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CHAPTER

Q.1

Q2

Q3

G4

Q5

Consider the foligwing statements:

1. Specific speod uniquely determines the
type, shape and design of the turbine.

2, Both unit speed ‘n,, and unit discharge
‘0, are necessary 1o uniquely delermine
the ype and design of the turbine.

Which ol these slatemenls isfare correcl in

tespect of a hydraufic lrbine?
(a) 2alone {b) 1alona
(c} Bolhtand2 (d) Noither1nor2

AFrancis trbing working at 400 rpm has a unit
speed ol 53 rpmand develops 500 kW ol power.
What is the effective head under which this

lurbine operates?
(@) 625m (b} 64.0m
() 1000m

(¢} 400m

For a hydro-eleciric project with reaction wrbine,

the drafi wbe at the exit from the wrbine is

{8} alwaysimmersedinwater

(b} ahways above the water

¢} may sither be above or below the water

{d} aboveor belowthe water depending onthe
unit speed ¢! the lurbine

The specilic speed of a turbine under a head of
150 m o devefop 2000 HFP while running at 300

pmis )
(a} 1035 {b} 35-60
{c} 60300 {d) 300-1000

APeltonwheel operates at 630 pmtaking 3ms
of water under a head of 256 m vith a speed
tatio of 0.48 (Given J1962 = 443) Whal is the
diameter of the impeller?
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@ 2.90m
{c) t42m

(b) 1.03m
{d) 1.80m

Which ane of the following slalement is net
conect in respect of hydraulic turblnes?

{(a) {Speed)is proportionalto(Diameter)'?

() {Power)is proportionatto {Speed)®

{c) (Fower)is proportional lo (Head)*?

{dy {Speed)is proportional lo {Head)'?

Animpulse Wrbine

(@) alvays operales submarged

(b) makes use of a gralt tube

(¢} cperatas by initial complete conversion (o
winelic enargy

{d) converts pressure head into veloeity
throughout the vanes

A hydraflllc turbine has a discharge ol 5 mfsec,

when operaling under a head of 20m with a .

speed of 500 rpm. If it is lo operate under a
head of 15 m, for the same disgharge, the
rolational speed in rpm will appraximately be
(@) 433 {b) 403

ey €27 {d) 388

To generale 10,000 HP under a head of 81m
while working at a spaed of 500 rpm, the rbine
of choice would be
{3} Fellon

(¢} Bulb

{b) Kaplan
{d) Francis

Owing o a sudden closure of rdrbines in a

powerhouse:

(@) a positive surge will occur in head race
channel with surge fronl meving
downsiream

i
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{b} a positive surge will occur in head race
channcl with surge lront moving upstream

{c) a negalive surge will occur in head race
channel with surge front moving upstream

{d) a negalive surge will oceur in head race
channel with surge frant. moving
dovmstream

Tesis were conducled on a Francis lurbina of
0.8 mdiameter under a head of 9 m. The (urbine
running at 240 rpm develops 84.5 kW and the
water consumplion was 1.2 m¥s. i (he same
turbine opsrales under ahead of 16 m, Ihe new
discharge will be

(@) 1.4mYys {b) 1.6 m¥s
€ 1.8mYys {d) 2m¥fs
In axial ffow urbine

(a} inletis axial oullet is radia

" (b) inletis axial and oullel is axial

Q.13
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(¢} inletis radiat and oullel is axial
(d} inletis radral and oullel is radial

It et is the blade angle at he oullet, \hen the
maximum hydraulic efficiency of an idealimpulse
lurbine is '

© 1+cosn 1-cosu
a) b
(a) > {b) 3
© 1-sina @ 1+ sina
The load factor is the ralio of

(a) average load to maximum load during any
period

{b) energy consumedinalime tto the maximum
demand in thatlime

(c) maximum demand o connected load

(d) average output of the plant for a given
pericd of ime Lo the plant capacity

Indicale the incorrec! stalement:

A surge lank in a penstock

(@) restricts the water hammer pressure to a
small length of pipe upstream aof it

{b) acls as a slorage device 10 absarb oxcess
flows :

(c) reslricls the water hammer pressure 10 a
small length ol pipe down stream of it.

{d) converts ihe energy of waler hammer into
low frequency mass oscillation

Q.16 The Thoma's number is used in conneclion with
(a) watec hammet phenomenan
{b) mass oscillation phonomenon
{¢) fluwd lriction in a boundary layer
(d) cavitalion phenomenon

Q.17 The Thomanumber is defined as equal to

B,-P, -1 P, -P,
(a) +H, (0) ¥H,
Fa=FR=vhh (Fa-v2)+F
(c} <A {d +H,
vihere

P =almospheric pressure

P, = vapour pressure

H, = effeclive working head, and

2 = verlical distance of 1he lurbine runner
above the tail race

Q.18 Sale value of critical Thoma's numbar lor a
Francis wrbine is about
{a) 45 (b) 3.0
{o) 15 (d) 0.3

Q.19 Typically the value of maximum efficiency fora
well designed Kaplan trbine is about

(a) 60% (b} 95%
©) 70% (d) 82%

Q.20 The Toricelli theorem gives velogily of jel as

@ Joh ) J2gh

1
© Pan fa) gg—h
Cavilation damage in lurbine runner accurs
{a) neartheinlelon the concava side of blades
{b) near the outlet on the convex side of blades
{c) near the infet on the convex side of blades
(8) nearthe oullel onthe concave side of blades

Q.2
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Q.22 For cavitalion-free operaton of twrbines, the
runner musl be suitably installed wilh respect
to the Lail race. The Thoma's caetlicient



Q.23

Q.24

Q.25

Q.26

G e = (Mo~ H, = HJH lor sale operation must
satisly Ihe following relationship wilh the crilical

coeflicient g

@ o >0, () o,=g,,

€} o,>q, o +a,,=1

Turbines Ihat can be classilied based on the main

direction of llow of water in the runner, are:
1. Mixed flow rbine

2. Tangential lloviurbine

3. Radial llowwrbine

4, Axiallloviurbine

Which ol lhese slalements are correct?

(@ 1.2andd by 1,3and 4
(©) 2,3and4 (d)1,2and3
Consider the following slalemenls:

1. Hydraulic efliciency of the lurbine is the ratio
of the powear developed by the runner 1o the
nel power supplied by the water at the
cntrance to lhe lurbine.

2. Mechanical efficlency of the turbine is the
ralio of the power availabla at the turbine shaft
10 the power developed by the runner.

3. volumelric elliciency is Ihe ratio of the
quantily of waler acwally striking ha runner
and the quantily ol waler supplied (o the
lurbine.

Which of Ihese stalemenrs isfare correct?
{a} Only3 {b) Both 1and 3
{c) Bolh2andd (d)1.2and3

Walar enters a wrhine sleadily at the rate of 100
Ires per second with a pressure of 3 x 10° Nfm?
and a velocily of 100 mys. It leaves the Wwrbine
wilh a pressure of 10° N/m? and a velocity of
50 mvs. Il na losses occur, the power produced
by the {urbine is

@ 20KwW (b} 375 kW
() IS kW () 770 kW
Aturbine warks al 20m head and 500 rpm speed.

Its 1:2 scale model to be lesled at a head of
20 mshauld have a roiational speed of nearly
{a} 1000rpm {h) 700mpm

{c} S0rpm {d) 250 rpm

Q.27
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An impulse turbine of 3 m diameler is rated at
10000 kW al 300 rpm under a head ol 500 m.
The lurbine is operaled under the head of 400 m,
What is the speed of which it would run?

@ 324mpm {b) A36rpm

(¢} 348ipm {d) 268 1pm

An impulse lurbine of 3m diameler is rated al
10000 kW at 300 rpm under a head of 500m,
Theturbine is operaled under the head of 400 m.
What is 1he power developed?

{a) 15000kW (b} 7200 KW

{c) 13000kW (d) 12000kw

Given that atmosphere pressure head is 9 m,

vapour pressurg head {max)is 1 m, (ailure head -

is 40 m and cavilalion coefiicient gis 0.15. The
haight al which the turbine can be set above the
tailrace level is
(@) 6m
© 3m

by 4m
(d) 2m

In all reaction lurbines, maximum efficiency is

oblained whenthe

(a) guide vane angle is 90°

{b) blade angle is 90° al the infel

{¢) blade angle is 90° al the outlel

(d) angle ol the absolute velocily veclor at the
oullet is 90°

The speed ratio of a Pelton vheel operating under
2 head of 900 mis 0.45. Whal is the periphoral
velocily of the lurbine wheel?

(@) 28mfs {b) 96 m/s

) 42 ms (d) 60 m/s

Assertion {A): Seleclion of wrbine by specilic

speed crilerion is more sciantific.

Reason (R): Specific speed depends on

dimensions, size of bolh aclual and specific

{urbine,

{a) bolh A and R are lrue and R is The corgat
explanation ol A

{b) both A and R are true but A is not a correct
explanalion of A

Q.33

.34

Q35

Q.36

(€} Aislrue but Ris false
(d} Ais false bul Ris rue

Water Wrbine may be putin the decreasing order

of specific speeds as

(@) propeller lrbine, reaction lurbine, impulse
lutbine

{b} Pellonwheel, Francis urbine, Kaplan lurbine

(¢} Reaclionturbine, impulse turbine, propelier
turbine

{d) None ol the above

Consider the [oliowing slatements:

i An impulse lurbine is ideal for high head
davelopment,

2. Speed ratio of a reaction furbine is in the
range ol 0610 0.9

3. 1 Specific speed of a Kaplan furbineis inthe
range of 5010 150 m.
Which of these slatement/s isfarg cotreci?
{a) only1 {b} boih teng 2
{c) bolh1and3 {d} All ol these
i)

It amulli-jet Pelton turbine has 'n’ number of jets,
then its specilic speed Is directly proportional
o

@ {b) n'e
ey n¥ {@n
Consider the (ollowing statements;

1. Specilic speed uniquely determines the
type, shape and design of the turbine,
2. Bothunitspeed‘n, and unit discharge'Q,’

arenecessary louniquely determine the type

and design of the turbine.
Which of these slalemenl/s isfare correct in
respect of a hydraulic wibine?
{a) ' 2alone {b) 1alons
(c) tand2 {d) Neither 1 nor 2

Q37

Q.38

Q.38

Alurbine discharging 10m¥s is tobe designed
so thal a torque of 1600 kg-m Is 1o be exeried
on the impetler lurning at 200 rpm under the
condilion ihat the exiling iquid exens nomoment
inspite ol its momentum. The langential
compoenent of the velocily at the suler periphery
of the impeller of radius 1.0mis

@ 098mis {b) 1.57 mys

) 210mfs (d) 226 mfs

Two Pelton luribines A and 8 have the same
specific speed and are working under the same
head. Turbine A produces 400 kW at 1000 rpm,
If turbine B produces 100 kW. then its cpm is
{a) 4000 {b} 2000 s
¢} 1500 {d) 3000

Malch Llst-1 with List-H and select the correct

answer Using the codes given below the fists:
List-

Pelton turbine

Francis turbine

Kaplan lurbine

Banki turbing

List-ll

Mixed {low reaclion turbine

‘Operating under low head and large
sischarge

3. Operating under high head and large

Powx>

!\)M

discharge
4. Nodrafitube
Codss:

A B C D
@ 4 2 1 3
b)) 3 1 2 4
4 1 2 3
d 3 2 1 4
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1) 2() 3 46 5 b
11, (b} 12. (b} 13.{a) 14.(a} 15 (8)
2.0) 2. (o) 2.(d) 24.(d) 2. (©
3. () a2 (c) 33 (a) 34.(b) 35. (b)

Hydraulic Turbines

1. (b}
Specific speed is independent of dimension or
size of the actual urbine and specific turbine.
Funther, N, = 313N,/Quna ‘
Therelore besides unii speed and unit discharge
overall efficiency is also required to determine
type and deosign of lurbine.

2. {b)
Unit speed of the lurbine is given by

N
T’:SQ

400
= T;ﬁ-SG
= H=64m

3. (=) .

Draft wbe must be aitight and under ail-

conditions of its operation, its lower end must

ba submerged below the level of water in the

tail race. it has two purposes:

{} Permils a negalive ar suclion head to be
established at the runner exit.

(% Converls a farge portion of velocily energy
rejected from the runner into usefut pressure
enargy.

5 )
Speed ralio =

u

Ja2gH

u= 048x/2x981x256
=048 x 443 = 16
= 34.02 mis

8. (&) 10. (b)

6.(8) 7.({c) 8. (b)
': . 12.
16. (d) 17.{a) 18.(d) 19.{b) 20.(0)
26. (&) 27.(d) 28.(0) 29.(d) 30.(d)
36. (b) 37.(b) 38.(b) 39.(c)
LE 13.
RON
But U= (—ga—]
B H02
D= e em
6. {a}
{DM) = HI? 14,
Power o< [F (8
Power o« [F 572
Noe HIZ
9. () o

10.

11.

Power doveloped in kW
= 10,000 x 0.756 = 7560 kW

Specilic speed — ;NJ'B. = .Sm___x_____ V756
i HE T e
= 1791n Sl units .
Turbine Specific spead 21. ‘
{S1 unils)
Pelon 830
Francis 40-420
KaplanandPropeller  380-850
{B)

It he siuice gate of the head cace channel is
suddenly closed (for clasing turbing) posilive
surge will move upstream. i the sluice gale is
suddenly opened {lo starl lurbine) positive surge
will move downsiream.

{b) '

HoHy
3

= 2

M2 TN

H
N ﬁ - 240\@ =3201pm

1

N

Q- On%’: = 1.2x 32 = 16mils
(b}
In axial flow turbine both inlet and exil of lurbine
is axial.
Il water {lows thraugh the runner in the radiat
direction but leaves in Ihe direclion parallel lo
the axis of rotation of Ihe runner. The turbine is
called mixed flow turbine. !

(e)

For maximum efficiency
Y

“=32
1+cosa
nm:\x = 2
(a)
{.oad factor

_. Average load over a given limg inlerval
~ Peak load during the same time interval
Capacity faclor

Average load
" Rated capacily of the plant
I Ihe rated capacity of the plant is equal 1o the
peak load, lhen the load (actor and capacity
lactor will be numerically squal.

{b)

Since cavitation begins when the pressure
reaches too low a value, it is likely lo occur al
points whera the velocily or the elevation is high,
and particularly at such poinls where high
velocily and high elevation are combined. In a
reaction lurbine the peint of minimum pressure
is usually al the oul lel end of a blade on s
convex side. For (low belween such a point and
the waler level in the lad race, lhe Bernoulli's
equation may by wrilten as

2
B Vo, B

T 2 T

26.

29.

31,

32,

38.

Vi pa-p -2
2gH H
where o is Thoma's cavitalion number
H; Elfeclive head
To datermine the maximum efevation 2, ol tho
turbine above the tail water level or cavitalion
fres operation.

2 = &‘—EL‘-GGH

i R ¢

o, Is the ciilical cavitalion parameter which is
usually about 0.1,

{a)
0, [H,
No= Mo H,
(d}
z=h -P—"~0=H
¥ ¥
(ct)
Speedralio= ﬁ
= G 2045
J2x9.8x900
= u=60m/sec
(¢)

Specilic speed is independent of dimensions
size ol both aclual and specilic lurbine.

(t)
Ns, = N,

(j

NP N B
o = YL

= 1000x 100 = N x 100
: N, = 2000 pm




