USN 15SME43
Fourth Semester B.E. Degree }S}% \fl'.:ﬁation, June/July 2018
Applied Thermodynamics
\\QQ:{R
Time: 3 hrs. > Max. Marks: 80

Note: 1. Answer any FIVE Sull g\ifésf{iohs, choosing one full question Jrom each module.
2. Use of th ermodyngniii‘ifﬂata handbook is permitted,

3

N Module-1
. o N, > . .
1 a.  Derive an expres%{xs@gr‘fnean effective pressure in an air standard Otto cycle. (08 Marks)

b. Compression /{atigb\_g)\f'an air standard dual cycle is 8. Air is at 100 kPa, 300 K at the
beginning of(ihe'@d’fnpression process. The temperature of air at the end of constant pressure

by
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heat addi}ié}j\'))fr{f(:ess is 1300 K. The net heat transfer to the cycle is 480 kJ/kg. Determine:
g i) H acii:ﬁ;&ﬂ"ed during constant volume per kg of air
£ ii) A\&fandard cycle efficiency and 7
< (jﬁ)\mﬁép. (08 Marks }" b)
. N N
E OR D
5 ycle, the optimum pressure ratio for maximum wor,l_c\.@%t t of
SRR Y NN
g N { T, } e N R

1'?;'1 D) L =Ncnr F éf:,\ \1\(/

\g 1) ((\ NS

where n¢ and nr are the isentropic efficiency of compressor and tgjﬁl‘@é“’fespectively, Ts and

Tt = maximum and minimum temperature of the cycle respecti\@j},ig}vé Cy/C, (08 Marks)
b. Determine the network output and thermal efficiency of an{ii\if;‘dﬁ’gas turbine cycle having
two stages of compression with perfect intercooling, twerstapes of expansion with perfect
reheating between the stages and an ideal regenerator. 1}])7:\;6%rall pressure ratio of the cycle
is 4 and the maximum temperature of the cycle i$:900°C. Assume that the atmospheric
temperature is 15°C and the cycle is designeg};\{dﬁf maximum work output. Draw the

AN

schematic and T-S diagrams for the cycle. ¢ o (08 Marks)

aw diagonal

Diitiieny

Gl
Modulg«2
3 a. Why is Carnot cycle not practicable fé@é&m power plant? Explain briefly with the help of

L

T-S diagram. o (06 Marks)
b. Discuss the effect of (i) Boiler p;;&:&iure and (ii) Superheat on the performance of a Rankine
cycle. SFY (06 Marks)

¢. A steam power plant opc@@@fs}}(\)}] a theoretical reheat cycle. Steam at boiler with 150 bar,
550°C expands through tﬁq)ﬁi{gh pressure turbine. It is reheated at a constant pressure of 40

.....

bar to 550°C and exgands through the low pressure turbine to a condenser at 0.1 bar. Draw

N
o

h-s diagrz}m and ﬁ§§5\> . '
1) Quality of@é@{y at turbine exit
i) Cycle efficighcy

I SO

i) Steq:@;?%tgﬁi’}x kg/KW.h (04 Marks)
o t\\‘\‘\f;
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Important Note : 1. On completing your answers, compulsorily dr.
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4 a. With the help of flow and h-s diagram, derive an e)ﬁ{(ésé&on for cycle efficiency and also fo:

mass of steam bled in a practical regenerative steaﬁ%\cycle with one open feed water heater.
( [ ‘ (08 Marks

b. Steam at 30 bar, 350°C is supplied to a steﬁxmfu’rbme in a practical regenerative cycle anc
the steam is bled at 4 bar. The bled st m\éomes out as dry saturated steam and heats the
feed water in an direct contact type f Wwater heater to its saturated liquid state. The rest o
the steam in the turbine expands\to ndenser pressure of 0.1 bar. Assuming the turbinc
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i) The turbine efficiency "%/

i) Steam quality at the cOndeﬁ%er inlet

iii) Mass of steam bleq per\kg of boiler steam

iv) Cycle efﬁcwncy\\l N (08 Marks

S Module-3
5 a. Withneat skgf{tc}l explain the Orsat’s apparatus used for exhaust gas analysis. (06 Marks
b. The prgd"u\cts ‘of combustion of an unknown hydrocarbon CiHy have the followin;
comp: @h’ as measured by an Orsat apparatus: CO; = 8.0%, CO = 0.9%, O, = 8.8% an
rest iS*N3 Determine:
@7 -(Composition of the fuel
Q\&jg “'The air-fuel ratio

\\;« 1i) Percentage of excess air
{\ ( iv) Dew point temperature of the products if the total pressure is 1.0 bar. ”,Q Q@Marks
R - R
?Q;\\> a. Explain the principle of conducting Morse test on IC engines for dq}er{ﬁmmg frictiona
<« power. Q\\\Q\ N (04 Marks
\\\ \ b. List the factors affecting the detonation. NG N />/ (02 Marks

c. A 4-cylinder 2-stroke petrol engine has a bore of 57 mm anc[@t)@k’e of 90 mm. Its ratec
speed is 2800 rpm and is tested at this speed against a br, @\whlch has a torque arm o
0.356 m. The net brake load is 155 N and the fuel consﬂgf%‘ron is 6.74 lit/h. The specifi
gravity of the petrol is 0.735 and it has a calorific va;lﬁé\b 44200 kJ/kg. A Morse test 1
carried out and the cylinders are cut-out in order &2 3,/4 with corresponding brake load

111, 106.5, 104.2 and 111.3 N respectively. Calcul eFor this speed :

i) The engine torque ii) Brake meatr effective pressure
iii) Brake thermal efficiency iv) B§FC\,
v) Mechanical efficiency v1)\\1\r}§ijtzated thermal efficiency. (10 Marks

o Eule-4
7 a. A vapour compression plant usek’(%n and is to develop 5 tonnes of refrigeration. Th:
condenser and evaporator temige\(afures are to be 40°C and —10°C respectively. Determine:
i) The refrigerant flow patb\gh kg/s
ii) Heat rejected in the condenser in KW
iii) COP R /\
iv) Power requlx;ed\ﬁgdnve the compressor (06 Marks
b. An air refrlgeraggén *\ystem working on Reversed Brayton Cycle with 15 tonnes capacity ha-
its pressure- x‘dng;& 1 bar to 10 bar. Air enters the compressor at —5°C and enters the expande

at 25°C/@‘s§ummg the isentropic efficiency of expander and compressor each has 85%

find: §) \Gi’p ii) Air flow rate and iii) Power required. (06 Marks
c. W/hat a} the desirable properties of good refrigerant? (04 Marks
(\/\ s
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8 a. With a neat sketch explain the working of air’g\e’éﬁ\dj'tiéning system for hot and dry summer
condition. Show the processes on psychrometgic) thart. (08 Marks)
b. It is required to design an air conditionjng\plant for a office room with the following
conditions: N

NS
Outdoor conditions: 14°C DBT and (G WBT
Required conditions: 20°C DBT anxi\?)‘(ﬁ% RH
Amount of air circulation = 0.3 jajfj\msiﬁ/person
Seating capacity of office = 60,
The required condition i§ athieved first by heating and then by adiabatic humidifying.
Determine: N
i) Heating capacé{ﬁ;\\:&ti'the coil in KW and surface temperature required if the by-pass

factor of the ¢qilis0.4.

Ny

if) The capagit g}zﬁf"the humidifier. (08 Marks)
‘(ﬁi(‘i/\/;’/r'
T NN
N Module-§

9 a. Deri\\'éi;th__\g\)\(\:bndition for minimum work required by a two stage air compressor with perfect
intercaoling between stages. Assume the compression follows the law PV" = C for stage- (/;\‘)
Lo

\ éﬁ@‘fd{ the stage-2 follows PV™ = C. Reduce this equation when n = m. 08 Marﬁ‘s\)s "
R\a : : . . 3 . e O N
Q,\\@ single stage, double acting air compressor, required to deliver 14 m® of air per.

) @;}tg‘;\?‘measured at 1.013 bar and 15°C. The delivery pressure is 7 bar and speed is 300 é:g@;‘”"{éake

~\{™ the clearance volume as 5% of swept volume with the compression and expagpidn index,
“ n=1.3. Calculate: N &

i) the bore and stroke of the cylinder assuming L = 1.2 D

ii) Delivery temperature

iii) Indicated power required.

OR
10 a. Prove that maximum flow rate of steam per unit area through @
AN

. . AN . ..
of pressure at throat to the inlet pressure is equal to (*Tj where n = isentropic index of

expansion. NN (08 Marks)
b. An adiabatic steam nozzle is to be designed for:a discharge rate of 10 kg/s of steam from
10 bar and 400°C to a back pressure of 1 b§( The nozzle efficiency is 0.92 and the frictional
loss is assumed to take place in the.diverging portion of the nozzle only. Calculate:
i) Velocity of steam at throat and exit%f;%’l’fe nozzle, ii) Throat and exit area. Assume index
of expansion = 1.3. PR (08 Marks)
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