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QUESTION 
PAPER SPECIFIC 

INSTRUCTIONS 

(Please read each of the following 
instructions carefully before attempting questions 

There are EIGHT questions divided in two Sections and printed both in HINDI and 

in ENGLISH. 

Candidate has to attempt FIVE questions in al. 

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 

choosing at least ONE question from each Section. 

The number of marks carried by a question/part is indicated against it. 

Answers must be written in the medium authorized in the Admission Certificate which 

must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the 

space provided. No marks will be given for answers written in a medium other than the 

authorized one. 

Wherever any assumptions are made for answering a question, they must be clearly indicated. 

Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the 

question itself. 

Unless otherwise mentioned, symbols and notations carry their usual standard meanings. 

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a 

uestion shall be counted even if attempted partly. Any page or portion of the page left blank 

n the Question-cum-Answer Booklet must be clearly struck off. 

CRNA-S-MCHE/19 1 
P.T.O. 



TU-A / SECTION-A 

1.a) 
T AT (C, =1-005 kJ/kg-K a C, =0.717 kJ/kg-K) ISST 
(C =14 32 kJ/kg-K aT C, =10.17 kJ/kg-K) 1 à Thnêa frea, f 

341 374/0% 8, am 4m f T I i 34TE 140 kPa 71 40 °C I 

LLLLLLLULLLLLUUiULLUILY 

H2 

faa 1(a) 

Consider the system shown in Fig. 1(a). The two chambers initially have 

equal volumes of 28 litres and contain air (C, =1.095 kJ/kg-K and 

C,=0.717 kJ/kg-K} 
C =10.17 kJ/kg-K), respectively. The chambers are separated by a friction-

less piston which is non-heat-conducting. Both the gases are initially at 

140 kPa and 40 °C. Heat is added to the air side until the pressure of both the 

gases peaches 280 kPa. All outside walls of the chambers are insulated except 

for the surface where heat is added to air. Calculate the final temperature of 

and and hydrogen (C =14.32kJ/kg-K 

the air. 
c -Insulation 

Ta 
Air J H2 

Viy:V{ 7KTTTTTTTTTÝRYTTT7TTTT77TT7 

Pma 
- Non-heat-conducting 

piston 
10 

Fig. 11a) 

What is 'choked flow' in a convergent-divergent nozzle? Explain, with diagram, the effect of pressure ratio on exit velocity of compressible gas in a convergci 10 divergent nozzle. 

iA MCHE/19 2 
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TTe s, H 3I-Tia a47 4 511 35431: 40° aAT 15° , a 504 -

Taf ia afrs aiy4A 41 °C I T5 (T) T 77 344 T O80 , 

q yi f a 4d Tus 0-88 , ai * Id * HIH 210 m/s HTÀ iftz 

H 6I ag feM C, =1.005 kJ/kg-K T7 y = 1.4 Af 

An axial flow compressor 
with inlet and outlet angles of 40 

respectively has been designed tor b0ro reacuon. The compressor 

pressure ratio of 6:1 and overall isentropic elticiency of 0-80, when inlas 

temperature is 41 °C. The blade speed and axial velocity are 

throughout. Assuming a value of 210 m/s for blade speed, find th tant 

of stages required if the work done factor is O88 for all the stages. Tai 

C, =1.005 kJ/kg-K and y =1.4 for air. 

5°, 
has a 

static 

ber 

Take 
10 

yaTea & EI I TRY % T7 TE TH FHA: 3 cm T7 3.5 cm 8I 15 °C qIHT 

aT TTTT 15 m À 4 JRAI I YTRY TTR À TTA aTY4TA 70 °c 

T 67 °C TE I I YY 3T-RT HAE V ZAT ARI TUT 400 W/m"-°c al 

(d) 52 W/m-°C 5y arTa1 aTN a aR TÀ Y Y74 H TA 15 m/s stea 

Hot water is flowing through a pipe made of cast iron having therma 

conductivity of 52 W/m-°C, with an average velocity of 1-5 m/s. The inner and 

outer diameters of the pipe are 3 cm and 3:5 cm, respectively. The pipe passes 

through a 15 m long section of a basement whose temperature is 15 °C. The 

temperature of the water drops from 70 °C to 67 °C as it passes through the 

basement. The heat transfer coefficient on the inner surface of the_pipe is 

400 W/m-°C. Determine the combined convection and/radiation heat transfer 

coefficient at the outer surface of the pipe.-
10 

(e) 

HHTfvsI fATr A, T 1000 K a4T RI 1500 K II TY TTc 

5 Define the total and spectral black body emissive powers. How are they 

related to each other? 

fit)Consider two identical bodies, one at 1000 K and the other at 1500 K. 

Which body emits more radiation in the shorter wavelength region? Which 

body emits more radiation at a wavelength of 20 um? 5 

2. (a) 

3 CRNA-S-MCHE/19 [P.T.O. 



10 g of water at 20 °C is converted into ice at -

pressure. Assuming the specific heat of liquid 
t -10 C at constant atmospheric 

water to remain constant 
42/g-K and that of ice to be half of this value and taking the latent heat or 

at fusion of ice at 0 °C to be 335 J/g, calculate the total entropy change o u 
system. 

20 
(b) 5 cm 14 1 TTR, Zai i a uttn ä q I MR 4500 r.p.m. TI 4 15 cm a, 8 cm aT ATR a gH zun 3T 70 W/m-K I TR T 06 mm E4A -I i 3ATA, O-14 W/m-K Zu qTTAAI 

0 

A shaft having diameter of 5 cm rotates in a bearing made of cast iron. The 
O6 

shaft rotates at 4500 T.p.m. The bearing is 15 cm long, 8 cm outer diameter 
and has thermah cónductivity of 70 W/m-K. There is a uniform clearance 

between the shaft and the bearing of O6 mm. The clearance is filled with a 

ubricating oil having thermal conductivity of 0-14 W/m-K and dynamic 
viscosity of 0-03 N-s/m2. The bearing is cooled externally by a liquid, and its 
outer suface is maintained at 40 °C. Di_regarding the heat conductiorn 
through the shaft and assuming only one-dimensional heat transfer, determine 
the rate of heat transfer to the coolant, the surface temperature of the 
shaft and (üi) the mechanical power wasted by the viscous dissipation in the 
lubricating oil. YLe pND 20 

(c) 3 T TT T =600 K T (C, =1-05 kJ/kg-K, Y =138), 20 cm ATR 
afs-h 180 m/s m Àafa T I T Af 

Nco 
pept 

(v) ra, yTE (1) Fmita TYT (2) 7HTs AAÀ I 

Air (C =1-05 kJ/kg-K, y =138) at 3 bar pressure and T= 600 K is fowing 
with a velocity of 180 m/s inside a 20 cm diameter duct. Calculate ne 

(i) mass flow rate; 

i) stagnation temperature; 

(ii Mach number; 
and 

(iv) stagnation pressure assuming flow 
(2) incompressible. 

to be (1) compressible 

CRNA-S-MCHE/19 4 



w maxl-

How do the specific work output and efficiency vary with pressure ratio in 
a gas turbine? 

Prove that the efficiency of a gas turbine corresponding to the maximum 
work done in a Brayton cycle is given by the relation 

w max 

where t is the ratio of the maximum and minimum temperatures. 

20 

3ATR 7T TATE ufI 3 cm HHTA 3iaT I HATE 7, 30 °C 0.15 m/s 

30 C, 0:15m3/s 
.4 -----. 

3 m 

60C HATET VÍT 

fAa 3(b) 

p 1-145 kg/m°, k -0:02625 W/m-°C, v =1-655 x 10S m*/s, 
C =1007 J/kg-°C, Pr = 0:7268 

A solar collector, as shown in Fig. 3(b) below, having dimensions as 1 m wide 

and 5 m long, has constant spacing of 3 cm between the glass cover and the 

collector plate. Air enters the collector at 30 °C and at a rate of O.15 m*/s 

through the 1 m wide edge and flows along the 5 m long passageway. If the 

average temperatures of the glass cover and the collector plate are 20 °C and 

CRNA-S-MCHE/19 5 P.T.O. 



60 C, respectively, determine (9 the net rate of heat transfer to the air in the collector and (i) the temperature nise ot air as it flows through the collector. 
Air at 30°C, 

0-15m3/s 
--------. 

3 cm 

Collector plate at 60°C 
Glass cover at 20°C 

Insulation 

Fig. 3(b) 
The properties of air at 1 atm and an estimated average temperature of 35C 

may be taken as 

p 1-145 kg/m*, k = 0-02625 W/m-°C, v =1-655x10-Sm2/s, 

C, =1007 J/kg-°C, Pr =0.7268 20 

(c) 
f41 7T 1 atm, 0 °C aYT 80 km/hr HAAR FA13 374 BI dga us 

p 1-292 kg /m*, C, =1.006 kJ/kg-K, Pr =0.7362 

A windshield of a car, having dimensions as 06 m high and 1-8 m long, is 

electrically heated and is subjected to parallel winds at 1 atm, 0 °C and 

80 km/hr. The electrical power consumption is observed to be 50 W, when the 

exposed surface temperature of the windshield is 4 °C. Disregazdinsthe 

radiation and heattransfer from the inper surfadand using the momentium 

heat transfer analogy, determine thd( drag forc the wind exertson 
ne 

windshield The properties of air at 0 *&andátm may be taken as 

P 1-292 kg/m", C, = 1.006 kJ/kg-K, Pr =0.7362 

O 2272 
10 

3HTH T% ) T 500 mm aI 7- z 

10000 r.p.m. 1 d H Tm I TTA BM 20° a iST À ATV 900 m/s 4. (a) 

TATE 750 kg/hr ter of 

A single-stage impulse 
turbine rotor has a mean 

bladoring and 

500 mm and rotates at á speed of 10000 r.p.m. 
The nozzlefange odes are 

steam 
leaves the nozzles with a velocity of 900m/s.ne 

6 
rQUR(199 



V20- Vn 

equiangular and the blade friction factor is 0-85. Construct velocity diagrams 

for the blades and determine the intet angle of the blades for shockless entry of 

steam. Also, determine () the diagram power for a steam flow of 750 kg/hr. 

y the diagram efficiency, (üi) the axial thrust and (u) the loss of kinetic energy 

due to friction. 

(b) (9 

20 

Explain the effect of impeller blade shape on the performance of a 

centrifug�l compressor with the help of an exit velocity diagram and 

pressure ratio-mass flow rate curve 

L) Discuss the phenomena of surging and choking in centrifugal compressors. 20 

(c) 
1 qriA TRaiA, 140 °CR Ufae FIai 71 80 °C 7 4500 kg/hr ATR 

41 faAa T5a A 61fI gfecia TIR*T farTE 541 2:742 J/g-°C 7 

(mcs Cs . 

aferl ra (mcy C 

4, 8, 12, 3ATÍA TÍGTI Y 

100 

C 

0.25 0.50 
0.15 

1.00/ 

80 

60 

40 

20 

O 

iar 1 HEI, NTU max AU/Cmin 
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A shell and tube heat exchanger operates with two shell passes and four hihs 

and 
passes. The shell side fluid is ethylene glycol, which enters at 140 C 
leaves at 80 °C with a flow rate of 4500 kg/hr. Water flows in the t 

bes, entering at 35 °C and leaving at 85 °C. The overall heat transfer coeficient for 
this arrangement is 850 W/m-°C. Calculate the flow rate of water reguit ired 

and the area of the heat exchanger. The specific heat of ethylene glycol mav h 
taken as 2:742 J/g-°C and the specific heat of water may be taken as 

4-175 J/g-°C. For NTU relations, the following figure may be used. 

Shell luid (mc Cs 

Shells 

Tube fuid (mc= C¢ 

Two shell passes 

4, 8, 12, etc., tube passes 

100 

80 0.50 

0.75 

.00 

60 

20 

0 2 

10 

Number of transfer units, NTUmax AU/Cmin 

U-B / SECTION-B 

xplain 
with 

advantages 
and 

10 

Can alcohols be used as fuel in IC engine? Exp 

disadvantages. 

(b)/1m3 T4 arA ÀR V frdazr, t fa 20 MPa T 36 360 °C &, fe 5(b) * 

8 
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fa 5(b) 
M 

A water-filled reactor with a volume ofl m° is at 20 MPa and 360 °c. and i 

pláced inside a containment room as shown in Fig. 56). The room is well. 

insulated and initially evacuated. Due to a failure, the reactor ruptures and the 
watér fils the containment room. Find the minimum room volume so that the 

final pressure does not exceed 200 kPa 

[Use steam table data given at the end of the Paper) 

T 
Containment hR7 

- Reactor (2Mla, eoc, 

Fig. 5(b) 10 

ef 

Using a schematic and 7-s diagram, explain how with perfect regeneration for 
a simple steam power plant (Rankine) cycle, thermal efficiency can approach 

Carnot efficiency. 10 

Discuss the effect of the following parameters on the performance of a vapor 

compression refrigeration system with the help of p-h diagram 

) Suction pressure 

i) Delivery pressure 
Subcooling of liquid (ii) 

(iv) Superheating of vapors 10 

9 [P.T.O. CRNA-S-MCHE/19 



e) 5DAR 1 40 m fa fe au ta a rte1 32 °C DBT 3R 18C 

T 12 kW 1 sreA XETA AI BUSTI À ER TÀ TÍ 1 DBT T WBT 3R 

The room air is recirculated at the rate of 40 m per 
minute and the outdoor 

air enters a cooling coil of an air conditioner at 32 °C DBT and 18 °C WBT. The 

effective surface temperature 
of the coil is 45 °C. The surface area of the coil is 

[uch as would give 12 kW of refrigeration 
with the given entering 

conditions of 

air. Determine the DBT and WBT of the air leaving the coil and the coil bypass 

factor. 
10 

[Psychrometric 
chart is given at the end of this Paper] 

a) 
TTI 2500 r.p.m. TT ÀTTA T S9A 03 m 

uRA 6-8 zier/aei 

aa 7 190 N I 5 AR 3Afea aa aI 7 1 it 4T7 45000 kJ/kg a 

faRTe Tera o-82 I 1, 2, 3, 4 J-yr fafrer {7 3iy da TEZAR S 

HTR 131 N, 135 N, 133 N 77 137 N 4 F9A ZE HTE YÅHT f41 TT| TA H 

6. 

A four-cylinder diesel engine with swept volume of 0.98 litre is tested on a 

performance bed. The engine running at a speed of 2500 r.p.m. against a brake 

with arm of 0:3 m produces brake load of 190 N with fuel consumption of 

68 litres/hr. The calorific value of fuel is 45000 kJ/kg and specific gravity of 

fuelis 0-82. A Morse test is carried out on the engine by cutting off the fuel 

silpply of individual cylinder in the order 1, 2, 3, 4 with corresponding brake 

loads 131 N, 135 N, 133 N and 137 N, respectively. Calculate the b.p., 

b.m.e.p, brake thermal efficiency, b.s.f.c., i.p., mechanical efficiency and 

i.m.e.p. of the engine at test speed. 

20 

2I T 125 R, 500 °C fae ETh T 10 aR T HTRta ziri 8, TEi 15 

FHTT AT Y ar z4am fuita AaI 125 T, 500 °C 4T7 

h 3343.6 kJ/kg aI M s = 6.4651 kJ/kg-KI 

CRNA-S-MCHE/19 10 



A power 
plant 

operates 
on a 

regenerative. 

heater. 
Steam 

enters the first turbine stage 

to 10 bar, where 
some of the steam is extracted 

feedwater 
heater. 

Condensate exiting the feedwat 

at 10 bar passes 
through a trap into the 

condenser. The feedwater evi. 

heater at 120 bar with a 
temperature 

of 170 °C. 

0-06 bar. Assuming 
isentropic 

turbine and pump work, 

efficiency of the cycle. At 125 bar, 500 °C 1or steam, h = 3343.6 kJ/ke a 

s6.4651 kJ/kg-K. 

n a regenerative steam cycle with one closed feedwatef 
at 125 bar, 500 °C and expand 

ed and diverted to the closed 

vater heater as saturated liquid 

the 
The condenser pressur is 

rk, determine the thermal 
and 

20 

[Use steam 
tables provided at the end of this Paper] 

(c) 

Explain NH3 -water vapor 
absorption 

refrigeration system with a neat diagram. 

What are the desired properties of 
refrigerant-absorber 

combination? 10 

7. (a) ( gF To HC, co a NO, 37 T vAT fA frh| 

3Ttio 4, fI aTg-$uA 3gYTa (zo 5o To) 15: 1 T7 FTi ua 

() 

C =0-717 kJ/kg-K 8I 

Briefly discussHC, CO and NO, emission formation in SI engine. Explain 

the dependence of, these emissions on equivalence ratio with a neat 

diagrarh 

10 

) An C engine working on an ideal Otto oycle has AFR of 15: 1 and 

compression ratio of 91 The pressure and temperature at thé start 

of compre_sion are I bax and 27 °C, respectively. Find the maximum 

temperature and pressure of the cycle. Assume that compressionprocess 

folldws the law pVS=C, the calorific value of fuel is 43000 kJ/kg and 
138 ba 

C of working fluid is 0.717 kJ/kg-K. 
10 

5 3 7F1: 20 °C DBT, 60% RH 

T 37T: 45 °C DBT, 30 °C WBT 

8 Hda 3GAT: 35 kW 

6 TH 5H1: 20 kW 

7T FiaTA T 90 cmm 

CRNA-S-MCHE/19 11 [P.T.O 



A fond processing room has a very high latent heat load and is required to 
be 

air conditioned as per the following data: 

Room design conditions 20 °C DBT, 60% RH 

Outside conditions 45 °C DBT, 30 °C WBT 

RI Room sensible heat: 35 kW 

Room latent heat: 20 kW 

The ventilation air requirement is 90 cmm 

Determine the verítilation load, room and effective sensible heat factor. 

and ftü) ADP and amount of reheat for economical design. Assume bynas 63b 
3 factor of the coiB as 0-05. 

Psychrometric chart is given at the end of this Paper] 

Table for Properties of Air 

k 

T P Cp Pr 

(K) (kg/m°) kJ/kg-K) (kg/m-s x10°) (m/s x1o) (W/m-K) (m/s x10 
1-923 0-009246 0-02501 0770 

0-013735 
0-6924 100 3.9010 1-0266 

150 2:3675 

1.7687 

1-0283 4:343 0-05745 0-753 
1-0099 

0-01809 

0-02227 
1-3289 7:49 0-10165 0-739 

200 1:0061 

1-488 9-49 0-13161 0722 
250 1-4128 1-0053 

1-0057 1983 15 68 0-02624 0-2216 0-708 
300 1-1774 

350 0-9980 

400 0-8826 

450 0.7833 

500 0-7048 

550 0-6423 

600 0-5879 
650 0-5430 
700 0-5030 
750 0-4709 
800 0-4405 
850 0-4149 
900 03925 
950 0-3716 

1000 0:3524 
1100 0-3204 
1200 0-2947 
1300 0-2707 
1400 02515 
1500 0-2355 1-230 

1600 0-2211| 1248 5663 

1-0090 2-075 20-76 0-03003 0-2983 0-697 

1-0140 2.286 25.90 0-03365 0-3760 0-689 

1-0207 2-284 28:86 0-03707 0-4222 0-683 

1-0295 2:671 37-90 004038 0-5564 0-680 

1-0392 2-848 44-34 0-04360 0-6532 0-680 

1-0551 3-018 51-34 0-04649 0 7512 0-680 

1-0635 3-177 58-51 0-04953 0-8578 0-682 

0-684 

0-686 
0-05230 0.9672 1-0752 

1-0856 
3:322 66-25 
3-481 73-91 0-05509 1-0774 

1-0978 3-625 82.29 0-05779 1.1951 0-689 

1-1095 3-765 9075 0-06028 1-3097 0-692 

1-1212 3-899 99:3 0-06269 1-4271 0-696 
1-1321 4023 108.2 0-06525 1-5610 0-699 
1-1417 4-152 1178 0-06752 1-6779 0-702 

160 4-44 136-6 0-0732 1-969 0704 

1.179 4:92 159.1 0-0782 2-251 0707 

0 705 
0 705 
0 705 

1.197 4-93 182:1 0-0837 2:583 
1-214 5-17 2055 0-0891 2.920 

5-40 229 1 
254:5 

0-0946 3-262 
0-705 

20 
0 100 3-609 
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Ve 
gnt 

certain height and cross-section, the absolute temperature of gases bears 

Prove mathematically that for maximum discharge through a ¢himney of a a certaín ratio tò the absolute temperature of the 
of natural draught of a boiler. outside atmosphere, in case 

8. (a) To 

uffa TTA TH: 114.95 kJ/kg T 283-89 kJ/kg I afera à f 
Frhtas aq Tt 275.76 kJ/kg I TtB àfr 

whs p = 062 kJ/kg-K ®I 

A VCR cycle refrigerator driven by a 60 kw compressor has a COP of 6.0 
enthalpies of saturated liquid and saturated vapor refrigerant at condes 
temperature of 35 °C are 114.95 kJ/kg and 283-89 J/kg, respectivelhe. 
The saturated refrigerant vapor leaving evaporator hasan enthalp 
275-76 kJ/kg. Find the temperature of refrigerant at the exit of compress0 
The C, of refrigerant is 062 kJ/kg-K. 

The 

srguTa te f C, =1-11 kJ/kg-K a Y=1:33; f 

Cp =1-005 kJ/kg-K aT Y =1.4 iI Y7 7 TI Ha 0-1 ar r 

192 kJ/kg FAI[y8 HE 14 HTT Ra HTH 

In a combined gas turbine-steam turbine power plant, the exhaust gas from 
the (open-cycle gas turbine is the supply gas to the steam generator of the 

steam cycte at which additional fuel is/burnt in the gas. The pressure ratio for 

the gas turbine is 7:5, the air intet temperature is 15 °C and the maximum 

temperature is 750 °C. Combustion of additional fuel raises the gas 

temperature to 750 °C and the gas leaves the steam generator at 100 °C. The 

steam is supplied to the steam turbine at 50 bar and 600 °C and the condenser 

pressure is 01 bar. The total power output of the plant is 200 MW. The 

calorific value of the fuel burnt is 43-3 MJ/kg. Neglecting the effect of the mass 

flow rate of fuel on the air flow, determine () the flow rate of air and steam 

required, (i) the power outputs of the gas turbine and steam turbine, (tii) the 

thermal efficiency of the combined plant and (iv) the air-fuel ratio. Take 

C =1-11 kJ/kg-K and y = 133 for combustion gases; and C, = 1.005 kJ/kg-K 

and y =1.4 for air. Neglect pump work. Condensate enthalpy at 0:1 bar = 

192 kJ/kg 
[Mollier diagram is attached in Page No. 14] 20 
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(c 

Two vapor power cycles are coupled in series where heat lost h 

absorbed by the other completely. If ni is the thermal efficiency of the.15 

cycle and n2 is the thermal efficiency of the bottom cycl 

efficiency of the combined cycle in terms of these eiiiciencies. Assume culas 
bottom cycle, determine the 

10 
be reversible. 
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