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‘There are 6 (six) questions. Answer all the questions. The symbols have their usual meanings.

Marks of each question and corresponding CO and PO are written in brackets. Assume the

reasonable values if requires

T. (@ A coal fired boiler plant consumes 400 kg of coal per hour. The boiler cvaporates (10)

3200 kg of water at 45°C into superheated stcam at pressure of 1.2 MPa and (CO2)
275°C. If the calorific value of fuel is 32760 kJ/kg of coal and constant pressure (PO3)
specific heat of steam is 2.1 ki/kg K, compute:

Equivalent evaporation ‘from and at 100°C" and

Thermal efficiency of the boiler

(b) A 3.27m’ tank contains 100 kg of nitrogen at 175 K. Determine the pressure in (15)
the tank, using (€02
i, the ideal-gas equation, ®03)
I the v de Wl cqtion,1nd
iii.  the Beattie-Bridgeman equati
Compare our esalt wihthe acn vl of 1505 kPa.

2. (a) Determine: !h: enthalpy change Ah of nitrogen, in kJ/kg, as it is heated from 600K (10)
o 1000K, using (co2)
1"t emprcl specfic hestcquation 8 a fnction of temporsurs ®03)
i, the cpvalue at the average temperature

(b)  Steam enters a nozzle at 400°C and 800 kPa with a velocity of 10 m/s, and leaves  (12)
at 300°C and 200 kPa while losing heat at a rate of 25 kW. For an inlet area of (C02)
800 e, determine the velocity and the volume flow rate of the steam at the  (PO3)
nozzle exit.

() Stainless steel ball bearings (p = 8085 kg/m’ and ¢, =0.480 ki/kg-°C) having a_(10)
diameter of 1.2 ¢m are to be quenched in water at a rate of 800 per minute. The (CO2)
balls leave the oven at a uniform temperature of 900°C and are exposed to airat (PO3)
25°C for a while before they are dropped into the water. If the temperature of the
balls drops to 850°C prior to quenching, determine the rate of heat transfer from
the balls o the air.
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A 0.5 m rigid tank contains refrigerant-134a i
quality. Heat is transferred now to the ef
pressure rises t0 400 kPa. Determine
i, the entropy change of the refiigerant,
i, the entropy change of the heat source, and
iii.  the total entropy change for this process,

1200 kPa and 40 percent
rigerant from a source at 35°C unil the

At25°C, an experiment recorded a refrigerator drawing 2 kW of power and
removing 30,000 kJ of heat from a refrigerated space maintained at -30°C. The
refrigerator ran for 20 minutes. Examine if these measurements are reasonable.

“The eficiency of an ireversible heat engine is less than a reversibie one
operating between the same two reservoirs.” — How can you prove this statement
by demonstrating the violation of the Kelvin-Planck statement of the second law
of thermodynamics.

Compare between water tube and fire twbe boiler.

How does water circulate in a natural circulation boiler. Explain with the help
ofa labeled diagram.

Write short note on the followings:
Fusible plug

‘Water level indicator and
Economizer

Derive the Tds relations and the equations of differential change in entropy.
Using these equations derive the equation for entropy change of ideal gas.

A heat engine received 100 kJ of heat from a high temperature reservoir and
roduced 30 of work. Can ¢ make ue of the rst of the energy reccived n

it 1o another low temperature reservoir to attain higher
=ﬁ'm=n:y” Justify in favor of your answer.

A device has one inlet and one outlet. If the volume flow rates are same both at
the inlet and outlet, is the flow through this device necessarily steady? Why?

For an ideal gas going through a polytropic process (PV™ = C; n = 1), develop
k.

the equation for boundary worl

Consider the process of heating water on top of an electric range. What are

forms of energy imolved during tis process? What are the :nergy
transformations tha take place’

Is it possible to have water vapor at —10°C? Explain with proper reasoning.

Mention the assumptions you can make while doing energy analysis of @
throttling valve.
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Equations and Property Tables

van der Waals co-efTicient
a = 2875 (ms.kPa/kg?)

Beattie-Bridgeman equation:

A=A01-

Consant tat sppeer i the Benedic

kg)

(& When Pis in KPa, s in YKol Tis i K, and R, = B.314 kPam?henal K, he fv constants i te Beate

Brdgaman equation e 8 atows

Gas ki 2
Ar 1318401 01931
Ao, 1307802 002328
Carbon oside, GO, 507.2836 32
Helum, 21836 005584
yirogen, . 200117 —~0.00508
Nirogon, Ny 36,2315 02617
o, 1510857 002562

Molr mass, g constan,and sl —peint ropaties

001101

0004208

420 % 10*
480X 100

Molr mase
Swstarce Formu M kghimol
20183

Niroge N 28013
waus ide No 013
e o 31999

TABLE A-2

daal g spacfic hatsof various common gases Conclded)

Temperatur,
S

Tt pont e

T A Tanchon of omperatin

Formuis s

B 4 T
N 20 comnx TZwaxios zam0 0 0%
o %su " isox i3l2x104 Zrsen 119 02
Iy N oiverx Ygg6x 104 7380 072 033
thopa W, A1 01916 D870dx 104 Z7alm0 101 02
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TABLE A-2

Ideai—g3 speific heats of various cammon gases (Continusd)
6 AT vrious emporatres

Jomoanure, A8
20 voo3
0 Toos
30 1.008
a0 Lo13
0 1020
500 1029
550 Lot
&0 1051
50 Log3
700 1075
750 1087
00 1099
%0 1121
1000 sz
20 Ta051
30 1430
30 1442
00 16476
50 18501
50 14513
550 14530
&0 1454
850 1w
70 14
750 16 64
14695
%0 16822
100 1983

‘Saturated water—Tomperaie tale i i

Spaciic voume, s Tooowr
w . &
s S St
Tomp, e, i, et
T Pt P
R T
5" o acoiom cwon 23
w0 Ve oo =)
5 1w oo 5 e
o ez
5 s ooy 281
L2ty Qoo £ies
®  seel ool sz
S5 Gooloos 2
& akm Swion b
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Satirated wate—Presaur tabe (Conclude)

S vatana, Tt e Ertha, Eroay
. P ek

PR s s =

“ oo, . . D T, G o
Piea “ g T B o
% S 7ise 06T 4760 TaE 20s 213 20T 49180 G

45708 cas0s
1573 Geany
isez sacer

0 1725 0ooilis 0260 73100 Sars
S0 1753 000l Dzidey  7aiss lawi 2mms
%o 176 0z Daoull 7s1er lavs 26813
1000 17988 00011 01346 76139 ls2Le {470 S50
100 18406 00013 017745 77978 18057 25885 43738 6530
100 14796 0003 Oleise 796% 17905 Zse7e 793 1964 27838 22159 430% 65217

Supahesied wate

v R ) v Ve s R )
T mhe khe ik gk | mihe e ke hgK | mike kikg g WieK

___roxwsamaio P o 0w 123520 P00 M sErD

s ommes 2591 21063 71270| Oe0eez 2432 27249 69917 | Dssaeazssay 2raml 6mwes

T G Sl Dl ol oewe duio melz rom | oviesais wuie o
Zsus 207 708 | 07iees zesio 689 731 09

% Dioew e anz 7| ogses e mes Taim
500 131603 fa0ss 30721 78| 0B7e zE070 3068 7703
00 kg sers o assw| bomiss mee s0a47
500 17812 31314 a7y asisa| Liser2 31306 usse sz
0 2002 Tz Toes 7| iafii Swe T0Lo e
00 2aus wreo w28 9l e wm2 emus
W0 Firsio seee; i3s3 oauro| lesoos aeas ss9s 90608
900 Z706% 363 43077 0.4598| 180417 e 43973 9272
o o ks i oie| Lo dees lezo sui
1100 3isbis 42596 4933 211226 @94 46931 9g2e
10 33058 4705 sis04 100804 | saieas 4703 $1802 oeal
1300353026 dssr su3a 102029 | Zazoio sess
__reomwmusiero B
sw O3 2607 7481 60207 | O3se0 2iees 27562 €758
o Qa3 20433 sesss 70610| 036212 2394 ms0s G9ess
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500 Osza6l 28033 30646 7d6ld| 04342 14 020 737M0
380 0570l 28830 3ea1 76ws| 047ade zs@ls sies1 75del
W00 Oéiral 237 7z 77%% | 051 2e2s 32708 17087
500 07109 31300 MeAs 808 | 050200 3iz82 3434 Booel
3004 3025 83544 | DesoTe 32098 37017 82698
70 Oaaeme sl o ssa| oz el gt s
00 008X %€ AlSed BAZO| 082457 36632 4119 8736
Soo Douzer smise ssses soss| oawire smssa 432 3sie
1000 117480 40540 deAL4 D2o6e | 097893 483E dseli 91821
1100 126728 42590 des 9aze| 105600 sses 924 93420
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150 Vi dceed siize 97797 | 121012 4864 34125 9958 | 05076l 4686 S4122 95625
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Saturate rfigorant.134a-—Pressure table
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