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Section A : Heat Transfer + Theory of Machines

Section B : Thermodynamics-1 + Refrigeration and Air Conditioning-1

1. (a)
Consider a frustum of constant thermal conductivity (k) and apex at O. An element of
thickness dx at a distance x from the apex is taken.

From similar triangle property,
r= (rz ;rl)x=Cx

Area of element, A = 1C2x2

Heat transfer rate through this element



MARADE EASY Test No : 2 MECHANICAL ENGINEERING | 13
dT
= —kA—
Q dx
dx __k 4r
A Q
Integrating both sides we get
jg dx  k 2
nC%x> __J. ar
X1 Tl
111 1 k
= | =—( -T
o nC? [xl X | Q( 1~ 12)
Also, r, = Cx;and r, = Cx,
1[c c| «&
Slr-=|-Em-n)
nColrn nl Q
__hLh-, L-T, [ _72—71]
Heat transfer rate, Q = 1(1 1 ] 11 . ]
Cl\r n) wk(n-n)\n n
T =T
or Q= % Answer
(nkrlrz)
1. (b)
Where, P,P, = Length of stroke (L,)

AP, = Length of slotted lever (L)
For quick return motion of crank and slotted lever type,
V

smax,(return)
V

smax,(forward)

_ c+r

5
c—r
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where, r = Crank radius

¢ = Distance between fixed centres

c+r
So, — =
c—7r
or ct+r=5c->5r
6r =4c
r_2
= c 3
2
cos[3—§
= B =48.189°

Ratio of times of cutting and return strokes
20 360-2B 360

= % = Tp 2x43.189 -1=2735 Answer
Now, Length of stroke, L, = 300 mm
L, 300
Length of slotted lever, L= 57 i (90— B) ~ 2 xsin (90 — 48.189)
= 224.996
L ~225 mm Answer

Maximum cutting velocity per second,

L (Zn X 30) 225
V4 = wr X = X X T
smax c+r 60 1.5r +r
= 3.14 x % =282.6 mm/s Answer
1. ()
Given: r =10 cm, g, = 4 x 10°W/m?, T, =150°C, I = 750 W/m?K, k = 50 W/mK
Assumption:

(i) Steady state heat transfer condition.

(i) Heat conduction takes place only in radial direction.
(iii) Constant thermal conductivity.
(

iv) Negligible radiation heat transfer.

h =750 W/m?K
T_=150°C
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Now, heat generated in the sphere is convected over the surface.
4

ie. Ggx 3™ =hx 4m? x (T, - T)

0T, qug=hx(Tw_Ta)

7 6
_ 9 g 4x10°x01
v 3h 3x750
= 327.777°C
Maximum temperature occurs at centre i.e. at r = 0; its value is prescribed by the relation.

+150

2
_ q4R
Tmax - Tw + g6k
6 2
T =307.307777 4 2107 X017
max 6 % 50
Topay = 461.110°C Answer(i)

Temperature at any radius ‘¥’ can be worked out from the relation,

e
Tmax_Tw R

T-327.777  _,_ (0.08 )2

461.11-327.777 0.1
T=2375776°C e Answer (ii)
1.
. _ 0.180 ,
Given: Length of stroke = 180 mm, Crank radius, r = =0.09 m, Length of connecting
[ 032
rod, I = 0.32 m, Mass of reciprocating parts, m = 3.2 kg, N =2000 rpm, n = 709 3.55

Common crank

120°4{ © N120°

The position of three cylinders is shown in figure.
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Primary cranks: The primary direct and reverse crank positions are shown below.

1,23 1
@ |
3 2
Primary direct Primary reverse

Since primary reverse cranks form a balanced system and therefore, unbalanced primary
force is due to direct cranks only and is given by,

2
F,= 3x Lrp? = 3x£x0.09x(w)
2 2 60
=18.93 kN Answer
Secondary cranks: The secondary direct and reverse cranks positions are shown below.
1 1,23
) (‘ @
>
Secondary direct Secondary reverse

Since secondary direct cranks forms a balanced system and therefore, unbalanced
secondary force is due to only secondary reverse cranks and is given by,

Fg= 3x%(i)x(2m)2 =3x

3.2%0.09 (Zn % 2000 )2
4n

X
2x3.55 60
= 5.33 kN Answer
1. (e
Given: Mean radius of egg, r = 0.025 m, Initial temperature of egg, t, = 20°C, k = 12 W/
mK, 1 =125 W/m?K, C =2 kJ/kgK, p = 1200 kg/m?>.
Consider egg to be of spherical shape,

4
T

1% r
Characteristic length, [ = A a3

| = —0'(;25 _8333%10° m

c
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-3
Biot number, Bi = % _ 125 8'2323 X107 _ 0868

Since Bi < 0.1, the lumped parameter model can be adopted. Therefore

T, - eXp|——=
ti - tu pVC

Let, t

a

hAzT 125x 3 x 6 x 60
and = =225
pVC 1200 x0.025 x 2000

100°C; temperature of boiling water

t—-100
20-100
or t=91.568°C

Now, we have to find time v for temperature values,

ti =10°C, t,=100°C, t = 91.568°C

Now, = exp(-2.25)

91.568 —100 ox ( —125x3x 1 )
10-100  _ P{1200%0.025 x 2000
or, -2367=625%x103x 1t
or, 7" = 6.312 minutes Answer

2. (a)
Given: Number of tubes, N = 100, Inner diameter, d. = 25 mm, Tube thickness, t =2 mm,
my, =8kg/s, T, =25°C, T, =75°C, T, = T,,= 100°C, h, = 5000 W/m?K,
R, =0.0002 m?K/W.

fi
Now, Heat transfer rate to water,

Q= titecpe (T, - T.)) =8 x 4175 (75 - 25) W

Q=1670 kW
pVid;
Flow Reynolds number, Re = m

T
Mass flow rate inside tube, 1, = p X 1 X dl-z XV XN

1, 8

pxgxdlsz 998><§x0.0252x100

or V= =0.163m/s
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pVd;  998x0.163 x 0.025

Re = =7394.272 (Flow is turbulent)

0 55x107°
-5
Prandtl number, Pr = 5510~ x 4175 =3.532
0.65
h.d:
For turbulent flow, Nu = 1kl = 0.023 x (Re)"® x (Pr)4
h; x0.025
l?)T = 0.023 x (7394.272)8 x (3.532)04

h,=1233.178 W/m2K

Overall heat transfer coefficient based on inner area.

1 1 r, 1
— = —+Rp ++tx—
u; ko Th,
0002420 B 1 gig3x107
1233.178 0.0145 5000
U, = 845.308 W/m?K Answer

Since, the temperature of one of the fluid remains constant during the flow passage.
Both parallel and counter flow would give the same values of LMTD. Assuming counter
flow arrangement

Length
6, -0
g = A%
it
Inf —
6,

0,=T,, - T, =100 - 75 = 25°C
0,=T,, - T, =100 - 25 = 75°C
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25-75 .
o = (25) =45511°C
Inf ——
75
Now, Q=UAS,
3
A= o TV 45400 m?
i~ U®, 845.308x45.511
or N x md. x L = 43.409
43.409
= =5.529
100 x 7 x 0.025 " Answer
b
(b) Vacuum
Let the suffix 1, 2 and 3 refers to the inner cylinder, outer cylinder
and cylindrical shield. Then
g = dl +d2 _ 10+ 20 —15cm
3 2 2
Heat flow from inner cylinder to shield.
2
Qi3 = (Fy), A10(Ti* - T3
0= (Fy ( ) T.=300K
1 1
LI SR e U (S ) o
€ €3 A3 0.2 0.3 15
ﬁ _ dell _ E -1
Ay mdyl 157 B
: (Fp)15 = 0.152
and Q,3=0.152x A, x 5, (1200* - T,%) ... (i)

Likewise, the heat flow from the shield to the outer cylinder is

Qs = (Fg)32 A3y (T34 B T24)

1
(Pg)gz =
1. (i _ 1]&
€3 €y Az
A3 TCd3l _ 15 -1
= 1T An’ 32 —
Az Ttdzl 20
1 = 0.266
(Fs= 1 (1 ) 75
B e — 1 -
05 \0.3 20
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and Qs, = 0.266 x Agoy (T3 - 320%)
Under steady state conditions,
Q3= Qx
0.152 x A, X 6, (1200* - T,%) = 0.266 x A3 x o3, T3 - 320*)
Az (14 4
0.152 x (12004 _ T34) 0.266 x — A, (T3 -320 )
0266x15 (. » 4
4o Ta= 2222 (T2 -320
or 12004 - ¢ = 910 <13 )
1200* - T,* = 2.625T,* - 2.625 x 320*
1/4
1200* + 2.625 x 320*
- = 872,541 K
3 1+2.625 Answer

Heat loss per metre length,Q,, = 0.152 x © x 0.1 x 1 x (5.67 x 10-%) (1200* - 872.541%)
Q5 = 4043.269 W Answer

For steady flow, this heat is lost to the surrounding both by convection and radiation
from the outer surface of outside cylinder.

4043.269 = h A, (T, - T,) + 6,€,A,(T,* - T %
4043.269 = h (n x 0.2 x 1)(320 - 300) + 5.67 x 1078 x 0.3 x (7w x 0.2 x 1)(320* - 300%)
4043.269 = 12.56 h_ + 25.485
h_=319.887 W/m?K Answer
2. (¢)
Given:m=16kg,1=1.5m,d=0.015m,e=0.5x 10" m, E = 210 x 10° Pa, O ey = 80 X 106 Pa.
As the shaft is held in long bearings, it may be assumed to be fixed at the ends.

Mgl® 16x9.81x1.5°
192EL 195 4 210x10° 6“—4 % (0.015)*

Static deflection, A =

= 5289 x 10 m
g 9.81
=, |& = |————=43.067rad/s
® \/; 5289 x 102 /
43.067 x 60
_ 207/ XOU _ 411.468
or Ne= =55 o Answer
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c
Now, M ==
I y
wll
or 5 O
’ T oxdt 4/2
64
wq xX1.5
S 80 x 10°
. ;= 005
—x0.015 o
64
6 4
_ w, = 2x80x10° xwx0.015 X8:141.3N
0.015x64x1.5
Additional deflection due to the load,
= Psa= 115 5089%107
w 16 x9.81
=4.761 x 10 m
te
or, —> — =4.761x107
()
(el |
N
411468 )
, -1 =+0.105
or (45
Taking (+) ve sign, we get,
411.468
= ——= N1 =39143
Ny= s 7 e
Taking (-)ve sign, we get,
411.468
= ———= N, =434.93
N2~ Josos 2 e
Thus, the range of unsafe speed is from N, to N, i.e. 391.43 rpm to 434.93 rpm.
Answer
3. (a
Given: d =20 mm, [ = 80 mm, k =27 W/mK, T, = 165°C, T_=27°C, h =25 W/m2K
Assumption:

1. Steady state condition.
2. Fin material having constant thermal conductivity

3. No internal heat generation
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For a short fin with insulated tip,
Q=kAm(T,- T, tanhml

/ / 4X25 13608 m~!
27 % 0.02

and ml =13.608 x 0.08 = 1.088

Q=27x7 T (0.02)? x13.608(165 — 27)tan /1(1.088)

Q=12675W Answer

Now, let d’ be the new diameter. Then for the same material volume.

2><£d’2><l Edle
4 4

2 gd’z x 0.08 g(o.oz)2 % 0.08

=0.0141 m

4 %25
_ A | 4Xx2D ooy
Then, "=\ =\ 27 % 00141 m-

m’l =16.207 x 0.08 = 1.296
Heat loss for two fins, Q =2xkAm (T,-T )tan hm'l

Q= 2x27x T (0.0141)? x 16.207 (165 — 27)tan 1 (1.296)

Q' =16222W
.. Percentage increase in heat flow
AQ = Qg Q100 = 16'22122 ;;52'675 %100
= 27.984%
Comment: A thinner or low sectional area fin is a better choice.

3. (b)
Given: M =2000 kg, m =150 kg, w =1.5m,k=014m,b=25m,I =0.7 kg/mz,

72 %1000

=20m/s
3600

1
r= 520.5m,R=100m;7J=
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(i) Car turning left

\ Left turn
" 02

' d
30 04 CY d,,
CM/ d

C//\_%

¢”” d”—Reaction of ground

(a) Reaction due to weight
Total weight = 2000 x 9.81

=19620 N
_ 1.5\ 1
R, ,= (19620 X —) X — = 5886(Upwards)
' 25) 2
1 1
Ry, = (19620 X E) x5 =3924 N(Upwards)
(b) Reaction due to gyroscopic couples
2 2
C = 4va—: 4X0.7XL: 22.4 Nm
“ rR 0.5x100
C 224
R¢ = Y= =7.466N
For outer wheels, Rg 4 w 2x15 Upwards
For inner wheel, RG13 = 7.466 N (Downwards)

I, = mk* =150 x 0.14% = 2.94 kgm?

V2
CE = IEwa(!)P = IE GE
2
=294 x5 XL =117.6 Nm
0.5x100
Cp 1176
Rf1p=—==—-—>=2352N
For front wheels, Gl2= 5 "5 05 (Upwards)

For rear wheels, RG34 = 23.52N (Downwards)

(c) Reaction due to centrifugal couple,

_ Mv*xh 20°

Ce = 2000 X = 0.6 = 4800 Nm
100

ocCopyright: [MADE ERSY www.madeeasy.in



24 | ESE2022: MAINS TEST SERIES MADE EASY

C 4800
For outer wheels, Repy= ﬁ = ox15 1600 N (Upwards)
For rear wheels, R, 3=1600 N (Downwards)

Therefore, reaction on wheels,
R = R, +R;+RE+Rc
R, =5886 - 7.466 + 23.52 - 1600 = 4302.054 N
R, = 5886 +7.466 + 23.52 + 1600 = 7516.986 N

R, =3924 - 7.466 - 23.52 - 1600 = 2293.014 N
R, =3924 +7.466 - 23.52 + 1600 = 5507.946 N

(ii) Car turning right
All the reactions due to gyroscopic couples and centrifugal couple change signs.
Therefore,
R] = 5886 + 7.466 - 23.52 + 1600 = 7469.946 N
R5 = 5886 - 7.466 - 23.52 - 1600 = 4255.014 N
R3 =3924 + 7.466 + 23.52 + 1600 = 5554.986 N
R} =3924 - 7.466 + 23.52 - 1600 = 2340.054 N
3. (9

@)

In a centrifugal governor, the resultant of all the external forces which control the
movement of the ball can be regarded as a single inward radial force acting at the centre
of the ball. The variation of this force F with the radius of rotation of the ball can be
studied under static conditions by measuring the outward radial force on the ball which
is necessary to keep the ball in a equilibrium at various configurations (i.e. for different
values of r). The force F is known as the controlling force and is a function of a single
variable r. Thus,

F = E(r)
Following figure shows a typical plot of the controlling force characteristic curve (AB).

The controlling force is derived from purely statical considerations without reference
to the speed of rotation.

Now, let us suppose that the governor ball rotates at a speed w. The centripetal force
needed for maintaining the radius of rotation r is given by m®?r, where m is mass of
each ball. The plot of this force against r for a given speed ® will obviously be a straight
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line passing through the origin as shown by line OC. So, the equilibrium radius for this
speed o will be determined by the intersection of the curve AB with the line OC (at the
point D). For this value of r, the controlling force will be equal to the centripetal force.
Mathematically, we can express this equilibrium condition as

E(r) = mo?r
To determine the condition necessary for stability, let the speed of the governor be  at
the equilibrium position given by the point D. If the speed remains the same, and if the

dF
radius changes to r + &7, the increment in the controlling force EF will be (3) o7 and
the corresponding increment in the centripetal force EG will be EG = m@?dr

This restoring force should be greater than zero for the equilibrium position to be

regained.

Force, f

O Radius, r

F

dF
Thus, for stable operation, I > mﬂ)z; we get finally, ar > M

The condition for the stability of a governor is that the slope of the curve for the controlling
force should be more than that of the line representing the centripetal force at the speed

considered.
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(ii)
Given: m =5 kg, M = 40 kg, h = 200 mm, [ = 250 mm

a= 2502 - (190 - 30)

=192.09 mm
895a(m+M
= 2250)
e m
1802 = 895 o 0.19209 (5 + 40)
02 e 5
or, e=0.238 m

Therefore length of the extension links = e - a
= 238.77 - 192.09 = 46.68 mm

_______

i =200 mm —

7/ "

0 :

Tcosb '
! e

p s

Va

5kg ) !

30

40kg |
Answer

Now, let T be the tension in upper arms. Considering the vertical component of the

forces on the lower link,

Mg
Tcos® = mg + >
0.19209
- =0.768
cos 025
40 x 9.81

T x (0.768 = 5x9.81+

T=31933N

4. (a)

Answer

Given: V=25m/s, T_=20°C, T, =120°C, F, = 11.75 X 1073, p = 1.029 kg/m?,

v =21.09 x 10 m*/s, ¢, = 1.005 k] /kgK, Pr = 0.7
(@)

Drag force is, Fp=Cyx %pAV2
1328 1 »
or F,= \/R_elXEpV (Ixl) as(b=])
1.328 1 —
-3 = X —=x1.029x[-x2.5
11.75 x 10 \/ 25 > X
21.09x107°
13/2=0.947

ocopyright: MADE ERSY

www.madeeasy.in



MADE EASY Test No : 2 MECHANICAL ENGINEERING | 27

or, [=0.964 m
— 1.328 1.328 -3
Cr= = =3.928 x10
Now, f 7 JRe; \/ 2.5x0.964
21.09x107
From Colburn analogy,
StxPr?/3 = 7f
or L xPr2/3 _ =f
pZ)Cp 2
1 x(0.7)*/3 _3.928x107°
1.029 x 2.5 % 1.005 x 10° 2
7 =644 W/m2K
Heat loss, Q = hAAT
= 6.44 x 0.9642 x (120 - 20)
Q = 598.466 W
(i)
Interface
evaporatlon‘ or Nu(?lfeate Film boiling
free convection boiling
I II 111 v \Y% VI
Bubbles Bubbles Unstable Stable Radiation
T Sczgj;n;zg rise film film coming
liquid to surface A into play 5
“g | Heattransferred | | NN |/
= by superheated leo
\g_, liquid rising to — .5
= the liquid-vapour —8 E g
interface where é :'go
evaporation Y E
takes place a:ﬁ \.-/
Dis Leidenfrost point
i ? (C;min)

BOﬂW

Excess temperature At =t -t ———
The boiling curve for water
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4. (b)
(@)

Cycloidal Teeth

Involute Teeth

(@) | Pressure angle varies from maximum at the
beginning of engagement, reduces to zero at
the pitch point and again increases to
maximum at the end of engagement
resulting in less smooth running of the gears.

Pressure angle is constant throughout at
engagement of teeth. This result in smooth
running of the gears.

(b) | 1t involves double curve for the teeth,
epicycloid and hypocycloid. This
complicates the manufacture.

Itinvolves single curve for the teeth resulting
in simplicity of manufacturing.

(©) | Owing to difficulty of manufacture, these are
costlier.

These are simple to manufacture and thus
are cheaper.

(d) | Exact centre-distance is required to transmit
aconstant velocity ratio.

A little variation in the centre distance does
not affect the velocity ratio.

(6) | Phenomenon of interference does not occur
atall.

Interference can occur if the condition of
minimum number of teeth on a gear is not
followed.

(f) | The teeth have spreading flanks and thus are
stronger.

The teeth have radial flanks and thus are
weaker as compared to the cycloidal form for
the same pitch.

(8 | In this, a convex flank always has contact
witha concave face resulting in less wear.

Two convex surfaces are in contact and thus
there ismore wear.

(i)

(a) For maximum efficiency,y, = 9+T¢ _0+6 48° Answer
Y, =90 -48° =42° Answer
Pl T T
(b) Centre distance, ¢ = E[cos " + cos llfz]
o1, 180 = %[cogg’ c05s722°j| =13.09%%
or T, =13.747
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Let T to be 14

T,=14%x5=70
Hence, T,=14,T,=70
10 14 70
© Cexact - E[cos 48° " CcOS 42°:| =183.3mm Answer
PT, PT, 10x14
(d) 4 T cosyyXm cos48x3.14 - Answer
go=fh Bl 10X70 59698 0300 mm
2 T CcosYp, XM cosd2x3.14
Answer
cos(@+¢)+1 cos(90+6)+1
= = =0.81
(e) Nmax = cos(0-¢)+1 cos(90—-6)+1 Answer
4. (o)
Given:[=2.5m, m=220kg, a=1000 mm, f=8, T'=24 sec, r =300 mm, N = 200 rpm, 0 = 40°.

25-1
Mass at the crank pin, m = 220 X( 25 ) =132kg
Mass at the gudgeon pin, m, =220 - 132 = 88 kg
E = mbrwz (COSG + cosZG)
b n

2 .
_ 88%03x (M) cos40° +-20580
60 25/03

=9103.12N
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As itis a vertical engine, the weight of the portion of the connecting rod at the piston pin
also can be combined with this force i.e.

Net force = 9103.12 - 88 x 9.81 = 8239.84 N

Inertia torque, T, = Fr[sine " sin20 }

24/n? —sin%@

sin80°

2
2\/(§) _sinZ 40°
0.3

T, = 8239.84x0.3| sin40° +

T, =8239.84 x 0.3 x 0.702

or T, = 1735.44 Nm (Counter-clockwise)
k2
We have, b+ > =L

Where, b =25-1=1.5m and ‘L’ can be found from,

t=2n\/z

&

24 fL

—=2 _— = 2.

3 T 981 orL=2238m

k2
15+-— =2.238
1.5
or k?=1.108
or k =1.052
or radius of gyration, k =1052 mm
2
2 . n- -1
o = —m sin® 373
‘ [nz—sinze)/ ]
2 2 _
_ _(21:><200) sin 40 8.33° -1

(8.332 _sin? 40)3/ 2

= -33.62 rad/s?
Correction couple, AT = ma, b(l - L) = 220 x (-33.62) x 1.5 x (2.5 - 2.238)
= -2906.78 Nm
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. Correction torque on the crankshaft,
- ATcos® _ —2906.78 cos40°
© Jn?—sin®0 8332 —sin?40
T.= -268.11 Nm (Counter clockwise)
Now, torque due to weight of mass at A,
T = M grsin® =132 x 9.81 x 0.3 x sin40°
= 249.7 Nm (clockwise)
.. Total inertia torque on crankshaft, i.e.
T.=T,-T.+T,=1735.44 - (-268.11) - 249.7
T, . =1753.85 Nm

5. (a)
(i)

For an isothermal process, to prove:

jlz PdV = —ijdP

Isothermal process is defined as,PV = Constant = C
Differentiating both sides, we get,

PdV + VdP =0
or PAdV = -VdpP

When system undergoes change in state from state (1) to state (2).
JZPdV = —jZVdP
1 1
(i)
Given: P =105 kPa, T = 21°C =294 K, AV = 0.95 m3, At = 200 sec

. dV AV 095 3 3
=—=—=—-=475%10
Volume flow rate, V A 200 m°/s

Assuming CO, as an ideal gas (Close to room conditions)

s _ PV _105x4.75x107
RT ~ 0.1889x294

i =8.98 x 1073 kg/s

Now,
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5. (b)
. W _Q-Q _T.-T
(1) nengine Qu Qu Tu
o il .
W= Qa( Ta ) (1)
% Q T
(COP)refrigerator - w B Q - Qc Tb — Tc
— Tb - Tc P
W= QC( T ) .. (ii)
[T ] | T
Qa 7 Qd
® ®
Qb Qc
[ %] ]
Now, from equations (i) and (ii), we get
&_ Ta_Tb Tc _E Ta_Tb
Q B T, T, - T, - IL\T,-1;

() IfQ,=Q., T,=300°C=573K, T . =20°C =253 K

As Q.= Q,_ so from above part we get,

T,-T,\T.
(2%

Tb - Tc Ta
I, T,-T,
Tc - Tb _Tc
573 573-T,
253 T, —253
573-T,

(iii) Mengine =

(COP), =

T, =351.01 K=78.01°C

T,-T, 573-351.01
T, 573
. _ 253
T,-T, 351.01-253

=0.3874 =138.74%

=2.581
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5.

(©

()

Assume that an engine exists, operating between two reservoirs, that has an efficiency
greater than that of a Carnot engine; also assume that a Carnot engine operates as a
refrigerator between the same two reservoirs, as shown in figure (a).

W’'=Qy -Qr1; W=0y-Qr [ W’ > W]

Let the heat transferred from the high temperature reservoir to the engine be equal to
the heat rejected by the refrigerator then the work produced by the engine will be greater

than the work required by the refrigerator (i.e. Q7 < Q)

| T, |
Qy Qy

EngEI—V\[ VX—{ Carnot refrigerator |
Q’ Q'<Q Q

| T, |

@
Since the efficiency of the engine is greater than Carnot engine, the system can be
organized as shown in figure (b).

System boundary
STt TTT T T T T I

l Qu !

| I
1 Qu :

I 1
W-W'< Eng@ Carnot refrigerator ‘ :
| I
TeX Q |

| il |

(b)
The engine drives the refrigerator using the heat rejected from the refrigerator. But there

is some net work (W - W) that leaves the system.

The net result is the conservation of energy from a single reservoir into work, a violation
of the second law. Thus, the Carnot engine is the most efficient engine operating between
two given thermal reservoir.
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(i)

Suppose that a Carnot engine drives a Carnot refrigerator as shown in (a).

Let the heat rejected by the engine equal to heat required by the refrigerator.
Qy-QL=W; Qg —-Qr =W’ [~ W >W’]

Suppose the working fluid in the engine results in Q,, being Qp then W would be

greater than W ’(a consequence of the first law) and we would have the equivalent system
as shown in figure (b).

| T |
> 4
o @RI o,
Carnot Engine }—»W VX—| Carnot refrigerator |
Q Q
| T |
@
: Qy Qy :
| I
w- W«—F@M Carnot refrigerator| :
| !
1 I
I I
| Q. !
S U 1
(b)
System boundary

The net result is a heat transfer (Qy —Qj;) from a single reservoir and production of

work, which is a clear violation of the second law. Thus, the efficiency of a Carnot engine
is not dependent on the working substance.

5. (d)
Refrigeration by expansion of air

According to the first law of thermodynamics applied to closed system,

Q=W+AlU
For reversible adiabatic process, Q = 0.
Therefore, W= -AlU
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Cold water out

Heat exchanger

Q

Refrigerator
Air Refrigerator

This means that there is reduction in temperature. The temperature of the gas can be
reduced by an adiabatic expansion of the gas. This principle was used in the Bell-Coleman
air-refrigeration system.

The effect of expansion for producing colds can be explained by the following example.

Assuming the temperature of the atmosphere is 27°C and if air is compressed
isentropically with the pressure ratio 5 then the final temperature of the compressed air
T, is given by

P
TZ = T1 (?2

0.286
) =300(5)"%% = 475K
1

This air with high temperature and pressure is cooled in the heat exchanger, then the
final temperature will be 27°C under ideal condition and pressure will be 5 bar
considering the pressure loss in heat exchanger is zero and if this air expands
isentropically until the pressure falls to atmospheric pressure then the final temperature,

300

which is below atmospheric temperature (300 K).

This principle is universally used for producing low temperature in all air-refrigeration
systems.
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Refrigeration by Throttling of the gas

As we know that adiabatic throttling process is a constant enthalpy process, and as the
enthalpy is only a function of temperature and the temperature of prefect gas remains
constant after and before throttling. However with actual gases the temperature of the
gas after throttling may either increase, decrease or remain constant.

The term which indicates the magnitude and sign of the change in temperature is called
the Joule Thomson Coefficient and it is given by

_[9T
u= aph

which is the change in the temperature with respect to the pressure during constant
enthalpy process.

The pressure versus temperature lines are drawn as shown in figure, taking enthalpy as
a parameter.

Temperature, K —

Inversion curve

Pressure —
Constant enthalpy lines for actual gas
In throttling process, the pressure of the gas decreases so that motion along the curve is
towards the left. The graph shows that, if throttling occurs from the point a to b, the
temperature of the gas increases, and at the point b; the temperature is maximum, and the
Joule Thomson coefficient is zero. This point is known as “Inversion point” of the gas. If
throttling occurs from the point b to ¢, then the temperature of the gas drops.

This is obvious from figure, that for reducing the temperature of the gas after throttling,
the value of u must be positive. The amount of the temperature drop depends upon
Joule Thomson coefficient, the pressure drop, and the original state of the gas. In any
event, the resulting temperature will be too high for refrigerating purposes unless the
original temperature is relatively low.

Use of positive values of Joule Thomson coefficient are made in the liquification of
gases such as air, nitrogen and oxygen.
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5. (e)

The cycle is represented on T-s diagram. The given data is

10
T,=-5°C,x;,=0.6, T, =25°C, m = %0 0.333kg/s

T

hy=h, +xh

gil 181
= _7.53 + 0.6 x 245.8 = 139.95 k] / kg
hy=hy=hg= 8125k /kg,

The compression process 1-2 is isentropic

1

h h
% f82 _ 55+ f31

Sf2 + T2 1 T1
0.2513 + xp 1216 _ —0.0419 + 0.6 x 258
298 268

x, = 0.63

hy = hg, + xhy, = 81.25+0.63 x 121.6
=157.86 k] / kg

Refrigeration effect required per kg of ice formed

B Cl’w . Tw * hfgice

=42 x10+335=377.0K]/kg
Refrigeration effect produced by plant per minute
=m(h, - h,) =10 x (139.95 - 81.25)
= 587 kJ /min
. Refrigeration effect per day = 587 x 60 x 24
= 845280 k] /day

845280
377

So, Ice formed per day = = 224212 kg/day
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If plant efficiency is 60%, ice formed per day

(i)

Since
For process 1-2,

and

For process 3-2,

and

and

P.

= 224212 x 0.6 = 1345.27 kg
Iy -hy  139.95-8125

= = =3.278
O = T, ~ 157.86-139.95
P
1%
(AS),1 = (AS),,
_ T, b
(AS)Z-l = Cp ln?l — RlnFl
P, =P, (- P=C)
T
(AS),, = Cplnz2 . ()
T
T P.
AS), ,= Cpln=2—RIn=2
( )3-2 P nTz n P,
T3 = T1
i} D .
(AS),, = Cp lnT—2 - Rlnp—2 ... (i)

n _n
& B T3 n-1 _ T1 n-1
P T, 1

. 3 . . ..
Putting P_2 in equation (ii), we get

T n T
- Cptnt R [ I
(A5)sp = Crinp = R(5 H(TZ
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= IHE(CP - Rn )
T2 n-1
R
=1r1T1 R nR [ CP:Y_]
T,\y-1 n-1 7-1

T Y n
= In-L(R)| —— —
(AS);, nTz( )(Y—l n—l) ... (iii)
Now,(AS), ; = (AS),,, putting values from equation (i) and (ii), we get

I T,{y-1 n-1

R . T
— B m2 Rlnﬂ Yy "
-1 T T,\y-1 n-1
O (R
= vy-1 n-1 y-1
2y _n
= v-1 " n-1
2y n
= v—1 = -1
2y-v+1 _n-n+l
= y-1 T on-1
y+1 1
= Y-1 " n-1
y-1
= n-1= v+l
y-1+y+1 2y
n= v+1 v+1
n_ Y
= 2 y+1

(i)

Given: P, =480 kPa, P, =2, T, =330 K, T, = 260 K, V, = 1.05 m, V, = 0.03 m’

Mixture of CH, and C,H, is an ideal gas mixture with xq, =0.5.

- xC2H4
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Now, we know,

Rmixture = inRi

(8314 (8314 )
= CH, | |[*c,H
Mcn, * \Mcn, ) 2

=0.5196 x 0.5 + 0.29692 x 0.5

= 0.40826 kJ/kgK
and, Cymix = 2. %iCvi = 0'5(CVCH4 ) * O'S(CVC2H4 )
= 0.5(1.736) + 0.5(1.252)
=1.494 kJ /kgK
NOW’ Pl Vl = m(Rmixture) Tl
= 480 x 1.05 = m(0.4086) x 330
= m=3.7378 kg
SO’ PZ VZ = m(Rmixture) TZ
_ 3.7378%0.40826 x 260 _ 1322528 kPa
2 0.03
For a polytropic process, P,V,"=P,V,"
= 480(1.05)" = 13225.28(0.03)"
(1.05)” 13225.28
= =
0.03 480
(1.05) (13225.28)
= nln| —| = In| ———
0.03 480
n=0.933

Work done for a polytropic process,

. DVy—PV, _ 480(1.05)—13225.28(0.03)

w n-1 0.933-1
= -1600.62 kJ
and, Heat transfer, Q = AU+ W= (U, - U,) + W

=mCy iy (T, = Ty) + W
Q=23.7378 x 1.494 (260 - 330) - 1600.62
Q = -1991.52 k]
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12 L2
h. f ent , —s = CymixIn==+ R, In
Change of entropy S, =8, mix g T Bmix

1.494 ln(@) +0.408261In (%)
330 1.05

-0.3562 - 1.5151 = -1.80771 kJ /kgK

and S, =5, = m(s,~-8;)
= 3.7378(-1.80771) = -6.7569 kJ /K

6. (b)
Given: T} = 10°C = 283 K, T = 25°C = 298 K, P, = 5 bar, P, = 1 bar, ¢, = 1.009 kJ/kgK,
v=141
(i)
5
!
[
2
g
&
6
Specific volume —
v-1 141-1
L _TL_(B)v (5) 141
= === == =1.5968
We have T, T, ( P, ] 1
Therefore, T, =1.5968 x 283 = 451.89 K
298
= =186.62 K
Ty 1.5968
Therefore, RE/kg of air = C,(T, - T,)
RE =1.009(283 - 186.62)
= 97.25 k] / kg of air
Heat received from cooling water/kg of air
=Cp(T,-Ty)

= 1.009(451.89 - 298) = 155.28 kJ/ kg of air

www.madeeasy.in
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The net work done/kg of air, w = 155.28 - 97.24

= 58.04 kJ / kg of air
RE 97.24
i = ——="""=1.676
Thus, Theoretical COP > 58.04

(ii) Since the processes of expansion and compression are not adiabatic, there is heat
transfer during the processes. Thus, work done in this case may be found out as follows.
Let n; be the index of compression and 7, be the index of expansion.

Net work done/kg of air = Work of compressor - Work of motor

m ]
= R(T, -T7) - R(T5 - T,
- (T, -Th) -1 (T -T4)
We have, T,=283K,T,=298K
1’11—1
T
Also, 2 - Bm for compression
L \p
T, 1.35-1
= T, ~(5) 1% = 50292 — 15178
T,=42953K
t
[}
2
&
&
Specific volume —
T npy—1
Also, T_3 = (&J " for expansion
s\ R
T3
(13-1)/13
T,= (5) =205.55K
Thus, RE/kg of air = C,(T; - T,) = 1.009(283 - 205.55)
= 7815 kJ/kg
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Work done/kg of air, w = il R(T, -T;)- 2 R(T; -Ty)

ny — ny — 1

. R[@ x (42953 — 283) — 12 (298 - 205.55)]

0.35 0.3

= R[565.187 - 400.617] = 47.23 k] / kg of air
RE 78.15

= 2E o 00 1655

Therefore, CcOor o 473

Comment on result: The refrigeration effect/kg of air, net work done per kg of air and
COP of isentropic process is higher than that of actual process occuring in second case.
As in the case of actual system which degrade the performance of system under
consideration.

6. (0
Given: T_=10°C =283 K, A, = 0.1 m?, Vitop = 90L =50 x 10 m?, C, ;. = 1.005 kJ/kgK,

R =0.287 J /kgK, k =100 kN/m, V, = 20L =20 x 103 m, P, = 200 kPa, T, = 10°C = 283 K,
P, =800 kPa, T, = 50°C = 323 K, P, = 800 kPa, T, = 80°C = 353 K

Assumption: Air as an ideal gas

PVy  200%x20x107

= =0.0492 k
So, M= RT, T 0287 %283 8
T,=50°C
Air—»é Q
P, =800 kPa
X Valve
|_C.V.
State 1
State 2

At state (1),
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When piston reaches the stoppers,
P, Ap=kx,+ P, A, .. (i)

stop
From equation (i) and (ii),
= PA, - PstopAP = k(x; - x,)
= (Poop)Ap = PrAp + k(xy — x7)
_ Vitop V4
(Pstop)AP = PlAP + k( AP —A—P
k
P. =P +—(Vy -V
stop Al% ( stop )
= 200+ 20 (50x107 -20x107?)
(0.1)
=500 kPa
Since, P, > P, piston will hit the stops.
Now, V,=50x103 =V,
-3
So, m, = P2V2 _ 800x50x10 — 03948 kg

RT,  0.287x353

Now, from mass conservation,

dt oy = TP =1

and, m,

m, - m; ... (iif)

From energy conservation,

au . e
dt Joy il + Q= " he =Wey
= Myly — myuy = m;h; +Q = Wey

Q = myuy = myuy —mh; + Wey
From equation (iii), we get,

Q=m,C,T,-m,C,T, - (my-m)C, T, + Wgy ... (iv)

NOW, WCV = JPdV
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_ (Pl +Pstop)

Wey = 2 (Vstop - Vl)
= (M)(m %10~ — 20 x 10—3)
2
Wy =105 K]

From equation (iv), we have

Q =0.3948 (1.005 - 0.287)(353) - 0.0492(1.005 - 0.287) (283) - (0.3948 - 0.0492)(1.005)(323) + 10.5
Q =100.0636- 9.9971 - 112.1869 + 10.50

Q=-11.62KJ

Now, entropy change associated with process,

(As)net = MpSy — MqS1 —Mm;s; _%
= MySy — N1 851 —(m2 _ml)si _%
= —s;) - _ oy Scev
= my(s2 = si) = (s —s;) T e (V)
T P
: ~s,= Cpln| =2 [~ RIn| -2
an S, =S pn(TZ) n(PZ)
353 800
= 1.005In| — [-0.287In| — | =
T P
Also, 8-S P H(TZJ H(PZJ

1.0051n (@) - 0.2871n(@) =0.265k]/kgK
323 800
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Now, from equation (v) we get,

(-11.62)
283
= 0.35235 - 0.01304 + 0.04113 = 0.380 kJ /K

(AS), o = 0.3948(0.8925) — 0.0492(0.265) —

7. ()
(@)
QH 2 QH 2 Troom
We know, COP)vyp= =7 == — =
( )HP w QH 2~ QLZ Troom - Tamb
. . T :
and, W = MueQu1 = (1 —TTO—IT)Qm
. QH 2 (Troom — Tamb } 2
= = Q
Also, WEeor)yy U T )7
T T :
So, dpry = ( o ](1 - JQHl (i
QHZ Troom - Tamb TH ( )
. ) .. T )
and, Q1 = Qu1—-W=0m —(1 - ;?om ]QHl
H
- Troom _ Troom 2 ..
= QH1(1_1+? —?(Qm) ... (i)
Now, from equation (i) and (ii)
Troom - T, T, -
. . “room \(y .+ room 1 — ~room 0
QLl _+ QH 2 — TH H Troom ._ Tamb TH H
QH 1 QH1
QL1_+ QH 2 _ Troom + (Troom )( TH — Troom )
QH 1 TH TH Troom - Tamb
— Troom (1 + TH _Troom )
TH Troom - Tamb
QL1.+ QHZ _ Troom ( TH — Tamb )
QH 1 TH Troom - Tamb
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(ii)

Given: m =1 kg (Saturated), P, = 100 kPa, P, =100 kPa, V, =0.2m3, V, =1 m?

Now, when piston just touches the stoppers, i.e. state (2)

T, = 400°C
Vo, 1
and v2=—2=—=1m3/kg
w 1

From table of superheated water and specific volume, at given temperature and specific
volume, the pressure P, will be between 3.0 to 3.5 bar.

So, by inter-polation

1-0.8835  P-35
1.031-0.8835 3-35

= P =3.105 bar = 310.5 kPa

Since, PStop < P, (0.45 MPa)

So, process 2-3 will be constant volume heat addition process,
We have, P, = 0.45 MPa = 450 kPa

v, =vy;=1m3/kg
Again from table, we need to apply interpolation between specific volume and
temperature at given pressure of 450 kPa (or 4.5 bar).

So 11-1  _ 800-T;
’ 1.1-0.9971  800-700
T, =702.8°C
Final temperature after heat addition will be T, = 702.8°C
Now, work done during process, W = W, + W,
= %(Pl +Py)(Vo = V1)+0 [+ isochoric]
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_ %(100 +450)(1-0.2)

W=220Kk]J
and, since specific volume at (1)
v, = HZ—; = 01—2 =02m°/kg (< V, at 100 kPa)
So, state 1, will be in wet region.
p
450 kPa

310.5 kPa
100 kPa
Vv
7. (b
Theoretical piston displacement/min
V- x %

where, Vp = Piston displacement in m3 /min, N = Revolution per min, n = Number of
cylinders, D = Cylinder bore in cm, L = Stroke of piston in cm

B TX5.65%x5.65x5x1450 % 2

P 4x10°
= 0.3635 m3/min

kg/ m?

1
(i) Density of Freon-12 saturated vapour at -10°C = —

v, ~0.07702

0.3635
0.07702
Enthalpy of Freon-12 saturated vapour at -10°C = 347.96 k] /kg

Enthalpy of Freon-12 saturated liquid at 40°C = 239.29 k] / kg
Thus, Refrigerating effect/kg = 347.96 - 239.29
=108.67 kJ/ kg

. Refrigerant mass circulated at ~10°C suction = =4.72 kg/min
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Theoretical R.C. at -10°C suction of compressor
=108.67 x 4.72 = 512.92 k] /min

= 512'192 ton = 2.431 ton

l<g/m3

1
(ii) Density of Freon-12 saturated vapour at +10°C = —

v, ~ 0.04119

The actual vapour at +10°C sucked in = 0.3635 m?/min.

Therefore mass of refrigerant circulated at 10°C suction

= 0.3635 x = 8.825kg/min

0.04119
Enthalpy of Freon-12 saturated vapour at +10°C = 356.79 k] / kg
Enthalpy of Freon-12 saturated liquid at +40°C = 239.29 k] /kg
Therefore refrigerant effect/kg = 356.79 - 239.29 = 117.5 k] / kg
Theoretical RC of compressor at 10°C =117.5 x 8.825

=1036.93 kJ/ kg
= 1036.93 =4.914 ton
211

Comment: The volume of vapour sucked in is the same in both the cases, but the
refrigerant mass circulation by the same compressor has increased from 4.72 kg/min at
-10°C to 8.82 kg/min at 10°C. The increase is due to increased density. The percentage
increase in refrigerant mass circulation

_ 8.825-4.72
- 4.72

x 100 = 86.97%

But the RC has increased from 2.431 ton to 4.914 ton for the suction temperature rise
from -10°C to 10°C. This increase as a percentage is

_4.914-2431
- 2431

It may be noted that the additional gain of (102.14 - 86.97)% = (15.17%) in the capacity
results from an increase in RE per kg of refrigerant.

=102.14%

(c) Saturated discharge temperature = 40°C
Absolute pressure corresponding to 40°C saturation temperature = 9.5944 bar

Absolute pressure corresponding to -10°C saturation temperature = 2.1928 bar
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9.5944
i = = 4.37541
Thus, pressure ratio of compressor 21908
P 1/n
Also, Ny = 1+C— c(—d) = 1+0.04 - 0.04(4.37541)"/ 113
S

= 0.89232 = 89.232%
Thus the refrigeration capacity gets modified as
RC =2.431 x 0.89232 = 2.17 ton
Absolute pressure corresponding to 40°C saturation temperature = 9.5944 bar

Absolute pressure corresponding to 10°C saturation temperature = 4.2356 bar

Thus pressure ratio of compressor = Z;—zéi =2.26518

Also, My =1+ 0.04 - 0.04(2.26518)/113
= 0.95753 = 95.753%

Therefore, RC =4.914 x 0.95753 = 4.7053 ton

Thus the percentage increase in RC is further increased by improvement in volumetric
efficiency and now total percentage increase is

47082217, 100 =116.83%
217
7. (©

(@)

Using the first law in the form,

Q-W=AE
Applied to the process 1 — 2, we have
a-100 =100
= a=200K]J
Applied to process 3 — 1, we get,
100 - d = -200
d=300k]J
Now, qSJW = <j.>dQ
= Wiy + Wy + Wiy = Qpp + Qs + Qy
= 100-50+d=a+b+100
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100 = 50 + 300 = 200 + b + 100
b=50k]

=

=
and for a cycle D AE =0, we have

100 +c-200=0

= c=100XkJ

(i)
Let the identical bodies A, B and C having the same heat capacity C, be respectively at

500 K, 100 K and 500 K.

Let us operate a heat engine and a refrigerator as shown in the figure.
Let TfA,
Now, feasible heat engine and refrigeration arrangement:

T and Ty are the final temperature of bodies A, B and C respectively.

A
500 K

Q

C
500 K

Qu

—

A — T

fc

HE

______________________

Since,

Trs

100

T
[Cln A

+Cln

T
A +Ccn=L >0
500

500

= 25000000

(reversible)

(reversible)

TeaT T
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Let, Ty =Tg
T#HT
_ Cln—ASC >
25000000
For minimum value of TfA,
THT
In fATfC =0=In1
25000000
= THT s = 25000000 - (D)
Now, Q, = C(500 - T; )
Q= C(Tg - 100)

Q, = C(Tyc~500)
We have, Q, = Heat removed from body A = Heat discharged to bodies B and C.

= Q, = Q, + Q, (- No work and heat supplied from outside)
C(500 - T,) = C(T g - 100) + C(T - - 500)
500 - Ty, = Ty - 100 + Ty - 500
. Ty =Ty
= T =1100 - 2T, .. (ii)

Putting value of ch from equation (ii) in equation (i) we get,

T# (1100 - 2Ty, ) = 25000000

= 2T}, — 11007, + 25000000 = 0

= Ty = -135.07 or 185.07 or 500
Here, 500 and -135.07 are discarded (" not feasible)
So, T, =185.07K

So, From equation (ii), T =1100 -2 (185.07) =729.86 K
So, highest temperature can be raised by operation of heat engine or refrigerators is
729.86 K (of body C which was earlier at 500 K)

(@)
Given: V. =10m? P =2MPa=2000kPa, T =20°C=293K, P

storage 7~ storage storage ambient

=P,=100kPa,

D;\D .
D1=1m,P=P0+C(1—31)31 (When, D > D,), D,;=5m, P,=500 kPa, T,=20°C =293 K
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At the end of the process we have

D=Df=5m
and P= Pf= 500 kPa
D;\D
= PBy+C ——1)—1
o, p-pc(1-21)2 ()

Equation (i) becomes,

1)1
= 100+C[1-=|=
500 ( 5)5

= C =2500

D
Letx = D_l' so equation (i) becomes

P =B +C(1—9c_1)3c_1

and Z_II; =0

Z_g - C[-7? —(—2)x—3)(Di1) =0
= Z_II; =-x2+2x2=0
= xX=2= D21=2

So, maximum pressure inside the balloon at any time during this inflation process will
occur when D =2D,,i.e. D =2(1) =2m

1)1
d P =DF+2500l1-=|=
an X 0 ( 2)2

ma

=100 + 625 =725 kPa
Assuming, Helium as ideal gas

Now, Mass of helium inside, when pressure is maximum,

~ Prax XV
(mHe)balloon - RHeT
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725 % 4.188

= =499k
(midvatioon = 3,077 % (273 + 20) 8
Now, mass of helium in tank at initial condition is,
P, storage X Vstorage 2000x 10
(mstorage)initial = = = 32.86 kg
Rire X Totorage  2.077 X (273+20)

and mass after filling balloon to maximum pressure is,

(mstorage)final = (mstorage)critical_ (mHe)balloon

=32.86 - 4.99 = 27.87 kg

Now, pressure after filling balloon to maximum pressure is,

(Pstorage)ﬁnal (VStorage)final = (mstorage)final RHe(Tstorage)ﬁnal
27.87 x 2.077 x 293
(Pstorage)ﬁnal = 10 =1696.28 kPa

8. (b)
The simple absorption system is not very economical. In order to make the system more
practical, it is fitted with an analyser, a rectifier and two heat exchangers as shown in
Figure. These accessories help to improve the performance and working of the plant, as
discussed below:

1. Analyser. When ammonia is vaporised in the generator, some water is also vaporised
and will flow into the condenser along with the ammonia vapours in the simple
system. If these unwanted water particles are not removed before entering into the
condenser, they will enter into the expansion valve where they freeze and choke
the pipeline. In order to remove these unwanted particles flowing to the condenser,
an analyser is used. The analyser may be built as an integral part of the generator
or made as a separate piece of equipment. It consists of a series of trays mounted
above the generator. The strong solution from the absorber and the aqua from the
rectifier are introduced at the top of the analyser and flow downward over the
trays and into the generator. In this way, considerable liquid surface area is exposed
to the vapour rising from the generator. The vapour is cooled and most of the
water vapour condenses, so that mainly ammonia vapour (approximately 99%)
leaves the top of the analyser. Since the aqua is heated by the vapour, less external
heat is required in the generator.

2. Rectifier: In case the water vapours are not completely removed in the analyser, a
closed type vapour cooler called rectifier (also known as dehydrator) is used. It is
generally water cooled and may be of the double pipe, shell and coil or shell and
tube type. Its function is to cool further the ammonia vapours leaving the analyser
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so that the remaining water vapours are condensed. Thus, only dry or anhydrous
ammonia vapours flow to the condenser. The condensate from the rectifier is
returned to the top of the analyser by a drip returned pipe.

3.  Heat exchangers: The heat exchanger provided between the pump and the generator
is used to cool the weak hot solution returning from the generator to the absorber.
The heat removed from the weak solution raises the temperature of the strong
solution leaving the pump and going to analyser and generator. This operation
reduces the heat supplied to die generator and the amount of cooling required for
the absorber. Thus the economy of the plant increases.

Cooling )
lwaterT Cooling
water
N
Drip
__Analyser
Generatorg Heating coils Receiver D

Weak solution

Heat
s %: Heat exchanger exchanger
Pressure
Pumpkﬂ reducing $ $
trong valve
solution
Absorber E
Expansion
valve
Cooling water

The heat exchanger provided between the condenser and the evaporator may also
be called liquid sub-cooler. In this heat exchanger, the liquid refrigerant leaving
the condenser is sub-cooled by the low temperature ammonia vapour from the
evaporator as shown in figure. This sub-cooled liquid is now passed to the
expansion valve and then to the evaporator.

In this system, the net refrigerating effect is the heat absorbed by the refrigerant in
the evaporator. The total energy supplied to the system is the sum of work done
by the pump and the heat supplied in the generator. Therefore, the coefficient of
performance of the system is given by
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Heat absorbed in evaporator

COP = Work done by pump+Heat supplied in generator

COP = E[—Tg - TC]

T,|T.-T,

Tg=150+273=4231<,TC=30+273=303K,Te=—20+273=253K

25 [423 303
P= 123303253

Now, T, =200 +273 = 473 K
T =30+ 273 =303 K
T,=-40 + 273 = 233 K

] =1.435

B 233[473—303] _10
COP =73l 308-233 |~
1435-1.2
. Percentage decrease in COP = 1435 x100% = 16.4%

8. (0
(@)
In a hermetically sealed compressor, both motor and compressor are housed in the

same unit and have the same shaft.
T

S
In this case heat from motor winding is continuously heating to suction vapour which

passes over it in the refrigeration circuit. This raises the temperature of suction vapour
as motor cooling load also becomes a part of the overall cooling load of refrigeration
system. Hence, suction vapour which enters at a saturated condition to the compressor
gets heated by motor winding and always becomes super heated.

(i)

Capillary tube is used as expansion device in small capacity hermetic sealed refrigeration
units such as in domestic refrigeration, water coolers, room air conditioners and freezers.
It is a copper tube of small internal diameter and of varying length depending upon the
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application. It is installed in the liquid line between the condenser and the evaporator.
A fine mesh screen is provided at the inlet of the tube in order to protect it from

contaminants.
Evaporator

Vapour
refrigerant out

Strainer Liquid refrigerant
in from condenser

Capillary tube

Advantages of using capillary tube in refrigeration system:

1.  The cost of capillary tube is less than all the other form of expansion devices.

2. When the compressor stops, the refrigerant continues to flow into the evaporator
and equalizes the pressure between the high side and low side of the system. This
considerably decreases the starting load on the compressor. Thus a low starting
torque motor (low cost motor) can be used to drive compressor.

3. Since therefrigerant charge in a capillary tube system is critical, therefore no receiver
is necessary.

(iii)

When room sensible heating factor is low or latent heat factor is high, e.g. in cases of

high humidity /high dehumidification needs or for high internal latent heat loads, then

simple air conditioning system has very low coil ADP. This leads to very low evaporator
pressure and reduces COP of the system and increases costs.

Hence, to increase ADP of cooling coil to managable temperature a reheat coil is

introduced. Consider the setup as shown below and corresponding psychrometric chart.

Room
i
o| m c s
— 0001
Re-heat coil
Cooling and
dehumidification

ocCopyright: [MADE ERSY www.madeeasy.in



58 | ESE 2022: MAINS TEST SERIES MADE ERSYH

Room air at state i mixes with ventilation air from surroundings at o and then enters

cooling and dehumidification coil at state m. Exit happens at ¢ post which it enters re-
heat coil to achieve delivery temperature ..

(iv)

. . Heat extracted in evaporator
COP of refrigeration system = vep

Work input

Heat extracted in evaporator

~ Heat rejected in condensor —Heat extracted in evaporator

Ty
Tc - Ty

For a water cooled condenser, coefficient of heat transfer is higher due to larger specific

COP,_ =

heat of water and higher thermal conductivity than air. Hence heat rejection takes place
at a lower temperature for water as compared to air since

Q= UAAT,,
Since U is higher AT, is lower.
Since, heat rejection for water takes place at a lower temperature COP of refrigeration

system is higher for a water condenser, as compared to an air condenser.

Q000
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