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 18MES54
Fifth Semester B.E. Degree Examing ion, Jan./Feb. 2023
Tu rbcmachme‘?’

Time: 3 hrs. & @’s‘ﬁ* Max. Marks: 100

Note: Answer any FIVE full questions, choggxﬁg ONE Jull question fr ’ each module.

A~
Mnfﬁle-l -)
1 Define specific speed of a turbme Der;ve an expression for sppcnﬁc speed of a turbine.

‘equal to that at inlet, détermine
=) Inlet and exit blade angles {
L ¥ii) Power output for a mass ﬂow rate of }Kg/sec (10 Marks)

S Orpm Pumping water against
a head of 6m. The large prototype pump is required to p‘ﬁmp water to a head of 30m.
The scale ratio of diameter is 4. Assuming some efﬁmeﬁ’cy and similarities, find the speed,
power of prototype and ratio of discharge of prototyiwand model. (08 Marks)
For power generating/tutbomachines, define ﬁ‘%y
i) Total - to — total efficiency
ii) Total — to — _statft;.eﬂ'lmency

(08 Marks)
A model of a centrifugal pump’ j' c_snrbs SkW at a speed of”;} 50

(04 Marks)

.....

compressmn process w1th an aid @gtggs plot. (08 Marks)
An air-compressor has eight stages of equal prcssur%mm 1.3. The flow rate through the
compressor and its overall efficiency are 45Kg/s anq’@()% respectwely If the conditions of

air at entry are 1 bar and 35°C, determine, hay

1) State of air at comprcssor exit *ié"*’“% el

ii) Polytropic efficiency, * ~ 2 (06 Marks)
Compare the turbomachine with positive di placement machlnes (06 Marks)

component. ; ) (10 Marks)
At a stage of an axial flow 1mpulsc turbine, the miean,blade diameter is 80cm and the speed
is 3000 rpm. The absolute velp(:l{y of the fluid at inlet is 300m/sec and is inclined at 20° to
the plane of the wheel. Ifthewutilization factgr 15'0.85 and the relative velocity at rotor exit is

Define degﬁee ‘of reaction for aﬂ“axlal flow machine. Prove that degree of reaction for an
axial ﬂow device assummg constant velocity of flow is given by

= —[COtBi + COtBZJ (10 Marks)

In a tmblne stage w1th 50% reaction the tangential blade speed is 98.5 m/sec. The steam
velocity at the nozzle exit is 155 m/sec and the nozzle angle is 18°. Assuming symmetric
inlet and outlet wyelocity tnanglcs Compute the mlet blade angle for the rotor and power
developed by the ‘stage assuming a steam flow rate of 10Kg/sec. Also find the utilization
factor. 3 (10 Marks)
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Module-3 =
a. Draw the inlet and exit velocity triangle for a single s*fia 3
that maximum blade efficiency is given by
Nome = COS~ Oy S

impulse steam turbine and prove

Assume Vv, =V, and B; =B, (10 Marks)
b. The following particular refer to a stage of a Parson’s steam turbine. The mean diameter of

the blade ring is 70cm, the steam vclgcigf‘ﬁt the inlet of moving;QI\:ades is 160m/sec, the
outer blade angle of moving blade B&SQW The steam flow through the blades is 7Kg/sec,

Speed 1500rpm and 1 is 0.8. Draw e velocity diagrams and. afind the following :

i) Blade inlet angle 4
ii) Power developed in the stage ™ *

iii) Available isentropic enttialpy drop. o (10 Marks)
:[‘,&%ﬁ:ﬁ:? ?z&’-f’ 4
{3?‘_ OR "‘;W
a. Define and explaiﬁég&zle efficiency and stage efficiency. (04 Marks)
b. With a neat sketeh “&xplain the velocity compounding. (06 Marks)

c. Ina stage of antimpulse turbine provided with single row wheel, the mean diameters of the
blade ring_g‘;’_f)s%"%ﬂcm and the speed of rotation is 3000rpm. The steam issues from the nozzle
with a yelocity of 300mysec and the nozzle angle is 20°. The rotor blades are equiangular and

blade @T&ity coefficient is 0.85.<What is the power developed in the blades when the axial
thruston the blade is 140N? > N (10 Marks)

LS

A,
"

- Module-4 ) >
a. Derive an expression"for “force, power and efficiency of a Pelton turbine assuming no
frictional losses with the help of velocity triangles. N (10 Marks)
b. The following data is given for a Francis. turbine net head =.70m, Speed = 600rpm, Shaft
power = 368kW, o = 86%, 11n= 95%;flow ratio = 0.25, breadth ratio = 0.12, outer diameter
of runner = 2 fies inner diametet 0f runner, velocity of flow is constant at inlet and outlet,
the thickness’of vanes occupies,10% of the circumferéntial area of the runner and discharge
is radiakat-outlet. Determine.;, ' ' G
i) Guide blade angle . |7
ii) Runner vane angles i
«iil)’ Diameters of runﬁ%%@t inlet and outl

w4v) Width of the wheél at inlet (10 Marks)
-
A OR
8 a Draw theéfqus’ sectional view§ of a Kaplan turbine and explain its working with a neat
sketches of Velocity triangles at inlet and outlet of Kaplan turbine runner. (10 Marks)

b. A three — jet Pelton wheel is required to generate 10,000kW under a head of 400m.
The blade angle at outlet'is 15° and reduction in relative velocity over the bucket is 5%.
If the overall efficiency is'80%, C, = 0.98 and speed ratio = 0.46. Find
i) Diameter of jet”
i) Total flowsdnim’/sec
iij) Force exerted by a jet on the buckets (10 Marks)

F:
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Module-5

Applying Bernoulli’s equation between the inlet

pump. Show that the static pressure rise is given by,

(P, —P)) = p/2 [vf? +uZ — vf Cosec’ B, ]
Where, vfi = Velocity of flow at inlet

vf, = Velocity of flow at exit
B, = Blade angle at exit :
= Blade speed at exit

the impeller of a centrifugal

p = density of fluid (08 Marks)
P, and P, = Static pressure at inlg
The outer diameter of the imp em and width of the impeller

at outlet is Scm. The pump 18 ing at 800rpm and is working against a total head of 15m.
the vane angle at outlet is 46 and manometric effici cyéﬁs 75%. Determine :
i) Velocity of flow at Oul et 4
ii) Velocity of watef%avmg the vane
iii) Angle made by tﬁ@ﬁbsohﬂe velocity at outlet

ith the direction of motion at outlet

(08 Marks)
(04 Marks)
Deﬁ@%ﬂm following for a centrifiiga
1) S]ﬁ) and slip coefficient @
ii) Energy transfer &
iii) Power input factor ﬁg Y
iv) Overall pressure v
v) Loading coefficient” ¢ (10 Marks)

jameter and 1.9cms wide at
hé outlet area. The manometric
ine the head generated by the pump

50 determine the power required.
(10 Marks)

A 4 —stage cenmfugﬁl pump has mpﬁ% cach of 38cms
outlet. The outletvane angle is 49° an vanes occupy 8% ©f
efficiency is ‘and overall efficiencyis 75%. Dete
when runnm at 900rpm dzsoharg%%ﬁi lltrcs/secon .
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