BITS, PILANI-DUBAI CAMPUS, ACADEMIC CITY, DUBAI
SECOND SEMESTER 2012-2013
ME (C332 PRIME MOVERS AND FLUID MACHINES

Comprehensive Examination

DATE: 10-06-13

DURATION: 3hrs MAXIMUM MARKS: 35 WEIGHTAGE: 35%

Notes: Steam tables are allowed.
Highlight all your answers by enclosing in boxes. Assume any missing data suitably and mention the same at the
appropriate place in your answer. Al the parts of the same question should be answered together.

Define, give expression and explain the significance of the following Non dimensional numbers
Euler number, Froude number and Mach number 3

a. - Explain the following efficiencies of the hydraulic turbines. Hydraulic efficiency. ,
Mechanical efficiency, Volumetric efficiency and Overall efficiency.

b. Draw the main and operating characteristics of Pelton wheel and Francis turbine and
explain the salient points. 4

The foilowing data were obtained from a test on a Pelton wheel Head at the base of the
nozzle=32m, discharge of water from penstock in to the nozzle—O 18m*/sec, area of the nozzle jet
= 7500 sq.mm, discharge of water from the nozzle=0.18m’/sec, power available at the output of
the shaft=44kW, mechanical efficiency=94%.Calculate the power lost in the nozzle, power lost in

the runner and power lost in mechanical friction, 4

A centrifugal pump has the following characteristics. Outer diameter of the impeller =800mm,
width of the vanes at the outlet 100mm angle of impeller vanes at the outlet=40° The impelier
runs at 550 rpm and delivers 0.98 m®/sec of water under an effective head of 35m.A S00kW
motor is used to drive the pump. Determine the manometric, mechanical and overall efficiencies” -

of the pump. Assume water efters the impeller vanes radially at the inlet. 4

At a stage of a reaction turbine, the mean blade ring diameter is 1 m and turbine runs at 50rps.The
blades are designed for 50% reaction with exit angle of 30 and inlet angle of 50.The turbine is
supplied with steam of 60000kg/hr with an absolute velocity of 300m/sec and assuming a stage
efficiency of 85% determine the power output from the turbine. Also calculate the isentropic
enthalpy drop in the stage in (kJ/kg) and Percentage increase in the relative velocity through the

blades. 4
Prove from the fundamentals for a velocity compounded impulse turbine having two rows of
moving blades with a row of fixed blades in between the optimum blade speed ratio is Cos ay/4 |
the maximum efficiency is Cos’ot; and the maximum work is 8v°. 4 §
An impulse turbine of the Delavel type is to develop 250kW with the steam consumption of
8kg/kW-hr. Steam being initially at 12 bar and dry saturated .the exhaust pressure is 1 bar. If the

diameter at the throat of each nozzle is 6.25 mm find the number of nozzles required. Assuming
15% of the total enthalpy drop is lost in the diverging part of the nozzle, find the diameter at the

exit of the nozzle and the quality of steam. _ 4
Determine the size of the cylinder of a double acting compressor of 36.765 kW of indicated

power in which air is drawn at 1 bar and compressed to 16 bar according to PV'® = C. The
compressor rums at 300 rpm and the piston speed is 180 m/min. Take the clearance ratio as 5%.

Also calculate the isothermal efficiency of the compressor. 4
Air at a temperature of 17°C flows in to the centrifugal compressor running at 20000rpm. Using
the following data slip factor=0.8,work input factor=1, isentropic efiiciency =70%, outer
diameter of blade tip =50cm. assuming the absolute velocities of air entering and leaving the"
compressor are same find the temperature rise of air passing through compressors and the static

pressure 1at10. Take Cp for air =1 kJ/ kg-K and v for air=1 4. 4




11 yy Mevhonmizes g,ﬁ?

ME 122 FM FmM ['f}anjjfg,w%g EMMF’HNHM
Dok o - (;_p.fé | O Vedurad On
/”/ .
& brves - -
‘ ; - sm da = o ™
Boogam R 0oIBmer  Ares il HRE
{om oo et w0
7 p B ZC(/J V ﬁ\}-‘_b!fL: - —
(Qé\{ﬁmm ;\;ovbw = O.IKM/;;M f;— &4 A }
e B g
i ¢ Fb{"’ CY .
i b D+ P g | 40
L

b b

f? WAH = | q¢l0 * pig A3L - ghsl FW
g g0 -7 0=
| [000

7 ! = Q» = O/ié/
LAY e
Pz =

pom |

4 jjﬂ_/‘tpu;“

o gty bS] Taseh® /

i vl iy
o __MD%;

borrs Degh v frich®r = Fﬁ’f}”‘? Z(/@ Mﬁﬁzm

pheg - Y Te=a0>

T O

Q W N o frm T

D, = feomm ?Yb%/,sﬁ(_, B = TP b2 A VéL :
e ), = DEq =Ty 06X 01XV
EZ = [pomni 'H:_ 25 m o %0

Ff—:‘ 40 M}D.y:i Goo ki ] \jgg,f ; %&}

V ‘ )
/)” el V? hms&u m—ﬁ oyer 224
t} (é;:,-\,! A J FRVAR { - i




Chegh powor Fie AR g, 998 XIS

75 ' elor Powm’ [ 000

3865 o0

AI\J:; o VP> /fgz; SO }]’;}7‘&2 - gs

T . __V’Y_ jo
o grmo} {7/ DH/, V‘EV_PI_%
—_— Yi

0(1.’; 6 - }Q: LM__MM

) W RTORATY o
PW” MFW} =" [WML : & \,M,L@a[éu 1
_77”})03:[?:’“7“_— - ] : {??:}f Efr (}’L)\‘/{} ) :Li(; B
-7 . ;.,‘: ‘) E - e s =
e sl e D =
oM / hiic"“’ﬁ”Lvl’a_’ifié [ Uy = €9 75 m Z;S'*Lz N /) "o

[e¢ ! S ;__,,,_._E_,.,,.,N;_V:‘m-n—A»—--»—-'-'




e

[ 4

7&) - bo 1o < | 165,78 (23bo + 100 Zmyj :
— xis? 1 PN
woe L = ﬁqm

_— T [ o g O
v @i’\).{_ui’ l)h:,;;,,_j—— @1’!)«}@/175

We have Y}g - ph)k
Qh) it . esicdbu * @

o i reage o _ Yo - V’f,)% (00 i
a1 7 T o5

oo 15918 4100

"’7?”? % L
@ ka[lﬁ_ e ;{W‘i . s ya/ _ c/
s v
b oo 36768 BV v ‘
Nz Loo TP ')/}1'%!0 =

p - ]/L“\"‘/
}72 = }[0/{).4‘(‘

c) PLW&

.e—{/o

b 3@4




T, T, = 71
ri)gof?. - zrﬂj.éz;{o-"f v —

s ' o ""
LT (2 A LT
Tl 442 Szl ( s
Z T - e 11
— [ L )Z—'1 t- e
X . S o1

=
iy

? 2 ,
}l) . Vi _;-J“ = E:-*Aa
: 7 ?f

. hi-he

; v L U)L} Lhr )

H F A - e

J‘ — 2.

2

W
Si"'
<}
e}
T
1
o]

- ql kay iz lday éﬁlim 14 bl v o

¥ s e T R
$ oo = 31’%/@“,hv ; | [ L A2Ve
’rL 85 ™m T he ﬁ%(ﬁo

e }/ ’)h | v hi = mgzﬂ%b’% ’ W
[ 1y €7 R 1 h N 2;70 Vs e )20 ..
o ‘ L f;wmﬁi ) Ug_:; ‘}J/g/}yW

| rﬁf & P

. gfia«m LE‘V\D,W‘“{’H by %E—D—L S}: pCsy fﬁaﬁ.?a e /i/ 7 :
’ PG e AT 7o0e( hkd

Wi "1:' MO e jfj}?‘f& i.\_}':::'_)_,._,...,. -- - faos
D A A Jimn 2o o 4-:4 [JCL | RV

ﬁ; oyl ) R i - l glo
- : } Vi8S e oy




BITS, PILANI-DUBAI CAMPUS, ACADEMIC CITY, DUBAI
SECOND SEMESTER 2012-2013

ME (332 PRIME MOVERS AND FLUID MACHINES

TEST 2(Open book)

DATE: 13-05-13

DURATION: 50 MINUTES MAXIMUM MARKS: 15 WEIGHTAGE: 15%

(Text book, photo copy of EDD notes and hand written class notes are allowed)

20kg/min of steam flows through a convergent divergent nozzle. The condition of steam
supplied is 12 bar, 200°C and the discharge pressure is 1 bar. The expansion is

“supersaturated up to the throat and is in thermal equilibrium afterwards. Calculate the

5

diameter of the nozzle at the throat and the exit.

Find out the maximum efficiency and maximum work and the corresponding speed ratio of
a three stage impulse turbine with frictionless symmetrical blading and axial discharge in
the final stage if the nozzle angle of the first stage moving blade is 20° and the blade
velocity is 120m/sec. |

At a stage of a Parson’s reaction turbine the velocity of steam striking the moving blades is

350m/sec and the mean rotor diameter is 1.6m.The blade speed ratio (p) 1s 0.8 Determine

the blade inlet angle if the blade outlet angle is 20°. Find the diagram efficiency. 5

Steam with an absolute velocity of 300m/sec is supplied through a nozzle to a single stage
impulse turbine. The nozzle angle is 25°. The mean diameter of the blade rotor is 100cm and
it has a speed of 2000rpm. Find suitable blade angles for zero axial thrust. Take blade

velocity coefficient as 0.9 and steam flow rate as 10kg/sec. calculate the power developed

by the turbine in kW. 5
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BITS, PILANLI-DUBAY, ACADEMIC CITY, DUBAI
SECOND SEMESTER 2012-2013

ME UC332 PRIME MOVERS AND FLUID MACHINES

TEST 1
DATE: 18-03-13
DURATION: 50 MINUTES MAXIMUM MARKS: 15~ WEIGHTAGE: 15%

Define Unit speed and Specific speed of a turbine and explain the use of these parameters. A

turbine develops 8MW under a head of 50 m at 135 rpm. What is the specific speed of the

turbine? What would bé its normal speed and output under a head of 20 m? 4

Explain how hydraulic turbines are classified.

Explain the difference between the Francis turbine and the Kaplan turbine with respect to its

5

construction, operation and performance,

Single jet Pelton turbine is required to drive a generator to develop I0MW. The available head
at thé nozzle is 760m. Assuming electrical generator efficiency of 95%, Pelton wheel overall
efﬁciency of 87%, coefficient of velocity for the nozzle 0.97, mean bucket velocity 0.46 of jet
Velocity_, outlet angle of the buckets is 15° and the blade velocity coefficient (K) as 0.85 of the

inlet find a. the diameter of the jet, b. the flow rate of water, and c. the force exerted by the jet

6

on the buckets
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BITS, PILANI-DUBAI CAMPUS, KNOWLEDGE VILLAGE, DUBAI

o

SECOND SEMESTER 2012-2013

A ME UC332 PRIME MOVERS AND FLUID MACHINES,

e,

QUIZ2 (29-04-13)

DURATION: 20 MINUTES MAXIMUM MARKS: 10 WEIGHTAGE: 3%
Answer all the questions

Name of the student: ---- —_— Id.: --- S—
L. Write down the fundamental equation of a centrifugal pump?

2. What do you mean by priming in centrifugal pump and how it is done?

3. What is critical pressure ratio in steam nozzles? Give an expression for the critical pressure

ratio in terms of index of expansion.

4. A centrifugal pump is designed to run at a speed of 1000 1pm and develops a total head of
25m. What would be the total head developed when the speed changes to 1500rpm if the

overall efficiency is the same.




¥

5.

10.

What is Wilson line and what is the significance of it in steam nozzles?

Name the three types of impellers that are commonly employed in centrifugal pumps.

Explain what degree of under cooling in steam nozzle is.

3

A centrifugal pump works under a head of 20m and the blade velocity at the outlet is
40m/sec. Assuming a manometric efficiency of 75% determine the velocity of whirl at the

outlet of the blades.

Sicarn expands in a nozzle from 5bar to 1 bar. The initial velocity is 100m/sec. The
isentropic enthalpy drop for the steam is 200kJ/kg and the nozzle efficiency is 85%.

Estimate the final velocity of the steam.

Explain what nozzle efficiency is. N




BITS, PILANI-DUBAI CAMPUS, KNOWLEDGE VILLAGE, DUBAI

SECOND SEMESTER 2012-2813

A ME UC332 PRIME MOVERS AND FLUID MACHINES

QUIZ2 (29-04-13)

DURATION: 20 MINUTES MAXIMUM MARKS: 10 WEIGHTAGE: 5%
Answer all the questions

Name of the student: ---- e T Id.; --- -
1. Write down the fundamental equation of a centrifugal pump?
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2. What do you mean by priming in centrifugal purmnp and how it is done?
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3. What is critical pressure ratio in steam nozzles? Give an expression for the critical pressure
~ ratio in terms of index of expansion.
v
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4, A centrifugal pump is designed to nn at a speed of 1000 rpm and develops a total head of
25m. What would be the total head developed when the speed changes to 1500rpm if the

overall efficiency is the same.
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5. What is Wilson line and what is the significance of it in steam nozzles?
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6. Name the three types of impellers that are commonly employed in centrifugal pumps.

£ Chrowdesl (09 Uogecl Hpe  Inmpelbe
/{,}) ‘;ﬂth — D pon h’dtpa i?wpaﬁﬂz“/
£) E?pm-}\?p@ lru\fe,ﬁ&’f :

7. Explain what degree of under cooling in steam nozzle is.
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8. A centrifugal pump works under a head of 20m and the blade velocity at the outlet is
40m/sec. Assuming a manometric efficiency of 75% determine the velocity of whirl at the
outlet of the blades.
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9. Steam expands in a nozzle from Sbar to 1 bar. The initial velocity is 100m/sec. The

isentropic enthalpy drop for the steam is 200kJ/kg and the nozzle efficiency is 85%.
Estimate the final velocity of the steam.
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10. Explain what nozzle efﬁcienc;} is. .
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Name:

BITS, PILANI-DUBAIL DUBAI
SECOND SEMESTER 2012-2012
ME UC332 PRIME MOVERS AND FLUID MACHINES

UliZ1i
1-04-2013
DURATION: 20 MINUTES MAXIMUM MARKS: 10 WEIGHTAGE: 5%

Answer all the questions (10*1 = 10 marks)
Id No. :

A pelton turbine produces 20 MW while running at a speed of 1000rpm. If the overall
efficiency of the turbine is 80%, calculate the discharge through the turbine.

Draw the inlet and outlet velocity diagram for a Kaplan turbine runner and represent the
various velocity components and the angles,

State the name of the turbine you will recommend for the following cases.

High head and small gty of water —
Medium head and medium gty of water —
Small head and large quantity of water —

A single cylinder double acting reciprocating pump lifts 100 liters of water per second
against a static head of 40m. If the slip is 5% estimate the coefficient of discharge of the

pump.

State the condition for the maximum efficiency and give the expresston for the max
efficiency in terms of K & B for a Pelton wheel. '




10.

What do you mean by a mixed flow turbine? Name a practical turbine in which mixed flow
takes place.

Find out whether separation will occur or not in the reciprocating pump if the atmospheric
pressure is 10.3 m of water, the suction head is 7m, the maximum values of acceleration
head and the frictional head in the suction are 3.3m and 3m of water respectively. The vapor

pressure head for water may be taken as 2.6m of water.

Draw the speed versus discharge curve at different gate openings of a Kaplan turbine

How many blades are generally used in a Kaplan turbine runner? What are the reasons?

_Give an expression for the acceleration head of a reciprocating pump in terms of length and
area of the pipes, piston area, crank angle and crank radius.




Name:

7 BITS, PILANI-DUBAI DUBAI
SECOND SEMESTER 2012-2012
ME UC332 PRIME MOVERS AND FLUID MACHINES

UIzZ1

1-04-2013
DURATION: 20 MINUTES MAXIMUM MARKS: 10 WEIGHTAGE: 5%

Answer all the questions (10*1 = 10 marks)
: 1d No. :

A pelton turbine produces 20 MW while running at a speed of 1000rpm. If the overall
efficiency of the turbine is 80%, calculate the discharge through the turbine.
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Draw the inlet and outlet velocity diagram for a Kaplan turbine runner and represent the
various velocity components and the angles. 4,

State the name of the turbine you will recommend for the following cases.

High head and small gty of water — Pulitn.
Medium head and medium gty of water— [ vfwted
Small head and large quantity of water — 1% Ay

A single cylinder double acting reciprocating pump lifts 100 liters of water per second
against a static head of 40m. If the slip is 5% estimate the coefficient of discharge of the

pump. ‘
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State the condition for the maximum efficiency and give the expression for the max
efficiency in terms of K & B for a Pelton wheel.
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10.

What do you mean by a mixed flow turbine? Name a practical turbine in which mixed flow
takes place.
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Find out whether separation will occur or not in the reciprocating pump if the atmospheric
pressure is 10.3 m of water, the suction head is 7m, the maximum values of acceleration
head and the frictional head in the suction are 3.3m and 3m of water respectively. The vapor
pressure head for water may be taken as 2.6m of water. To averd é{g{;ﬁ ¢ adn
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Draw the speed versus discharge curve at different gate openings of a Kaplan turbine

C

Spe 4
How many blades are generally used in a Kaplan turbine runner? What are the reasons?
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Give an expression for the acceleration head of a reciprocating pump in terms of length and
area of the pipes, piston area, crank angle and crank radrus.
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