UNIT -5
Hydraulic Turbines: Classification; Efficiencies; Pelton wheel-velocity triangles, Design
parameters; Francis turbine—velocity triangles and design parameters; Analysis of Draft tube, Kaplan
turbine— Velocity triangles and design parameters. 07 Hours
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Impulse turbine

Reaction Turbine

The entire available energy of the water is first
converted into Kinetic energy.

The available energy of the water is not
converted from one form to another.

The water flows through the nozzles and
impings on the buckets, which are fixed to the
outer periphery of the wheel.

The water is guided by the glide blades to flow
over the moving vane.

The water impings on the buckets withKE

The water glides over the moving vanes with
PE.

The pressure of the flowing water remains
unchanged and is equal to the atmospheric
pressure.

The pressure of the flowing water is reduced
after gliding over the vane.

It is not essential that the wheel should run
full.

It is essential that the wheel should always run
full and kept full of water.

It is possible to regulate the flow without loss.

It is not possible to regulate the flow without
loss.

Impulse Turbine has more hydraulic
efficiency.

Reaction Turbine has relatively less
efficiency.

Impulse Turbine operates at high water heads.

Reaction turbine operates at low and medium
heads.

Example of Impulse turbine is Pelton wheel.

Examples of Reaction Turbine are Francis
turbine, Kaplan and Propeller Turbine, Deriaz
Turbine, Tubuler Turbine, etc.




1. A single jet impulse turbine of 10 MW capacity is to work under a head of 500 m. If the specific speed =
10, over all efficiency = 0.8 and the coefficient of velocity = 0.98, find the diameter of the jet and bucket
wheel. Assume ¢ = 0.46.
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3. The gross head available at a project site is 350 m of water. The penstock pipe is estimated to be 60 m
long. The pipe friction factor is f=0.0007. The total pipe losses have to be limited to 4% of gross head. The
expected power from the project is 2600 kW. The turbine speed is 600 rpm. Calculate (a) the required flow
rate Q in m3/s, (b)the pipe line diameter (c) the jet diameter d, and (d) the rotor diameter D. The speed
ratio is 0.46, the nozzle velocity coefficient is 0.985 and the overall efficiency is 0.92.
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6. A double jet pelton -wheel is required to generate 7500 kW when the available head at the base of the nozzle
is 400 m. The jet is deflected through 165%and the relative velocity of the jet is reduced by 15% in passing
over the buckets. Determine (i) the diameter of each jet (i) Total flow (iii) Force exerted by the jets in the
tangential direction. Assume generator efficiency is 95%, ftg = 80%, speed ratio = 0.47.

o .
Ll Gien, W=2p £ -FSco K Heliwm) f,=180-D = (%0 (6S =1

o A ' )
\fr,_mQ—o.\c) \r, = 0.&SVr, "L3M= acy. vz:&o/' 75 =0T
W dwdr > S W b:\> F’Wo
(D) Tt vAa

\é" Ve —le— w

= - - 3 wed -
Fﬂ-\/ 4_’——\}‘5\1"0‘ ——A \g_\‘:‘_o ‘p
t6¢
’ > e R (o=
Sy \4(7/ pis s \<
Vi,
< . B
\ w0, k__"@\-'va,)——ﬂ
= — >
a
\>‘ VLO: hadfk
S-QH

0.8 = TE&S X(OKJ
ALo 3 & s b

Qz 252 “}/g.\/
PIRAUR P Posume Cy= 09815 6ARS

V= 28 [ 2x8 X e

\1(3 KELT rm?/S ::-\f.,o’

= N 7\‘0{2 e
& %—_Tp-—xv‘ U=RON  p=Cou
2 &0 AN P
cc2=oxAa QLT . .
¥

o= OIZE w.

u}— c}s;\\;‘l — U= \jf =0.4-FxE€6.8 T .

‘ U= WDRE /g



Foan e w&&'VaLa% Tﬁa%%a-
\fv*,: \/\"Uk——- 86T — 41 O&l = L\'G*OQ‘M/_Q.

Vi, = 0.8 \[r = 0.2S xk602 = TANZ ™ML |

o e et veboely Aiovgle

u-—\
S}/\'F.L= \/,{‘_l C”)F:_-’- LV—.QZ)J
\/rj__‘ 2 .
Cosg = (kb —\
zA.2 =2
Ve = Z.
Vg, = todz wy Was TOZ w/e .

e wn Vio—Viay) =&
:tmongz<?é8§—zbg>

e~B
F—'-I__._ o\.12 k. = Feree ﬂerGA = 0) (



8. A Francis turbine is to be designed for the flow rate of 2m3/s available at a project site at a net head of
10 m of water. The expected overall efficiency is 80%. The speed coefficient and the flow coefficient can be
assumed as 0.8 and 0.6 respectively. The hydraulic losses in the turbine are 15% of avaialble energy. Design
the turbine rotor, with the salient dimensions and angles, to run at 300 rpm. The water leaves the rotor
without any whirl component.
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11. The head available at the inlet to a Francis turbine is 28 m. The output of the turbine is 1000 kW at
an overall efficiency of 0.88, when there is no draft tube attached to the exit of the turbine. The level of
the turbine is 2.5 m above the tailrace. The flow coefficient of the turbine is 0.3. Assess the effect of the
installing (a) A straight cylindrical draft tube and (b) a draft tube with the half-cone angle of 5° at the exit
of the turbine. The efficiency of the draft tube may be taken as 95% in either case.
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12. In a Francis turbine, the discharge is radial. The blade speed at inlet = 25 m/s. At the inlet tangential
component of velocity = 18 m/s. The radial velocity of flow is constant and equal to 2.5 m/s. Water flows
at the rate of 0.8m?3/s. The utilization factor is 0.82. Find: i) Euler’s head ii) Power developed iii) Inlet
blade angle iv) Degree of reaction(R). Draw the velocity triangles.
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14. A kaplan turbine produces 80,000 HP (58,800 kW) under a head of 25m which has an overall efficiency of
90%. Taking the value of speed ratio ¢= 1.6, flow ratio y= 05 and the hub diameter = 0.35 times the outer
diameter. Find the diameter and the speed of the turbine.
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i(c) The mean diameter of a Pelton wheel is 2.6 m. The bucket outlet angle is 20°. The
net head available at the nozzle is 500 m of water, if the available flow is 3.5 m3/s.
Calculate the following

(i) Speed of the rotor

(ii) Theoretical power
(iii) Specific speed. (CO3, PO2, L3)
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