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

USN 15MES3
Fifth Semester B.E. Degree Exami-i'ia:_t_f‘on, Jan./Feb. 2023
Turbo Machine
Time: 3 hrs. Y Max Marks: 80

Note: 1.Answer any FIVE full questions, choosuig ONE full question from éach module.

2. Use of steam tables and Mollier chart is permitted.

ool
.Module-1 ;5
Define a Turbo machine. Fxpﬁéﬁn the functions of dxffercnt parts of a Turbo machine.

(06 Marks)
Indentify the followu1g ag po,wcr generating on power a’l&st)rbmg Turbo machine :
i) Centrifugal compressor; ii) Steam Turbine  iii)/Air blower. (03 Marks)
Test on a turbine runner Q% .25m in diameter of 3011%g head gave the following results :
Power developed = 736kW, Speed = 180rpm, dtscharge =2.7m’/s. Find the diameter, speed
and discharge of a runner to operate at 45m h@ad and give 1472kW at the samc efficiency.

What is the spec1ﬁc speed of both the turbliies'? (07 Marks)
With: h»s dlagJ am, show that reheat factor in multi qtage turbt% is greater than unity.
(08 Marks)

A 16-stage axial flow compressor is to have a pressure m;lo of 6.3 and t,qsts have shown that
a stage efficiency of 89.5%:can be obtained. The ‘intake comditions are 288K and | bar.
Find : i) Overall cﬂ'cxenéy 11) Polytropic efﬁcmncy 1ii) Preheat factors (08 Marks)

s

An inward flow. rad1a1 hydrauhc turbine hasa degree of reac ’Q:T R and utilization factor E.
The radial veloc;ty is constant throughou_t__. There is no velocity of whirl at outlet. Show that

11-R
- lI-e N
An inw. d flow reaction t&! me has an imlet and outlet diameter as 1m and 0.5m

respcctwely The vanes are ‘i‘a ial at inlet and the discharge is radial at outlet. The water
enters the vanes at an angle of 10°. Assume:thé welocity of flow to be constant and equal to

the nozzle angie is given by «, g-cot €. -] (08 Marks)

,.“-533313 Find the followmg& 1) Speed of the runner i) Vane at outlet. (08 Marks)

N OR
Draw the venglty 1nangles for an“axial flow compressor and show that for an axial flow
compressors: _ha,vmg no ax,xal . thrust the degree of reaction is given by

=£[M] Whefe V, = Axial velocity, p1 and B, = Inlet and outlet blade
2u| tanf, -tanf3, ‘

angles with respect to taag-gential direction. (08 Marks)
Air flows into a stage of‘an axial flow compressor at 33°C and 1 bar pressure. The axial
speed of air flow through the stage is 110m/s. The compressor is one of 50% reaction with
symmetric inlet and outlet velocity triangles, the inlet blade angle being 30° and outlet angle
50° with respect to tangential direction. Compute the absolute velocity at the rotor inlet, the

mean bladc tip speed and the temperature rise of the air is passing through the stage.
3 (08 Marks)
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Module-3 %

Derive the condition for max:mum blade efficiency of a single stage impulse steam turbine.
Further, show that (Mp)max = cos’a, for symmetrn‘:ajs blades with no friction in the blade
channels where o.; = Nozzle angle. iy (08 Marks)
A single stage impulse turbine rotor has a d13meter of 1.2m running at 3000rpm. The nozzle
angle is 18°. Blade speed ratio is 0.42. The'satio of relative velocuy"”*? ‘outlet to relative
velocity at inlet is 0.9. The outlet angle of the blade is 3° less than'the inlet angle. Steam
flow rate is SKg/s. Draw the ve1001ty mangles and find : é

i) Blade angles ' §

ii) Tower developed (W

iii) Blade efficiency. (08 Marks)
What do you mean by cnmp%undmg of steam turbm@z *Explam with the help of a schematic
diagram, a two row pressure compounded impulse turbine stage. (06 Marks)

Dry saturated steam.at 10bar is supplied to a single rotor axial flow impulse turbine, the
condenser pressfite being 0.5 bar. The nozzlevefficiency is 94% and the nozzle angle at rotor
inlet is 18° to the* wheel plane. The rotor, blades are equlangular and move at a speed of
450m/s. 1f; th blade velocity coefficient for the moving blades is 0.91, determine:
i) Power outp t for a mass flow rate: of 1Kg/s ii) Rotor efﬁmency iii) Stage efficiency.

(10 Marks)
, “Module-d 5 43 A
Show that for a Pelton wheel, the maximum hydrauh&’efﬁmeney 1S glven
|+ Kcos ey g
( b)max _____.._,,_2._._[3_2._ ,
Where K = blade veloeity coefﬁment B= Blade angle at eXit o (08 Marks)

A three jet Pelton .wheel is required to égenerate 10,000 kW. under a net head of 400m.
The blade ang% outlet is 15° and the reduction in relative velocity over the buckets is 5%.
If the overall efhiency is 80%, C, = 0‘?98 and speed ratio =0.46, find :

i)  Diameter of each jet .y SN

i) -tofal flow rate in m*/se, Y

iif), Taﬁgentlal force exe:g}ed" by a jet on the buckets (08 Marks)

o OR

Mention the ﬁmetmns of a Draft tube in a reaction hydraulic turbine using Bernoulli’s
equation, show t’éat the pressure_ head at the inlet of the draft tube is less than the
atmospheric p Te. (06 Marks)
Following data #refers to an mwafd radial flow Francis turbine : Output = 15000kW,
Speed = 300rpgm, Net Head = 120m, Inner diameter of the runner = 0.6 x outer diameter of
the runner, axial length ‘of the blade at inlet = 0.1 x corresponding diameter,
flow ratio = 0.15, hydraulic.efficiency = 80%, overall efficiency = 85%, area blocked by the
blade thickness = 5% of area of flow at inlet. Assume radial discharge at outlet and velocity
of flow is constant throughout. Calculate :

1) Dlamete;;gi: the runner at inlet and outlet

ii) Guide eangle

iif) Moving vane angle at inlet and outlet. (10 Marks)
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Module-5 % ?
Write a note on cavitations in centrifugal pumps. . V?" (04 Marks)
Derive an expression for the static pressure rise ﬁ‘the,“g impeller of a centrifugal pump with
velocity triangles. % (06 Marks)
A centrifugal pump is runmng at lSOOrpm The utlet angle of the impeller is 45" and the
velocuy of flow at the outlet is 2.5m/s. T ﬁarge through the p ?Sﬁ? 2m*/s when the
pump is working against a head of 20m. EfL manometric efficiencyi¥°80%, draw the outlet
velocity triangle and calculate : # P
i) The diameter of the impeller at--th'e%utlet -~

o
$

il) Width of the impeller at o
{‘-.‘ 3534%

1-?

(06 Marks)

Explain the following ‘?@propriate sketches : % %,

i) surging i) chockifig.” iii) pre-rotation. (09 Marks)
An axial flow compre
Entry conditions™
Mean blade qp@ﬁﬁmeter 360111 !@, &
rotatmnal ;

glocity = 180m/s, mechanieal efﬁclcncy 0.967 ﬁﬁ’d

i) Blade angle at rotor inlet & L . _

ii) Power required to drivﬁnc compressor. by [P, (07 Marks)
@,&« oy %
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