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FOURTH SEMESTER DIPLOMA EXAMINATION IN MECHANICAL ENGINEERING

THERMAL ENGINEERING
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Open system is one in which, the system permits  gepyin
the transfer of mass and energy across the
boundary of the system

Mass in

Zeroth law of thermodynamics states that if two systems 'A' and 'B' are in thermal

equilibrium with each other and 'B' i
system 'C', then 'A’ and 'C' will be in t

n thermal equlibrium seperatly with a third
hermal equilibrium with each other. ZeroOth

law is the basis for temperature measurement.

Air standard efficiency is defined as the ratio of available heat energy for doing

external wogk to the heat supplied during the cycle.
b3

v
When the hea ied away by the product of combustion is not recovered and the
steam formed d g combustion is not condensed, then the amount o’ heat

N

obtained per kg of fue? b}ﬂ):)ed is called lover calorific value (LCV)

{
1) leakage past the piston, SR/%Z high speed of the compressor, 3) Obstruction or
resistance in the inlet valve. 4) vq?ne ting of air due to contact with the cylinder
walls, 5) Inertia of air in the suction ptpé )G

any two points-
2marks

10

PARTB 2

Relation between gas constant and two, .!ms.i.ﬁe.h.eat.s..qiz@{M@iween R, Cp and Cv)
Case 1- Let one Kg of gas at initial condition P1, V1, T1 be heatadl at constant pfessure.

Energy equation for the process Q. = AU+ W

Work done W = P{v2 —v1) N-M

[ )
Q = Cp{T2-T1) (sincegasis heated at constant pressureQ
AU = %

Q-W = Cp (T2~ TAJEPv2 — 0T} L85 Gl i

Case 2-1f the same one Kgof gasis heated at constant volume through the same temperature
range, T1to T2, there isno external work done during the proé&ﬁ. ot ad By

Therefor AU = CUT2—TIN:-M T e

since the gas Is heated through the same temperature change, internal energy change is same for
both the case. ¢

Equating the equation 1 and 2 S dhi St s kel

C;,(T;—T,}-F(v;—v,) = C,,(Tz"'Tﬂ 15 if b g S Ty

Cp(T2a=Th)- CulT2=T1) = Plva=v1) 2 hre @ iRt ig e e

jg#es. !
Co(To=T1) -GlT2=Ta) = R(T2—-T1) {since. Pvy=RTzand Pyvy= RT:)
it sy

Dividing both sides with T2 =Tl we will get R = G- Gy,
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R = 834 =
5

v =

G tven. Mo a2é k.,a_

Sazh Fikgls = orsazbwlligk
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M T Tt Should have Tow 1gnition point, Z] HIgh calorific value, 3) 1t Shouls purn freely|
with high efficiency, 4) It should not produce any harmfull effect, 5) It should not| £
m <
5 produce ar@oul smell, 6) It should produce least quantity of smoke, 7) Can be easily|2 G
i +~ O
storable and captransport easily. i 6
Il parallel flow heat/@xthangers. In this type of heat i =
m
exchangers hot and ¢ol id flows in the same [ — — l E
direction. The hot and uid enters on the — = == ] s
H : . [_Parlilul flow heat exchanger g
6 same side and leaves at the 0 side. t -
Counter flo heat exchangers. In t yge of heat h z
exchangers hot and cold fluid flows iy the LN I* RN~ S 2
opposite direction. The flow arrangemen s .E., N ':l s
shown in figure. L | 6
1 Air compressors ure classified as folidws
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i
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6 Method of cooling Air cool
Water cooled
7 Installation g Portable
Fied 6
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a) For a Saull changt < (Kgob Jas  during Adiabale praces. 1 0
A& = dy+ Pdv Since d@se Fos bllabalic foeces: b o
© = Cudl+Pdy w CydTyerddy =T : __’:": "._'-r,/‘,. P El

Sl a ke o Wy UMM L 5
= hlellny = InT+(F-DD Inv. T i -
=T+ lg&)u) Wy e ﬂa(.'.‘. T Ekt o ~
= W ae,  on pve o Res : / E
te pv". Sl o ove "_"f*i?"““f“f‘ p-v di;g:d;a Vi E@U
Adiabatic process ]
IV | b)| @evem. Vo= odSWR, T, =adle = ammik, B e e hﬂ}-d"
g S '.}Eé""'nnim?'-.. A it ' o 1
I Final “elumae 3 —-( P"_j Vo -Q_{,!_ﬂ !‘-“: cus - c-cna'l:&si :'_'
U Final Temperaltsre T = o ) o r%_%m& - 6% i< E
ap. Weo vl dane = —,é_—,—-{: e L R -t [-_'*%:f';l:'?:;_'} {]“
= 5.;;;.5 =T 15
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ge o B3
The following four strokes are are caried outina = .. " & o s o
four strokg, petrol engine. 1) Suction stroke- g OV ° 3 ;
During Suctio e petrol air mixsture is drawn =~ .20 g
in to the cylinder”2j Compression stroke- during :;'f, E
compressio9n stroke B alves are closed and g =
as the piston moves from m dead centre £ ;r%
to the top dead centre the ixture is £
compressed to high pressure and t ture. 3) ; B
Expansion stroke- Just before the exopapsion 2 2
stroke the spark plug is activated and the air ' é
mixture is ignited. The pressure inside the cylid@@ E
increasses pushes downward. during expansion & — - bt
stroke external work is done. 4) Exhaust stroke- At i
the end of expansion stroke exhaust valve is
opened and as the piston moves from BDC to TDC
the burned gases are ehausted.
VvV |b) _ " X
Dafa Given- _‘_{':4_ = 5 | Vs 3 oV =C
T, = &0 I, P, = Zl bay ) | pV¥ =C
1) Minksaun 'f'wwa&:? A T Syele o] s -
‘ ';%' “'\g‘:“"\‘ . %;;; » TR pv=C — ;'
i) Thevmal sﬁiqug = SERSIRY - 4345
Carnot cycle p-\fm
diagram 15
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Since Vi =Vg, Vo=V Fuln = s T4 R Vv
R I Y P nh-) ST P T‘j;,) 3 =P Otto cycle p-v diagram
7 C 1= T4/7) '

. T. - T TT’_ ”[2 -L = T;;Ti

fig-2, derivation 5
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i) Indicated mean effective pressure- The pressure developed inside the engine
cylinder varies during the power stroke. The average pressure is calculated from the
p-V diagra his average pressure is called mean effective pressure.

ii) Indicated - It is the actual power developed inside the engine cylinder

during acycle. It i culated from the actual mean effective pressure obtained from

the indicator diagram® iii) Brake power - It is the actual power or usefull
OU%ZQSS

power available at the haft for doing external work. It is always less than the
indicated power .
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BP = 20kW, ", B U £ o &

G Nig = blaghn, v = S0e0r Kl Q:é ) E'"’J‘»l — t‘ﬂi;iwa :Mﬁ;miw
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Junkers calorimeter is used to find HCV of liquid and \\}\
gaseous fuels. It consists of a cylindrical combustion X
chamber surrounded by waterjacket which absorbs
heat of combustion. The metered quantity of fuel and
air burn to form combustion products. They rise sd-c i folf
through inner central portionand then flows through LnE
tubes surrounded by circulating water and finally
leaves the apparatus. Cooling water enters at the
bottomand moves upwardsand leaves at the top.
HCV is given by the equation 4.2M x dt/V, Ki/M?
where M is the mass of water collected, dt
temperature change of inlet and outlet water, VO
volume of gas burned at STP

e
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Fig 3, explenation 4
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A single stage single acting reciprocating
compressor in its simplest form consists of a
piston, cylinder, crank shaft connecting rod, inle
and outlet valve. The reciprocating compressor
receives work from a prime mover, so that the!
crank shaft can rotate. As piston starts moving
X | a) from the TDC to BDc suction starts. Inlet valve
opens due to fall in pressure inside the cylinder.
Further movement of piston from BDC to TDC,
compresses the air traped in the cylinder. as the
pressure increases inlet valve closes. As the
pressure increases above the reservoir tank
pressure the discharge valve opens and the
compressed air is delivered to the receiver.

Fig-3 marks, explenation in brief 4 marks.
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SESesew i ane. T
a) |Absorptivity, Rflectivity and Tran é q, i
If a thermal radiation fall on a body, f the \ / 1
thermal radiation is absorbed by the bod
of the thermal radiation is reflected by the
and a part of the thermal radiation is transmltted
by the body.

Qq

absorpti \£ﬂ¥!}; transmission of mcldent radiation

15

Let Qi be the incident total radiation: energy fall on the %y

Q, be the part of this radiation absorbed by the body O

Q, be the part of the radiation reflected by the body O@
Q. be the part of the radiation transmitted by the body

Then = Q, + Q+ QO
Dividing both sides by Q, e ar Y5y = 2

%?- Is the fraction of incident radiation absorbed by the body, called absaorptivity ‘o’

%L; Is the fraction of radiation reflected by the body called reflectivity ‘p”
%—:- Is the fraction of radiation Transmitted by the body called Transmissivity T
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