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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 all.

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 question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.

1 HXS-B-MCHE




1.(a)

1.(b)

1.(c)

1.(d)

\ {‘!-\.'r“

qus ‘A’ SECTION ‘A’
qar (%), wemar (snR) ¥R ddied & A9 veEieE S W owad H#
qEETEY |

Discuss briefly the functional differences between a fan, a blower and a compressor.
10

fig Hife 5 saearfis v § wam ufed A8 & wwA R

Prove that shock cannot occur in subsonic flow. 10
HrerE L=04m, T I k=2-3 W/m°C 3R J8id &9%d 4 =20m? il
Us 9 gHad dAR R faer & | dER § S AR & qeEH 7, =80°C W
for = @ wET §, SEfE gied SR 7,=15°C q9HH W aRaw @ g #
IR TR HEI-HRI G h=24 W/m?°C F WE FH F FE T R
R o IEEd R AR H HE W I IERd T B @ WEd g
() SRR F qE uRedd & fog uw wEw owme & |

(i) SER ¥ Wewm § I TR B R F A K |

Consider a large plane wall of thickness L=0-4m, thermal conductivity
k =2-3 W/m°C and surface area 4 =20 m2. The left side of the wall is maintained
at a constant temperature of 7, = 80°C while the right side loses heat by convection
to the surrounding air at T,=15°C with a heat transfer coefficient of
h =24 W/m?°C. Assuming constant thermal conductivity and no heat generation
in the wall,

(i) obtain a relation for the variation of temperature in the wall.
(ii) evaluate the rate of heat transfer through the wall. 10

qgFeeT T W A et fified & gar # Wit daed & fog S g
UM T HHIE
§=536-5(T5—Tw)&33

¢ T
WWT%H%IGETT=‘RWHW=&%TL)WEO%ZOO°C&?TW
¥ 2| frfea &9 § @@ GeER E"KL=C(GrPr)'"%I

2wt 1 qeET o, g e # C 3R m ¥ e W fuita W
S Ted wlERT & UG @ URum 3 | 100°C HR UF AGHSHIY qEE WU
W%ﬁiﬂﬂ'ﬂﬁﬁlw@lﬂ‘qﬁ:

HXS-B-MCHE 2



1.(e)

K = 0-0307 W/(mk), g=9-8 m/sec?
p = 21-673x10° NS/m?
C,= 1022 J/(kgK)

TF agEsed 79 @ = 101,000 N/m?
ag ¥ foq ¥ feae R = 287 kg K
HHarerl &1 g 3l R |

The following equation has been proposed for the heat transfer coefficient in natural
convection from long vertical cylinders to air at atmospheric pressure :

- 5365(T, - 1.)**
h, = =

s+ 1)
2

where T=the film temperature = and T is in the range 0 to 200°C.

The corresponding equation in dimensionless form is h}l’ =C(Gr Pr)".

Compare the two equations to determine the values of C and m such that the second
equation will give the same results as the first. Use properties of dry air at 100°C
and one atmosphere :

K = 00307 W/(mk), g=9-8 m/sec?
= 21-673x10° NS/m?
C,= 1022 J/(kg K)
The absolute pressure of one atmosphere = 101,000 N/m?
The gas constant R (for air) = 287 J/kg K
Symbols have their usual meaning. 10

T /AT S @ S S # e safte fieere fRafy w g dar @ 9 e
gamE @R ®dr R | 91 $6 e 27: 1, $aW @ 3o WM 43000 ki/kg, e &
Jrgl i fafire Fo (3R 3@ ®) €, = (0-71 +20 x 10°° T) KJ/(kg K) T S
& forg R = 0287 k/(kg K) foam wan & 13fe afiea s 15 12, sk wfier & s
# q9EE 870K B, A1 @ R fF foram wftra s (%) woggr wr A

Combustion in a diesel engine is assumed to begin at inner dead centre and to
be at constant pressure. The air-fuel ratio is 27 : 1, the calorific value of the fuel
is 43000 kJ/kg, and the specific heat (at constant volume) of the products of
combustion is given by :
C,=(071 +20x 10°T) kJ/(kg K)
R for products = 0-287 kJ/(kg K)
If the compression ratio is 15: 1, and the temperature at the end of compression
is 870 K, determine the percentage of stroke at which combustion is completed.
10
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2.(a)(1)

(i)

2.(b)

2.(c)

3.(a)()

100 kPa, 40°C ¥ 1000 kPa 7% TF Whiha Sufad! yarg Wietigrius WA # 3 kg
arg wdifsa et € | 3@ whran & dRm wdied o Py =C & 9ad Bl ® |
am—m,mﬁamamwﬁﬁw&aéﬂﬁﬁﬁaaﬁlmﬁﬁq
C,=0717ki/kg K 3R R=0287kikgK &H « |

3kg of air is compressed in a reversible steady flow polytropic process from
100 kPa, 40°C to 1000 kPa. During this process the law of compression followed
is PV125 = C. Determine the shaft work, heat transferred and the change in entropy.
Assume for air C,=0-717 kJ/kg Kand R = 0-287 kl/kg K.

pdv 8 IR —vdp FE F q= FR W |
Distinguish between pdv work and —vdp work. 20

frefifag 31 frar & o sfafeq @i wa died 5 & Hed # W dm
wq @ frees WerE @R ga wes i oTEr W

u (T y

—_—s s - e

Us '"(2 6]
Calculate the displacement thickness and momentum thickness of a laminar
boundary layer, in terms of the nominal boundary layer thickness é, for the following
velocity distribution :

o sm(z z]

Uy 25 2%
E ARy W wEEd 9 gad O 18:1 3R sifieaw qEE 700°C W
Frater-atet 9 § WA @ | g 100 kPa R 20°C W wigsh H wAT Al
%|mm,mmﬁzﬁnwmwﬁﬁﬁaﬁ|w%ﬁm
C,=1:0035 kJ/kg K Ry =14 9|
An ideal gas turbine engine operates with air as the working fluid at a pressure
ratio 18 : 1 and a maximum temperature of 700°C. The air enters the compressor

at 100 kPa and 20°C. Determine the thermal efficiency, the heat addition and the
temperature of exhaust air. For air take C,=1:0035kJ/kgK and y = 1-4. 10

zufzr f5 RR ammm w gfifRe dart @ 99 @ @m, sER AR 6

AR @el & o uwmE amded (4, F,) | AlF,_2=Al[l+§“2] e € |

A, fafms dEr

/ Re-radiating Walls

fm——————
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(i)

3.(b)

3.(c)

4.(a)

Show that the effective conductance, (4, F,,) for two black, parallel plates of equal
area connected by re-radiating walls at constant temperature is

- 1+ F_
A4 F_ = AI[ 21 2}-

555K 3R 278K & TM W 1 3Hd wHAEl F A9 @l @F ¥ @ Mo
faferor Fa=i & sraftadd e amwml @1 frako # | oft aaet § st
0-8 %1

[6 = &I%a diegome RIS = 5670 X108 W/m? K4]

Determine the steady-state temperatures of two radiation shields placed in the
evacuated space between two infinite planes at temperatures of 555 K and 278 K.

The emissivity of all surfaces is 0-8.
[0 = Stefan-Boltzmann constant = 5-670 x10® W/m? K*] 20

aH | Afew wEe & fou oswi@ @ (FR) # 0 faw @ wiifife

1

1=(1_LJ7m%mmmﬁ,aﬁ%mﬂamaﬁmm

Ue r,

# Prom ® | wla su-wa f Aerd F fog e F wfn e g6y @ v

A T T FHERT O F | W aHEn & o weEw 3 o @ g

maﬂﬂa%ﬂaﬁmaﬁmaﬁﬁ%lw-wﬁ%ﬁﬁﬁm(ﬁw)

wE A |

Assume that the velocity distribution in the turbulent core for tube flow may be
1

'?'
(I—LJ where u,. is the velocity at the centre of the tube and
rO

u
represented by =—=
c

7, 1s the tube radius. Using the Blasius relation for friction factor, derive an equation
for the thickness of the laminar sublayer. For this problem the average flow velocity
may be calculated using the turbulent velocity distribution. Assume linear profile
in sublayer. 20

T A CElE W G 9Eh yEer e @ 3R wwnfe aar €, @
AT W

Explain how the process of reheating in a gas turbine affects its operational
performance. 10

q AR 4 R B W FAW T, AR T, qAHMI | S @1 AT R | o
mﬁu@a?ragm@ﬁwﬁaRAﬁaiazwﬁa%,wﬁ;wﬁvéaﬂ
Bﬁéﬁmﬁa%l@g&mﬂmmmﬁmwmmmm
¢ | frafafaa &t fraifa o & foo o =m0 gt o
() ®3 ¥ quEE faao
(i) 3T TR @ TS g
(ili) ¥AR 4 ¥ wWFEaRka e
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4.(b)

Two walls 4 and B are maintained at temperatures T, and T, respectively. One
end of a metal rod of length / is embedded in the wall 4, while the other end
is fixed to wall B, the rod loses heat by convection to the environment at T_..
Derive an expression to determine

(i) the temperature distribution in the rod

(i) the total heat lost by the rod

(iii) the heat transferred from the wall 4 20
ar p,=90kPa, ¥, =520 m/s #R T, =558°C & TF faa &oeet qreAt arfedt |
T FA B | 99 =W g uNr F g 39 fn S R, 99 9% {6 9% p, = 160 kPa
w frfa @ & S| smeen W

@) "

(i) T,

(i) ofeem @ @ gi-ge (Tdedt) kikg # | Haw qfve & SR R |
Air enters a constant-area duct at p; =90 kPa, ¥; =520 m/s and 7, =558°C. It is
then cooled with negligible friction until it exists at p, =160 kPa. Estimate :

@ 7
(i) T, and
(iii) the total enthalpy of cooling in kJ/kg. Use attached chart. 20

SO TEATRY k=14 ¥ A9 GHUEH arfedt ware
Frictionless Duct Flow with Heat Transfer for k=14

Ma TYTS plp* TIT* ptlp=VIV* P}
0.0 0.0 2.4000 0.0 0.0 1.2679
0.02 0.0019 2.3987 0.0023 0.0010 1.2675
0.04 0.0076 23946 0.0092 0.0038 1.2665
0.06 0.0171 2.3800 0.0205 0.0086 1.2647
0.08 0.0302 23787 0.0362 0.0152 1.2623
0.1 0.0468 2.3669 0.0560 0.0237 1.2591
0.12 0.0666 23526 0.0797 0.0339 1.2554
0.14 0.0895 23359 0.1069 0.0458 1.2510
0.16 0.1151 23170 0.1374 0.0593 1.2461
0.18 0.1432 2.2959 0.1708 0.0744 1.2406
02 0.1736 22721 0.2066 0.0909 1.2346
022 0.2057 22477 0.2445 0.1088 . 1.2281
024 0.2395 2.2209 0.2841 01279 - 12213
0.26 0.2745 2.1925 0.3250 0.1482 1.2140
028 0.3104 2.1626 0.3667 0.1696 1.2064
03 0.3469 2.1314 0.4089 0.1918 1.1985
032 03837 2.0991 0.4512 0.2149 1.1904
0.34 0.4206 2.0657 0.4933 0.2388 1.1822
0.36 0.4572 2.0314 0.5348 0.2633 1.1737
038 0.4935 1.9964 0.5755 0.2883 1.1652
04 0.5290 1.9608 0.6151 0.3137 1.1566
042 0.5638 1.9247 0.6535 0.3395 1.1480
0.44 © 05975 1.8882 0.6903 0.3656 1.1394
0.46 0.6301 1.8515 0.7254 03918 1.1308
0.48 0.6614 1.8147 0.7587 0.4181 1.1224
05 0.6914 1.7778 0.7901 0.4444 1.1141
052 0.7199 1.7409 0.8196 0.4708 1.1059
0.54 0.7470 1.7043 0.8469 0.4970 1.0979
0.56 0.7725 1.6678 0.8723 0.5230 1.0901
0.58 0.7965 1.6316 0.8955 0.5489 1.0826
06 0.8189 1.5957 0.9167 0.5745 1.0753
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(wrﬁ)mmk=1-4%maéw€hmf%ﬁm

(Cont.) Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TYTS plp* I plp = VIve polpt
0.62 0.8398 15603 0.9358 0.5998 1.0682
0.64 0.8592 1.5253 0.9530 0.6248 1.0615
0.66 0.8771 1.4908 0.9682 0.6494 1.0550
0.68 0.8935 1.4569 0.9814 0.6737 1.0489
0.7 0.9085 1.4235 0.9929 06975 1.0431
0.72 09221 13907 1.0026 0.7209 1.0376
0.74 09344 1.3585 1.0106 0.7439 1.0325
0.76 0.9455 13270 10171 0.7665 1.0278
0.78 0.9553 12961 1.0220 0.7885 1.0234
0.8 0.9639 1.2658 1.0255 0.8101 1.0193
0.82 09715 1.2362 1.0276 0.8313 10157
0.84 09781 1.2073 1.0285 0.8519 1.0124
0.86 0.9836 1.1791 1.0283 0.8721 1.0095
0.88 0.9883 11515 1.0269 0.8918 1.0070
09 0.9921 1.1246 1.0245 09110 1.0049
0.92 0.9951 1.0984 1.0212 09297 1.0031
0.94 0.9973 1.0728 1.0170 0.9480 1.0017
0.96 0.9988 1.0479 1.0121 09658 1.0008
0.98 0.9997 1.0236 1.0064 0.9831 1.0002
1.0 1.0000 1.0000 1.0000 1.0000 1.0000
1.02 0.9997 0.9770 0.9930 1.0164 1.0002
1.04 0.9989 0.9546 0.9855 1.0325 1.0008
1.06 0.9977 0.9327 0.9776 10480 1.0017
1.08 0.9960 09115 0.9691 1.0632 1.0031
11 0.9939 0.8909 0.9603 1.0780 1.0049
112 0.9915 0.8708 0.9512 1.0923 1.0070
1.14 0.9887 0.8512 0.9417 1.1063 1.0095
1.16 0.9856 0.8322 0.9320 1.1198 1.0124
118 0.9823 0.8137 0.9220 11330 1.0157
12 0.9787 0.7958 09118 1.1459 1.0194
122 09749 0.7783 0.9015 11584 1.0235
124 0.9709 0.7613 0.8911 11705 1.0279
1.26 0.9668 0.7447 0.8805 1.1823 1.0328
1.28 0.9624 0.7287 0.8699 1.1938 1.0380
13 0.9580 0.7130 0.8592 12050 1.0437
132 0.9534 0.6978 0.8484 12159 1.0497
1.34 0.9487 0.6830 0.8377 1.2264 1.0561
136 0.9440 0.6686 0.8269 1.2367 1.0629
138 0.9391 0.6546 0.8161 1.2467 1.0701
14 09343 0.6410 0.8054 1.2564 1.0777
1.42 0.9293 0.6278 0.7947 1.2659 1.0856
1.44 0.9243 0.6149 0.7840 12751 1.0940
"1.46 09193 0.6024 0.7735 12840 1.1028
1.48 09143 0.5902 0.7629 1.2927 1.1120
L5 0.9093 0.5783 0.7525 13012 1.1215
1.52 0.9042 0.5668 0.7422 1.3095 11315
1.54 0.8992 0.5555 0.7319 1.3175 1.1419
1.56 0.8942 0.5446 0.7217 13253 1.1527
1.58 0.8892 05339 0.7117 13329 1.1640
1.6 0.8842 0.5236 0.7017 1.3403 1.1756
1.62 0.8792 0.5135 0.6919 13475 11877
1.64 0.8743 0.5036 0.6822 13546 1.2002
1.66 0.8694 0.4940 0.6726 1.3614 12131
1.68 0.8645 0.4847 0.6631 13681 12264

HXS-B-MCHE



(W) T TR k=14 ® WF TUEH aAfeAl TS

(Cont.) Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TyT} Plp* TiT* p*lp = VIVE polp
1.7 0.8597 0.4756 0.6538 1.3746 1.2402
1.72 0.8549 0.4668 0.6445 1.3809 1.2545
1.74 0.8502 0.4581 0.6355 1.3870 1.2692
1.76 0.8455 0.4497 0.6265 1.3931 1.2843
178 0.8409 0.4415 0.6176 1.3989 1.2999
18 0.8363 0.4335 0.6089 1.4046 1.3159
1.82 0.8317 0.4257 0.6004 1.4102 1.3324
1.84 0.8273 0.4181 0.5919 1.4156 13494
1.86 0.8228 04107 0.5836 1.4209 1.3669
1.88 0.8185 0.4035 0.5754 1.4261 1.3849
19 0.8141 0.3964 0.5673 1.4311 1.4033
1.92 0.8099 0.3895 0.5594 1.4360 1.4222
1.94 0.8057 0.3828 0.5516 1.4408 1.4417
1.96 0.8015 0.3763 0.5439 1.4455 1.4616
198 0.7974 0.3699 0.5364 1.4501 1.4821
2.0 0.7934 0.3636 0.5289 1.4545 1.5031
2.02 0.7894 0.3575 0.5216 1.4589 1.5246
2.04 0.7855 0.3516 05144 - 1.4632 1.5467
2.06 0.7816 0.3458 0.5074 1.4673 1.5693
2.08 0.7778 0.3401 0.5004 1.4714 1.5924
2.1 0.7741 0.3345 0.4936 1.4753 1.6162
2.12 0.7704 0.3291 0.4868 1.4792 1.6404
2.14 0.7667 0.3238 0.4802 1.4830 1.6653
2.16 0.7631 03186 0.4737 1.4867 1.6908
2.18 0.7596 03136 0.4673 1.4903 1.7168
22 0.7561 0.3086 0.4611 1.4938 1.7434
222 0.7527 0.3038 0.4549 1.4973 1.7707
2.24 0.7493 0.2991 0.4488 1.5007 1.7986
2.26 0.7460 0.2945 0.4428 1.5040 1.8271
2.28 0.7428 0.2899 0.4370 1.5072 1.8562
23 0.7395 0.2855 0.4312 1.5104 1.8860
232 0.7364 0.2812 0.4256 1.5134 1.9165
234 0.7333 0.2769 0.4200 1.5165 1.9476
2.36 0.7302 0.2728 0.4145 1.5194 1.9794
238 0.7272 0.2688 0.4091 1.5223 2.0119
24 0.7242 0.2648 0.4038 1.5252 2.0451
242 0.7213 0.2609 0.3986 1.5279 2.0789
244 0.7184 0.2571 0.3935 1.5306 2.1136
2.46 0.7156 0.2534 0.3885 1.5333 2.1489
2.48 0.7128 0.2497 0.3836 1.5359 2.1850
25 0.7101 0.2462 0.3787 1.5385 22218
252 0.7074 0.2427 0.3739 1.5410 2.2594
2.54 0.7047 02392 0.3692 1.5434 2.2978
2.56 0.7021 0.2359 0.3646 1.5458 2.3370
2.58 0.6995 0.2326 0.3601 1.5482 2.3770
2.6 0.6970 0.2294 0.3556 1.5505 24177
2.62 0.6945 0.2262 0.3512 1.5527 2.4593
264 0.6921 0.2231 0.3469 1.5549 2.5018
2.66 0.6896 0.2201 03427 1.5571 2.5451
2.68 0.6873 02171 0.3385 1.5592 2.5892
2.7 0.6849 0.2142 0.3344 1.5613 26343
272 0.6826 02113 0.3304 1.5634 2.6802
274 0.6804 0.2085 0.3264 1.5654 2.7270
2.76 0.6781 0.2058 0.3225 1.5673 2.7748
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4.(c)

5.(a)

5.(b)

5.(c)

TG Usqad ZoiA1 ! qoT # TFFT Foaei 391 ol et gl sifid woT
i ® 7 T ol # seegEn favs (gemk) sfis Suged & g € |

Why is it more difficult to turbocharge spark ignition engines than compression
ignition engines ? Under what circumstances might supercharger be more
appropriate ? 10

gus ‘B’ SECTION ‘B’

EGR 9 & oY #1 §9#d € ? ¥9Ad {6 EGR, NO, SoaoM &1 % & o=l € |

What do you understand by the term EGR ? Explain how EGR reduces NO,
emission in CI engines. 10

I EEGIHET CHy & o9 & S ar aifem F fog sikée suawwr gr
At o e G frear @ o R

CO, : 8:0%, CO:09%, O,: 88% 3R N,:82:3%

T W

(i) 3a & wE

(i) A& 3R FTEEM & AUR W Ig FF H A9

(iii) wam 6t wfafes war @ wfawa

The flue gas composition measured by Orsat apparatus for a boiler burning a fuel
of unknown hydrocarbon CxH, is given as follows :
CO,: 8:0%, CO:0:9%, O,:88% and N, : 82:3%

Determine
(i) the composition of the fuel
(i1) the air fuel ratio on mole and mass basis

(i11) the percentage of excess air used 10
R 93 & "eW A fr=fafaa wssi &1 avfw &1

(i) <EAT ()

(i) T U (C,)

Describe the following terms with reference to stream nozzle :

(1) Efficiency (ny)
(if) Velocity coefficient (C,) 10
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5.(d)

5.(e)

6.(a)

6.(b)

6.(c)

weftaw wonferat # wfiger 3R Ffimelt & o= dqeq fag i s@uron i =
|

Explain the concept of balance point between the compressor and the capillary
tube in refrigeration systems. 10

araTgEer afedt sfiereg i & foau ‘wwm wdor fafy’ @ wew d wwe |

Briefly explain the ‘Equal Friction Method’ of air-conditioning duct design
procedure. 10

() T CI & ¥ gea-F&a ¥ o ged, SI oW & o waR fim 2ar 2 2

(ii) <& IRa SR ¥ F1 A ® 7 @feE & w9 CL e FE S o e
a1 ey el s & @ ggfa & swEm g 2|

(i) How does the mixture combustion in the combustion chamber of a C.L
engine differ from that of an S.I. engine ?

(i) What is meant by combustion induced swirl ? Show with sketches two
important designs of C.I. combustion chamber using this method of swirl.
20

TS U e YAl ¥k § AT 30 bar, 400°C TR & H YaA¥ @dl § 3R
=& g@@ 01 bar €| WRU Wl A% UF WIE €96 YER H © S 0-3 MPa
W gaTferd BT € | 99 e f IS aRd §Q I el gEral Wi W |

(30 bar, 400°C W : h=3230-9 kl/kg 3 s=69212kI/kgK © | W9/9mt &
it & fog gfere & s # dow W aife @ SR aK)

In a single-heater regenerative cycle the steam enters the turbine at 30 bar, 400°C
and the exhaust pressure is 0-1 bar. The feed water heater is a direct-contact type
which operates at 0-3 MPa. Find the efficiency of the cycle neglecting pump work.
(At 30 bar, 400°C : & =3230-9 kJ/kg and s = 6-9212 kJ/kg K. Also use steam tables
given towards the end of booklet for steam/water properties). 20

TF W Tl & TN & Yk oed A9 30°C R fafie smar 115 Im Se A
Wiy frdom o6 @ ® | R 30°C W 9Ft & G99 AT g 424 kPa 3R F
q@ 90kPa 2, T G (TN) F T K WU-SCAT FT T |

A moist air sample has dry bulb temperature of 30°C and specific humidity of
11-5 gm of water vapour per kg dry air. If the saturation vapour pressure of
water at 30°C is 424 kPa and the total pressure is 90 kPa then what is the
relative humidity of the air sample ? 10
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7.(a)

7.(b)

(i) @wuaarﬁwmuzafsaé:qﬁammml-zm%aﬂzassooomm
wm%|§gaﬁw18°%|w%ﬂa§mo-4z%|ﬁ@mm%ﬂ
mﬁrmm%%mo-g%rmmﬁhmmﬁaﬁw%
3°@a%110kgfsﬁmma%%qéaﬁqaﬂia%hwmﬁuﬁ
mm,ﬁaﬁqmaaﬁumaﬂzﬁﬁaarﬁﬁmmmfr&m

(ii) ﬁs%ﬂﬁﬁﬁ@mﬁﬁm@ﬁ-mmﬁw
?ﬂavhﬁlwagaﬁwmmaaﬁaﬁwﬁaw%?

() A single stage impulse steam turbine rotor has a diameter of 12 m and runs
at 3000 rpm. The nozzle angle is 18°. The blade speed ratio is 0-42. The
relative velocity at the outlet to the relative velocity at inlet is 0-9. The outlet
angle of the blade is 3° smaller than the inlet angle. For a steam flow rate
of 10kg/s find Blade angles at inlet and outlet, Axial thrust on the bearing
and Power developed.

(i) Describe the phenomenon of super saturated flow observed in steam nozzle
using 7-s diagram. How does it influence the mass flow rate through the
nozzle ? 20

U AMEIRIa M 27°C DBT 3R 50% (i) RH R =@mq @1 smr € |

tr&%ramﬁr%f%moc’comaﬂt27°CWBT%|wmﬁ14kwmé%amm

%|7°Cwﬁgna@ﬁﬂlqﬁwwﬂﬁwﬁh%lﬁmﬁ¢%aﬁﬂf&aﬁ:

() ®&F F gl & 7 | e w1 e

(i) ®&F # W FHT a1w

(iii) m(aﬁn)waﬁamm,u&mﬁmnﬁwmﬁemﬁm@ﬁaﬁ
ST R, A TN W GEEEA A o 2

s fafre s = 102 kikgK w7 ¥ | smdafidta S W R |

An air-conditioned space is maintained at 27°C DBT and 50% relative humidity.
The ambient conditions are 40°C DBT and 27°C WBT. The space has a sensible
heat gain of 14 kW. Air is supplied to the space at 7°C saturated. Determine the
following :

(i) Mass of moist air supplied to the space
(ii) Latent heat gain of space

(iif) Cooling load of air washer if 30% of the air supplied to the space is fresh,
the remainder being recirculated.

Assume humid specific heat = 1.022 kJ/kg K. Psychrometric chart is given. 20
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7.(c)

8.(a)

qma:ﬁrﬁam@aaaaémIsoommwzsokwﬁaﬁ%ﬁﬁmﬁmm
%l%ﬁﬁﬁt&iﬁﬁ"ﬁwoekgmw%:aia:a%wa?rgaamﬁaﬁtaia:@m
& 3 # it & &A1 @ o w: 30 SR 3R 60 9K B | wesma # 3R siq-arqur
CIRC TR O I L R R —— 220 &R R 550 &R ¥ | siddvw F frg
ﬁrwhgrurimo-ss,%%&mwo-ssaﬁ?m@ﬁaml-mmmm
nmﬁmmaﬁwa:éqwaa&:waﬂaamm%wﬁﬁr

o sl ¥ fy, s g3 @ o Ptk o, af smde (s a
aﬁmﬁaﬁmm%l?ﬁﬁzﬁmﬁﬁ%ﬁﬁﬁw4%&haﬁmaﬂm
I H | (FufEds 1 9R = 109 qTEhe )

A six-cylinder four-stroke diesel engine develops a power of 250 kW at 1500 rpm.
The brake specific fuel consumption is 0-3 kg/kWh. The pressures of air in the
cylinder at the beginning of injection and at the end of injection are 30 bar and
60 bar respectively. The fuel injection pressures at the beginning and end of injection
are 220 bar and 550 bar respectively. Assume the coefficient of discharge for the
injector to be 0-65, specific gravity of fuel to be 0-85 and the atmospheric pressure
to be 1-013 bar. Also assume the effective pressure difference to be the average
pressure difference over the injection period.

Determine the nozzle area required per injection if the injection takes place over
15° crank angle. If the number of orifices used in the nozzle are 4, find the diameter
of the orifice. (Conversion 1 bar = 10° Pascal) 10

@mﬁmméﬁmwﬁ-s-rcaﬂtzﬁwcaﬁmﬁmﬁ%aﬁam
m«ﬁ%léﬂsa%aaﬁwwéaﬁtﬁ%mmuzga:mu%&aﬁ
aﬁmwaﬁimﬂaﬂﬂ'@f@m%imﬁﬂmiﬂ.sﬁﬁ.mﬁlam‘rf?m%
frafofaa o @ syam @

— f o (Famd) (kikg) SR W (Tgrdt) ki/kg K
Temperature Enthalpy (kJ/kg) Entropy kl/kg K
*C hy hy, hy Sy Sg
-6:7 -29-3 1293.8 1264-5 -0-113 4.752
26-7 125-6 1172-4 12979 0-427 4334

An ammonia vapour compression refrigeration system works between temperature
limits of —6-7°C and 26-7°C. The vapour is dry at the end of compression and
there is no under cooling of the liquid which is further throttled to the lower
temperature. Find the COP of the machine. Use the above properties of ammonia.

20

13 HXS-B-MCHE



8.(b)

8.(c)

@Wﬁﬂﬂﬁmﬁqﬁm%ﬂpmﬁ1MPa,200°thua'armﬁ
%ahtsé0-3MPam@3ﬁ%lwﬁgm,3@m-ﬁﬁ:aﬁam@qa
mﬁﬁum%mﬁaﬁﬂmm%ﬁzﬁo-smpammaﬁ%ﬁwﬁ@g
Em%@mmamﬂ%ﬁuqaﬁMkPaﬁﬂﬂé\%lmm‘t1MW'£r
e ufE gaared @ ok Fe fafrmes @ 500 kW I I o F IR A
@raﬁméﬁélﬂﬁmﬁaﬁmﬁmﬂ@m%mwﬁm
£ sfa comE WA A A WK |

(1 MPa, 200°C WX : h=2827-9 klkg IR s =66939 kikgK)
ﬁm%a&aﬁﬁmm—mﬁmm%ﬁmﬁl

In a cogeneration plant, steam enters the HP stage of a two-stage turbine at 1 MPa,
200°C and leaves it at 0-3 MPa. At this point some of the steam is bled off and
passed through a heat exchanger which it leaves as saturated liquid at 0-3 MPa.
The remaining steam expands in the LP stage of the turbine to 40 kPa. The turbine
is required to produce a total power of 1 MW and the heat exchanger is required
to provide a heating rate of 500 kW. Assuming all processes to be ideal, calculate
the required mass flow rate of steam into the HP stage of the turbine.

(At 1 MPa, 200°C: h=2827"9 kJ/kg and s=6-6939 ki/kgK)
Also use Steam Tables given at the end of the booklet. 20

m—aﬁéﬁaﬁﬁmﬁ%awﬁm@ﬁmﬁm%ﬁmaﬁﬁwﬁaﬂt
T-sa&@?mmmmégqﬁwﬁmﬁ%anﬁﬂmaﬁﬁwmﬁ:

@) sfufranr ¥ fru caf ¥ saE WA SWE |
(ii)ﬁanWWIﬁmmﬁzﬁamaqﬁaﬂl

Compare the throttling processes happening at the following two locations in the
steam power plant and using T-s diagrams contrast the observed phenomena :

(i) throttling of steam at inlet to turbine for governing.

(i) throttling of condensate in closed feed heater trap exit. 10
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Saturated Water Pressure Entry

STEAM TABLE

Enthalpy, kJ/kg Entropy, kJ/kg-K

Press. Temp.  Sat. Liquid Evap. Sat. Vapor  Sat. Liquid Evap. Sat. Vapor

(kPa)  (°C) hy hy, hy s Sk S
06113 0:01 0-00 2501-3 25013 0 9-1562 9-1562
10 6-98 29-29 2484-89 2514-18 0-1059 8-8697 8-9756
15 13-03 54-70 2470-59 2525-30 0-1956 8:6322 8-8278
2:0 17-50 73-47 2460-02 2533-49 0-2607 8-4629 87236
2:5 21-08 88-47 2451-56 2540-03 0-3120 8:3311 86431
30 24-08 101-03 2444-47 2545-50 0-3545 8-2231 8:5775
4.0 2896 121-44 2432-93 2554-37 0-4226 8:0520 84746
50 32-88 137-79 242366 2561-45 04763 79187 8-3950
75 40-29 168-77 2406-02 257479 0-5763 76751 8-:2514
10 45-81 191-81 2392-82 258463 0-6492 7-5010 8:1501
15 53-97 22591 237314 2599-06 0-7548 7-2536 80084
20 60-06 251-38 2358-33 2609-70 0-8319 7:0766 7-9085
25 64-97 271-90 2346-29 2618-19 0-8930 6-9383 78313
30 69-10 289-21 2336-07 262528 0-9439 6-8247 7-7686
40 75-87 317-55 231919 2636-74 1:0258 66441 7-6700
50 81-33 340-47 2305-40 2645-87 1-0910 6-5029 7-5939
75 9177 384-36 227859 2662-96 1-2129 6-2434 7-4563
100 99-62 417-44 225802 2675-46 1-3025 6-0568 7-3593
125 105-99 444-30 2241-05 268535 1:3739 59104 7-2843
150 111-37 467-08 2226-46 2693-54 1-4335 57897 7-2232
175 116:06 486-97 2213-57 2700-53 1-4848 5-6868 71717
200 120-23 504-68 220196 2706-63 1:5300 55970 7-1271
225 124-00 520-69 2191-35 2712-04 1:5705 55173 7-0878
250 127-43 535-34 2181-55 2716-89 1-6072 54455 70526
275 13060 548-87 2172-42 2721-29 1-6407 5:3801 7-0208
300 133-55 561-45 2163-85 2725-30 16717 5-3201 6-9918
325 136-30 57323 215576 2728-99 1-7005 52646 6-9651
350 138-88 584-31 214810 2732-40 1-7274 52130 6-9404
375 141-32 594-79 214079 273558 17527 51647 6:9174
400 14363 604-73 2133-81 273853 1-7766 5:1193 6-8958
450 147-93 62324 212067 274391 1-8206 5:0359 6-8565
500 15186 640-21 210847 274867 1-8606 4-9606 6-8212
550 155-48 655-91 2097-04 2752-94 1:8972 4-8920 6:7892
600 158-85 670-54 2086-26 2756-80 1:9311 4-8289 6:7600
650 16201 684-26 2076-04 2760-30 1-9627 47704 6:7330
700 164-97 697-20 2066-30 2763-50 1-9922 47158 6:7080
750 167-77 709-45 2056-98 2766-43 2:0199 4:6647 6:6846
800 17043 721-10 204804 2769-13 2:0461 4-6166 6-6627
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Saturated Water Pressure Entry

Specific Volume, m°/kg Internal Energy, kJ/kg
Press. Temp. Sat. Liquid Evap. Sat. Vapor  Sat. Liquid Evap. Sat. Vapor
(kPa) (°C) 7 Ug Vg us Ug Uy
06113  0:01 0001000  206:131 206-132 0 23753 23753
1 6-98 0-001000 12920702 12920802 2929 235569 2384-98
15 13-03 0-001001 8797913 87-98013 54-70 233863 2393-32
2 17-50 0-001001 67-00285 6700385 7347 2326:02 239948
25 21-08 0001002 54-25285 54-25385 88-47 2315-93 2404-40
3 24-08 0-001003 45-66402 45-66502 101-03 2307-48 2408-51
4 28-96 0-001004 34-79915 34-80015 121-44 2293-73 241517
5 32-88 0-001005 28-19150 28-19251 13779 2282-70 2420-49
75 40-29 0-001008 19-23674 19-23775 168-76 2261-74 2430-50
10 45-81 0-001010 1467254 14-67355 191-79 2246-10 2437-89
15 53-97 0-001014 10-02117 10-02218 22590 2222-83 2448-73
20 60-06 0-001017 7-64835 7-64937 25135 2205-36 2456-71
25 64-97 0:001020 6-20322 6:20424 271-88 2191-21 2463-08
30 69-10 0-001022 5-22816 522918 28918 2179-22 2468-40
40 75-87 0-001026 3-99243 3:99345 317-51 2159-49 2477-00
50 81-33 0-001030 3-23931 3-:24034 340-42 2143-43 248385
75 9177 0-001037 2-:21607 2:21711 394-29 2112-39 2496-67
100 9962 0001043 1:69296 1-69400 417-33 208872 2506-06
125 105-99 0-001048 1:37385 1-37490 444-16 2069-32 2513-48
150 111-37 0-001053 115828 1:15933 466-92 2052-72 2519-64
175 116-06 0-001057 1-:00257 1-00363 48678 203812 2524-90
200 120-23 0-001061 0-88467 0-88573 504-47 202502 2529-49
225 124-00 0-001064 079219 0:79325 520-45 201310 2533:56
250 127-43 0-001067 0:71765 0-71871 535-08 2002-14 2537-21
275 130-60 0:001070 0-65624 0:65731 548-57 199185 2540-53
300 133-55 0-001073 0-60475 060582 56113 198243 2543:55
325 136-30 0-001076 0-56093 0-56201 572-88 1973-46 2546-34
350 138-88 0-:001079 0-52317 0-52425 583-93 1964-98 2548-92
375 141-32 0-001081 0-49029 049137 594-38 1956-93 2551-31
400 143-63 0001084 0-46138 0:46246 604-29 1949-26 255355
450 147-93 0-001088 0-41289 0-41398 622-75 1934-87 255762
500 151-86 0-001093 0-37380 037489 639-66 1921-57 256123
550 155-48 0-001097 0-34159 0:34268 655-30 1909-17 2564-47
600 158-85 0:001101 0-31457 0-31567 669-88 1897-52 2567-40
650 162-01 0-001104 0-29158 0-29268 68355 1886-51 2570-06
700 164-97 0-001108 0:27176 0-27286 696-43 1876-07 2572-49
750 16777 0-001111 0-25449 0-25560 70862 186611 257473
800 170-43 0:001115 0-23931 0-24043 720-20 1856-58 257679
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