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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) Process 1-2: Heatingat v= C p
(i) Process2-3: Expansionat T= C Py
(i) Process3-1: Coolingat p= C
Given data: T, = 3T,
T, = 350K
T, = 3x350 = 1050 K P, =D,
P> T, v
For process 1-2, £ = ==3
P I
Work done per kg of gas: w,, =0 [V, =V,]
For process 2-3, DoV = PsVy
Vo Pz _py_ 1
or Vo _ BB_H__ D=
vi P P 3 L pa=pil

Work done per kg of gas: W, = RT,log, Y3 _0.287 x 1050 log 3 = 331.06 kd/kg
Vo
For process 3-1,
Work done per kg of gas: Wy = Pg(vy—Vy) = R(T,=T,)
= 0.287 (350 - 1050) = — 200.9 kJ/kg
Net work done per kg of gas: w,, = W, ,+ W, 5+ W, =0+ 331.06 -200.9 = 130.16 kd/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

C, =2.093 + 41.87
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?3 to 2400 cm?® and its temperature increases
from 0°C to 100°C.
(i) Find the magnitude of heat interaction.

J/°C

(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) Given C,= 2093+ 5 J/°C

For constant pressure process,
2 to
JSQ = |, C,at
/

41.87
t+100

= 209.3 + 29.02 = 238.32 J
(ii) Work done in the process,

t2+100)

)dt =2.0936 (t,— t,) + 41.87 '”(q +100

Q,, = jt:2(2.093+

2 2
W, , = L pdV:pj1 aV = p(Vs - V4) = 1.01325 x 105 x (2400 — 2000) x 106

40.53 J

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,
T; and T,. Hence show that the pressure ratio r, for maximum power is given by

T3 y/2(y-1)
r, = |:nT1’|C ?1]

[10 marks : 2011]

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,

(A 7-)isentropic
(AT)actuaI

TZS _ 7-1

e =T,-T,

s
Actual cycle without pressure losses

Compressor efficiency: Mo =
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The compressor efficiency is also called the isentropic efficiency of the compressor.
For isentropic process 1-2s,

y-1
Tos =(P_2JY
T P

y-1

0, ) ¥ ;
or Ths = 71(??) -..(if)

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 .

For actual expansion process 3-4 in the turbine:

Turbine efficiency: n. It is defined as the ratio of the actual decrease in temperature to the isentropic
decrease in temperature in the turbine.

Mathematically,

AT
Turbine efficiency: n, = (LT) )actual
isentropic
Ty —T,
Ny = ...(iii)
TS - T4s

The turbine efficiency is also called the isentropic efficiency of the turbine.
For isentropic process 3-4s,

or Ty = — (iv)

)’
P
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 ;.
Process 2-3: Heat suppliedat p= C

Heat supplied: Q5 = mcp(T3— T,)
For unit mass flow rate,
Heat supplied: Gy = Cp(T3— T,)
Actual turbine work output: Wy, = W;= mc, (T,-T,)
For unit mass flow rate, Wy, = Wr= Cp(TS_ T,)
Actual compression work required: W, , = W, = mcp(TZ— T,
For unit mass flow rate, Wi, = Wp=C, (T,-T,)
Net work output: W, = Turbine work — Compressor work
Whet = W= We
= cp(T3— Ty~ cp(TZ— T,)
_ _T3_T4 _ Tos =T
= T3 —Tgs Mo = 7—2_7—1
TZS B 7—1
or To=T, = (T3-T,) or T,-T,= ——

Ne
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For ideal process 3-4s,

v-1
T_S :er :fpz (’Y__1=ZJ
Tas v
:
or T = —
o
Ty =T, rp‘z
Forideal process 1-2s,
y-1
h =T T =r z
T, p p
or T, =T, rpz
W = CpnT(Ts Tsrpiz) (7—1 rpZ_T1)
For maximum work output condition for the actual cycle,
aw
net — O
ar,
s C _
c:pnT[O—Tg(—z)rp ‘ 1]——‘7(7}2@72 1—O) =0
e
T.zr,>™
or nT TSer_Z_1 - 7P = O
Nc
7—1 r z-1
or T r —z-1 — P
Nrl3 p Ne
z-1
TS _ Pk _ L z-Wz41 2z
T]Tnc? -z e ='p
1 rp
Ts 2z
or = =
Nr Me T, p
T3 z
or T\Tncf =/
-1
- ( Y—1J
or = =1 SL=ET
nrNc E p Y
Y
T3 | 2(v=1
or rp, = [ﬂrﬂc ?3] (=)
]

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.

[10 marks : 2013]



MRDE ERSY

Thermodynamics

Solution:
Given data:
As

D,=1m; p,=200kPa;
p

ﬁ
Po

200

o<

or

8|
s Olo Db o

W:
W:

KB} A cylinder having a piston restrained

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?2, and the
pressure varies linearly with volume until a final pressure of 500 kPa

is reached. Find the final temperature
transfer for the process.

The properties of water are given in the Table below:

T,=300K; p,="500kPa P LN
D /I/I \\\\
Dy ' (o “:
D, \\ ,:
D2 \\\\\___ __,/’//

D;x25=1x25=25m

Pi_Pe_ Constant(C) {Cz Pi_ono kPa/m]
Dy D, Dy
[ pav
4 (DY 4 n
37(3) ~gral0)=%
S p2ap = ® D2
6 2
25
2.5 T 0 nC 25 4 n z
) (CD)x - D*dD = ?L DD = 2(3( 4 l

314 200x10° (25°-7)
X X
> 1 4
2088 x 10° J = 2988 kJ

by a linear spring (of spring

in the cylinder and the heat

t(°C)| p(kPa) |v,(m%kg)| u,(kdkg)| h, (kJ/kg)

120 | 198,50 (p.,) | 0.89186 | 2529.2 | 2705.9

151.83 | 500.00 (Pn) | 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 (10 marks : 2014]

Solution:

Let the initial compression in the spring be x,

Equilibrium equation at state 1
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Initially Ko py A,

|l¢i ili|
pErr b

p'] xAp

pixA, = kig+ pyx A, (1)
where, p, = Saturation pressure at 120°C i.e., 198.50 kPa.
A, = Area of piston, 0.056 m?
x, = Initial compression
P, = Atmospheric pressure
After the heat is transferred in the cylinder, let the piston has moved by a distance x.
Equilibrium equation at state 2
,02><Ap = K(x, +x)+,oo><Ap ..(2)
where, p, = Final pressure inside the cylinder, 500 kPa

Kxo + x)
Finally Pyx A

RN

p

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

x = 1.005m
At state 1, m = 0.5Kg, Uy = Uygppec = 2529.2 kJ/kg
Vi = v, xm

Vi = Vggiaoc = 0-89186 mikg

V, = 0.89186 x 0.5 = 0.44593 m3
At state 2, V, = Vi +xxA)
= 0.44593 + 1.005 x 0.05
= 0.49618m3
p
" V5
Specific volume, v, = . 0.99236 m°/kg Py
From given table, at v = 0.99236 m3/kg
T, = 803°C and u, = 3668.0 kd/kg
P
W, = [paV
1 .
W, = 5(01 +p)(Vo = V4) !
2 V, v
W, , = %(198.5 +500)(0.49618 — 0.44593) = 17.5498 kJ

According to 1st law of thermodynamics
Qo = U+ Wi, =mu, —up) + Wi
Q,, = 0.5(3668.0-2529.2) + 17.5498
= 586.9498 kJ
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m 1 m® 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

c, = 1.005 kJkgK; ¢, =0.718 kl/kgK; R = 0.287 kJ/kgK
_ pVi _1.03x10°

Mass of air: = AT, = 587 % 283 =1.246kg 288 K
= Qo+ Quz=mec, (T,- T+ me,(T;-Ty) s
=mc, (T,—T;) + mec, (T, - T,) (- T,=T,)
=m(T,-T))(c,-c,)=1.246 (573 -288) (1.005-0.718)
= 102 kJ

For constant p process,

573

.
S,~ S, = mcp |oge(_2) = 1.246 x 1.005 x log, (ﬁ

T, )=O.86‘|4 kd/K

For constant volume process,

S-S, = mc, 10ge (%) =mc, log, (%)

288
= 1.246x0.718 xlo — | ==
Ge (573) 0.6154 kJ/K
Overall change of entropy,

AS = (S,-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 m?, V,, = 0.084 m?

p T

@_rsC @ @

Applying equation of state at state 1,
p,V, = mAT,
700x0.028 = mx 0.287 x 533
or m = 0.1281 kg
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For isobaric process 1-2,

or
For polytropic process 2-3,

or
For process 1-2, Work done:

Heat transfer:

For process 2-3, Work done:

Heat transfer:

For process 3-1, Work done:

Net work done:

Heat supplied:
The efficiency of the cycle,

-
T L (Charles law)
V; Z
T 533
0.084 0.028
T, = 1599K
-1
n-1
ho_ |2 (T,=T,)
T2 VS
533 0.084)" (0.084)"°
1599 Vs oy
1
1599 Vs
2
( 533) _ 0.084
1599 v,
V, = 0.756m?
Wi, = py(V,-V))
700 (0.084 - 0.028) = 39.2 kJ
Q. m cp(TZ— )
0.1281 x 1.005 (1599 —533) = 137.23 kJ
AT
23 1-n
0.1281x0.287(533 - 1599
x0.287( ) _ 7838 k)
1-15
y-n 14-15 o
02_3 (’Y_1)XW23 = (ﬁ X 78.38 = -19.59 kJ
v,
Wa Q31 = mATiloge —
VS
0.1284 x0.287 x 533 log, % =—-64.73 kJ
0.756
Wies Wi, + Woy+ Wy,
= 39.2 + 78.38-64.73 = 52.85 kJ
Q, = Q,,=137.23k
. Network done ~ W, _ 52.85 _0.3851  38.51%

Heat supplied = Q, 137.23



Refrigeration and

Air-conditioning

Revised Syllabus of ESE: Vapour compression refrigeration, Refrigerants and Working cycles, (Topic of Power
Plant : Compressors), Condensers, Evaporators and Expansion devices, Other types of refrigeration systems like Vapour
Absorption, Vapour jet, thermo electric and Vortex tube refrigeration. Psychometric properties and processes, Comfort
chart, Comfort and industrial air conditioning, Load calculations and Heat pumps.

1. Air-Refrigerating Cycle

m If gas is used as refrigerant in Reverse Carnot refrigeration cycle, draw T-s and P-v diagrams with
heat rejection and heat absorption temperature of T.and T respectively. Show that this cycle requires
two compressors and two expanders. Find their work requirement and the COP of the cycle.

[10 marks : 2002]

Solution:

1 —

Y

1

i
S, SI1 S v

Isentropic compression

Isothermal compression

- Isentropic expansion

4-1 Isothermal expansion

As we can see thatin p-V diagram, both in process 1-2, and 2-3 the pressure is increasing so two compressors
are required.

Similarly in process 3-4 and 4-1 the pressure is decreasing and volume is increasing so two expanders are
required.

Work transfer in compressors (per kg) = w,, + W,,

w N =
A~ W N

—>
—>
—>
—>

V,
= Y _RT,-T,)+RT log, ( ) = ¢, (Te~ Tp) + RTlog, (VZJ

v-1

ESES

V, V.
Work transfer in expanders = c/O(T3 -T,)+ RT,log, (V:‘J = cp( Te—To) + RTlog, (71)

Alternatively Net work required = Heat rejected — Heat absorbed
= Te(S=8) =T (8= 8) = (Tg=T¢) (S, = 5))
Heat absorbed ~ T.(5,-S,) Tc

(COP% = “Workdone - (T.-T.)S,-S,)  Tr—Tg
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Net work required, W = W+ Wr = RTglog, (%) +RT.log, (é)
2 4

Vi Y
A"

So, W

R(T: - Tg)log, (é) =(Te = Te)S5 = S;) = (Te =Tc) (S = 54)
2

m Dense air is used as refrigerant in reverse Brayton or Bell coleman or Joule cycle.

Draw p-V and T-s diagram for the cycle. Derive the expression for COP in terms of pressure ratio. If

the temperatures at the end of heat absorption and heat rejection are 0°C and 30°C respectively. The

pressure ratio is 4 and pressure in the cooler is 4 bar, determine the temperature at all state points

and volume flow rates at inlet to compressor and at exit of turbine for 1 TR cooling capacity.
[15 marks : 2002]

Solution:
p
-
2
4 bar 4 bar
3
303K ------
273K f--=--- f
1barf------—-A->TApo——1 77T 4 1 bar
v S
Pressure ratio: ry = Pe _ P
Py Pa
Assuming 1-2 and 3-4 as isentropic
- 1-1
Ty = E(&JY =T rp(Y)
P
y-1
Ty = T4-rp( v )
04
T, = 273(4)14 =405.676 K
303
T4 = W = 2039 K
Coefficient of performance,
Refrigerating effect Q Q, o (T - Ta)
COP: " = = =
Work input Wiet W,-W,  c(To=T)-c,(T5-T,)
(h-T.)

B (Tz _7—1)_(7—3 _T4)

T. T.
R R
! ~ r _ 1
y-1 y-1 - y-1
LA T LA
e ][} [

-

b\
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Volume flow rate of air for 1 TR capacity
m, c,(T,=T,) = 1TR=35kW

3.5

m, = = 0.0504 kg/s
#  1.005x (273 - 203.9) of
Density of air at inlet to compressor,
5
o= P19 76 kgm?
RT, 287 x273
Volume flow rate at inlet to compressor,
m 0.0504
V., = —=—"—" =0.0395m3/s = 2.37 m3/min
! p 1276 / /

Volume flow rate at exit to turbine,

m,RT, 0.0504 x287 x203.9
Py 10°

= 0.0295 m%/s = 1.77 m3/min

v,

m The compressed air from main compressor of an air-craft cooling system is bled off at
4.5 bar and 200°C. It is then passed through heat exchanger in which the ram air is forced through for
cooling purposes by the fan driven by cooling turbine. The condition of the inlet to cooling turbine is
4 bar and 30°C. The air expands in cooling turbine upto 0.7 bar, the isentropic efficiency of cooling
turbine is 80% and flow rate through cooling turbine is 30 kg/min. By drawing the system and showing
the process on T-s diagram. Find

(i) The actual exit temperature from the cooling turbine.
(ii) The power delivered to the ram air blow fan.
(iii) The tons of refrigeration, if the cold air is tempered by mixing with by passed warm air and
delivered to the cabin cockpit area where it warms upto 25°C before exhausting out to waste.
[20 marks : 2005]

Solution:
Compressor Turbine
Main Compressor T
[ |
_ L
HE
S
4.5 bar o
200°C 4 bar 30°C
T N 1
<[D: ooling Turbine

Fan 0.7 bar

(i) Exit temperature of turbine consider process 2-3°
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3034 T3'1 4
40-4 = 0.794

0.4

Ty 303(%)” = 184.15K

Efficiency of turbine,
7—2 - T3
(% -7
T,=T,-(T,-T;) x0.8 =303 -(303~-184.15) x 0.8 = 207.92 K
(ii) Power delivered to fan = Work output from turbine

_ % x 1.005 (T,~ T,) =0.5x 1.005 x (303 -207.92) = 47.78 KW

0.8 =

(i) Refrigeration effect:

RE = 11, ¢, (Teapn — Ts) = 0.5 x 1.005 x (298 — 207.92)

abin

= 45.2652 kW = % TR =12.933 TR

m Obtain an expression for the capacity of a refrigeration system (tonnage) in terms of the rate of upper
and lower pressure limits, expansion index (n), v,/ v, (v, = clearance volume and v, = swept volume),
N (rpm), v,, v, (specific volume at the inlet to compressor) and the refrigeration effect (h, - h,).
If the pressure ratio is 6.5, n = 1.1, v /v, = 0.025, N = 900 rpm, v, = 600 cc, v, = 0.078 mkg and
refrigeration effect = 150 kJ/kg, calculate the capacity of the system.
[15 marks : 2006]

Solution:
Volumetric efficiency of reciprocating compressor is defined as the ratio of actual volume of refrigerant

taken to the swept volume
P

T
_ - |=D?L
v, = Sweptvolume = (4 ) P,

2 - 3 — Isentropic compression
4 - 1 - Isentropic expansion
Assuming that expansion and compression follows pv" = C

Actual volume = (v,-Vv,) P
n, = (V2_V1) _ v Ve v
,= =
szept V2 - VC

n —
Y (V2_VC) (V2 Vc)
TEITE
ny = 1-Mve) _ g v o\ =1 VC(V1 1)
%
(VZ _VC) VSWep[ VSWept VS VC
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For process 4 — 1:

n

n %

pVi =Py =(—1J [V, = V)
1

Put this value in equation (i) we get

1
1+v_c_v_c(&)"
Vs Vs \ P

Higher pressure

ny

Where Py
p, = Lower pressure

Yo _ Clearance ratio = ¢
Vs
Also,
mxv, , i
n, = (v, is the specific volume at entry to the compressor)
~D? x L) x N/60
4
r 1
1+(V0)_(V0) (‘74)” x LS 5 N
VS VS p1 V1
= m = 60
. . o m(h, — hy)
Refrigeration capacity (in ton) = ~ 35
1
Vg Vs P;
- v,x 60x3.5

Now, 2 =65n=11YC=0.025 N=900rm, vs =600 cc
Ps Vs

v, = 0.078 m¥kg, (h, - h,) = 150 kJ/kg

;
[1+ 0.025-0.025x (6.5)1-1]>< 600x 107 x 150 x 900

Capacity = 0.078x60x 3.5

=4.39 ton

m A dense air refrigeration machine operating on Bell-Coleman cycle operates between
3.4 bar and 17 bar. The temperature of air after the cooler is 15°C and after the refrigerator is 6°C. If
the refrigeration capacity is 6 tonnes, calculate:

(i) temperature after compression and expansion
(ii) air circulation per min
(iii) work of compressor and expender
(iv) theoretical COP
(v) rate of water circulation required in the cooler in kg/min if the rise in temperature is limited to
30°C. [10 marks : 2009]
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Solution: P
1-2: Isentropic compression
3 -4 Isentropic expansion 17 bar
T, =15°C =288K
T, =6°C=279K
Refrigeration capacity = 6 TR

3.4 bar
T - 0.40 y
e s (EJ“‘O - 0.6314
3 03 17
(i) T, = 288 x 0.6314 = 181.84 K (Temperature after expansion)
y-1 0.40

L (p)r =(£)1.’40 — 15838
T P 3.4

Temperature after compression
T, =279 x 1.5838 =441.88K
Heat absorbed in cold chamber
Q= Cp (T, - T, =1.005 x (279 - 181.84) = 97.646 kd/kg

(ii)  Air circulation per min = 6x210 _ 12.9 kg/min

97.646

(iii)  Work of compressor F(T.z—ﬂ)xm

Il
—

1.4 12.90

= a x 0.287 (441.88 — 279) x =35.177 kW
Work of expander = Yo (T, —T.)xri1 = % « (088 - 181.84) x 1220 0287
v-1 0.4 6
= 22.927 kW
. Heat absorbed
iv cop= ——— ===
(V) Net work done

Heat rejected = ¢, (T,-T,) = 1.005 (441.88 — 288)
154.65 kd/kg
Heat absorbed = 97.646 kJ/kg

Net work = 154.65 - 97.646 = 57 kd/kg

97.646

COP = =1.713

(v) Rate of water circulation required if AT = 30°C
MyCon(ATy) = MaCoa(ATR)
m, x4.2(30) = 12.9 x 154.65
m, = 15.833 kg/min
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m A Bell-Coleman refrigeration system is used to produce 10 tons of refrigeration. The cooler and
refrigerator pressures are 4.2 bars and 1.4 bars. Air is cooled in the cooler to 45°C and temperature
of air at the inlet of the compressor is —20°C. For an ideal cycle, calculate COP, mass of air circulated/min,
theoretical piston displacement of compressor and power required per ton of refrigeration. Assume
¢, for air as 1.005 kJ/kg-K. Find the cylinder dimensions if the compressor is single-acting single-

cylinder with L/D ratio of 1.2 and runs at 600 rpm. [10 marks : 2010]
Solution:
Given: Refrigeration effect = 10 TR = 35 kW, T, = 45°C = 318 K, T, = -20°C = 253 K, ¢, = 1.005 kJ/kgK
p, 4.2 T 2 p
f = === —= 3
o p, 1.4 3 2 (4.2 bar)
Coefficient of performance 3 1
1 1
COP = = = 04 4 4 1 (1.4 bar)
(rp) y -1 (3)1-4 -1 s v
=27

From the isentropic process 1-2

v

5
Py T

04
42\1a T,
14 ~ 253
T, = 253(1.369) = 346.4 K
[ B
Now T, = T
318 346.3
T, 253
;oo 318x288 _ a5 a0k
4 346.3

Since refrigeration capacity = 35 kW
35 = rhcp(ﬁ - 7;) = m(1.005)(253 - 232.32)

35

- —1.684 k

m = 50778 gs

101.04 kg/min

mcp [(Tz - 7-1) _(Ts - T4)]

— 1,684 x 1.005[346.3 — 253 — 318 + 232.32]

m

Power required

= 12.89 kW
12.89
Power required per ton = 0 - 1.289 KW/TR
p,  1.4x10° 5
= —— = —————=1.928kg/m
Now P1 = RT, T 287x253 el

Assuming volumetric efficiency as 100%

m
TN = —
4 P
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Since
and

%D2(1 2D)x—

L =12D
N = 600 rpm
600 1.684
60  1.928
9.42 [® = 0.873
D = 0.4526 m
L = 0.5431m

Theoretical piston displacement

- %(45.26)2 (54.31) = 87377.33 cm?

In aircraft refrigerating unit using air cycle, 50 kg/min of air at 180 cm Hg gauge and 205°C are bled
off the air compressor serving the jet engine of an airplane. The bled air is passed through a heat
exchanger leaving at 175 cm Hg gauge and 75°C. At this point, it is expanded through a small cooling
turbine to 20 cm Hg vacuum and -10°C. The air exhausted out of the plane is at 25°C. Assume

c, =1.0 kd/kgK.

(i) Find the cooling in ton (refrigeration).

(ii) If the compressor receives air at stagnation state of 2 cm Hg gauge and 50 °C and if the small air-
cooling turbine output serves the centrifugal fan for passing coolant air through the heat exchanger,
determine the input power for the refrigerant plant.

(iii) What is the COP based on input power to bled off air?

Solution:
Given: m,

P4
Py

[20 marks : 2017]

50 kg/min Fan
Pressure at end of compression, ‘ {
180 cm Hg gauge MW |
180 + 76 = 256 cm of Hg ® HE ®
@x 101.325 = 341.3 kPa
76 T

Py

T,

P>

(i) Cooling load

205 + 273 =478 K
175 cm Hg gauge
175 + 76 inlet

251 cm of Hg 0

251
26 x101.325 = 334.64 kPa

273 + 75 =348 K
20 cm Hg vacuum = 76 — 20 = 56 cm of Hg

=6 x101.325 =74.66 kPa
76

263 K

cabin temperature = 298 K
1 kJ/kg-K

My x Cp(Ty = T3) = % X 1% (298 — 263)

29.16
29.16 kW = 35 = 8.33 TR

©
To cabin






