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lease 1, ead each of the following instructio”
Questions ;

There are EIGHT questions divided in TWO sections.

Candidate hqs o attempt FIVE questions in all.

ning, any THR
Questions No. 1 and 5 are compulsory and out of the remaining. ‘y EE are 1, be

attempted choosing at least ONE question from each section.
The number of marks carried by a question/part is indicated against .

Wherever any assumptions are made for answering @ question, they must be clearly

indicated.

Diagrams/ Figures, wherever required, shall be drawn in the space provide for answering
the question itself.

Unless otherwise mentioned, symbols and notations carry their ysyal standard meanings

Psychrometric Chart is given on Page No. 46.

Attempts of questions shall be counted in sequential order. Unless struck off. attempt of 0
question shall be counted even if attempted partly. :

Any page or portion of the page left blank in the Questiop,. cum-Answer Bookle! must be
clearly struck off.

Answers must be written in ENGLISH only.
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Q. ‘/ c
) @ Prove that equipotentia] Iines and
are orthogonal to each other.

Usgy2 8 = 2, 8.3 How do you distingy; h betweerl
X<y _ S d v=-8xy+ = x3 0 ye guis| .
Y 3 ¥® an 3 developed flow ? . meter Wel%hs 130 § g
(/ii) A spherical balloon having 3 m d}ao- 2 kg/m®, bwl;le'%:% y
contains helium having density © kg/m3' The ba 00 s g
225 ound. Determjy,

SECTION A .
function Streamline'

onstan®
i flow L]
dev eloping anq r“]ly

2

Q.
ay—

The Velocity components in a two-dimensional incompressible flow are :

:Show that these velocity components represent a possible case of an
12

Totation,) flow.
® s ding air has a density of 1° the
by - urrounding ined to th¢ ind of 5 my,
@ C i nd i i % with the cable which is incline sen a W S bloyg
of a heat engine are 70% he
arnot efficiency and 21 Jay efficiency inclingtion of the cable to s ground ¥ .

and 90% respectively. Determine the first law efficiency. 4 past the balloon. Take C,y = 0-2. Lains 001 m5 g
con n
@ nsferred to argon froy |

(ii) A heat engine operates between two reservoirs at 800°C and A frictionless piston-cylinder device initiall}l'-a
8as at 400 K and 350 kPa. Heat is now t hermally until its oy,
ch a way that there j no

20°C. One-half of the work output of the engine is used to drive a o
m the cold surroundings furnace at 1200 K, and the argon expands 1 su .

is doubled. The heat transfer takes place in atmosphere is at 30y K
heat loss from argon to the atmosphere. Theheat transferred to argop,
Determine (i) the work done by argon, (i.i).t.he during the process. 2%
and (ifi) entropy generation and irreversibility

Carnot heat pump that removes heat fro
at 2°C and transfers it to a house maintained at 22°C. If the
house is losing heat at a rate of 62,000 kJ/h, determine the
minimum rate of heat supply to the heat engine required to keep

the house at 22°C. 8 Take R = 0-2081 kd/kg-K for argon. .
ly developed laminar flow in a tube With a parabqji,
.. . that for ful eveloped lamina:
© A hollow sphere of inside radius 3 ¢m and outside radius 5 cm is @ Show that for fully : 2 1t number is 48 if the
. r
e1‘90t1'w:=111y heated at inner surface at a constant rate of heat flux of velocity profile u = 2 u, [1—(§) J: the Nusse 11
105 Wym2 o s R thei
/HT ) T?ze — surface‘ of s sphere dissipates heat to the wall temperature increases linearly with x. Symbols have their usual 2
Surrounding air at 40°C. Assuming k = 15 W/mK for the sphere material meanings.
and h = 400 W/m?2 K, calculate the inner and outer surface temperatures i i
of the sphere, 12 Q3.y (@ ()  Prove that the total pressure which is the s'ummatlon of sdtatlc and
dynamic pressure, also known as stagnation pr es?‘lr;' facre?se:
- i i : i i in an irreversible adiabatic process when a gas 1s flowing in
A .VS engine with 7-5 cm bores ig redesigned from two valves per steady flow device of constant cross-section without any work ]
cylinder to four valves per cylinder, The old design had one inlet valve of transfer. ' g
34 mm diameter and one exhaust valve of 29 mm diameter per cylinder. (i) A heat engine operates between the maximum and munmum
These are replaced with two inlet valves of 27 mm diameter and two ‘ temperatures of 671°C and 60°C Tespectively, with an eﬂ}iltinzncy l)sf
X . - =
exhaust valves of 2 mm diameter. If the maximum valve lift equals 22% 80% of its Carnot efficiency. It drives a heat s u:h
. river water at 4:4°C to heat a block of flats in which the
of the valve diameter for all valves, calculate the increase of inlet flow temperature is to be maintained at 21-1°C. Assume that B
area per cylinder. Also discuss the advantages and disadvantages of the temperature difference of 11-1°C exists between the working fluid
new system. 6+6 and the river water, on the one hand, and the required room
temperature on the other. Also assume that the heat pump would
(e) Describe briefly the working principle of a vortex tube refrigeration be operated with a COP 9f 50% of the ideal COP. Find the heat H
12 input to the engine per unit heat output from the heat pump.

system mentioning jtg advantages and disadvantages.
3
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(b)
@) A cubjcal oven has inner sides equal to 0-4 m. One of the faces of } — "
. -e other inside faces are black e :
the oven forms the door. If the five ol . _,(ﬁ i iy s R Single—smgb
°C. find the rate of heat loss if the oven :
' Refrigerant used : R-134a

and maintained at 600 .
door is kept open- Condensing temperature = 35°C

=5 4
Take Stefan constant o = 567 x 108 W/m2 K*. Evaporator temperature = — 10°C

Compressor : rpm = 2800
filmwise condensation. Efficiency = 0-8
Clearance volume/SwePt “"Olu
Swept volume = 269-4 ¢
Expansion index = 1-12
Condensate subcooling = 5°C
Determine : (i) tonnage, (ii) power:
(iv) heat rejection to condenser.

-03
me’OO

(i) Explain briefly why dropwise condensation is preferred to .
©  Inoan - ) o s
N air-conditioning system, the inside conditions are dry bulb
temperature 25°C and relative humidity 50%. The outside conditions are
dry bulb temperature 40°C and wet bulb temperature 27°C. The room
sensible heat factor is 0-8. 50% of room air is rejected to atmosphere
and an equal quantity of fresh air is added before air enters the

i cOP of refrigeration and
111

2

s KIKE K |3, kg

0-9512 m
1-1680 m

ris 111 kJ/kg K and that of
is dry saturated and

Properties of R—134 a :
t, °C P, bar \ Vg» m3/kg‘

air-conditioning apparatus.
hy, kJ/kg

Assuming fresh air is added at a rate of 100 m3/minute, draw the

Process diagram and determine the following : ~10 2014 ' 0-0994 \ 1867

() Room sensible and latent heat load l ’
(ii)  Sensible and latent heat load due to fresh air LSS 8-870 ~ 2491

Assume : Specific heat of vapour at 887 ba

(iii)  Apparatus dew point
(iv)  Humidity ratio liquid is 1-458 kJ/kg K. Suction vapour
. o : is si ting.
Take density of air = 1-2 kg/m?3 at a pressure of 1:01325 bar and humid compression process is isentropic. Compressor 13 REiR sesig
specific heat = 1-022 kJ/kg K. Bypass factor is zero. 20 A two-stroke single cylinder ST engine of 10 cm bore having compression
ratio 85, consumes 1575 kg/hr of fuel when running at 3500 rpm. The

piston speed is 14 m/s and the indicated mean effective pressure is 5 bar.

LX/ P
Q4. (a) () For the same compression ratio and heat rejection, show that the
. i . X The A/F ratio is 15 : 1, the calorific value of the fuel is 44 Md/kg. Assume
efficiency of Otto cycle is greater than Diesel cycle using T-s plot. 4 .
e . . ] X y ‘R’ for the mixture as 290 J/(kg K), the pressure and temperature of the
(ii)  An ideal gas is compressed reversibly and adiabatically from state mixture as 1-05 b 427°C . = 85%
a to state b. It is then heated reversibly at constant volume to as ar an respectively, Nmech, = 85%.
A state c. After expanding reversibly and adiabatically to state d Calculate : 20
) ¢ such that Ty = T, the gas is again reversibly heated at constant @ The sc . "
avengin
Y pressure to state e such that T, = T,. Heat is then rejected . g1 s 10_
o /f\'ersibly from the gas at constant volume till it returns to ()  Thescavenging efficiency
/\T' T+l C (iii) The trapping efficiency
tate a, ; - _b . __p
state a. Show that T, = TCY ; where y = 6: 16 (iv) Theip A
PR
X \d T s (v)  Thebp d /
JIF-MC HE 3 (vi) The brake thermal efficiency
HJI-F-MCHE 5
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a want uniforp or

_!_uo not write your Roll No. on this Sheet . SECTION B cout wum &Mﬁm or BomEam:oE
Q5. é Reciprocating pump gives fluctuating outP Jut?

0

near uniform output from it. Suggest poss? le # liqui d flat plate 1
a s S with justifications and illustrations. am of 2 al resistance (¢
27 n nm . @ Draw an equivalent thermal-circuit &Nmm the ther™ ~
S 3 ) ; f
S & 7O collector with two glass covers .noum&m%oa sides- in steam turbing 2
3 I 3 glass covers. Neglect thermal resistance - manmm pear them ?
R mmm (c) What are the different types of stresses _mao safely in R
A° mm i , blades ? How are these computed and mmm_ms.mm serib€ jts WOTKING With 5
: um M_ v (d) What are regenerative fuel cells ? Briefly d€ le takee 448
ER S0 ,‘ properly labelled diagram. jeal Brayton cycle ta & In
: 5% w \@ A gas turbine power plant operating on a1 _cmﬂ. The pressure Hmﬁwc is7
: | 23 air at the initial conditions of 5°C and 1:03  mine the work ratio ang
] T and the maximum temperature is 816°C- Umemc KW. 2
w Mo the mass flow rate of air for a net output of 375
B For air C, = 1005 kJ/kg K and y = 1+4.
2 g 2

Q6. ~(3) An axial compressor stage has the following data :

TNy

-

Temperature and pressure at entry = 300 K, 1-0 bar

Degree of reaction = 50%

VLED

Mean blade ring diameter = 36 cm

B,

Rotational speed = 18000 rpm

NNDI1dS

Blade height at entry = 6 cm

%

Air angles at rotor and stator exit = 25°

Axial velocity = 180 m/s

HIY AHQ bwiw "3y 110M

Work done factor = 0-88

Stage efficiency = 85%

Mechanical efficiency = 96-7%

Determine :

20

A
-4t
VA |

awolil

aeced L

() Air angles at rotor and stator entry
(ii)  Mass flow rate of air

!

a ¢

: - ] (iii)  Power required to drive the compressor
< SENGIBLE HEAT FACTOA . . .
0 i (iv)  Loading coefficient

(SN i s
50
050 gy

TIF-M

. (v)  Pressure ratio developed by the stage
4JIF-MCHE 7
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Q7.7 (a)

(b)

(c)

HJT-F-MCHE

9 with packward curved vanes is Tunning a¢ 1200 i N l/;r
et rifugd) n% g5 1. q,rm.w discharge &:.o:m.r the pump js 0-28 Ew\w.vg
against mwmnﬂu_m, ot outlet 15 woou mo,wc velocity at oc.zmn is 4 m. . @ Wing : s @ turbine wheg a
the blade 2% a0 metric efficiency is o.m.m, determine diamete, m:a Ind is blowing at a speed of 12 m/s. It ente * arbine wheel b :
hydraulic zm_mamﬁ outlet. Draw velocity triangles. d standard atmospheric pressure and 15°C- e ower of the 585:@
:\\_.%r of imP! biogas production related to sustainable % S.o =-sectional area of 90 m?, Determine ¢ %mw_o according to Bet,
Ay Hov B9 Waste Swsm,. theoretical maximum possible power .u<m wer in KW assumipg
E%a.um“”m“i by biogas enrichment ? { M:nmdo: R et R w_om if the turbine wheg
MM_.VV MMWM_V b MM&E:@ of a power generation set-up using Munijcipa ‘ n%ewﬂ“m“m%%%mww\ww_ H”MMMWM“M MMM M”Mmmom“cmn if the turbine wer,
Enua.n RS A+m+ 10 operating at maximum efficiency. ded i %
Parabolic trough 8:m2.o~.. based solar thermal power plantg With _ (b)  The following data refers to a two-row <m_on.wn% noBUM“VM D o
thermal storage &" € cmoouwzbm pop .Emn as they ] can generate power even _ wheel which forms the first stage of a combination tur
during offsunshine ro.E.v. mxmim.ts Hne ﬁowwuﬂm.. of such a plant Wwith Steam velocity at nozzle outlet : 630 m/S
neat sketch. Also .mkEmE the basic thermodynamic cycle, on which Such Mean blade velocity - 125 m/S
plants operate, USIN& T-s plot. 20 Nozzle angle : 16°
A Kaplan turbine mmnm.amnmm 12 MW of shaft power under 20 m head. 1r Outlet angle, first row of moving blades . 18°
inlet guide vane angle is 30° and diameters of runner and hub are takep o ’ . g blade o
to be 6 mand4m respectively, determine (a) runner vane angles (inlet utlet angle, fixed guide blades -2
and outlet), (b) guide vane angle at outlet, and (c) speed of runner, The Outlet angle, second row of moving blades  : 36°
absolute velocity at the outlet should be kept minimum. Assume Steam flow rate - 92-6 kg/s
hydraulic efficiency as 80% and overall efficiency as 75%. Draw velocity The ratio of the relative velocity at outlet to that at inlet is 0-84 for all
triangles. 20 the blades. Calculate :
(i) Ifthe circulation ratio is 12-5, find the dryness fraction at the top € The velocity of whirl
of a riser tube of a boiler. 3 (ii)  The tangential thrust on the blades
(ii)  Feedwater enters the economizer at 170°C and leaves at 336-75°C (i)  The axial thrust on the blades
whereas flue gas enters the economizer at 815°C and leaves at (iv)  The power developed
450°C. If overall heat transfer coefficient is 70 W/m2 K and heat (v)  The blade efficiency
M“ %MMHHE@ economizer is 511134 kW, determine the outside A (c) >~ Francis Eavm.:o mm.n:Ewn.m at mﬁ.vo rpm under a head of 190 m. The
) & suties condener. coceies 250 UH of ﬁ © 40°C with 129 b mﬂ.mormbmﬂm at inlet is 50 msa. mc_%.w vane angle at inlet is 20°. If the
moisture, The cooling water enters at wwowwzw Fmﬁ“ﬂn mmooa Mm”.G m.n& m.cmmm OF rnmen At dnlet 1556 mils wwm.&mormumm is 9 m,
The pressure inside the condenser is found to be 0-078 bar ?m. HM ermine () . mm<mwwvom by the runner, (ii) diameter and width of
velocity of circulating water is 1-8 m/s. Th d tub . e of e ¢ 5_.3, e cwv hydraulic efficiency of the turbine.
254 mm outer di g ; p s. w condenser : es ar . Draw velocity triangle at inlet.
heat trangfgr %.E.m er and 1-25 BBM thickness. .em_aum overa p
flow of enolin coefficient as 2600 Q\B K, Qoﬁ.meEm the rate o
shell, g, Fm water, the rate of air leakage into the nobmmbwmn
by = 2407 1 %\Mﬁw of tubes and number of tubes. >..wﬁ 40 w.
Vi = 19544 Sw\wm. Pgat = 007375 bar, ve = 0001008 m°/kg an b
¢ HITF-MCHE 5
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