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Assume suitable data, if missing. The use of steam Tables is allowed.
SECTION "A''

[20Q.x1:20marks]
Choose and encircle the most appropriate option from each set ofchoices

l. The volume ofa cube ofside I cm is equal to
a. lL b.0.ll c.0.0ll d.0.001L

A spring has a natural length of l0 cm and a spring constant of 150 N/m. What is the
magnitude ofthe force required to stretch this spring to a length of I I cm?
a. 16.5 b. 15 c. 15.75 d. 1.5

Which of the following statements is/are true about a pure substance?
L A pure substance has to be a single chemical element or a compound.
II. A pure substance need not have to be a single chemical element or a compound.
ru. Even though air is a mixture of several gases, it can be approximated to be a pure

substance provided it is homogeneous.
ry. A mixture of oil and water is not a pure substance, since oil is not soluble in

water.
a. I and II only b. II and III only c.ll, III, and IV only d. tV only

Which of the following pairs of thermodynamic properties can uniquely fix the state of
substance like water irrespective of its thermodynamic state?

I. Temperature and specific volume
II. Pressure and specific volume
II1. Temperature and pressure

[V. None of the above
a. I and II only b. I only c. I, II and III only d. II and III only

Determine the phase of water for the state ( 120 0C, 0.5 ml/kg).
a. Saturated liquid-vapor mixture b. Subcooled liquid
c. Superheated vapor d. Critical point

Saturated water vapor at 200 kPa is in a constant-pressure piston/cylinder assembly. At
this state the piston is 0.1 m from the cylinder bottom. How much is the distance covered

if the temperature is changed to 2000C?
a. 0.0144 m b. 0.0820 m c.0.6955 m d.0.1220 m

A sealed rigid tank contains I kg ofwater (liquid+vapor) at 50 0C with a volume of0.002
m3. The tank is now slowly heated. What happens to the liquid level inside the tank?

a. The liquid level will not change during the process.

b. The liquid level will eventually drop to the bottom ofthe tank
c. The liquid level will eventually rise to the top of the tank
d. None ofthe above.
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8 The figure below shows a gas seperated from the vacuum by a membrane' The membrane

*pi*E. -a the gas fills th" 
"ntitt 

volume Considering gas as the system' which among

the following statements regarding the work done by^ the gas during this process is/are

,L. lf"lf*i-y work associated with the rupturing of the membrane'

yste
b0undary

(a)

l. The system undergoes a change in volume and hence work is done during this prccess

of filling the vacuum.

II. The work done during the process can be calculated from the expression of Pdv

III. The work done during the process cannot be calculated from the expression of Pdv

IV. No work is done during this process of filling the vacuum'

". iii*Jiv."rv b. tLd tI'onlv c' til onlv d' None of the above

Heat engines and heat pumps (refrigerators) ,are -ene-r-qV-;onversion 
devices altering

"r.""riii.r"tgy 
transfer t"-t*""n tte-at Q, ana work' W' Which conversion direction (

-6'--iil", 
rw -ol is rimiteJ tio0% cJnvenion not possible) and which is unlimited

(10070 conversion possible) according to second lawl
u. Th" 

"onu"..ion 
dirction Q -+ Il' is limited but I/ -+ Qis unlimited

b. The conversion direction W -+ Qis limited but Q -+ I/ is unlimited'

c. Both conversion directions Q-+W ar.ld I/ -+ pare limited'

d. Both conversion directions Q -+ ll arrd I/ + Q are unlimited'

A constant pressure piston cylinder assembly contains 0-'8 kg water as saturated l9?t.ut
400 kpa. It is now cooled so that the water olcupied half ot the original volume. Find the

heat transferred to the water in this process'

a. -855.5 kJ b. -1069'4 kJ d. -'74W

I
I
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c. -781.5 kJ
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Consider a refrigerator that operates in a cycle, receives a given amount of heat Ql from

low temperahrre thermal reservoir and transfer the same amount of heat QH (: Ql) high

temperature thermal reservoir as shown in the figure below. Which of the following

statements about this refrigerator is TRUE?

Qtr

t).

Ta

t2.

13.

a) It violates both the hrst and second law of thermodynamicql*

bj It violates the first law but obeys the second law of thermodynamics

cj It obeys the first law but violates the second law of thermodynamios

aj tt oUeys Uottr the first law and second law of thermodynamics'

Choose the correct definition of a reversible process'

a. A reversible process for a system is defined as a process that, once having taken place

can be reversed and in doing so leaves no change in the system but may change in

surroundings.
b. e reversibie process for a system is defined as a process that ' once having taken- 

piu"" 
"un 

t. r"versed and in ioing so may change the system but leaves no change in

the surrounding.
c. A reversible p.ices. fo. u system is defined as a process that' once having taken place

can be reve.s-ed and in doing so may change either the system or its surroundings'

d. A reversible process for a slstem ii defin"d as a process that' once having taken place

can be reveised and in doing so leaves no change in either the system or its

surroundings.

Consider the following Process.-i.- 
l, cold caonnei d.ink is left in a warmer room where its temperature rises as a

result of heat transfer

II. By rn"-, of a refrigerator, heat is transferred from. a low temperature reservor

irlfrigerated space) to a high temperature reservoir (the kitchen air)'

Choose that statements that is/are true about these processes'

A. 
"p;;; 

t obeys the second law of thermodynamics but process II is a violation of the

second law.
S. B;th th. p-cesses I and II violate the second law of thermodynamics'

C. goth tlte p.ocesses I and II obey the second law of thermodynamics'

D. Process I is a reversible process'

E. Process I is an irreversible process'

;. A;; b. C and E onlv c' B and D onlv d' E onlv

TH



14.

effective pressure (in kPa) is

a. 525 kPa b. 500 kPa c. 450 kPa d. 600 kPa

15. Which one of the following is NOT a necessary assumption for the air standard otto

Air enters a diesel engine with a density of 1'0 kg/m3 ' The compression ratio is 21' At

:il;;;; Ge ai. in;ak" is 30x10-3 kg/s and the net work output is 15 kW' The mean

cycle?
ui 

' 
ail p.o.".t"t are both internally as well as extemally reversible'

b. Intale and exhaust processes are constant volume heat addition process'

c. The combustion process is constant volume heat addition process'

d. The working fluid is an ideal gas with constant specific heats'

16. Consider two systems,

follows. Both the s
A
ex

and B with the source and sink temperatures defined as

heat with source and sink.

Which system do you think is more reversib le?

a. System A
b. System B
c. Both are equallY reversible

d. The given data is insufficient to comment

Aheatreservoiratg00Kisbroughtintocontactwiththeambientat300Kforashort
time. During this period 9000 kJ ofheat is lost by the heat reservoir. The total loss in the

t7.

availability due to this process is

a. 18000 kJ b' 9000 kJ c. 6000 kJ d. It cannot be answered.

18.

19.

20.

constant pressure line in the superheated region ofthe Mollier diagram will have

a. A positive slope b. A negative slope

c. Zero slope d. Both positive and negative slope

A house is maintained at 2l oC in winter by electric resistance heaters. If the outdoor

temperature is 9 0C, the second-law efficiency of the resistance heaters is

J/kg K. Find the rise in temperature of air.

A vertical cylinder with a freely floating piston contains 0.1 kg air at l.2bar and a small

electrical ..ri.to.. Th" resistor is wired to an external 12 volt battery. When a current of
1.5 amps is passed through the resistor for 90 secs, the piston sweeps a volume of 0.01

m,. Assume piston and cylinder are insulated and air behaves as an ideal gas with cu: 700

System Btem AS
600 KSource Tem eraflrreture: 500 KSource Tem

erature: 550 KSinkSink temperature : 400 K
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Attempt ALL questions. Assume suitable data, if missing'

a. A mercury (Hg) manometer is used to measure the pres-sure in a vessel as shown in

ilgrr. i.'fi"-i"ercury has a density of 13,590 kg/m3, and the height difference

t"i*".. the two columns is measured to be 24 cm' Determine the pressure inside the

;;;;"1. ;;iir" g.uge and absolute preisure with respect to absolute vacuum' l3+2)

fi
I,t

b

Figure I

Write a state postulate and differentiate between open and closed systems' [1+1+1]

2
a. Write the concept of internal energy tiom the view of the First law of

thermodYnamics i il
b. W;; i; heated from 100 kPa, 20'C to 1000 kPa'.200'C' In one case' pressure ls

raised at I: C; then lis raGd at P: C' ln a second case' the opposite order is used'

Does that make a diffe."nc" iot rQz and JI/z? Justify your answer' l2l

An ideal Otto cycle has a compr^ession ratio o,f-8' Al.the beginning of the compression

;c;'; i; uiioo r.pu und Li oa, and 800 kJ,&g of heat is transferred to air during the

constant-volume heat-addition proclrr. e..orrrtlrig for the variation of specific heats of

;';,tth ;.;;;;*", determin! (a) the maximum temperature and pressure that occur

fu;t ,h" cycle, (b) tt" n.t *o't'output' (c) the thermal effrciency' and (d) the mean

;il;;:r;-;;# i* tr," "v.r"'-i'l 
et'o' a"t""nint the power output from the cvcle' in

o]W, il"i.""Ct;".p""d of4000'rpm (rev/min). Assume that this cycle is operated on an

;;;;;ii;i # i"ur cvlinders witt"u toial displacement volume of I '6 L' l7l

P.T.O.

J

I
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a. water at 400 kPa with a quality of 25o/ohas its pressure raised 50 kPa in a constant-" 
volume process. What is the new quality and temperature? 12]

b. A piston/cylinder arrangement, .ho*. in Fig' 2, conlains air at 258kPa and 300 0C'

The 5g-kg-piston has aiiameter of 0.1 m and initially pushes against the stops. The

at-ospheie i. at 100 kPa and 200C. The cylinder now cools as heat is transferred to

&" ar.,bient surroundings. t6]

i. At what temperature does the piston begin to move down?

ii. How far haslhe piston dropped when the temperature reaches ambient?

iii. Show the process in a P-r' and a 7-r'diagram'
Po

I
25 crn

5

Figure 2

A cyclic machine, shown in Fig. 5., receives 325 kJ from a 1000K energy reservoir. It

rej#s 125 kJ to a 400 K energy reservoir, and the cycle produces 200 kJ of work as

oritput. Is this cycle reversible, irreversible, or lmpossible? L2l

a

Brr= 325 kJ

cldE
mtrhine

* =a@kl

QL= 12SkJ

Figure j

b. A heat pump is used to heat a house during the winter. The house is to be maintained

at20oi atull ti-"r. When the ambient temperature outside drops to -10 0C, the rate

at which heat is lost from the house is estimated to be 25 kW. What is the minimum

electrical power required to drive the heat pump? t5l

S*"

Figure 4
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A rigid tank,4 of volume 0.6 m3 contains 3 kg of water at 1200C, and rigid tank B has

a volume of 0.4 m3 with water at 600 kPa, 2000C. The tanks are connected to a

piston/cylinder initially empty with closed valves as shown in Fig. 3. The pressure in

the cylinder should be 800 kPa to float the piston. Now the valves are slowly opened

and heat is transferred so that the water reaches a uniform state at 2500C with the

valves open. Find the final volume and pressure, and the work and heat transfer in the

process. t6l

b

Figure 5

Two steady flows of air enter a control volume, as shown in Fig. 4. one is a 0.025

d; f1;;; i jo tpu, l50oc, state l, and the other enters at 450 kPa, 15 0c' state 2' A

,i"rrgt" no* exits at i00 kPa,-400C, state 3' The control volume ejects I kW heat to

ih"i,r.-..rding, and produces 4 kW of power output' Neglect kinetic energies and

determine the riass flow rate at state 2. t5]

-0-r- *

7

Figure 6

Steam enters an adiabatic turbine steadily at 3 MPa and 400

100 oC. If the power output of the turbine is 2 MW' d

efliciency of the rurbine and (b) the mass flow rate of the

turbine.

oC and leaves at 50 kPa and

etermine (4) the isentropic
steam flowing through the

t6l

How can you improve the efficiency of the rankine cycle Describe with appropriate

aj"er; s1"" can.t PrinciPle. 13+21
8.

a
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