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Thermodynamics

Revised Syllabus of ESE: Thermodynamic systems and processes; properties of pure substance; Zeroth, First
and Second Laws of Thermodynamics; Entropy, Irreversibility and availability; analysis of thermodynamic cycles
related to energy conversion, ideal and real gases; compressibility factor; Gas mixtures. (Topic of Power Plant:
Rankine) (Topics of IC Engine : Otto, Diesel and Dual Cycles).

1. Basic Concepts, Work and Heat

m An ideal gas is heated at constant volume until its temperature is 3 times the original temperature,
then it is expanded isothermally till it reaches its original pressure. The gas is then cooled at constant
pressure till it is restored to the original state. Determine the net work done per kg of gas if the initial

temperature is 350 K.
[10 marks : 2003]

Solution:
The following three processes that form the cycle are shown in p-v diagram.

(i) Process1-2: Heatingat v= C p
(i) Process?2-3: Expansionat T= C P,
(i) Process3-1: Coolingat p= C
Given data: I, = 3T,
T, = 350K
T, = 3x350=1050K P, = p,
P> T2 v
For process 1-2, == = £=3
p T
Work done per kg of gas: w,, =0 [vy =]
For process 2-3, P,V = P3Vs
or . B A1 [ py=pyl
vy P2 P2 3 I

Work done per kg of gas: W, = RT, |ogeV—3 =0.287 x 1050 log,3 = 331.06 kJ/kg
Va

For process 3-1,
Work done per kg of gas: Woq = py(vy=vy) = R(T, - T,)
= 0.287 (350 - 1050) = - 200.9 kJ/kg
Net work done per kg of gas: w,, = w,, + W, 5 + wy ;=0 + 331.06 - 200.9 = 130.16 kJ/kg

net
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m The heat capacity at constant pressure of a certain system is a function of temperature only and
may be expressed as

41.87

C, = 2.093 + JIeC
t+100

where t is the temperature in °C. The system is heated while it is maintained at a pressure of
1 atmosphere until its volume increases from 2000 cm? to 2400 cm? and its temperature increases
from 0°C to 100°C.

(i) Find the magnitude of heat interaction.

(i) How much does the internal energy of the system increase? [5 + 5 = 10 marks : 2009]
Solution:
Givendata: V, =2000cm? V,=2400cm?; T,=0°C=273K; T,=100°C=373K
41.87
i) Gi = 2.093+ Jrc
(i) Given Cp 71100

For constant pressure process,
2 t
J'SQ =], del‘
1

ot 41.87 - t, +100
Q ., = J‘[1 (2.093+det = 2.0936 (t, - ;) + 41.87 In(—t1 100
= 209.3 + 29.02 =238.32 J

(i) Work done in the process,

2 2
W, - L pdV = pL aV = p(lh = V4) =1.01325 x 105 x (2400 - 2000) x 106

40.53J
Change in internal energy,
AU = U,- U, =AQ,,- AW, , =23832-40.53 =197.79 J

m Obtain an expression for the specific work output of a gas turbine unit in terms of pressure ratio,
isentropic efficiencies of the compressor and turbine, and the maximum and minimum temperature,
Ty and T,. Hence show that the pressure ratio r, for maximum power is given by

T y/2(y-1)
r, = [nrnc 73] [10 marks : 2011]
1

Solution:
In an actual gas turbine, the compressor and the turbine are
not isentropic, some losses occur due to internal friction.
For actual compression process 1-2 in the compressor:
Compressor efficiency: n.. It is defined as the ratio of
isentropic increase in temperature to the actual increase in
temperature in the compressor.
Mathematically,

Compressor efficiency: Ne = (Ansﬂ s
(A T)actual Actual cycle without pressure losses
N, = M ()
(o T2 _ 7‘1

The compressor efficiency is also called the isentropic efficiency of the compressor.
Forisentropic process 1-2s,
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or T

&

y-1
)
P

(i)

For given values of T;, p, and p,, we can determine the value of T,. By substituting the value of T, in Eq. (i),
we can find out the value of T, at given value of n.

For actual expansion process 3-4 in the turbine:
Turbine efficiency: m. It is defined as the ratio of the actual decrease in temperature to the isentropic

decrease intemperature in the turbine.
Mathematically,

Turbine efficiency: up

Ny

(A7)

actual
(A 7—)isentropic

TS - T4s

The turbine efficiency is also called the isentropic efficiency of the turbine.

Forisentropic process 3-4s,

or T

y-1
)
P

Ty
bl

(i)

. (iv)

For given values of T;, p; and p,, we can determine the value of T,.. By substituting the value of T, in Eq. (iii),
we can find out the value of T, at given value of n;.

Process 2-3: Heat suppliedat p= C

Heat supplied: Q,,
For unit mass flow rate,
Heat supplied: G4
Actual turbine work output: W,
For unit mass flow rate, Wy 4
Actual compression work required: W, ,
For unit mass flow rate, W, ,
Net work output: et
Wnet
Nr
or =T,
w

mc, (T,-T,)

CP(T3—TZ)

W, = mc, (T,-T,)
Wy = CP(T3— T,)
W, = mc, (T,-T,)
We = cp(Tz— )

Turbine work - Compressor work

Wy — W,
C, (T,-T,) - cp(Tz— )

TS - T4s

Ny (T3- T,

or

c
CoNr (T3 - T4s)——p (Tzs - 71)
Mc

TZS_TT
A
TZS_T1

I,-T, = —T'lc
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v-1

. T. v
For ideal process 3-4s, = -, =rf
T4s T
or T, = _32
'p
= -Z
T4s - T3 rp
T. 71
For ideal process 1-2s, 25 Y :rpz
T
= z
o 7325 =T
z
Wnet = CPnT (T3 T3fp )

For maximum work output condition for the actual cycle,

dw
net _ O
drp
47 C
coMr |:O—T3 (-2)r, " 1]——p(T1 zr,”! O) =0
Nc
. Tz
or W Tz, -——L— ¢
Nc
T2
-z-1 _ 1'p
or Ny lar, T e
z-1
e = =
[ T
T3 2z
or = =
Mr Ne T1 p
I3 z
or S o=
nr Me T, P
-
o L o_gv
¥
T3 | 2(y=1
or rp = [nrnc ?3] =)
.

(59

m A spherical balloon of 1 m diameter contains a gas at 200 kPa and 300 K. The gas inside the balloon

is heated until the pressure reaches 500 kPa. During the process of heating, the pressure is
proportional to the diameter of the balloon. Determine the work done by the gas inside the balloon.

Solution:
Givendata: D, =1m; p,=200kPa; I, =300K; p,=500kPa

As p e D
A _ D
P> D,
200 Db
500 D,

or D, = D;x25=1x25=25m

[10 marks : 2013]

5,

~

|
'
1
\
\
\
\
\
\
.
N ,
N .
Seo
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KB} A cylinder having a piston restrained by a linear spring (of spring constant
15 kN/m) contains 0.5 kg of saturated vapour water at 120°C, as shown in
the figure. Heat is transferred to the water, causing the piston to rise. If the
piston cross-sectional area is 0.05 m?, and the pressure varies linearly with
volume until a final pressure of 500 kPa is reached. Find the final temperature

s wlke!

av

w
w

- [pav

. ﬂn@f
T 3\2

3n

_ T p2dp = gDde

6

P_Pa

= Constant(C)
4 i
“53°"0)=5

[**(co)xZp%ap - T
1 2 2 N

P
C=L5"=200kPa/m
(o= §-2004pan]

314 200x10° (25°-7)
X X

2

1

in the cylinder and the heat transfer for the process.

The properties of water are given in the Table below:

4

2988 x 10° J = 2988 kJ

[10 marks : 2014]

t(°C)| p(kPa) |v,(mkg)| u,(kJ/kg)| h,(kJkg)
120 198.50 (psy) | 0.89186 2529.2 2705.9
151.83 | 500.00 (Ps) | 0.37477 | 2559.5 | 2746.6
801 500.00 0.99055 3664.2 4159.2
802 | 500.00 0.99147 3666.1 4161.6
803 | 500.00 0.99240 3668.0 4163.9
804 | 500.00 0.99333 3669.9 4166.3
805 | 500.00 0.99425 3671.8 4168.6
Solution:
Let the initial compression in the spring be x,,
Equilibrium equation at state 1
Initially ko p A,
R N
|
t Tp1 IAP? bt

x, = Initial compression

p, = Atmospheric pressure

Py x Ay = kg + Py x A,
where, p, = Saturation pressure at 120°Ci.e., 198.50 kPa.
A, = Area of piston, 0.05 m?

After the heat is transferred in the cylinder, let the piston has moved by a distance x.
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Equilibrium equation at state 2
,O2><Ap = Klxy +x) +pOxAp ..(2)
where, p, = Final pressure inside the cylinder, 500 kPa

Kixg + x)
Finally Pyx A

lll‘lll|

p

Subtracting equation (1) from (2)
(,02—,01)><Ap = K-x
(500 -198.50) x 0.05 = 15 x x

x = 1.005m
At state 1, m = 0.5Kg, U; = Uyarpgec = 2529.2 kJ/kg
Vi = v;xm

Vi = Vgaraoc = 0.89186 m¥kg
V, = 0.89186 x 0.5 = 0.44593 m?3

At state 2, V, =V, +xx Ap
= 0.44593 + 1.005 x 0.05 o

= 0.49618 m?
P2

V.
Specific volume, v, = EZ ~ 0.99236 m3/kg

From given table, at v = 0.99236 m3/kg Py
I, = 803°Cand u, = 3668.0 kJ/kg

W, , = [pav

1
Wio = Spitpa)(l - 1)

W, - %(198.5+500)(0.49618—0.44593) = 17.5498 kJ

According to Tstlaw of thermodynamics
Qup = U+ Wiy =mlu,-u) + W,
Q,, = 0.5(3668.0-2529.2) + 17.5498
= 586.9498 kJ

m 1 m3 of air is heated at constant pressure from 15°C to 300°C and then cooled at constant volume
back to its initial temperature. If the initial pressure is 1.03 bar calculate the net heat flow and overall
change in entropy. Show the process on a T-s diagram. [5 marks : 2014]

Solution: T
Givendata: V,=1m3 p,=p,; T,=15°C=(15+273)K=288K 573«
T, = 300°C = (300 +273) K = 573 K; p, = 1.03 bar = 1.03 x 10° Pa

¢, = 1.005 kJkgK: ¢, = 0.718 kJ/kgK; R = 0.287 kJ/kgK

. pV4 1.03x10°
: = = =1.246k 288 K
Mass of air m RT, ~ 287x 288 g

Q=0Q,,+ szgzmcp(Tz—T1)+ch(T3—TZ) S
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= me (TZ - T1) + mCV(T1 - TZ) ( T1 = Tg)
=m(T,-T,) (Cp— c,)=1.246 (573 -288) (1.005-0.718)
=102 kJ

For constant p process,

573
288

T2

J = 1.246x1.005xloge(
T

S,- S, = mcp Ioge(

For constant volume process,

T- T
S-S, = mc,10ge (%) = mc, loge (?;)

) =0.8614 kJ/K

= 1.246x0.718 x10g, (%) = -0.6154 KJ/K

Overall change of entropy,
AS=(S5,-S) +(S;-S,) =0.8614-0.6154 =0.246 kJ/K

A certain mass of air is initially at 260°C and 700 kPa and occupies 0.028 m3. The air is expanded at
constant pressure to 0.084 m3. A polytropic process with n = 1.50 is then carried out, followed by a
constant temperature process which completes the cycle. All the processes are reversible processes.
(i) Sketch the cycle on p-vand T-s coordinates and
(ii) Find the efficiency of the cycle. [10 marks : 2015]

Solution:

Given data: T, = 260°C = (260 + 273) K = 533 K, p, = 700 kPa, V, = 0.028 m3, V/, = 0.084 m?

p T

@ przC @ @

Applying equation of state at state 1,

p vy = mRT,
700 x 0.028 = m x 0.287 x 533
or m = 0.1281kg
Forisobaric process 1-2,
-
T - L (Charles law)
T, _ 533
0.084 0.028

or T, = 1599K

For polytropic process 2-3,
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533 (0.084)" (0.084)"
1599 Vs oy
1
TV
1599 3
(533 )2 _ 0,084
1599 A
or Vv, = 0.756 m?
For process 1-2, Work done: W,, = p, (V,-V,)
= 700 (0.084 -0.028) = 39.2 kJ
Heat transfer: Q., = mcp(Tz— )
= 0.1281 x 1.005 (1599 - 533) = 137.23 kJ
mR(T3 - T,)
For process 2-3, Work done: W,, = i
0.1281x0.287(533-1599
= ( ) =78.38 kJ
1-1.5
Y-n 1.4-1.5 3
Heat transfer: 02_3 = (Y__I)XW23 = (ﬁ x78.38=-19.59 kJ
For process 3-1, Work done: W,, = Qs =mRT, |Oge%

Net work done:

3
0.1284 x0.287 x 533 Ioge% =-64.73 kJ
0.756

Wi, + W5+ Wo,
39.2 +78.38-64.73 =52.85kJ

Solved Papers

Heat supplied: Q, = Q,=137.23kJ
Net work done W, 52.85
The efficiency of the cycle, = : = et =0.3851 = 38.51%
y y "~ Heatsuppled = Q. 13723 ?

m The pressure in an automobile tire depends on the temperature of the air in the tire. When the air
temperature is 25°C, the pressure gauge reads 210 kPa. If the volume of the tire is 0.65 m3, determine
the pressure rise in the tire when the air temperature in the tire rises to 50°C. Also determine the
amount of air that must be bleed off to restore pressure to its original value at this temperature.

Assume atmospheric pressure to be 100 kPa and R = 0.287 kJ/kgK.

Solution:
Given:

P = 100 kPa;

T,=25°C =298 K; p, =210kPa+ 100 kPa = 310 kPa;
R = 0.287 kJ/kgK

[20 marks : 2017]

V=0.65m3

When I, = 50°C, (let p, be the pressure inside the tire)
| PV 310x10° x 0.65

mass of air m = RT, T T 287x 298 = 2.356 kg

o mRT,  2.356x0.287 x 10° x (273 + 50)
As volume of tire is constant p, = =

v, 0.65
p, = 336kPa
Pressureriseintire = p,-p, = 26 kPa

To restore pressure to its original value (p, = 310 kPa) at T, = 50°C, let Am be the mass of air that must be

bleed off.
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and

Am =

m-m,
PV

——, where p, =
RT, Pr =P

310x10° x0.65

287 % (273 + 50)

2.356 kg

2.356 - 2.1736 = 0.1823 kg

= 21736 kg

2. FirstLaw of Thermodynamics

m An insulated tank of 1 m3 volume contains air at 0.1 MPa and 300 K. The tank is connected to high
pressure line in which air at 1 MPa and 600 K flows. The tank is quickly filled with air by opening the
valve between the tank and high pressure line. If the air pressure finally in tank is 1 MPa. Determine
the mass of air which enters the tank and entropy change associated with filling process.

Solution:

Initial condition in the tank,
Givendata: V=1m?% p, =0.1MPa=100kPa; T, =300K

pV, = mRI,

100 x1 = m, x0.287 x 300
or m, = 1.161kg
Final condition in the tank, p, = p;=1MPa =1000 kPa
Inlet condition, p, = 1 MPa =1000 kPa
I. = 600K

Applying unsteady flow energy equation,

2

ml.(hi +\%'+gzl.)+0—me(he+v?e+gzeJ—W = m, U, - m, u,

where

where

or

or

Q=0

insulated tank

W = 0 constantvolume
Change in K.E. and P.E. are neglected

me

m, h,

mi

(m, —m,) h,
m, h.—m, h,
m, (h, = u,)

m, (Cp Ti_ ¢, TZ) =

c
m,C, (C_pTi - Tz]
Vv

m, (yT.- T,)
paY
T,-T.
RTZ (Y i 2)

P, I
Be oy Dyt -,
by Tz( 2)

0 noexit

my U =my U

my = m,

my Uy =My ty

my Uy = my Uy

m, (h; - uy)

m, (cp I-c,T,)
“p

mc, (C_Tl - 7_1]

v

m1(y7—i_ T—|)
4

/;_71(1(71' -T,)

V=T

[20 marks : 2002]

éx—> p;=1MPa, T,=600 K \)

V=1m?
py=0.1 MPa
T,=300K




10 m Mechanical Engineering - Paper-| QWW@[

Solved Papers

1000 _ 300

———x—(1.4x600-T,) = 1.4 x 600 -300

100 T,
or 252000-3000 7, = 5407,
or 3540 T, = 2520000
or I, = 711.86K
Final mass in the tank: m,

p,V = m,RI,
1000 x 1 = m,x0.287 x 711.86

or m, = 4.894kg
Mass of air enter the tank: m, = m,-m, =4894-1.161 = 3.733 kg

due to filling process entropy of mass which was already present in tank also increase.
(As)filling = (As)entering + (As)tank

- m [cp In(i) - Rln(&J]+ m [cp In(i) - Rln(&)jl
T; P; T P
= 3.733[1 .OO5In(71 ! '86) - O.287In(1):| +1 .161[1 .005ln(71 ! '86) - O.287|n(i):|
600 1 300 0.1

0.6410 + 0.241 = 0.882 kJ/K

m A large vessel contains steam at a pressure of 20 bar and a temperature of 350°C. This large vessel
is connected to a steam turbine through a valve followed by a small initially evacuated tank with a
volume of 0.8 m3. During emergency power requirement, the valve is opened and the tank fills with
steam until the pressure is 20 bar. The temperature of the tank is then 400°C. Assume that the filling
process takes place adiabatically and the changes in potential and kinetic energies are negligible.
By drawing the control volume, calculate the amount of work developed by the turbine in kJ.

[10 marks : 2004]

Solution:
Given data: For large vessel, p = 20 bar, T=350°C
From superheated steam table,

At p = 20bar, T=350°C
h, = 3137 kJ/kg
Tank initially evacuated,
e m =0 p =20 bar
V = 0.8m3 e Large vessel
At final state in the tank,

p, = 20bar T, =400°C
From superheated steamtable, ,

At p, = 20 bar, T2 =400°C ,
Turbine :b

u, = 2945.2 kJ/kg
v, = 0.1512m3/kg

v |

also 2 = o Initially evacuated| !
v=08m i
01512 = 28 o nsuatedtank |
m;
or m, = 5.29kg

Applying unsteady flow energy equation for steam turbine,



MRDE ERSY Thermodynamics 11

2

V. V2
m; (hi +?+gz,.)+ Q- me(he +?e+gze) W = (mauy —myuy )turbme
where Q = 0 adiabatic flow

Change in K.E. and P.E. are negligible

No initial and final steam in the turbine

ie., m, = m,=0
. m.h, = m,h,+ W
o W= (mi hi — Mg he)turbine (1)
Applying unsteady flow energy equation for insulated tank,
% V2
m,.(h,. +?+gz,.)+Q—me(he+79+gze]+W =(m, u,-m, u,)
where Q = 0 [adiabatic process]

W =20, [-V=C]
Change in K.E. and P.E. are negligible

m, = 0 (noexit)

m, = 0 (initially tank evacuated)
- (M M) = My Uy
where  energy outlet of the turbine = energy inlet of the tank
m,h, = m,u,
Substituting m, h, = m, u, in Eq. (i), we get

W = m h-m,u,=m,(h - u, mo=m

= 529 (3137-2945.2) = 1014.62 kJ

m An air compressor is used to fill rapidly a 3 m3 tank at 20°C and 1 atm. The filling process is governed
by the law pv'*4 = constant. The kinetic and potential energy effects are negligible. The ratio of the
final to the initial mass of air in the tank is 4. Work out the following:

(i) Sketch the system and list the assumptions made
(if) Work input to the compressor. [15 marks : 2007]

Solution:
Given data: Initial condition in tank: V, = 3 m?3, T, = 20°C = (20 + 273) K = 293 K
p, = 1atm = 101.325 kPa, Filling process is governed by law pv'“ = constant
Final mass of air in tank : m, = 4m,

Assumptions:
1. Adiabatic process: Q =0 ! Vi=3m? Vo=V
L . . | T,=20°C 7,=2 | |
2. Change in kinetic and potential energy are negligible | py=1atm p,=? oy
p,V, = mRI, i Process 1-2 i/
101.325x3 = m, x0.287 x 293 i |
or m, = 3.6148kg ©—1-® !
: m, = 4m, = 4 x 3.566 = 14.459 kg ; i
pv = mRT ! Compressor :@H—E—W
p _R 5 |
— = —=C, Rand Vare constant. ;
mT v !

0] @)
For process 1-2, B Airlnlet
mT m,T,
101.325 b,

m,x293  4mT,
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or p,=138T,
For adiabatic filling tank process,

-1
L _(p)7
h by

1.4-1
T (1.38T2 T :( 1.38 )0'2857”0,2857
293 \101.325 101.325 ?
T, 138 0287
oo = 293X| ——+— =85.86
o 7,028%7 (1 01 .325)
or T,07143 = 85.86
:
or T,- (85.86) " =509.62 K
. dm o . .
Mass conservation, (E) = m, —m, (- no exitof mass m, =0)
m,—m, = m;
and U,- U, = mh +Q-rmh, - W,
No heat transfer Q=0 m,=0

m,c,T,-m,c, T, = mh -W_,
14.459 x 0.718 x 510.11 —36148 x 0.718 x 293—108445 x1.006 x 293 = - W_,
W, = - 1341.9529 kW
Negative sign indicates work supplied.

m Steam enters a turbine at an enthalpy of 3300 kJ/kg and a velocity of 180 m/s. The steam comes out
of turbine at an enthalpy of 2700 kJ/kg with a velocity of 120 m/s. At the condition of steady state, the
turbine develops work equal to 550 kJ/kg of steam flowing through the turbine. The heat transfer
between the turbine and its surroundings occurs at an average temperature of 370 K. The entropy of
steam at inlet and exit of turbine are 6.932 kJ/kgK and 7.361 kJ/kgK, respectively. Neglecting the
changes in potential energy between inlet and outlet, work out the following:

(i) Sketch the system and show the process on p-v and h-s diagrams.
(i) Calculate the rate at which entropy is produced within the turbine per kg of steam flowing.
[10 marks : 2007]

Solution:

Let us take entering state as (1) and exit state as (2)
hy = 3300 kJ/kg

V, =180 m/s
@ s, = 6.932 kJ/kgK p 1

Turbine :@ W =550 kJ/kg

hy = 2700 ki/kg
@1 v,=120mss 2s 2

s, = 7.361 kd/kgK

P

2s

(a) Steam turbine (b) p-v diagram (c) h-s diagram
At inlet state-1,
h, = 3300 kJ/kg
Vv, = 180 m/s
s; = 6.932 kJ/kgK
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At outlet state-2,

h, = 2700 kJ/kg
V, = 120 m/s
s, = 7.361 kJ/kgK

Applying energy equation for steady flow

% Vi
q+(h1 +%J - W+(/’12 +72J
Note: Make all terms in kJ/kg
v v
+| M+ = w
I (fﬁ 2000) +(h2 2000
where g, w, h,, h,are inkJ/kg
and V;and V, are in m/s

or = w+(h —h)+( v W )
9= 2™ 2000 ~ 2000
2 2
_ 550+[(27oo-3300)+(120 _ 180 H
2000 2000

550 + [- 609] = - 59 kJ/kg
Applying second law to the steady flow

as Q
s +Zm;S; = ZMySy + Sgen
as
As o 0 (steady flow)
Entropy generated per second,
Q Q
Sgen = MS, = Ms; = T " m(s2 -5 _W)
S
on g 54
m T

559 - (7.361—6.932)—(—%) - 0429 + 0.1595

0.588 kJ/kgK

%)
Il

EA tank contains 50 kg of water initially at a temperature of 30°C. Water at the rate of
200 kg/h and temperature of 30°C enters the tank through an inlet pipe. A cooling coil immersed in
the tank removes heat energy from water at the rate of 8 kW. A mechanical stirrer ensures thorough
mixing of water in the tank so as to maintain a uniform temperature of water at any instant and in the
process add heat energy at the rate of 0.2 kW to water. Neglecting kinetic and potential energy
changes and taking the average specific heat of water as 4.2 kJ/kgK, derive an expression for the
variation of instantaneous temperature of water in the tank with respect to time.

[10 marks : 2008]

Solution:

For given control volume, mass conservation

(dm) o
e = m; =M,
at Jey

Since mass leaving control volume m, =0

(G - o
dt o, = M
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m,-m, = m 0

1

Applying energy balance for control volume neglecting kinetic and potential energy changes.

du ) . ] )
E cv. = rnlhz + Q_ mehe — VVCV (”)

Consider after time ttemperature of mass in control volume is T
Water enter into control volume after time tis m, = 200t
-~ from equation (i) m, = m, + 200t =50 + 200t

. equation (ii) becomes m, u, = my u, _f(rh,-cT,- +Q-W,,)dt = mcT, + Q- W,,
(50 + 200t) 4.2T-50 x 4.2 x 303 = (200¢t) 4.2 x 303 + (0.2t) 3600 - (8t) 3600
50 (1 + 4t) 4.2T = 226440t+ 50 x 4.2 x 303

1078.28t + 303

r= 1+ 4t

m A pressure cylinder of volume V contains air at pressure p, and temperature T,,. Itis to be filled from
a compressed air line maintained at constant pressure p, and temperature T,. Show that the
temperature of air in the cylinder after it has been charged to the pressure of the line is given by

T YFT
1+g(1)[YT;_1] [10 marks : 2011]
Solution: é& — o T, _» \{

I, = Initialtemperature in a cylinder
p, = Initial pressure in a cylinder ®_|Va|ve

V' = Volume of air in a cylinder () 0)
p; = Pressure of airin pipeline

I, = Temperature of air in pipeline nsulatod
T = Temperature of air after cylinder charged Iniﬁal, Z??;Lﬁon /Qih’nii}

P, Pressure of air after cylinder charged = p,
Applying unsteady flow energy equation,

V? A
m,{h,. +?+gziJ—me(he+79+gze)+Q—W = mu-myt, ...(1)

where Q =0 (Insulated cylinder)
W =0 (Constantvolume cylinder)
Change in K.E. and P.E. are neglected

m, =0 (Noexit)
.. Equation (1) becomes, mh, = mu- myu,
where m. =m-m,

(m—my) h. = mu-myu,
mh, —my h; = mu-myu,
m (h, -

m (cpTl. -c,l) =m, (cp I.-c,T,)

c c
mc, (—pTi —T] - myC, (—pTi —TO]
c, c,

myT-T) = my(yT,- 1))

u) = my (h - u,)





