BME304

Ba5|c Thermodynamlcs

Max. Marks: 100

Note: 1. Answer any FIVE full questions, choasmg ONE full question from. each module.
2. M : Marks , L: Bloom’s level , C: Course outcomes.
3. Use of thermodynamtc data handbook and steam tables is permttted.
4. Assume missing data sultably

Module — 1
Q.1 | a. | State Zeroth law of thermodynamics and justify how it forms the basis for 05| L1 | CO1
temperature measurement. ;@ ) ,

b. Derrve an expressron for P-dV work for a process in'which (i) PV C|05| L2 | CO1

10| L3 | co1

thermometric property 1s found tobe 1.5 and 7 5 respectlvely What will be
the temperature corresponding to the thermometric property 3.57

Q.2 | a. | Show that thermodynamlcs deﬁnrtlon for work is superror to mechanics | 05 | L1 | CO1
definition. L s £ g

b. | With a neat sketch, expl
thermometer.

05| L2 | CO1

C. | A perfect gas is undergomg a process in which Tet V>’ . Calculate the work | 10 | L4 | CO1
done by the gas in going from state 1 in w. ‘the pressure is:100 bar and
volume is 4 m® to the state 2 in which-volume is 2 m’. Also alculate the
final pressure.

Module - 2 __
Q.3 | a. | State the: flrst law of thcrmodynamrcs along with ythe mathematlcal 05 | L1 | CO2
expression for the following:

(i) A closed system undergoing a cycle
(ii) A closed system undergoing a change of state.
b. | With a neat sketch of steady flow device; write the steady flow energy | 05 | L1 | CO2
(&eq‘uatlon with usual notations. ' ' : 5
c. |A statlonary mass ofﬁgas 1s compressed without frrctron from an initial state | 10 | L3 | CO2 |
of 0.3 m’® and '
pressure rem
37.6 kJ of heat from the gas durlng the process How much does the
internal energy of the gas change‘7 '

e e T OR
Q.4 | a. | Write the steady flow energy equatron for (1) Boiler (i) Centrlfugal pump 05| L1 | CO2
: b. | Show that energy is a property of the system. 05| L2 | CO2

c. | In a certain steady flow process, 12 kg of fluid per minute enters at a | 10 | L4 | CO2

pressure of 1.4 bar density 25 kg/m’, velocity 120 m/s and internal energy ‘
920 kJ/kg. The fluid properties at exit are 5.6 bar, density 5 kg/m’, velocity
180 m/s, and internal energy 720 kJ/kg. During the process, the fluid rejects
60 kJ/s of heat and rises through 60 m. Determme work done during the
process m KW.
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Module — 3

Q.5

Deﬁne thermal efficiency of a heat engine and COP of a refrigerator along
with mathematical expressions for both. Write their schematic diagram.

0s

L1

CO3

Define entropy and show that it is a property of the system

05

L2

co3

When the temperature of the sink is reduced by 62°C 1ts efﬁc1ency is
doubled. Find the temperature of the source and the sink.

10

L4

CO3

OR

Q.6

State and prove Clausius theorem.

0s

L2

CO3

Give the Kelvin-Plank and Clausrué ‘statements of the second law of
thermodynamics. h

05

L1

CO3

A lump of steel of mass 10 kg at 627°C is dropped in 100 kg of oil at 30°C.

The specific heats of steel’ and oil are 0.5 kJ/kgK and 3.5 kJ/kgK
respectively. Calculate the entropy change of steel, the oil and the universe.

10

L3

Co3

Module — 4

Q.7

Define Avarlable Energy (AE) and Unavailable Energy (UE). Show that
unavailable energy: 45 the product of lowest temperature of heat rejection
4 ‘ropy of the system durmg the process of supplying

10

L4

CO4

throttlmgwcarlorrmeter

10

L2

CO4

Q.8

Ina certain process, a vapor, while condensing at 420°C, transfers heat to
water evaporating at 250°C. The resultrng steam is used in a power ¢ cle
which rejects heat at 35°C: What is the fraction of the available ener
the heat transfer process ‘from the vapour at 420°C that is lost due to the
irreversible heat transfer at 250°C?

10

L3

CO4

Draw the phase ¢ u111br1um diagram for ““““ ‘a pure substance on P L
coordinates and s
curve, triple pomt and critical point. -

10

L2

CO4

Module 5

Q.9

Write notés-on:
(1) DaIt’

ons law of partlal pr : sure

(rv) Law of corresponding states
(v)" Generalized cg__rr_ggressibility chart

10

L2

COs

rrrrrrrrrrrrr

. | One kg of ideal gas is heated from SQ°C to 150°C. Determine:
1 (1)) - Change in internal energy

(i)  Chan,
(1)) Change in flow energx

(1v) Cv and C,
Take R = 280 kl/kgK; y 3"2 for gas.

10

L3

CO5

OR

% ‘f;Q.lo e

Derive: (1) Maxwell’s equations _ (i1) The first and second Tds equations.

10

L2

CO5

Find the gas constant and apparent molar mass of a mixture of 2 kg O, and
3 kg Ny given that-the universal gas constant is 8314.3 J/kgK, molar mass

| of O, and N2 are respectrvely 32 and 28.

10

L3

cos |

k %k 3k 3k sk
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