BITS, PILANI DUBAI CAMPUS
DUBAI INTERNATIONAL ACADEMIC CITY, DUBA}
| Year Second Semester 2012-2013
BITS F111 Thermodynamics

Comprehensive Examination [Closed Book]

Max.Marks:80 COMMON TO ALL BRANCHES Date: 08-06-2013
, Time: 3 hours

Weightage: 40 %

Note: (i) Answer all Questions in a sequence (i) Assume suitable value if required
(i) Thermodynamics Datebook is permitted (iv) Answer Every Question on a fresh page
(v) Answer the questions of Part A, Part B and Part C separately. (vi) This question paper

contains three pages.

PART A
1. A car of mass 2500 kg travels with a velocity of 100 km/h. Find the kinetic energy. How

- high should the car be lifted in the standard gravitational field to have a potential energy

- that equals the kinetic energy? (4M)

2. A tank_has two rooms separated by a membranc. Room A has 1 kg of air and a volume of
0.5 m’ room B has 0.75 m> of air with density 0.8 kg/m®. The membrane is broken and
the air comes to a uniform state. Find the final density of air. (4 M)

3. Saturated vapor R-134a at 50°C changes volume at constant temperature. Find the neW
pressure, and quality if saturated, if the volume doubles. Repeat the question for the case
the volume is reduced to half the original volume. Plot Pv and Tv diagram. (8 M)

4. Air goes through a polytropic process from 125 kPa and 325 K to 300 kPa and 500 K.
Find the polytropic exponent n and the specific work in the process. | 4 M)

5 A piston cylinder has 1.5 kg of air at 300 K and 150 kPa. It is now heated up in a two step

process. First constant volume to 1000 K (state 2) then followed by a constant pressure

process to 1500 K, state 3. Find the final volume and the work in the process. (4 M)




PART B
An emergency drain pump should be able to pump 0.1 m*/s liquid water at 15°C, 10 m

vertically up delivering it with a velocity of 20 m/s. The isentropic efficiency for the

pump is 60%. How much power is needed to drive the pump? (5 M)

R-134a is throttled in a line flowing at 25°C, 750 kPa with negligible kinetic energy to a

pressure of 165 kPa. Find the exit temperature and the ratio of exit pipe diameter to that

of the inlet pipe (Dex/Din) so the velocity stays constant. (6 M)

. A windmill with rotor diameter of 30 m takes 40% of the kinetic energy out as shaft work

on a day with 20°C and wind speed of 30 km/h. What power is produced assuming the
M

pressure 1 atmosphere?

. Water (2 kg) at 200 kPa with a quality of 25% has its temperature raised 20 °C in a
constant pressure process. What aré the heat transfer and work in the pfocess?(S M)

. A spring loaded pistdn/cylinder contains 1.5 kg of air at 27 °C and 160 kPa. It is now
heated to 900 K in a process where the pressure is linear in volume to a final volume of

twice the initial volume. Plot the process in a P-v diagram and find the work and heat

transfer. (6 M)

PARTC

. Show the available energy in a T-s diagram fbr a Carnot Heat Engine. (2 M)

. Air at 1000 kPa, 300 K is throttled to 500 kPa. Find the specific entropy generation?
(4 M)
. A household refrigerator with COP of 1.2 removes heat from the refrigerated space af a

rate of 60 kJ/min. Determine (a) the electric power consumed by the refrigerator and

(4 M)

. (b) the rate of heat transfer to the surrounding air.




4. A geothermal supply of hot water at 476 kPa, 150°C is fed to an insulated flash
evaporator at the rate of 1.5 kg/s. A stream of saturated liquid at 200 kPa is drained from
the bottom of the chamber and a stream of saturated vapor at 200 kPa is drawn frOIﬁ the
top and fed to a turbine. Find the rate of entropy generation in the flash evaporator. (4 M)

5. A heat pump with refrigerant-134a as the working fluid is used to keep a space at 25 °C
by absorbing heat from geothermal water that entérs the evaporator at 50 °C at a rate of
0.065 kg/s and leaves at 40 °C. Refrigerant enters the evaporator at 20 °C with a quality
of 15% and leaves at the same pressure as sat.‘}apour. If 1.2 kW of power is consumed by

the compressor, determine (a) the mass flow rate of the refrigerant (b) the rate of heat

supply and (c) the COP of the heat pump. ' 8 M)
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6. Cast iron blocks of masses 2 kg and 5 kg maintained at 250 °C and 25 °C respectively
comes in thermal contact. Find the final temperature and total entropy generated in the

process by assuming zero external heat transfer. (7 M)
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BITS, PILANI DUBAI CAMPUS
DUBAI INTERNATIONAL ACADEMIC CITY
SECOND SEMESTER 2012-13
COURSE: BITS F111 Thermodynamics

Test 2 (Open Book)
Date: 05.05.13

Time: 50 min

Max. Marks: 40

Weightage: 20%
Note: Answer all the Questions and Assume suitable value if reguired

‘1. Refrigerant -134a enters the condenser of a refrigerator at 1200 kPa and 80 °C and leaves

as saturated liquid at the same temperature. Determine the heat transfer from the

refrigerant per unit mass. 3 M'l_

2. Steam enters a nozzle at 400° C and 800 kPa with a veloeity of 10 m/s and leaves at
300°C and 200 kPa while losing heat at a rate of 25 kW.For an inlet area of 800 cm?,

determine the velocity and volume flow rate of the steam at the nozzle exit. (8 M)

3. Ailr flows steadily at 0.5 kg/s through an air compressor. It enters the compressor at 6 my/s
with 100 kPa and 0.85 m’/kg and leaves at 5 m/s with 700 kPa and 0.16 m*/kg. The
internal energy of the air leaving is 90 kJ/kg greater than that of the air entering. Cooli g

water in a jacket surrounding the cylinder absorbs heat from the air at the rate of 60 kJ/s.

Calculate ;

i) The power required to drive the compressor.
i1) The inlet and output pipe cross-sectional areas. (7TM)

4. Saturated liquid R-134a at 25°C is throttled to 133.7 kPa in a refrigerator., What is the exit
temperature and the increase in the volume flow rate? (6M)

5. In a heat exchanger, saturated liquid water at 250 kPa with 60 kg/h enters and leaves as

saturated vapor. The heat is supplied in an isothermal manner by a Carnot heat pump

(P.T. 0]




operating from a low-temperature reservoir at 19°C, Find the rate of work into the heat

pump. (TM)

- A steam operated 1000 MW Carmot power plant uses steam at 550°C which exits out as
saturated vapor at 10 kPa, This is passed in to a condenser and exits as saturated liguid at
the same pressure. Cooling water is flowing through the condenser at a rate of 80 kgs .
Estimate 1) Thermal efficiency of the power plant ii) Amount of heat not converted in to

work by the power plant iii) Temperature rise of the cooling water, (9 M)
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BITS, PILANI DUBAI CAMPUS
DUBAI INTERNATIONAL ACADEMIC CITY
SECOND SEMESTER 2012-13
COURSE: BITS 111 Thermodynamics
Test I (Closed Book)
Max. Marks: 50 Date: 24.03.2013
Weightage : 25% Time: 50 min

Note:s Answer all the Questions and Assunie suitable value if required

A 1m’ container is filled with 300 kg of bricks, 400 kg of coal, 0.2 m° of liquid water and the rest of the
volume is air. Find the avefage specific volume and density. 8)
Two cylinders are filled with liquid water and connected by a line with a closed valve (Fig 1). A has
200 kg and B has 600 kg of water, their cross sectional areas are Apa=02 m? and Ap =0.5 m? and the
height h is 2m. Find the pressure on each side of the valve. The valve is opened and water flows to an
equilibrium. Find the final pressure. 8

To what pressure saturated liquid H2O at 80°C is to be compressed to reduce its volume by 2% through a
constant temperature process? Plot the process in a Tv diagram. {6)

A sealed rigid vessel of 1 m>contains saturated mixture of R-134a at 10°C. At 60°C it is converted into a
single phase of saturated vapor. Calculate the final pressure and the initial mass of the liquid. Plot the
process in a Tv diagram. (6)
Saturated mixture of NII; at 10°C and mass 15 kgina piston/cylinder with a volume of 1 m®is heated to
50°C (at constant pressure). Find the final volume. Plot the process in a Pv diagram. (6)

A piston —cylinder device contains 0.1 m? of liquid water and 0.9 m?> of water vapor in equilibrium at
200kPa. Heat is transferred at constant pressure until the temp reaches 350°C.

Determine the initial temp of water

Determine the total mass of water

Find the final volume

. Find the work done during the process,

Also represent the process in a P-v diagram. (10)

Name the different modes of heat transfer and give the relationship between the heat transfer and

temperature for all the three modes of heat transfer. 6)
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e. Also represent the process in a P-v diagram.

.

BITS, PILANI DUBAI CAMPUS
DUBAI INTERNATIONAL ACADEMIC CITY
SECOND SEMESTER 2012-13
COURSE: BITS F111 Thermodynamics
Test 1 (Closed Book)
Max. Marks: 50 Date: 24.03.2013
Weightage : 25% Time: 50 min

Note: Answer all the Questions and Assume suitable value if required

A 1m?® container is filled with 300 kg of bricks, 400 kg of coal, 0.2 m’ of liquid water and the rest of the
volume is air. Find the average specific volume and density. ®)
Two cylinders are filled with liquid water and connected by a line with a closed valve (Fig 1). A has
200 kg and B has 600 kg of water, their cross sectional areas are Ax= 0.2 m> and Ag =0.5 m 2 and the
height h is 2m. Find the pressure on each side of the valve. The valve is opened and water flows to an
equilibrium. Find the final pressure. 8)
To what pressure saturated liquid H,O at 80°C is to be compressed to reduce its volume by 2% through a
constant temperature process? Plot the process ina Tv diagram. (6)

A sealed rigid vessel of 1 m 3contains saturated mixture of R-134a at 10°C. At 60°C it is converted into a
single phase of saturated vapor. Calculate the final pressure and the initial mass of the liquid. Plot the

process in a Tv diagram. (6)
Saturated mixture of NHj at 10°C and mass 15kgina piston/cylinder with a volume of 1 m’ is heated to
50°C (at constant pressure). Find the final volume. Plot the process in a Pv diagram. (6)

A piston —cylinder device contains 0.1 m’ of liquid water and 0.9 m’° of water vapor in equilibrium at
R00KkPa. Heat is transferred at constant pressure until the temp reaches 350°C.

Determine the initial temp of water

Determine the total mass of water

Find the final volume

. Find the work done during the process,

(10)
Name the different modes of heat transfer and give the relationship between the heat transfer and

temperature for all the three modes of heat transfer. (6)




BITS, PILANI - DUBAI CAMPUS
SECOND SEMESTER 2012 - 2013

First Year Sections 1,2 & 3

Quiz 2
Course Code: BITS F111 Date; 22.05.13 == Name:-——
Course Title: THERMODYNAMICS Max Marks: 14 {D.No:
Duration: 20minutes Weightage: 7% Sec.:

Instructions: 1. Attempt all questions 2.Assume suitable value if required

Cp(CO,) = 0.842 kifkg-K, R(CO,)=0.1885k)/ke-K, Cp (H,0) = 4.187 ki/kg-K, Cp (Steam] = 1.872 ki/kg-K

1.Carbon dioxide is heated from 400 K to 1200 K and during this process the pressure is dropped from
300 kPa to 100 kPa. Calculate the change in entropy. (2)

2. 3Kg of water at 70° C is mixed adiabatically with 5 kg of water at 30°C in a constant pressure process
of 1 atmaosphere where the final temperature is 50° C. Find the increase in the entropy of the total -

(2)

mass of water due to the mixing process.

i




3, Find the polytropic exponent when €O, gas is expanded from 300 kPa, 100°C to 100°C, 100kPa. (2}

4, Comment on the temperature change in an adiabatic compression of a liquid, {2)

5. 9912 8Q/T for all the reversible process between the state 1 and 2 is same, Why? {2).

6. Steam at 100°C and 200kPa is compressed to 600kPa in a reversible adiabatic process. Calculate the
final temperature. {2}

" 7. Will there be an entropy change when a bomb explodes? Justify. 2}
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BITS PILANI. DUBAT CAMPUS, ACADEMIC CITY, DUBAI

SECOND SEMESTER, 2012-2013

Quiz-2 (Closed Book)

Course Title  : Thermodynamics Course No : BI'TS F111
Date : 22.05.2013 MAX, MARKS : 14
Time : 20 min ANSWERING SCHEME Weightage 1 7%

Cp(CO,) = 0.842 kifkg-K, R(CO;) =0.1889ki/kg-K, Cp (H0) = 4.187 ki/kg-K, Cp (Steam) = 1.872 ki/ke-K

1.Carbon dioxide is heated from 400 K to 1200 K and during this process the pressure is dropped from

300 kPa to 100 kPa. Calculate the change in entropy. (2)
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2. 3Kg of water at 70° C is mixed adiabatically with 5 kg of water at 30°C in a constant pressure process
of 1 atmosphere where the final temperature is 50% C. Find the increase in the entropy of the total
mass of water due to the mixing process. (2)
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3. Find the polytropic exponent when CO, gas is expanded from 300 kPa, 100°C to 100°C, 100kPa. {2}

™ — j_ D_&O"\%Lnrma\\]’zw&kﬁj.

4. Comment on the temperature change in an adiabatic compression of a liguid. {2}

Temnp o ol pnovtose

5. 95 8Q/T for all the reversible process between the state 1 and 2 is same, Why? (2)
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6. Steam at 100°C and 200kPa is compressed to 600kPa in a reversible adiabatic process. Calculate the

final temperature. 5 (2)
IS . Coo In ] = R Mo l/
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7. Will there be an entropy change when a bomb explodes? Justify. {2)
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BITS, PILANI — DUBAI CAMPUS
SECOND SEMESTER 2012 — 2013

First Year Sections 1,2 & 3

Quiz 1 A
Course Code: BITS F111 Date: 10. 04 .13 Name:
Course Title;: THERMODYNAMICS Max Marks; 16 iD.No:
Duration; 20minutes Weightage: 8% Sec.:

Instructions: . Attempt all questions.

R ur =0.287 kJ /kg-K ; R 0, = 0.2598 kJ /kg-K; Cp m0-4.18kJ/kg. K; Cyon= 0.66 kJ /kg-K.

1. A 6 pack canned drink is to be cooled from 25°C to 3°C. The mass of each canned drink is
0.33kg.The drinks can be treated as water and the energy stored in the can itself is negligible.
Calculate the amount of heat transfer from the 6 canned drinks. (3)

2. During a boundary work, a saturated liquid is converted into super heated vapour at constant
pressure. Show the work done during the process in a2 P-v diagram.(2)

3.A piston cylinder contains 0.2 kg air at 400 K and 200 kPa. The air is now slowly compressed

in an isothermal process to a final pressure of 600 kPa. Find the work done in the process (3)




4. A piston motion moves a 20 kg hammerhead vertically down 2 m from rest to a velocity of
60 m/s in a stamping machine. What is the change in total energy of the hammerhead? (2)

5. 3000 m’ of water is flowing out of a reservoir per hour. Find the mass flow rate if
ve= 0.001002 m’/kg (2)

6. The enthalpy of oxygen molecule is 1540 ki/kg at 1500 K. If its enthalpy is 275 kJ/kg, what
would be the temperature? (3)

7. When this equation will be true? dh = Cp dT =~ CvdT = du. (1)
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BITS, PILANI - DUBAI CAMPUS
SECOND SEMESTER 2012 — 2013

First Year Sections 1,2 & 3

Quiz1 A
Course Code: BITS F{11

Date: 10,04 13 Name:

Course Title: THERMODYNAMICS Max Marks: 16 iD.No:
Duration: 20minutes

Weightage: 8%

Sec.:

Instructions: . Attempt all questions.
R ..

air = 0.287 kI /kg-K ; R 0y = 0.2598 kJ /kg-K; C, 110-4.1 8kI/kg.K; Cyor= 0.66 kJ /ke-K

1. A 6 pack canned drink is to be cooled from 25°C to 3°C. The mass of each canned drink is

0.33kg The drinks can be treated as water and the energy stored in the can itself is negligible.
Calculate the amount of heat transfer from the 6 canned drinks. (3)

Q = bx 0-a3 x L8 (8-25)
2

= —IR2 k3

2. During a boundary work, a saturated liquid is converted into super heated vapour at constant
pressure. Show the work done during the process in a P-v diagram.(2)

~
b

P -
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3.A piston cylinder contains 0.2 kg air at 400 K and 200 kPa. The air is now slowly compressed

in an isothermal process to a final pressure of 600 kPa. Find the work done in the process (3)

(\(\1,2;_ = e RTU /Lfl— 8

———

Pa 200
— O .2-Xo. 28 L Xb-00 /Qw_é::

= — 2.5 o QJ:
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4. A piston motion moves a 20 kg hammerhead vertically down 2 m from rest to a velocity of
60 m/s in a stamping machine. What is the change in total energy of the hammerhead? (2)

R

=235 e~

5. 3000 m® of water is flowing out of a reservoir per hour. Find the mass flow rate if
ve=0.001002 m*/kg (2)
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6. The enthalpy of oxygen molecule is 1540 kl/kg at 1500 K. If its enthalpy is 275 kl/kg, what
would be the temperature? (3)

Cp—Cu 2R 5 Cpx oacagt 0 bb = 04198 O™

. —n &,,_.-\‘n
bachy 2 Cp(H-T) 5 T = ‘1“( *E:{")

n M
T 1225 K ' ( )

7. When this equation will be true? dk = Cp dT ~ CvdT = du. (1)
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