= w-V, 157 k87

1807 — 0 = tan™' (2:66) = 69-4°
- 69:4° = 110'6° (Ans.)
Vit = Vo 1021 66503
I, { 157

- ‘Runner vane angle at exit, ¢ = tan” 1 (0-6503) = 33:03° (Ans. )
Vane angles at extreme edge of the runner (outer periphery)

DuN _ R » 4 5 x 150 = 3534 /s

. Runner vane angle atinlet, 0 = 180°

From outlet velocity triangle, fan ¢ =

“T TG0 60
e Vi
Hydraulic efficiency, T = _E-:T— |
% 3534 y o g D95 981220 <o,
¥ o o, Vg E
09.5 981 x 20 T 3534
? www.Jntufastupdates.com
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; . . o /! . = 0339
i [' e ) > b - = =
manlet velocity triangle, tan (180° - 0) —" 34 527

wl

(180°-0)=1an"' (0:339)=18:72°

Runner vane angle at inlet, 0-180°-18-72°=161-28° (Ans.)
I b} ‘V 2
eI 1021 ke
1, u, 3534

Runner vane angle at exit, ¢ = tan”! (0-2889) = 16-11° (Ans.)

cample 18:39, Caleulate the diameter and speed of the runner of a Kaplan !H."/JI'HC_(I.@VC[O/””g
000 ditunder an cffective head of 5 m. Overall ¢fficiency of the wrbine is 90%. The diameter of
the o sx 15 04 times the external diameter of the runner. The turbine speed ratio is 2:0 and flow

(UPSC)

'mooutlet velocity triangle, tan ¢ =

ratic 16, What is the specific speed of the turbine?
olution. Given : Power developed, P = 6000 kW; H = Sm; n, = 90%;
, = 0.4D,; speed ratio, K = 2.0; flow ratio, K,=046
iameter (D) and specd (V) of the runner : .

1

K, =20= poor, u =22x981x S =1981 m/s

’ J2gH

Iso n L
’ 0 wQl!
P 6000 x 1000 '
Q=——= - = 1359 m'/s

NgwH  09x9810x S

ut 0= - pYyxy
= o b /1
Tr , ' . »
135.9 . [95 - (0.4 Do)‘] x 5.94 ;%:- Dy (1-0.16) x 5.94

D. = 1359 x4 W2 _58'9
i n(l -016) x 594 = m (Ans.)

- wDyN
OW, u =
60
U X060 1981 x 60
N =- = = 64
D, T 23 r.p.m. (Ans.)
pecific speed of the turbine, N :
N, - NP

ITEX

= ————— = 6654 (Ans.)

~«ample 18:40. The propeller reaction turbine of runner dicameter 4§ i is Funning
The  «de blade angle at inlet is 145° and the runner blade angle at ouile §ard8rpm.

. . lis 25° to t} : :
van.  The axial flow area of water through the runner is 30 m*. If the runner b!ade" e rection of
radi . determine : angle at inley is
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auig Tuthinos
o) Ihdraudic efficiency of the turbine,
(1) Discharge through the turbine, and
(1) Power developed by the runner
Solution. Diameter of the runner, Dy = 4-5m
Speed of the runner, N=48 r.p.nt.
Guide blade angle, a = 145°

[tunner blade angle at inlet is radial 2.e. 6 = 90°, I}‘.

Runner blade angle at outlet, ¢ =25°
Arca of flow, /f/-‘- 30 m?
() Hydraulic cfficiency of the turbine, M, :
V. = V/2 , because area of flow is constant.
tDyN  wx435x48
60

N
The tangential speed of turbine at inlet, 1,
Also, Uy = u =113 m/s

Fromvinlet velocity triangle, we have
4

n

tan (180° - «)
i
V/l

Also, Vg = 1w, = 1131 s

]

Outlet velocity tnangle
s et
S~

¢ 28"

—] [

rl

[Roorkee U

= l]}l nvs

[
—-/—. or, lan (180° - 145°

60

Vi,

)-_...__.

“I

> tan 35° = 11-31 <tan 357 = 7-92 my/s

. . Fig. 18.42
From outlet velocity triangle, we have
Via _ 792
Uy + Ve 11314V,
792

tan ¢ =

tan 25“:——' or, ]I}l"’

1131+ ¥,

V., = 1698~ 1131=567nvs

4

»

W

r1|‘= v, [———){ )

Inlet velocity triangle

2 =

792
tan 25°

16-98
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Fluig Mechanics

» and Hydrayic Machina~
or, e 3 " pm\n . 010 (2618)2 ‘ Chlne-)
W 15 X or, -3 pmin
, 2x98)" T 7T TR = 3s4s
or, v Pin '
=il 3 - %"'15 R
o W 6545 1, or, 6:545 (vacuum)

) L =081y q.
Prin =981 » ¢ 5'1‘5‘ (14-2I\'Nflnz(\-ru'rmm)(

(it) The valucof  : Ans,)
L)

(]

I —
Ny =313, Jo. N,

=313 x N Q

——

Ji I X Ny

=313 230 (24 o
=] Moe—m—— —_— % . = .
10 \/E i (J\IIS.)

|

However smooth a model is made, the geometric similarity between the prototype and modal
cannot be extended to surface roughness. This variation of surfaceness with respect to the size of
turbine will cause a small but appreciable variation in the proportion of the effective head lost due
0 hydraulic friction. Thus, the efficiency of prototype will be different from the corresponding
model efficiency. This aspect is referred to as scale effect. It has been observed that with increase in
size a geometrically similar mixed or axial flow turbine has greater efficiency than that of the model
operating under hydraulically similar conditions.

.[Proved at (a)]

——

1812, Scale Effect

In order to express the difference of efficiencies as found in‘tests of model and prototypes,”
various laws have been proposed. One of the carliest and most generally accepted is the semi-
empirical formula suggested by Moody; '

1-n, (D,
- \D, . (18.46)
" m P
Ackert suggested the following formula, considering the frictional loss as a function of Reynolds
number, .
02 01 :
1 - /
LAY O R (1847)
l-7n, 2 D, i, . : _
where, n, = Overall elficiency of the prototype,
D,= Lincar dimension of the prototype,
H, = Head of the prototype,

l-

and, n,,D,, H, = Coresponding values of overall efliciency, linear dimension and head
of the model.

These formulae are applicable for the point of best efficiency.

Note: () Moody's formula is based on the assumptions that all losses are due to luid friction only

and the flow is completely tbulent (and that elinnnates any eftect of Reynolds number).

(if) No scale effect has been observed in the case of Pelton wheel; this may be tll‘lt‘ o th“
deterioration in the smoothness of the jet with increasing sice, which oflsets the
benefits due to reduced frictional losses,

Example 18:57. 4 model turbine constructed to a scale of 1:10 when tested under a ln'(fdv{:g;}
at 400 rp.m. gave an efficiency of 77 per cent. Determine the r:p.m. of the prototype and (lu rul;thm
powers developed by the model and prototype if the prototype works under a head of 100 i ]

3 ‘oNne . o (f scale effect is considered ? {UPSC Exams.
égzﬂ be the efficiency of the prototype if scale effcct is consic
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Hydraulic Turbines 1141

)

Solution. Given s Scale ratio = 1 10; T)—’-‘ =10, M, =8ny N 400 rp.m. 1 T71% :

m

H, =100 m
Speed ol the prototy pe, Nr i
For similanty between model and prototype

(! M , ¢ I
L » -{' \ ;] | " ‘—H‘F-] s --I;im_'r Ty ."—f‘ or, N,'.- =N, = Gl "
N N D, N, / Pl

v 112 172
" 00
N o= N_x & % | b =400 x -I— X (LJ =141 ¢ r.p.m.(Ans,)
! 10 b

n ™
I')[‘ m C
I’
- ’
Ratio of powers developed, ra :
m

..f’]_(f-‘] o B Ty
\NDY ), AN, T NDE DS

3 s 3
P, (N D 414 .
IO i I PV et A :(l ! 2] x (10)° = 44193 (A1 )
P, AN D 400

m

Efficiency of the prototype when scale effect is considered :

The efficiencics are related by,

N \l V 7],”

/
N, I\_p. _D_i H, (14142} A0 = 9
n. \N,) \D,) H, \ 400 " 100

1, =5 % 0-9999 =0-77 x 0-:9999 =0:7699 or 76:99% (Ans.:

18-13. Performance Characteristics of Hydraulic Turbines .

The turbines are normally designed for specific values of head, speed, disc arge, power 2l
efficiency (known as the designed conditions). But oftenly turbines may be u uired to operat:
under conditions different from those for which these have been designed. Th . to know about
their exact behaviour under varying conditions it becames necessary to conduct sts crther on the
sctual turbines at the site or on their small scale models in a rescarch laborate v, The results ~o
obtained are usually represented graphically and the curves obtained are known  “Charaetero
curves™. These curves are usually plotted in terms of unit quantities (for sake of « avenenee) T
charactenstic curves are of the following types : '

L Main or constant head clm'ruclcrislic curves,

2. Operating or copstant speed characteristic curves,

3 Constant efficiency or iso-efliciency of Muschel curves.

18131, Main or Constant Head Characteristic Curves

o Nlead and pare opening arve maintained constant

¢ Speed s varicd by allowing a variable quantity of water 1o How throuy - w mletopennn
® The brake power (P) is then measured mechanically by means ofadyn.ometel

® The overall efficiency and unit quantities are then caleulated by using U banie datag the l
arc then plotted against unit speed as abscissa. f
!
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Fig. 18.54. Main characteristic curves of Francis turbine.

characteristic curves yield the following information -
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@rcaction turbine usually occurs at different speeds for different gate opemngs.

18-3

LARAR LA | S

maximum efficiency for a Pelion wheel usually occurs at the same speed for a8
):';{

. s speed usually corresponds 10 a spec

2. Operating or Constant Speed Characteristic Curves

I'hese curves are obtained as follows :

(a)

Fig.
turbines.

)

(shaft) power (r)v/

36

I, Tce QAT ~
ercentage of full load v/s overall efficiency (1) curves:
d is attained by regulating

For cac . : : \
cach gate opening speed is kept censtant. The constant spee
turbine as the load

the gate open: re ' ' i
the gate opening thereby varying the discharge flowing through the
]‘mu‘_ the head may or may not remain constant.
he brake powe is i .
. rake power () is measured mechanically by means of a dynamomelcr.
e overall efficienc 1s the E |
efficiency (1) is then calculated from the measured values of discharge, head
and power. g
Further know; e ' '
e Jnowing Ihl{. total load capacity of the turbine the percentage of full load is computed
I measured powe : -rce » ! :
i e I r and a plot of n, v/s percentage of full load is prepared.
) b, f y = { f it
ok s the L,r.aphs plotted between percentage of full load vis n, for different types of
e lollowing points are worth noting :

100 Demay
/ Kaplan

80)

1

00 |-

'“) ,’ ’ » Frl‘nc‘§ A consl.
111-__' ‘ l’a\
’

1N, (percent)
Ay

—— Propeller

20 ¢ ———— Pelton (Impulse)

0 : } >
50 100 130

L.oad (per cent) ——»

Fig. 18.50. Pereentage of full load v/s n curves for hydrauhc turbines.

As the percentage full Joad increases N T
also ncreases (Inother words, at reduced N= const.

loads n, 1s also less).

At 100 percent full load n is near about
the maximum efficiency inall cases.
The Kaplan, the Deriaz and the Pelton
heel maintain a high efficiency overa
load as compared
fixed blade

Overall efticiency (1)

Shaft power (P)

W
longer range of part
with cither the Francis or the
propeller turbine.
The maximun overall efficiency ofall the
almost the same (about SS%').

Ovcrall efficiency (1)) —»
Shaft power (P) —»

qurbines 1s

Overall efficiency (n,) and output R '

s discharge (Q) curves: e~ Discharge (Q)——*
Fig. 18.57.m, an.d P v/s discharge curves.
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Fig. 18:57 shows overall cfficiency (n,) and shaft power (P) v/s discharge curves. @ s the

- . , C o : . . . m
minimum discharge required to set the turbine runner into motion from its state of rest. These curves
yield the following mformation :

e Shaft power or output power (P) is a straight line, since P = (il }/ (head) is constant.

* 1, v/s discharge (Q) graph is curvilinear and n, increases with ) and remains nearly constant
beyond a particular value of discharpe. ’

18-13:3. Constant cfficicney or iso-cfficiency or Muschel curves

Refer to Fig. 18:58. Asn-Ncurve is of parabolic nature, there exits two speeds for one value of
efficiency except for maximuni efliciency which occurs al one speed only. Corresponding 1o these
values of speeds there are also two values of discharge for cach value of efficiency (O-N cgrvc).
Hence on O-N curve we can plot two points for cach value of efficiency and onc point for maximum
efMiciency. By adopting this procedure for different pate openings or heads we can get number of Q-
N curves and we can plot on them cfficiency points (as, described above). The points denoting the
same efliciency can now be joined to get constant iso-cfficiency curves or Muscf}cl EHISIES (The

German word *Muschel’ means shell, indicating shape of curve). The diagram showing these curc:
is also called Hill diagram ( since it looks like top view of a hill). In aclual praclice unit speca and
unit discharge are taken along the co-ordinate axes.

A . T
l . (%Y
I
o X '
: I 3]
= | ."i”
= ! 1
= | =
= | %
b I 42
v
iyt 1
0O i : a
b o --- ~§_ Best performance curve
1 .
) | Specd, N >
i
1 : : II
AR
1 [ J 1 : !
] 1 " 1 \ l|
A nm?\ ' : 1 II 1 i
R L
1 ! '
= ', I ! \
e ' ]
o \ )
(7] i 1
o |
=
i
Speed, N —» \

Fig. |8.58. Constant efficiency curves for turbines

The curve for the best performance is obtatned by joining the peak points of the variows
efficiency curves.

The constant efficiency curves are helpful for determining the zone of constant efficiency and
for predicting the performance of the furbine at various efficiencies.

18:14. Governing of Hydraulic Turbines

Governing of hydraulic turbine means speed regulation. Governing of a turbine is necessary s
a turbine is directly coupled to an electric generator, which is requ

ired to run at constant speed under
all fluctuating load conditions. T

his is achieved by means of a governor called oil pressurc govemor
www.Jntufastupdates.com
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Hydrauhc Turbines
1157

18141, Governing of fmpulse Turbines
In order to regulate the quantity of water rejected from the turbine liczzl
buckets onc of the following methods of regulation may be adapted - ¢and

|. Spear regulation. 2 Deflector regulation. 3. Combined spear and def)

nstniking (e

|. Spear regulation. Refer to Fig. 18:59, In this ‘ taton,
method the rate of Mlow is regulated by altering the cross- Toand fro moyve .y
sectional area of strcam by moving the spear to and from —--of the spea -
! Water jet

inside nOzr.zlthis method of speed regulation is suitable
~ when the fluctuation of load is small and a relatively
large pcusmck feeds a small {urbr'ne?'hc disadvantages
of this method is that when the loadfalls all of sudden,

the turbine nozzle has to close suddenly which may cause Fig 18.59. 5 :
water hammer i the penstock. ) ‘ s

2 Defllector regulation. Referto Fig. lS'GD(The deflector is generally aplate cor -

pressure governor by mcans of levers.)When necessity arises 1o deflect the 'et{):' -'Cllv—d e
brought 1 between the nozzle and buckets, thereby diverting the water awayjfr(;l ‘.'1 [j B l
dirccting mto the (ail race. L he use of deflector regutation 1s restored to when Ihes" ’:;f"“””i'r o
constant but the lmm’_/hu_-mme? The position of spear can be adjusted by hand h; {:{ym;f-':‘r F
ults in wastage of water and can be cmployed onl;.' "1cn‘llnirf-‘cish.!-

Pelton wheel

always a constant opening, it re
abundant water supply.

il race

Deflector

{a) Full load (b) Defcector diverts part of the jet.

Fig. 18.60. Deflector regulation.

3. Combined spear and deflector regulation. As the above mentioned met

disadvantages, the modem turbines make use of combined spear and deflector regu uion:(ﬁw spedr

regulates the speed and the deflector arrangement regulates the ig. 1. 61 shows such

an arrangement for govering of Pelton turbine when the turbine is running at nc nal speed. JUhe
working of the system is as follows : '

&~ When the load on the turbine incr

balls of the'centrifugal governor move i

® The downward movement of the slecve is transmitt

suitable linkages) which admits oil under pressure to a servom

on the piston of the servomotor, and that pushes the spear to a pOSIHE

annular area of the nozzle flow passage; the quantity ol water striking

increased and the turbine regains its normal speed.

e/ When the load on the turbine decreases the directi

such the nozzle area decreases and that-allows a smal

ods have some '

,7."{'.\'3[”’3.

| consequentiy

ecases the speed of the runner falls =
., downwards

nwards: the governor sleeve mo:
ed to a relay or conti
otor. The
sition wi

valve (throu h
| exerts a forve
wothe

fhrcredae

vt g e bhet
huckets s then |

. Scl\‘ﬂmlm“ I

on of movement of | Tooute
ler quantity of ¥ < Lo SHTIRE T !

runner of the turbine. ure
¢ waler hammer Pt '

. A deflector arrangement safeguards against €Xcessiv
1 l'r'!’

" 18:14-2. Governing of Reaction Turbines

_\\hi':: reaction turbine the discharge is contro
yutce vanes. The guide vanes are connected to the regu

‘ weon adje
. Jow e Gy
the area off (iny (o

through Jinks. T+~ regula

lled by varying
lating ring

38
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7. The applied torque is more uniform to the driven shaft. BeiEi T 5
. , . - er
. 8. A steam turbine requires less attention during running. Moreover, P a?;j
generally less. , ' ’:j—jq
[ -ﬁl-‘-'“
+223. Classification of Stcam Turbines ' T

N
N
i

- The steam turbines may be classified into the following types :

R
i
wr s

I According to the mode of steam action

i
-
(1) Impulse turbine, and (if) Reaction turbine. o5
2. According to the direction of steam flow. =
(1) Axial flow turbine, and (i) Radial flow turbinc.
i '

According to the exhaust condition of steam

(1) Condensing tutbine, and (ii) Non-éondcnsing turbine.

4. Aecording to the pressure of steam . : 5o
(1) High pressure turbine, (i) Medium pressure turbine, and (iif) Low pressure turbing;

5. According to the number of stages

(1) Single stage turbine, and (i7) Multi-stage turbine.

In this chapter, we shall discuss impulse turbines only. All the above mentioned other stea;

turbines will be discussed at the abproph'atc places in the book.
39

12.4. Impulse Turbine

An “impulse turbine, as the name indicates, is a turbine which runs by the impulse Ofstcam;
et In this turbine, the steam is first made to flow through a nozzle. Then the steam jetimpinges cg .
the turbine blades (which are curved like buckets) and are mounted on the circumference of the wheel =
The steam jet after impinging glides over the concave surfuce of the blades and finally leave the™
“urbine, o :

Note : The action of the jet of steam, impinging on the blades, is said to be an umpulse and the rotation of the™

i~

"otor 1s due to the impulsive forces of the steam jets, 2
225, De-Level Impulse Turbine A

A **De-Level turbine is the simplest type of im- -
pulse steam turbine, and is commonly used. It has the ;”_'“" ;
‘ollowing main components : o

1. Nozzde. It is a circular guide mechanism, ;
vhich guides the steam to flow at the designed direction L2,
wnd velocity. It also regulates the flow of steam. The AR
nozzle is kept very close to the blades, in order to minimise %%
the losses due to windage, : . '

2. Runnerandblades. The runner of aDe-Laval
‘mpulse turbine essentially consists of a circular disc fixed .
0 a honizontal shaft, On the periphery of

the runner, a
wmber of blades are fixed uniformly. The

steam jet im-

ey e e TR,
e SV AR IRt

Sy -'f,'g
) ) ) o B Ve cand Rz
nges on the buckets, which move in (he direction of the &5‘ : ot e E
<L This movement of the blades mukes (he inner to P4 IR 6 1
;ll.ill.‘,. in Ay ) ' LRI S SIS T - \\3;}
. |" o, & 7 |‘ -7 '2‘: l
g . . ' e e . Sites mtoE REEA R

The surface of the blades is made very smooth to Fig. 22,1 Runner ang bucket of | 3

unimise the frictional losses, The blades are penerally impulse turbine.

The first impulse turbine was devised by Giovanni Branca in 1629,
* Named after the Swedish engineer De-Lavel, who devised this wibine

in 188].

¥
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Im ‘ulw Turbines P . 5\_\:@
nne :

steel alloys. In “most of the cascs, the blades are bolted to the runner disc. By,

ades and disc are cast as d single unit.

d that all the blades do nol

arly and need replacemet

:élde of special
\wme“mcs the bl
<[t has been experience
m,gc[ worn out and damaged ¢

the!
bollcd to the disc.

3. Casing.
,_-mlmls the movement of steam from the blad
L it is essential to safeguard the runner ag

wear out equally with the time. A few of

\t. This can be done only if the blades are

It is an air-tight metallic case, which contains the turbine runncr and blades. It
e« (0 the condenser, and does not permit it to move into

ainst any accident.

lhc ‘space. Moreove

22,6 Pressure and Velocity of Steam in an Impulse Turbine
and remains constant while passing through

zle, and is rcduccd while passing

. >, The pressure ot steam jetis reduced in the nozzle
'[hc mm-mL blade. The velocity of steam is increased in the noz
| hmunh the moving blades.

FTi

IR AL uyh R ‘ .

A5 A0 B R R X $ 1 NN 1 PR R AR ' T e ST T - .
RS SO R LY T Nozzle g vl 2 i ‘z'-'l-’- T T A (B 1 PR T A Y B SRR

_;:‘,- Tereh et ‘S‘Cflln.__-
ey Juive, g, e
Al -_-ﬂ.:-' bonler

Exhausi

r o~

- T g R H e ¢
F ' ERA Velc—cﬂy gf’tph>§'\8 c

SR ,-".‘""'_Nozzlp—ﬂ AL

St Y
A i Wt Rl

v 4 wald . ;
P AN

: Fig. 222 - Prcssurc and vclocxry graph of steam Vm a SImble impulse turbine.

2 Fig. 22.2 shows the pressure and velocity graphs of the steamin a simple impulse turbine whil
it flows in the nozzle and blades. The pressure graph 1-2-3-4 represents steam pressure at rance
of the nozzle, exit of the nozzle, entrance of the blades and exit of the blades respectivel dscnt:ance
- velocity graph 5-6-7-8 represents the velocity of steam at entrance of the nozzle, exit l)"’tl osils
enlranoc of the blades and exit of the blades respectively. of the nozzle.

227 Velocity Triangles for Moving Blade of an Impulse Turbine
ta. We bave already discussed that in an impulse turbine, the steam jet after leaving the nozzl
smpmgcs on one end of the blade, The jet then glides over the inside surface of the bladfa W A Zjlb
~{éaves from the other edge, as shown in Fig. 22.3. [t may be noted that the jet enters and lI e
bladu lan;,mually for shockless entry and exit, - o ers and leaves the
: Consider a steamn jet entering a curved blad e
. ade after leaving the nozzle at C. :

Tglides over the inside surface and Teaves the blade at D, as shown in Fig. 22.3, NowT(i“ 1": o
velouly triangles at inlet and outlet tips of the moving blade, as shown in Fig. 22.3, etus draw the

' V, = Lincar velocity Dfl'll, muvlny l)lddb (AB) :
o HLE o b
V= Absolulu velocity ui NlLdHl u\luuu, the movm[, hlack. (/\C)
w? = . '
d 4
0 : T ————————— WWWJ”%

Scanned by CamScanner



I

]

It

o

I

WV

rl‘ =

nI‘B ¢

It may be seen from the above, that the ori

inlet tiangle. The not

Itmay be noted that as the ste
words langentzaﬂy) therefore shape
to the blades at inlet
¢ is the blade angle

ations with suffix 1 (e, ViV, V and V

/
Velog ity of flow a entrance
Componen( of v,
Velocity of whirl at entr
hotizon(al component of v
Angle whicl) (he relative vcluuly of jet to the movin

Mmakes with the direction of motion of he blade,

Angic with the direction of mc
cnters the blade.

Corresponding v

of the movinﬂ hladc. Itisthe: Verticy

ance of the moving blade, [ s lh‘c‘

g blade (Vr)
tion of the blndc at which the ; JC( i

alues at exit of the moving, bladc

ginal notations (i.e. Vv, V.. V,and V. ) stand for thc

I) stand for lhc outlet triangle.
am jet enters and Ieave;; the bl
of the blades will be such that

and outlet respectively. The angle Qs ¢
at exit of lhe moving bladc

ades without any shock (or in olhu
V,andV, , will be along the tangents -

alled the bladc angle at inlet and angle .

vl Mie

y
-

UPLCRTR TR

5\'

\

ng223

j b

< In. F:g 22 3 PC:s lhc axis ol the noulc whi o ibine bladm
.Jt an mﬂlu o with the direction of motion of the blade. The jet impinges on a se
1N

mounu d.on the runner “disc.

The axial component of V (i.c.
). It causes the steam-to flow

flow (V)

mgum il component of V (represented by BE) is known as velocity of whirl ? S
1 i )
«velogity or mean velocity of the blade give M fhssrrepsesented by AB in magni

"JTH'
"'L', A i

Vdcouy lrmnglcs of an unpulsu turbmc

Inlot volocaly tnangle_
AT P T .

R
daed Loz

|”|‘}
‘1 &

ch dchvus the ste: Ill_]t.l wuh a high \‘t'()Ll[y (V) ~4

‘ as velocity of
EC) wlmh does no work on the blade, is known[;L rotor. The *
ton
e and also an axial thrus
through the turbin Linlet (V,). The lmuarv

rection. ’Iht‘ 3

e 5 F
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pie The jet now glides over and leaves the blade with a relative vetocity v,
""{‘by DA. The absolute velocity of jet (V)) as it leaves the blade, is represented
angle fp with the dircction of the blade motion. The tangential component of V,
,5 known as velocity of whirl atexit (V. ). The axial component of V, (rcp.eser

_'f 39 velocity of flow atexit (V).
f

The inlet triangle of vclocmcs 15 represented by BEC, whercas the outlat m

. - sNO“s 1.
P 2. The selations between inlet and outlet velocity triangle (until and unless giv
Vr. - VII

) ‘._22_3 Contbined Vcloclty Triangle for Moving Blades

_ £y i In the last article, we have discussed the inlet and outlet velocity triangl.
,sﬂj\c of simplification, a combined velocity triangle for the moving blade i

B ’pmblum on steamn turbines, as shown in Fig. 22.4, and as discussed below :

1. First of all, draw a horizontal e s sonad = 9 0 pume IOy
*liné, and cut off AB cqual to velocity of " | w7+ Srysi 8y

"iplade (V,) to some suitable scale.’ *’, #3 ¥

= 2. Now at B, draw a line BC atan ;7 .7, /7 (i 700
,;"‘}.ﬁnglcawith/\!}. Cutoff BCequal to V (i.e. i’;;‘c i, B e e Sy
“yelocity of steam jet at inlet of the blade) to - f\ - g,
-~ the scale. Bl

Vi v, e

3. Join AC, which represents the . | - \\ !
' ] G

_relutm velocity at inlet (V). Now at A,

iee dmw aline AD atan angle ¢ with AB. _
, 4. Now with A as centre and radius ~" TR ;
cqu.ll o AC, draw an arc meeting the line 2 000 .
lhrou;_,h A at D, such that AC = AD or
V V.,

Combined velocit
impulse turbine,

5. Join 8D, which represents velocity of jet at exit (V) to the scale.

Fig.22.4

6. From Cand D, draw perpendiculars meeting the line A5 produced at /
""' . 1. Now £B and CE represents the velocity of whirl and velocity of flov

lo the scale. Similarly, BF and DF represents the velocity of whirl and veloc:
.y and vV ) to the scale,

.2.9. Power Produced by an Impulse Turbine

“o. o Consider an impulse turbine working under the action of a steam jet. Let |
3 a:vciocrty triangle, for the impulse turbine as shown in F:gf 224.

Let m = Mass of the steam flowing through the turbine in
«'"'-_f' - (V,+ V) = Change in the velocity of whirl in nvs.

We know that ‘\uordmﬂ to the Newton'ssecond iaw of motion, force inth:
of the blades,

FX

Mass of steam flowing per second x Change in t!

m(V, = (=V,)]
m[V, + V.1 =mxEFN

42 www.Jntufastupdates.com

i

505
hich is represented
DB inclined ar an

epresented by B

d by DY is known

sle by AFD,

)is :

separately. For the
frawn, for solvigp

tangle for an

nd Frespectively.

- mkt(V and V )

of flow at cuitler

1
draw a combizied

/s,

rection of ot

elocity of whirl

)

|
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i

and work done in the direction of motion of the blades
Force X Distance
m(V, +V ]V, N-m/s

]

(i)

= mx EF % AB N-m/s
. Power produced by the turbine,
P o= mx EIFx AR walts
= m(V, +V,,)V, wals

(7 I N-m/s = | wat) *

. to the difference of -
Similarly, we can find out the axial thrust on the wheel which is due to :

wheel,
ve' ties of flow at inlet and outlet. Mathematically, axial thrust on the o
Fy = Mass of stcam flowing per second x Change in the velocity

=m(V,~Vy) = m (CE-DF)N (ltf)

ection of V, with
No® 1. In equation (i), the value of V., is taken as negative because of the OPPOS";d;r “;u of point 8.
T 1 Jii
w10 the blade motion. In ather words, when point £ in the velocity diagram lies orkthe ng p

the +_, is negative. Thus change in velocity of whirl,

=. -(— l) V .+V

1 IfV,,isin the same direction with respect to the blade motion, lhc,n ', is taken as positive. In other

we -, when point £ in the velocity diagram lics on the left of point B, then V., is positive. Thus change ln
vel oy of whirl '
-+V,)=V -V, (See Example 22.3)

Emmp{e 22.].-r,1n De- ‘iav urbine, the steam enrers the witeel through a nozle aron a
dy; 01500 /s aud at an angle of 20° to'the dt’recrz_on of mofion of the b!aJe The bfadﬂ speed 1:'
it ¢ MOV giblade is 25%:Find'ihe's mletangle ofthe mowng blade exz.
ve. Iy of steam and its\direction. and work.done per kg

of steani vl % SRS AN
Solution. Gwcn V=500m/s; o=20°; V, =200 m/s ; ¢ = 250 : 2%

Now let us drawlhc combined vclocnty tnangle as shown in Fig. 22.5, as dxscussed below :
1. Firstof all, draw a horizontal # 15 I

in o od cut off AB equal to 200 mJs, to |

. suitable scale, representing the -

ok speed (V,). '

2. Now at B, draw a line BC at g et
an e of 200 (nozzle angle, o) and cut
oft 7 equal to 500 Vs 1o the scale to t2
re;  entthe velocity of steam jet enter- i,
iny = blade (V). ‘ ‘

3. JoinAC, which represents the L
rel e velocity atinlet (V). o

4. AUA, daw a line AD at an -
any - of 25% (exit angle of the moving
bli . ¢). Now with A as centie, and Fig. 22.5
rat equal to AC, draw an arc meeting

s ’bih w"‘miﬂ 1
) A."‘-‘\ ' i ‘!l |" i‘

sl ;-.4\

ot

X 38
"‘\ \
- e
SN G R

the line through A at ),
5. Join BD, which represents the ve locity of steam jet ut outlet (v,).
6. From Cand D, draw perpendiculurs meeting the line AR
CL i DF represents the velocity of flow

, produced at Eand f "
R ) " . € p
it itinlet (V) and outlet v,) respectively. Pectlvel v

www.Jntufastupdates.com
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Impulse Turbines )7 1“

33,

“snve The following values are *measured from the velocity diagram :
' C0=32p =59V, = BD = 165m/s

BE = 470w/s and V| = BE = 90 m/s

W

5 [ﬁ[el angle of moving blade

By measurement from the velocity diagram, we find that the inlet angle of the moving blade,

0 = 32° Ans.

- Exit velocity of steam

© By measurcment from the velocity diagram, we also find that the exit velocity of steam,
V, = 165 /s
:Direction of the exit steam

By measurement from the velocity diagram, we also find that the direction of the exit stearn,
B = 59° Ans.

Workdone per kg of steam
==~ Weknow that workdone per kg of steam

=m(V +V, )

= - =1(470+90) = 560 N-m' Ans. : (VU m = 1 kg)
21.10. Effect of Friction on the Combined Velocity Triangle -

== In the last article, we have discussed that the relative velocity of steam jet is the same at the
~Inlet and outlet tips of the blade. In other words, we have assumed that the inner side of the curved
-blade offers no resistance to the steam jet. But in actual practice, some resistance is always offered
-by the blade surface to the gliding steam jet, whose effect is to reduce the relative velocity of the jet.
“fe.tomake V| less than V.. Theratioof V  to V_is known as blade velocity coefficient or coefficient

'—;_i;jjjalc-ciiy or friction factor, (usually denoted by K). Mathematically, blade velocity cocfficient,

= Veos20° = 500x0.9397 = 469.9 m/s

V/ = Vsin20° = 500 x0.342 = 171 m/s
v
B iy 171 3 3 "
t = — & . = (),6335 = 32.3¢
an O VooV 4699 - 700 0.6335 or 0 = 3235
v 171 171
V =3 - "‘J_" S s 1Y e— K (_l S
! V'I sin ) sin 32.35¢ 0.5351 JI).' mis
Vi = V,sin25" = 3194 % 04226 = 135 nvs
wi = (V,c0525%) =200 = (3194 x 0.9063) - 200 = 89.5 nvs .
JY, 135 '
: = --ﬂ-:—'-'~-:.: . = 5647
tan f§ = v, 85 l:81 m' f} = 5047
v 135 135 ' )
V., = __ﬂ._. = m——te— o U 62 y
! sinf - sin 56.47° 8330 IE4inds
44 www.Jntufastupdates.com
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ATEXEDOOK Of Lhermal f'ngu'ccrm
It may be noted that the effect of fri g
the relative velocity at outlet (V L

ction on the combined velocity triangle will be to uduce 4
1) as shown in Iig, 22 6.

. E I : Sl = B -F

“"_‘ vy —=
- e vw " - __’l.; vﬂ —d

Fig. 22.6.  Effect of friction on the combined velocity trangle.
Notes: 1. Since V,, is decreased due to friction, therefore work done per kg of steam is also reduced.

2. The value of K vatics from 0.75 to 0.85 depending upon the sh.lpc of the blades.

e

E\'lmplc 22. The velocity of st‘éam Ieavmg the nozzles of an impulse turbine, is 1200 n r'/;
and the nozzle angle is 20°, THe blade velocity is 375 m/s and the blade velocity coefficient is 0.753
‘Assuming no loss dueto shock at inlet, caICu[a!efor a maﬂﬂow of 0.5 kg/s and symmetrical bla dlrz}
(a) blade m!et angle (b ) drwmg force on the whecl (r) (mal thrust on the whee! and (d) powet

dcvclopcd by the turbme W g - ;3
Solutlon leen V— 1200 m/s o= 200 Y, =375 s : K=V IV =075 m= 0.5 kg/s;
0 = ¢, for symmetrical blading. : =

Now draw the combined vclocuy triangle, as shown in Fig. 22.7, as discussed below

1. Firstofall,drawahorizontal . ......0 .
line, and cut off AB equal to 375 m/sto .., .
some suitable scale representing the ve- ~© .
locity of blade (V). :

2. Now at B, draw aline 5C at
anangle of 20° (Nozzle angle, &) and cut
off BC equal to 1200 nv/s to the scaleto | Y[ .
represent the velocity of steam jet enter- o H '

F

ing the blade (V). t _
3, Join CA, which repiesents T Spnbow o T _,‘l-af-375~—_..
the relative velocity at inlet (V,). By . | f"———-—“ Vi — S | Vi *-—-3

B

measurement, we find that CA = V, = A L e it s s N il
860 m/s. Now cut off AX cqual to Fig. 227, %
8O0 % 0.75 = 645 m/s to the scale to represent the relative velocity alh\:l(v N 45

5

4. AtA, draw aline AD atan angle ¢ equal to the angle 0, (or symmetrical blading, Now

_with A as centre, and radius equal to AX, draw an acc meeting the line through A at D, such lhz!
AD=V .

rl’

5. Join BD, which represents the vdou(y of steam jet at outlét (V).

6. From Cand D, draw perpendiculars mecting the line AB produced at E and Fr*‘STLthCIYf
CE and DF represents the velocity of flow at mlu& (v ) and outlet ( p) respectively.

s st

45 www.Jntufastupdates.com
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Impulse Tarbines

RYRTY

‘ ,
he rollowmg values are *measured from the vclocuy di |
lagram -

8 = 20 = 3 \
9 L E = [130 V = ;
s BF = 190 m/s 7

Vf = CE = 410 nvs and Vﬂ = DI = 310 gy

;{.a) Blade inlet angle
7 By measurement from the velocity diagram, we find th
0 = 290 Ans,
(b) During force on the wheel

We know (hat driving force on the wheel,
‘:-." ¥ "/ ‘
i Fy =m(v, +V,)—05(H30+l90)—660r\*

: (r) Arial thrust on lhc’ wheel

at the blade 2. ie at inket

T A e
BB x

B |

ns.

We know that axial thrust on the wheel,

Fy=m(V,-V) =05(10-310) = soN A,

d) Powerdeveloped by the turbine :
We know that power developed by the turbine,
P=mV +V )V, = 0501130+ 190)375 = 17500 W ]
fery o = 247 SkW Ans.
o ot {
g, ol Example 223, ¢ A steam jet entres the row of bliddes with a velocity 375 m/s at an anvie £
| \r[lﬂ' with the direction of motion of the muum: blades, If the blade speed is |1 /s, jmdzlu sitabl |
,\m!('r and outlet blade angles assuming that there is no thrust on the blades “he w locity of stean
] pnhmg over the blades is rediced by 15% Also determine pom rdeveloped’ ' the turbine per by of
'.\tulmﬂcm mg over the bladev per second. T ;-:; / '
0 Solution. Given: V=375m/s ;= 20°; V = 165nm/s ;m= l kg/s
‘{:'T?",;:i_  Since there is no thrust on the blades, therefore
‘ Vi=V o 1
'-“f {5 Also, the veloeity of steam passing over the blades is reduced by 15 erefore :
‘ ;™ | v, =08V,
i::,;.f~__'_________ = . iz ‘o feCusH “d i‘-fl ™
“Ur These values may also be found out from the geometry of the velocity diagram  discus .
‘ V. = Vcos20" = 1200x0.9397 = 1128 m/s
V, = Vsin 20" = 1200x0.3420 = 4104 m/s
a5 S V,-V, 1128-375 i
yoo Y 4104 4104 g56 5y g
e 8  sin286°. 04787,
vV, = 075x8565 = 6424m/s s
' : = 3075 m/s ‘
V, =V, sin286" = 642.4x 04787 = 30 19 /s !
y 3 46 IR VAR VAP, ] Suwmasﬂj(@tés%éhp £780) - 37> °
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o Fip. 22.8, as dm,umd below :

de ko L

Now draw the combined velocity triangle, as shown in | ‘Ei _______

1. Tirst of all, draw a horizontal
i and cut off AB equal to 165 m/s to
<o - suitable scale representing the
bl e speed (V)

7. Now draw inlet velocity tri-
an. ¢ ABC on the base AB with o0 = 207
anc V=375 n/s o the scale. From the
vels uly triangle, we find that V, =

30 wsand V, = 230 nvs.
3. Similarly, draw outlet veloc- = f
ity 'nangle ABD on the same base AB —
wiV, =085V = 085%x230=1955 e ' -
' Fig. 22. _
10 thc scale and V =V,= 130 m/s. SRS
4. From C 'md D draw pcrpcndutulars to meet the linc AB
gc netry of the figure, we find that V is in the opposite direction of V.
The following values arc measurcd from the combined velocity triangle :
0 =34°: ¢ = 41°and (V, -V, ) = 320 m./s

produced at £ and F. From the fi

I tand outlet blade angle
' By measurement from the velocity diagram, we find that inlet blade angle,
0 = 34° Ans. ~ L
an outlet blade angle, - 6 = 41° Ans. ' >
P wer rdeve{bped by the turbine . :
We know that power developed by the turbine,
P=m(V,-V,)V,
1x320%x 165 = 52800 W = 52.8KkW Ans. .

o Example 22. 4, The blade speed of a single ring. impulse blading is 250 m/s and noz [e an [tﬁ

is . The heat drop is 550 ki/kg and nozzfe eﬁ'c:ency is'0.85. The blade discharge angle is 30° gndﬂ k-
th. nachme &evelaps 30 kW, when cons:mung 360 kg of steam per hour. Draw the velocity di ang 3
ar calculare g qxwl zhrusr on the bladmg. and 2 the heat eqmvalem er L 2 o diagra, -
ihe IEARETY -1 Haeas i Ty e p 80fsreamfncnon oj

Solution. Given : V, = 250 m/s ; , S
o 20°;h,=550k/kg; K=085;9=30"; ' :

P30 kW =30 x10°W ; m=360 kg/h =
(. ~g/s

et
Baplp -
PPN O R

" -

& T M

Rifane
.-,‘rﬁ‘;’_"i LK

"-'-{E‘ 51 :I'i:\'.

We know that the veiocity of steam L-Vl
erting the blades, ' o i
V-:4472‘JKh,
= 44.72V0.85%x 550 = 967 mvs
a1 power developed (P), ' Fig. 22.9 ,
0% 10° = m(V 41 W : 55
0F =am (Vo4 ¥ ) ‘Vh = 0.1 (V, +V_)250 *
4 www.Jntufastupdates.com ua
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ypulse [urbines
v +V, = 1200 m/s
"' in Fig. 22.9, as discussed below : 5

ianele, as shownl
L 4l to 250 mv/s to some suitable scale

Now draw the combined velocity trl
% . Firstof all, draw a horizontal line and cut off AB equ

: ,CprLscnlmg the blade speed (V). and V =967 m/s to the

. —_a0°
2. Now draw inlet velocity triangle ABC on the base AB with ot=20

3 From point C, draw CE perpendicular (0 AB produced and take

EF =V +V, =120 mv/s

: ; D.
4. Drawaline atpointAatan 1nglc 3(F intersecting the perpendicular drawn through F, at

Now complete the outlet velocily triangle ABD as shown in the figure.

The following values are measured from the combined velocity triangle :
= 400 /s ; ﬂ =35 ms: V =895m/s and V,, = 650 m/s

r

:?{’-.l . Auxial thrust on the blading
: We know that axial thrust on the blading,

Fy=mV,=V,) =0l (400 —325) = 75N Ans.
'Q -Heat equivalent per kg of steam of friction of the blading )
; We know that work lost in [riction of the blading
(V2= (V)" (895)F = (650)2
_ 3 Vo _ (899) (650)° _ 189.26 kJ
& 2000 2000
:; : . Heat equivalent per kg of steam friction of the blading
L = 189.26 kJ Ans.

: 'r?} “Example 22.5.  Steam at 5 bar and 200° C iy first made 10 pass through nozzles. It is then
= upphcd to an impulse: turbine at the rate of 30 kg/minute. The ‘steam is finally: exhausted to d
"(mdemcr ar 0.2 bar. The blade: speed is 300 m/s. The nozzles are inclined at 25° with: the direction

f mcmou of rhe blade.s und rhe our!et b!adc anglc is 35°. Nagh crmg fncrron md the theorencal

': g . :I\ v .‘ v X B " >' oo .
’ . .Solution. Given : = S bar ; =200°C;

m-30kgjmm-05kg/s 2—0.2bdr, h=300m/s.
a -25°; ¢ = 35"

25 Firstofall, letus draw Mollier dlll"("lﬂl for the flow

'f_,n-_,ofslu.am through the nozzle, as shown in Fig. 22.10. From
: ihxs diagram, we find that heat drop during the flow,

W, = h —h e B
= 28502340 = SI0KJkg

-. Velocity of steam at inlet of the blade, L Fig. 22.10

‘ = 44.72N510 = 1010 m/s |
Now draw the combined velocity triangle, as shown in Fig 22.11, as discussed below :

& 1. Firstofall, draw a horizontal line and cut off AB equal to 300 m/s, to some suitable scale,
to n,p;esen( the blade speed (V). ; .

“iET 720 Now draw inlet velocity triangle ABC on the base AB with o= 25° and V = 1010 m/s.
-_.‘-',, From the velocity triangle, we find that V = 850 nvs to the scale.

——
—~—

4

S, i

- Enthalpy
53

—t
5 =

K

._Entrt_ib&'%—* LA B

48 www.Jntufastupdates.com
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3. Similarly, draw the outlet velocity
V=V =850 m/s to the scale.

4. From Cand D draw pcrp(,n- B
" diculars to meet the line AB produced at 7\t T
Eand F.

By measurement from the velocity '+
diagram, we find that

EF =V +V_ = 14000/
We know theoretical power devel-
oped by the turbine,
P=m(V +V )V,

= 0.5x 1400x 300

= 210 000 W Fig. 22.11

= 2[0 kW Ans. - =)

anmple 22.6. Inacertain stage of an impulse turbine, the nozzle ang[e is 20° with the ,z;»[a;;fi

of the wheel. The mean dzameter of the blade ring. I.S‘ 2.8 metres. It develops 55 kW at 2400 T. r.pms:|

. Four. nozz!cv each of 10’ mm dtameter expand steam ucntropzcal[) from 15 bar and 250° C to ?:2
 bar. The axial thrust is3.5N. Calcula!e e , i e ﬁ :

il b!ade angles at entrance and exit, and 2. power lost in blade friction.

Solution. Given:a=20°;D=28m;P=55kW=55x10°W N=2400rp.m.; n_“
d=10mm;p =15bar; T = 250°C .p,=05bar; F,=35N

triangle ABD on the same base AB with ¢ = 350

We know that-blade speed, : :
V, = tDNI60 = 1t x 2.8 X 2400/60 = 352 m/s . @ F
1. Blade angles at entrance and exit ¥ o |

Firstof all, let us draw Mollier diagram for the flow of steam through the nozzle, as shown in® 4
Flg 22.12. From this diagram, we find that heat drop during the flow,

hd = hl _'hz S 2920"‘2330 = 590 k]/kg _‘“

. Velocity of steam at inlet of the blade, h*‘ __ ______ UE i

= 44727590 = 1086 m/s a0 T

From the Mollier dlagmm we alsb‘ﬁnd that dryncs,érw £
fraction of steam at inlet of lhc ‘blade, o T

VY,
s

""ﬁx = 0.86

From steam tables, corresponding to a pressure of
0.5 bar, we find that specific volume ofsteaun

= 3
v, = 324 m'/kg

beida —— . Entropy A
Fig.22.12 i

We know that area of each nozzle

-

A = ZX(I ~ -{IMIO2 = 7‘355mm = 78.55x% 10°°

Mass of steam dlehaTng through the nozzle, ' ’

nAV _ 4x78.55x 1075 x 1086 3

m=—— : - 2

xv, 0.86x3.24 = L kess

49 . www.Jntufastupdates:.com :
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s J.-_-n‘c,;...q { y

55x 10}

Il

. \We also know that axial thrust (F.

"

i

Vr . ‘}1

= -_2_ Now draw the inlet \CIOCII)
~:7£n§ﬁolc ABConthe base AB with a = 20°
- 2gnd V= 1086 nV's 1o the scale. By meas-

1 Sgrement, we find that V, = 370 mss,

3 Similarly, draw outlet veloc-
:nrl*h ABD on the same base AB
H EF(.e. V4V ) =1302m/s to the
-:_ -pl. nqd \f :‘}—292 =370‘— 29.2

-"w....J-va FIS.

i P,, wer lostin frxmon

1 \‘ﬁ\lb‘i »We know that paower developed (1),
; 3o g mV,+V )V, =0I12(V +

| V.+ V., = 1302 nvs

y)h

" 3S = m(\’[— Vﬂ)

C

- ().I?.(V = Vy)
202mvs or Va = (VI—Z‘).E)HI/S

V.,)352 =42 1(V, +V,))

1302

Fig. 22.13

A 23 By mezasurement from the velocity diagram, we also find that
| %= . V. =765m/s; and V,, = 730 m/s
v We know that power lost in blade friction |
(V)= (V) (7652 = (130)*

Jubme 15 said to have an axial discharge.

x -‘I.-i 1

d:sch.uru,dmwn as shownin Fig. 22.14.
A [ nm, be noted that in such a turbine,

Iurbmt:
s ~f".1 P = mx VoV, watls
g g i »
(0 an = (J)

50

b'a.dﬁ at its exit tip at %0° to the direction
“Iof the blade motion. In such a case, the . 'h

Tnt: combined velocity diagram for axial |

vclmtyot'whulatuullcl(V Pisequalto "7
zro. 'I'huc,furc power developed by the

2000 B 2000
| e = 26.16 kW Ans.
1 Commed Velocity Diagram for Axnal Dlscharge
: - Sometimes, the steam leaves the LR SR '-';?’-'.i'w_:

* Now draw the combined velocity triangle, as shown in Fip, 22,13, as discus: e low
], fmlo' all, d| W \honmnhl line and cut of f AB equal to 352 /s, to soi aitahl el

2
Vi 1V,

}-——- 352 —’{ ___’

____'_7. 4. From Cand D, draw perpendiculars to meet the line AB pmduced at Eanc F.
]- —:= By msasurement from the velocity diagram, we find that

- B =29°; and ¢ = 28°Ans.

e 26]6 kJ/s

(0 UKIs = 1kW)

Fig. 22.14, Combined velovity diagram foi
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