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Part A

(a) The temperatures of the inner ‘{“d outer surfaces of a spherical shell having respective |
and outer radii O.dTld b are maintained at temperatures Ty and T, (75 > %T »2,.,p,.cuwe 1.nner
Thermal conductivity of the shell material is k. 2 (Ti > T2), respectively.
;. Show that the rate of radial heat transfer through the shell is given by

d_Q_ B drkab(Ty = T) -
dT (b—a)
o xel —1-1
i gl :o;g?,?gi r:;l eul_< ,a=0.1mand b= 0.3m, calculate the rate of radial heat transfer
(b) Explain following physical phenomena, briefly.
i. Many motor cycle engines don't have a radiator.
ii. Radiator is mounted in the front side of most vehicles. :
iit. Usually the boiling point of water in Nuwaraeliya is less than that in Matara.

9. (a) Write down the first law in thermodynamics describing each term.
(b) Show that the slope of adiabatics is 7y times the slope of isothermals.

(c) One mole of an ideal gas (7= -;’;) at (1.5atm, V, 300K) is capable of executing following

processes.
A — B: the gas expan
B — C: pressure of the gas increases up
C —» D; the gas undergoes an adiabatic process.

D — A: the gas comes back to the initial state through an isobaric process.

ds isothermally until its volume becomes 1.5V.
to 1.25atm through an isochoric process.

i. Draw a P — V diagram for the above cyclic process.

ii. Find volume at state D in terms of V.

iii. Find the pressure at state B.

iv. If V = 0.1 m3, find the work ¢
1 mole of an ideal gas changes its state
by the gas during isothermal and adiabatic proce
W= Bvy-AW, . respectively. Unive

1-y )
latm =1 x 10°Nm™|

ove cyclic process. {When
Ty), the work' done
W = RTIn i and

lone by the gas during the ab
from (P, Vi, ) o (Pa, Va,
gses are given by

rsal gas constant (R)= g3lJK™! mol ™},

-
— “'%‘ .




T
by a heat reservolr: |
. internal and external combustion engines

3. (a) What is mecant
cocfficient of performance (K)

(b) Write down differences betweent

. engine and the I
n) of an engine of o “‘"igvrato
T,

(c) Define the efficiency (

I | -~
(d) Show that K = 5,7 ) d L )
1. \ a reversible refrige
gurc shows a reversible engine an gerator opcrating am
A, B and C. Ong

Ar T,K .
f
1 3 ‘—J

We E R ><—WR
r"

¢ £
T,K
B

i. If the coefficient of performance of the refrigerator is 1.0, calculate 7.

ii. If the maximum efficiency of a hypothetical engine operating between the reservoirs p

and C is 50%, calculate T5.
iii. If Wg = 300J and Wx = 400J calculate Q;, Q2, Q3 and Q4.

(¢) Following fi
three reservoirs

o

250K
C

4. (a) Sketch a Carnot cycle in a T'— S diagram and describe the processes, briefly.
(b) A piston/cylinder combination has 1 kg water in a superheated vapor state at 1000 kPa, 250 ¢ !
with specific volume (v), 0.23m%kg ™" and entropy (s), 6.93kJ kg™ K-, This system ‘i;n
cooled with a constant-loading to a final temperature of 180°C as shown in the ’1“- s dia ,r:,“
below. This isobaric process ends when the water has reached a state of saturated li!: uili“
water with specific volume (vy), 0.001 mkg™", and entropy(sy), 2.14kJkg=! K- Dulrin(
this process the water goes through an intermediate stage (i.e. state-12 in dja ;
e . ’ 2 gram) of sat-

urated water vapour, and the entropy of the water vapour state (s,) is 6.59kJ kg"' K-!
(Any lowercase symbol for volume or entropy indicates that it is a specifie .
low : ) a specific property and
represents the property value per unit mass.)
s=214

T/°C
- / 1
§=6.93

250

180

e $=6.59 SORTERELRE
: € Process is reversjp] :
¢, then estimate the heat transfer using the area in the T -5 di-

agram. (Ass
“iSSume that thee
) ntm y e ) :
region of Water-vapor.) Py changes linearly with t emperature in the superheated




&

the prncvss is irreversible and the water is (o

15 f)f igg‘C under constant-loading, then fingd },

t to cool down to

) & ambient
¢ total entropy gp bient temperature
o - i N

yasl ?, — A% Ls ol ne . :
cxpression 1 dS' CpdT = vdP to show that ; ‘ ration in the Process.
ags can be given by 82 = 8 = C,In(T: i or an ideal gay the

pIN(T2/T) ~ Rin(py/p, o

Fopere Cr is the specific heat capacity at constant preg ).
(An Jowercast symbol for volume or entropy 111dit'k£ '
;‘eseﬂtsl the property value per unit mass). o

gsc the

ynit ™ N
Cr hange in entropy

: (o)

b lrh“t, i H h] ‘4' ope y
s lb 1) h pq‘lﬁ(. [)l' )p ,I". d.ﬂd
\}"“l(."l Uf I N ¢ :
(. ql)dndd..lnlg/p." e

(b) ; Jeal gos that undergoes a constant entropy ('N'ntr ic)
. ! opic

o mperature, show that

process is

T[T = (Py/ P11k

e k= Cp/Cos C, is the specific heat capacity at constant voly
me,and R=C, -
p v

. ained in a cylinder at ambient conditi

Helium cont'nne oy ient conditions of, 100 g

1o 600KP2 iB a reversible 1sothelrmal process. (Assume hellif[::’ Sn}(ll' 20°C, is compressed
ynd for helium c:”; =—15.191{Jkg" K-, C, = 312kJkg~'K~" and flda:vs:s as an ideal gas
(R) = 2.077kJkg K1) individual gas constant

Using expression derived in part (a), find the change in entro -
Juring this ;sothermal process. Hence, find the heat-transfer pef {{iﬁ;ﬁ(’gfr;‘;‘l_ :l)f helium
fum.

©

6 (@) You are given the expression dh = Tds + vdP.
. Using Cv = T(s/0T )., find an expression for (8h/0T), in terms of P,v, T and
Using this result show that, Cp — Cy = 8 for an ideal gas. ,v,T and Cy.
(Any lowercasc symbol for volume, entropy or enthalpy indicates that it is a specific
property and represents the property value per unit mass).

i Using Maxwell's relation (As/0P)r = —(Ov /OT)p, derive an expression for (9h/0P)r
in terms of P,v and T
i, Using the result in part (ii) above, find (8h/0P)r for an ideal gas. what can you say

about the shape of an h — P diagram during an isothermal process of an ideal gas?

i. Using dh = (8h/0T)pdT + (8h/OP)rdP and the expression you got in part (a) (ii),
show that the change in enthalpy per unit mass of a simple compressible substance can

be written as,
2 2
hz . hl = / deT"I'/ [U - T(aU/aT)p]dP
1 1

mbol for volume, entropy of cnthalpy indicates {hat it is a specific
perty value per unit mass.)

. show that for an ideal gas the €

(Any lowercase sy
property and represents the pro

ii. Using the expression in part (b) (i)
function of temperature.

nthalpy is only 2
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Part B

hang over two pulleys of negligible 4,

) string, d .
= g put the right one is free

€. e
. 7y Ay S
tical line, Ow

to SWlng to th(} Sid n
€y

m, connected b
ne moves in a ver
and pulleys.

7. Two equal masses,
in the figure. The left 0
in the plane of the masses

(a) Write down the Lagrangian for the

of motion for 7 and 0.

systenl.
(b) Determine the equations

o

S wmoww w-

em m

8. Potential cnergy function between two atoms in a diatomic molecule can be expressed g follows:

a b
Ve =
where a and b are positive constants and z is the distance between atoms.
(a) For which values of z, is V(z) equal to zero?
(b) For which values of z, is V(z) a minimum?
(c) Derive an expression for the force between two atoms. Show that the two atoms repo] eqe
other for 2 less than a value zo. What is the value of xy? pel cach

9. A particle moves in a circul: : . : ,
p es in a circular orbit of radius r under the influence of an attractive Gl

(a) Show that this orbit is stable if r) > -t ‘hore it &
force as a functi o () 30r |r , where f(7) 18 the magnitude of the
» as a tunction of the distance r from the center. y

(b) If the attractive central force is V=k Ky
¢ is f (1) = =% i = where ky and Ky are constants, show

that a stable circular orbit with radius r, is possible only if 12k, > k,

"



