50, will be treated as malpractice.

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8
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Turbo Machmes
, Max. Marks: 80

Swor Nte. Answer any FIVE full questwns
2 Use of Thermodynamzcs Data Hand Book, Steam tables and Mollier chart
permitted. é

Define a turbo machine. Mentlon ny five differences; between a turbo machine and a
positive displacement machme (06 Marks)
Define specific speed of a turbme Explam its 51gn1ﬁcance (03 Marks)
A Francis turbine modelis "built to a scale of 1 : :5./The data for the model is P = 6 kW,
N =350 rpm, H = 3(m" and for prototype H = 9! ”ni e‘Assummg the overall efficiency of the
model as 75%, calculate”:
@A) Speed of the prototype (ii) Po:wer of the prototype.

Use Moody’s equatlon AN (07 Marks)

Show that *the polytropic efﬁcrency for a compression process is given by

Np= (-———I—J[Y — 1] where 7 is thé ratro of specific heats«and n is the index of compression.
n 'Y Xr Ay & ”;f ) § »

4 - (08 Marks)
Air flows through an air turbine where its stagnatlon pressure is decréased in the ratio 5 : 1.
Total-to-Total efficiency£is«0.8. The air flow(rate’1s 5 kg/s. If the total power output is
500 kW, find : (i) Inlet! total/temperature (1) Actual exit total temperaulre (iii) Actual exit
static temperature if the flow velocity is 100 m/s (1) Total-to statlc efficiency. (08 Marks)

Define degree of reactlon Show that the relatlonshlp between the utilization factor € and
2 2

the degree of Reactlon R for an ax1al ﬂow turbine 1 is glven by €= % where V; and
ol T Y
V, are the. absolute velocity of' ﬂurd at inlet and outlet respectlvely (08 Marks)

At a; stage in a 50% degree ofireaction axial flow-turbine ‘running at 3000 rpm, the blade
mean diameter is 68.5 cn If; the maximum utilization factor for the stage is 0.915, calculate
the dnlet and outlet absolute velocities for the rotor assuming the velocity triangles at inlet
and outlet to be symm tr1c Find also the/ power output for a flow rate of 15 kg/s. (08 Marks)

Draw the velocrty trrangles for an. ax1al flow compressor and show that for an axial flow

Cy A l:tanB1 +tan[32}

compressor wlth no axial thrust the degree of reaction is given by R =

e 2u| tanf, tanf,
where V, = Ax1al flow velocrty, u = Blade speed, B, and B,= Inlet and Outlet blade angles
with respect to tangent1a1 dlrectlon (10 Marks)

In a mixed flow compressor handling air at 16000 rpm, the stagnation temperature of air at

compressor inlet and<utlet are respectively 27°C and 215°C. The absolute velocity of air at

the rotor inlet is ax1a1 while at the exit, the tangential component of absolute velocity is 0.93

times the tangentlal impeller speed. If the mass flow rate of air through the impeller is

15 kg/s and specrﬁc heat is assumed to be constant, find the impeller diameter and total

power mput (06 Marks)
e 1 of2
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What do you mean by compounding of steam turbine? Explain with the help of a schematic
diagram, a two row velocity compounded turbine stage. (06 Marks)
A single stage impulse wheel is supplied with super heated steam at 15 bar and 250°C,
expands to 0.5 bar condenser pressure. The rotors are ﬁtted wlth equi angular blades moving
at 450 m/s. If the nozzle angle at the rotor inlet is 16" t0)the wheel plane, find the specific
power output, blade efficiency, grass stage efﬁ01ency and direction of exit steam velocity.
Assume nozzle efficiency as 94% and assume the relatlve velocities as equal. (10 Marks)

Show that the maximum blade efficiency of af Parson s reaction turbine is,

i) 2cos’ o, o e
b 7 U Ny o Gy
ma 1+cos Q, Ry {47

where o, =nozzle angle at inlet. d ' (09 Marks)
The following partlculars refer tos a Parson’s reaction turbine con51stmg of one ring of fixed
blades and one ring of moving- blades The mean diameter of the blade ring is 90 cm and its
speed is 3000 rpm. The inlet, absolute velocity to the blades is 350 m/s. The blade outlet
angle is 20°. The steam ﬂow rate is 7.2 kg/s. Calculate (i) The blade inlet angle
(i) Tangential force (111) Power developed. .:‘f besy (07 Marks)

With suitable velocity: trlangles derive an express1on for the maximum hydrauhc efficiency
of a Pelton wheel in térms of blade velocity co-efficient and outlet blade angle. (08 Marks)
A 137 mm diameter jet of water issuing from a nozzle impinges on the buckets of a Pelton
wheel and the Jet is deflected through an/ angle of 165° by the buckets. The head available at
the nozzle. is- 400 m. Assuming coefficient of velocity as 0.97, speed ratio as 0.46 and
reduction ‘in'the relative velocity while’passing through the buckets as 15%, find (i) Force
exerted by the jet on the buckets in the tangentlal d1rect1on (i) theoretical power
developed (08 Marks)

List the functions of a draft tube in a reaction hydrauhc turbme Using'Bernoulli’s equation,
show that the pressure head at the inlet of the draft tube is less thanfthe atmospheric pressure
head. \ (06 Marks)
The following data is glven for a Francis turbme Net head = 70 m, Speed = 600 rpm, Shaft
power = 368 kW, Overall efficiency = 85% ‘hydraulic efﬁmency 95%, Flow ratio = 0.25,
Breadth ratio —“"”O;l Outer diameter of fhe runner = 2(x «inner diameter of the runner.
Velocity of flow i is constant at inlet and-outlet. The thickness of the vanes occupies 10% of
the cucumferentlal area of the runner and the dlscharge is radial at outlet. Determine :
(1) Guide blade angle (ii) Runner vane angles a. mlet and outlet. (iii) Diameter of runner

at 1n1et and outlet (iv) Width of the runner at inlét. (10 Marks)
What is Prlmmg‘? Why pr1m1ng is required in centrlfugal pumps? (03 Marks)
Derive an expression for. minimum starting’ speed of a centrifugal pump. (06 Marks)

4 Asd-stage centrifugal pump has impellers each of 38 cm diameter and 1.9 cm wide at outlet.
{The outlet vane anglejis 45° and the vanes occupy 8% of the outlet area. The manometric
efficiency is 84%:and overall efﬁ01ency 1s 75%. Determine the head generated by the pump

when running: at 900 rpm dlschargmg 59 litres/s of water. Also determine the power
required. /5 7 ) (07 Marks)

CMRIT LIBRARY .
Explain the followmg with appropnate sketches : e e e tet.?

(1) Surging (i1 Chokmg (iii) Pre-rotation. ‘ (09 Marks)

A centrifugal compressor runs at a speed of 15000 rpm and delivers 30 kg/s of air. The exit

diameter is 70 cm. The Telative velocity at exit is 100 m/s at an exit blade angle of 75°.

Assume radial jnlet. The inlet total temperature and pressure are 300 K and 1 bar

respectively. Determme

(i) Power requlred to drive the compressor (i) Ideal head developed

(iii) Total exit pressure. (07 Marks)
* sk ok %k ok
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