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Answer ALL questions.
PART A — (10 x 2 = 20 marks)

1. State zeroth and the first law of thermodynamics,
2. Write down the steady flow energy equation for the turbine and tiozzle.
3. Prove COP of the heat pump is greater than the COP of the refrig’e:rator.

4. Calculate the entropy change of the universe as a result of placing a copper
block 600 g mass with Cp of 150 J/K at 100°C in a lake at 8°C.

5. Define first law and second law efficiency.

6.  Btate Gouy-Stodola equation and its inference.

7. Define the term dryness fraction and wetness fraction.

8.  Tind the properties of dry steam at 10 bar from the steam table.
9.  State principle of correspon&ihg states.

1. Draw the inversion curve and mark the maximum inversion temperature on

the T-P diagram.
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= "_'to 10 bar. It is then ¢ooled at constant volume and further, ‘expanded - '

PART B — (5 x 13 =65 marks)

_1(}0 hterg of an 1dea1 gas at 300 K and 1 bar is COHlplessed admbatlca}}y'

o "1sothe1maﬂy 50,88 ‘fo reach the condition from whers it started Draw the.
"PV dlagmm and calculate: (i) pressure at the end of constant volume .

3_...::_25:-:' cooling, “Gi): change ‘in internal energy during the constant volume
. iprocess, and (m) net work done, and heat transferred duung the cycle

i :':'.-._”.'Assume Cp = 14 3 kJ/kg K, and Cv=10.2 kJ/kg K.

:In a 'coohng tower “air enters at a height of 1 m above ground level and

Ieaves at a he1ght of 6 m. The inlet and outlet velocities are 20 m/s and
: _:'.'.5_"30 mf’s respectwely Water enters at a helght of 8 m and leaves st a
._ B he1ght of 0.8 m: The velocity of water at entry and exit are 3 m/s and 1

"':"'m/s respectlvely Water temperatures are 77°C and 47°C at the entry

: _and exit, respectzvely Air temperatures are 30°C and 70°C at the entry
_.f;and exit. respectwely The cooling tower is well insulated and a fan of 2.5
kW drives the air through the cooler. Find the amount of air per second
5 i"éc:.;.ﬁii"étl."'f'di 1 kg/s of water flow. The value of Cp of air and water are
1 005 and 4 187 kJ/kg K, respectively.

TWO Carnot heat engmes A and B are connected in series between two
. thermal reservoirs at T: = 1000 K and Tz = 100 K, respectively. Engine A

_. '_'1ecelves 1!00 KJ of heat from the high temperature reservoir and rejects

‘heat to the Carnot engine B. Engine B takes in heat rejected by engine A

'."r_.:f:and rejects ‘heat to the low temperature reservoir. If engines A and B

 : :: have equal thermal ‘efficiencies, determine (i) the heat ‘rejected by
R _:__::engme_ B, (il) The temperature at which heat is rejected by engine A, and
-~ (iii) The work done during the process by engines A and B; respectively.

3 '.".'If-e'ﬁg”i'ﬁe's'_ A and B, deliver equal work, determine (iv} The amount of

S - 40°C in room air at 20°C. It is cooled reversibly by transferring heat to a
- completely reversible cyclic heat engine until the block reaches 20°C. The

B 'he"a_t ﬁakeﬁ_ in by engine B, and (v) the efficiencies of engines A and B.

R R Or . X
An aluminium block (Cp = 400 J/kg K) with a mass of 5 kg i initially at

. 20°C room air serves as a constant temperature sink for the engine.

“Compute (i) the change 1n entropy for the block, (ii) the change in entropy

5 for the room air, (iii) the work done by the engine.

_:If the alurninium block is allowed to cool by natural convection o room
- air, compute (1) the change in entropy for the block, (2) the change in

" entropy for the room air (3) the net change in entropy for the universe.
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Steam at 10 bal. 50°C ﬂowmg wrth neghvlble Velocﬂ:y at the rate of
3 kg/min mixes adlabatmally Wlth steam at 10 bar, 0.75 quality flowing
(with negligible Vel()Clty) at. the xate of 5 kg/mm The combined stream of
steam 1s throttled to 5. ba1 and then e*{panded 1sentrop1cally in'a nozzle
to 2 bar. Determme ' po s ' R

()  The state of steam aftermlxmg FTEER
(i) The state of steam afte1 throtthﬂg :

(111 Thei mczease m entropy due to thmtthng

(iv) The velomty of steam at the ex1t from the nozzle

(v} The eXIt area of the ﬂozzle Neglect the K E. of s*eam at the inlet to
the nozzle -

. Or’ . .
Boiler steam at 8 bar 250°C reaches the englne control valve through a

pipeline at 7 bar, 200°C It is throttled to 5 bar before expanding in the
engine to 0.1 bar, 0.9 dry. Deétermine per kg of steam.

()  The heat loss in the 'piﬁéiiﬁe% T

(i) The temperature drop m passing through the throttle valve

(1) The work output of the engme

(iv) The entropy change due to throttling

{(v) The entfopy 'éhf;nege in passing through the engine.

A pi"es.éu.re ﬁe..ssel. has a volume of 1 m® and contains 'ai'r..at"l.él MPa,
175°C. The air is cooled to 25°C by heat transfer to the surroundings at

25°C. Calculate the availability in the initial and final states and the
irreversibility of this process. Take Po= 100 kPa’ :

.OI'_" o
An economizer, a 'gas-to-\.fvater fi.nned tube heat exchange’r., receives
67.5 kg/s of gas, Cp = 1.0046 kJ/kg K, and 51.1 kg/s of water,
Cp = 4.186 kJ/kg K. The water rises in temperature from 402 to 469 K,

where the gas falls in temperature from 682 K to 470 K. There are no
changes of kinetic energy and Po = 1.03 bar and To = 289 K. Determine:

(1)  Rate of change of availability of the water
(11) The rate of change of availability of the gas

(111) The rate of entropy generation.
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A vessel is’ d1v1ded into three compartments (a) (b) and (C) by twor::__-'.
i ._'_pazmtmns Part (a) contains oxygen and has a volume of 0.1 m?%-(b) hasa’ '

-'volume of 0.2m% and contains nitrogen, while (c) is 0.05 m? and holds -

' ":_;:'COv AN three” palts are at a pressure of 2 bar and- a ‘temperadture of__f_
13°C: When the partitions are removed the gases mix; determme the -
5 ."'change of entr opy of each constituent, the final pressure in the. Vessel and.: S

~the partial: pressure of each gas. The vessel may" be taken as bemg'
- 'completely 1solated fiom its surroundings. TR L

f(é)?f

o

Or

Pm"@ that CP Ci/ :—T(GV/aT)Zp + (@P1oV),.

PART o— (1x15=15 malks)

Exp1a1n Jouie Kelvm effect and derive Clausius C}apeyron equatmn

In a counterflow heat exchanger, oil (Cp = 2.1 kJ/kgK) is cooled from -

1440 to 320 K, while water (Cp = 4.2 kd/kg K) is heated from 290 K to
" temperature: T. The respective mass flow rates of oil and water are .
- 800 and 3200 k:g/h' Neglecting pressure drop, KE and PE effects and heat

N 1OSS determme

' () The temperature T

B (11) The rate of exergy destruction

s '(111) The second law efficiency, Take To=17°C and Po=1 atm
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