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39T : (1) 307 gier gvAl & 37 FI90 | G99 G 1 U9 5 Sifare & 1 99 sifaiad dt g &
37T 3T 374, 74 @ I8% @Ue @ F9 § 5 U 797 a7 & |
(ii) 9T 7¥ & F GHAE |
(ifi) &1 2567, BRI 297 UF GIeahigiiges 912 & J40T &1 AT & |
(1v) I3 39 81 &l 3fae ST 7 FFT FX 797 393 aR 7 W 3oo1d 1 |

Note : (i) Answer five questions in all. Question Nos. 1 and 5 are compulsory. Attempt
any three more questions of which at least one must be from each Section.

(ii) All questions carry equal marks.
(i11) Use of steam tables, refrigeration tables and psychrometric chart is permitted.
(iv) Assume suitable data if necessary and indicate them clearly.

gug — A
SECTION - A

. (30) U STl J IH GHA Gl T INEHAT Hiteid 511 97 °C W 25 kg el &1 47 °C W
35 kg 51 % 919 e SE, 39 R & IR 3-urg &7 a19 25 °C & | Sief &
fafere S C) = 4.2 kl/kg-K & | 13

(@) o= [, 91 F W B r, 3R 98 fa W e, % v Sfed v fafare &
&7 o WI-HTY FEAT FH1 FROT Far ¢ | Fafere ot afiify @ ave IeRitva § |
fafeTet @& 3787 o Q-1 FBAT AT T Ueheld i & (o710 Uk ST I o

FItTT | QI o6 A9 3 17 =MeTshdl J i INadT Tal & | 14
@) fr=fatad wsar s gresmHiies 91 ) e 13
(i) T 3T ST

(i) Vi T MRS
(iii) ¥MaeAT 3T STETHLT
(iv) @ 2R gt
(v) TSI i
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(a) Calculate the decrease in available energy when 25 kg of water at 97 °C is

mixed with 35 kg of water at 47 °C. the pressure being u',ﬁepp
temperature of surroundings is 25 °C. Specific heat of water iﬁou@ﬁsomeaggeuide

kJ/kg-K.
(b) Heat is transferred along the axis of truncated conical cylinder of length |,
radius r, at the shorter end and radius r, at the bigger end. The circumference

of the cylinder is completely insulated. Develop an expression to calculate
heat transfer along the axis of the cylinder. Assume no variation of

conductivity with temperature.

(c)  Show the following processes on the psychrometric chart :
(1)  Heating and humidification
(i1) Cooling and dehumidification
(iii) Cooling and humidification
(iv) Heating and dehumidification
(v) Adiabatic saturation

(%) T H 750 kPa 3R 260 °C W a1 T Hal 0.026 m3 & 5wt 3 | fog =g
39 91 F G F 0.07 m W A M | T6F AT 0 = 1.52 e 0
TiteTZITTes Wohe foham STTeT & 3iX 39 oY 912 U wHard sy | 39 YR 56 [T &
a1 STt & | 9% 9 gu o et v Serer
(i) S5 W WshHT I p-v T4 T-s T OT |
(i) TN HIC Teh | T 2T T T
(iii) TR FITSTT =5k I &3 | 20

(9) T i GRCATST AT | Fge & F WA % G F IUAT Hr 3w R
AT I F1 % A S F T FIAT | T IR F F T3 % 105 kI/h
FI R W waied gt & | AR A &1 7@ F @ 327 °C q9 207 °C ¥ | A afedwr
250 °C WX 81 a1 U1 FHofT I &1 fepetr & 2 20

(a) A mass of air initially at 750 kPa and 260 °C occupies 0.026 m>. The air is

expanded at constant pressure to 0.07 m3. A polytropic process with n = 1.52
1s then carried out followed by an isothermal process and the cycle is thus
completed. Assuming all the processes to be reversible.

(1) Show all the processes on p-v and T-s planes.
(i)  Compute the heat received and rejected in the cycle.

)

(i) Calculate the efficiency of the cycle.

(b) Define availability. Explain the difference between useful work and the
maximum useful work done in the context of availability of a closed system.
Heat flows through a wall at the rate of 3 x 10 kJ/h. The temperatures of the
two faces of the wall are 327 °C and 207 °C. If the surroundings are at
250 °C, what is the loss in available energy ?
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3. (%) Wallrll-ﬁgm'iﬁ?ﬁmﬁmﬁﬁ%30m3fnﬂn.aﬁ43GC%WWﬁggpp
30% SHUIEF STl T ST SO S & |25 °C Yo a0 A 3R} 50% Sty & O
G T ST T@ T I A1 F FW W R B e ¥ v svse @
SUHTT T[0T (FETTH HeRex) 0.15 & 3K 3T F7 3% 11.8 °CE I1RSH = 100 kW
3R RLH = 15 kw.ﬁaﬁw#\ﬁq(i)waﬂtwma%%ﬁmaﬁm
(i) OASH 3R OALH, (iii) ERSH 3R ERLH, (iv) WM™ 91 A, (v) ERSH =7
ST Y §U W AT 3T Walle &3 el (vi) St & i ogett o & 7
gU o aTedt Ay &R g arg o 59 SR E |
3 {6 25 °C 3R 43 °C W e % Fqfed 3/ F9T: 3.1693 kPa 31 8.6495 kPa ¥ |
HIESHIHIE A R WA i Ao S92 | HHF TRHUSAT @ = 1.01325 9% | 20

(%) CHCIF, % $%MIct & alet, 10 TR ¥ &79e1 o $ia o 5 anfeqs 3 gafors am
A — 10 °C 345 °C ¥ |
A1 A a7 Wie =k, 3o § ifes 0 S a9y 3 sidqig & fredry o
% qq@ 59 | 7T fo6 a7 1 f9-3tfaame= wem 7 oyt 19w fomr s e
1 fafere S 0.9335 ki/kg-K & | 5% 1 T=s 3R p-h 30t 1 29120 | 5
FIT (i) Weltfer afertar am oz Gded, (i) wefiaes 554 I 509 o =, (iii) T
HEFLIHA, (iv) FAUE F AT, (v) COP 3R (vi) 100% AT T B §U
m?/s § "UifeT 1 waiid smaaT | 20

(@) In an air-conditioning system 30 m3/min. of fresh outdoor air is introduced at
43 °C dry-bulb temperature and 30% relative humidity. The remaining air is
re-circulated from the room maintained at 25 °C dry-bulb temperature and
50% RH. The by-pass factor of the cooling coil is 0.15 and apparatus dew
point is 11.8 °C. RSH = 100 kW and RLH = 15 kW. Determine (1) humidity
ratios for outdoor and room condition, (i1) OASH and OALH, (iii) ERSH and
ERLH, (iv) supply air temperature (v) supply air volume flow rate using
ERSH and (vi) temperature at inlet to cooling coil by assuming the density of
outdoor air and recirculated air to be the same.

Given that saturation pressures of water at 25 °C and 43 °C are 3.1693 kPa
and 8.6495 kPa respectively. Show the process on psychometric chart
schematically. Standard atmospheric pressure = 1.01325 bar.

(b) In a refrigeration system of 10 TR cooling capacity using CHCIF,, the
evaporator and condenser temperatures are — 10 °C and 45 °C respectively.
Consider standard vapour compression cycle with inlet to compressor as
saturated vapour and inlet to expansion valve as saturated liquid. Assume that
vapour may be treated as perfect gas in desuperheating process with average
specific heat of 0.9335 kJ/kg-K. Show the cycle on T-s and p-h diagrams.

Find (i) compressor outlet temperature and enthalpy, (ii) mass flow rate of
refrigerant, (iii) work requirement, (iv) condenser heat rejection, (v) COP and

(vi) Swept volume of compressor in m¥s assuming 100% volumetric
efficiency.
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4. (3) 60 °C T Y= FS 919 % 20000 kg/hr F Fu % o1 2.5 m 7= o Thed T A1

Zatu & fou eavgss ferdi 1 §=a1 1 e Hired l?ﬂﬁﬁﬁlﬁw

TR 9T LT € 3R 30 °C W 91X FeheAar € | Jferdt 25 mm aed H..rgn@p
AR AR E | ol 2T I = 100 W/m-K & IS S am LS misg |
i o Ta et o Totieh 4500 W/m2-K & | 5Te1 o Tt STl ity :

N, =0.023 Re%8 P04

25 °C W 5T & TOTEH &

0 =996.95 kg/m?

C,=4178 J/kg-K.

k =60.78 x 1072 W/m-K

v =0.9055 x 107 m?/s
Pr=6.22
hfg = 2358.5 kJ/kg (60 °C W) 20

(F) T DT STNATHR a1 (TR T3Tt 71 T4 §3M € | 37=6A1 Wl JA(He 2 i

(a)

(b)
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125 mm T € 3R S1ed WA 85% WA i, 40 mm HIS & | 3eH FHl Hidw J=
800 °C W & 32X el Y8 & ford S feor 7o 10 W/m2-K & | F& am
20 °C & | g AR 5941 0.6 m &I, T 34et § | ST 21 H1 IRFeiT Hitaw |
T 32 3R 85% WHITAT F FE Aretshard HA: 0.31 2R 0.05 W/m-k & |
1 &, Ta=geRiet UsTet SR 9 U & ai" §Ueh T4 W A9 H GReberd it | 20

Calculate the number of tubes required for a single pass steam condenser of
2.5 m length to handle 20000 kg/hr of dry saturated steam at 60 °C. The

cooling water enters the tubes at 20 °C and leaves at 30 °C. The tubes are of
25 mm outside diameter and 22.5 mm inside diameter. The thermal
conductivity of tube material is 100 W/m-K. The water velocity is 1.5 m/s.

Assume that the steam side film coefficient is 4500 W/m?-K. For water use
N, =0.023 Re% P\

The properties of water at 25 °C are :
p =996.95 kg/m?
C,=4178 J/kg-K.

k =60.78 x 1072 W/m-K

v =0.9055 x 107° m?/s

Pr = 6.22

hg, = 2358.5 kJ/kg (at 60 °C)

A small hemispherical oven is built of two insulating materials. The inner layer
is of fire brick, 125 mm thick and outer layer of 85% magnesia, 40 mm thick.

The inner surface of the oven is at 800 °C and the heat transfer coefficient for

the outer surface is 10 W/m?-K. The room temperature is 20 °C. Calculate the
heat loss through hemisphere if the inside radius is 0.6 m. The thermal
conductivities of fire brick and 85% magnesia are 0.31 and 0.05 W/m-k
respectively. Also, calculate the temperature at contact between insulating
materials and at the outer surface.
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(37) mhmmﬁmﬁmﬁiﬁqﬁmﬁhﬁmmﬁmw
HifsT |ﬁm1%rﬁaawaﬁmaﬁ%mﬁmaqa@nwmﬁaaiaﬁﬁq:
(i) ST 3aT
(i) HYreT S
(iii) THFR 13

() wmma%%mnﬁﬁmwmaﬁ%?wmaﬁﬁq | T9%F Hewd U WYl
elfeTy |
wamﬂ#r#mm,oootrﬁwwnﬁﬁﬁzwaam@awaﬁtz.o kg wfq g=ve
1 TN el 33T 1.5 T 3191 Ie9= ahgeft & | W9 ST =10
R, T) =290 K & | fafere nfet frremferu/eiifem | 14

Y= 14,R =287 J/kg-K, Cp = 1.005 ki/kg-K.

(|) 200 mW 8T & U FI foea wam &7 sty 160 mW T & 3R 39

I 7T 2 1T 5. 1,800 & lmaﬁmmq@ﬁt 200 x 10° € |
IR I : (i) afE et %, 4.5wi%TkWhaﬁa?#a?aﬁma°r%aia1ﬁﬁanﬁa?
TS 3R (i) TE T 75T o7 | - 13

(@) Describe various stages of combustion in I.C. engine by illustrating on
pressure-crank angle diagram. Discuss the effect of following operating
variables on the first stage of combustion -

(1) ignition advance
(11) compression ratio
(111)) speed

(b)  Explain what do you understand by specific speed of a turbine, Highlight its
importance.
A centrifugal compressor develops a pressure ratio of 1.5 while running at

24,000 RPM and discharging 2.0 Kg/s of air. The entry conditions are :
P, =1.0 bar and T, =290 K. Determine the specific speed. Take

¥=14,R =287 J/kg-K, Cp, = 1.005 kJ/kg-K.

(¢) A thermal power plant of 200 mW capacity has the maximum load of
160 mW and its annual load factor is 0.65. The coal consumption is 1 kg per
KWh of energy generated and the cost of the coal is Rs. 1,800 per ton. Other

annual running expenses are Rs. 200 x 10°.

Calculate : (i) The annual revenue earned if the energy is sold at Rs. 4.5 per
KWh and (ii) the capacity factor of the plant.
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6. (30) 120 mm ¥ &% &% 3R TeoT 377 180 mm F % & wF w: fafevex, %%pp
HEIeT 357 % 5EHE W C = 82% 3R H, = 18% % HEZ 5 UZIeT I ST T e e
€ | i A foeetooT F Tiar atEe % AR CO, = 12%, 0, = 4% 3R
N, = 84% ﬁ%ﬁwﬁﬁq(i)arg—émmﬁaﬁ?(ii)aﬁﬁaﬁmqﬁwﬁw |

mﬁmwaﬁmaﬂmﬁﬁémﬁmwmawﬁmaﬁﬁmm 1600
AR, UL.TH. W U $ FHH T6E T 32 ke/min & | Sy qund 1 §% 3R
17°C & | W 0o & A1 3% 31 R it ATt BT e AR 3 Ee b 3.5 TE |
a1 H FHA % AR 23% SRisH & | 20

() T WA FES AL HT 20 mm 1 972 209 3R 1,12 mm 37 557 oz =g & |
T T H VIl IS IR G A F 6.0 mm A ¥ | ded ok e Fom F ferw
FREOT 071k HRT: 0.85 3R 0.78 § | Ueier 1 St ¥9eg 0.75 & | qRsers
aﬂf‘a&(i)o.osamé?mtrm%%ﬁargéwma, (ii) kg/hr T 92ier @Ud 3R
(iii) Shifcieh a1 T | 3feheor TR 1.0 AR @4T 17 °C § | a1 % fefT Cp = 1.005
@ C, =0.718 kJ/kg-K ¥ | 20

(a) A six cylinder four-stroke petrol engine with a bore of 120 mm and stroke
of 180 mm under test, is supplied petrol of composition : C = 82% and
H, = 18% by mass. The orsat gas analysis indicated that CO, = 12%,

O, = 4% and N, = 84% by volume. Determine (1) the air-fuel ratio and

(11) the percentage of excess air.
Also calculate the volumetric efficiency of engine based on intake conditions
when the mass flow rate of petrol is 32 kg/min. at 1600 RPM. Intake

conditions are 1 bar and 17 °C. Consider the density of petrol vapour to be
3.5 times that of air at same temperature and pressure. Air contains 23%

oxygen by mass.

(b)  The venturi of a simple carburettor has a throat diameter of 20 mm and the
fuel orifice has a diameter of 1.12 mm. The level of petrol surface in the float
chamber is 6.0 mm below the throat venturi. Coefficient of discharge for
venturi and fuel orifice are 0.85 and 0.78 respectively. Specific gravity of
petrol is 0.75. Calculate (i) the fuel-air ratio for a pressure drop of 0.08 bar,
(i1) petrol consumption in kg/hr and (iii) the critical air velocity. The intake
conditions are 1.0 bar and 17 °C. For air Cp =1.005 and C, = 0.718 kJ/kg-K.

7. (30 300 K aHH R 91 3.5 kg Ui YU Y 3 | U 57 TOT ST g Gotes 5
WA A & | T S 6.0 & T FHCIE TEET 90% ¥ | Pl wgisy & e
IS o WA =0T & | Fafe=1 =Rom 3 avefta 3 GG 120 mys & qor e e
=T 200 m/s & | e SR H A9H Rad ThaE 5 |
U 3T R eiet o wawr qo 57 e W a1 & oo frepter | S i T
i it 1 i | -
9 % g, C, = 1005 kJ/kg-K 3R y = 1.4 s/ | 20
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@) i fafa wobR % =ret & forw s ammo: mmquﬂaﬁm?wpp
ST (3T STArea) S AT Yelle X o afrel gReet 1 it g

G 37 37 AT FITT | Tedoh ash U 5T 57 R T ifshe sifow |

I Exams Guide

(a) Air at a temperature of 300 K enters a ten-stage axial flow compressor at the
rate of 3.5 kg/s. The pressure ratio is 6.0 and the isentropic efficiency is 90%.
The process is adiabatic and the compressor has symmetrical stages. The
axial velocity is 120 m/s is uniform across the stages and the mean blade
speed 1s 200-m/s. Assume that the temperature change is same in each stage.

Determine the direction of the air at entry to and exit from the rotor and stator
blades. Also find the power given to the air. For air, take Cp = 1.005 kJ/kg-K

andy=14.

(b) Sketch and explain the curves showing the variation of pressure ratio
(or head) versus volume flow rate for the three types of blades generally used
in centrifugal compressor. Indicate on each curve the stable range of
operation.

8. (30 MM wide A TR % feoment 7 vgfedi w ==t Hifvw | o) Jgm smsfe
(ESP) % & fawgict =i =amen it | fafi= sifse w=t st womeen &7 wo fuio

% 19 TEvgeh SR ! AT FITAT | 20
(@) 9 STRERTTT wifse Sl s TR

(i) TR FoT ()

(i) 9aT e 20

(a) Discuss the trends in the design of modern power plant boilers. Explain the
working principle of Electrostatic Precipitator (ESP). Discuss the factors
affecting the site selection of various power plants.

(b) Explain the following non-conventional sources of energy :
(1)  Solar Energy (Thermal)
(i) Wind Energy
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