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B.E DEGREE EXAMINATIONS: MAY 2018
(Regulation 2015)
Sixth Semester
MECHANICAL ENGINEERING

U15MET601 Heat and Mass Transfer
(Use of standard Heat and Mass Transfer Data If&telam tables are permitted)

COURSE OUTCOMES

CO1: Apply steady state heat conduction problems forpmsite systems and fins.
CO2: Solve transient heat conduction problems.
CO3: Solve problems in natural and forced convectioririternal and external flows.
CO4: Calculate the effectiveness of heat exchanger usiipD and NTU methods.
COS5: lllustrate radiation shape factors for various getias.
CO6: Explain the phenomenon of diffusion and convecinass transfer.
Time: Three Hours Maximum Marks: 100
Answer all the Questions:-
PART A (10 x 1 = 10 Marks)
1. Matching type item with multiple choice code CO1 [K{]
List I List Il
A. Conduction I. Fick’s law
B. Convection ii. Fourier law
C. Radiation lii. Newton’s law of cooling
D. Mass transfer Iv. Stefan-Boltzmann law
a) A-ii, B-i, C-iii, D- iv b)  A-iii, B-iv, C-ii, D-1i
c) A—ii, B-iii, C-ivD-i d) A-iii, B—i, C-ii, D—iv
2. Inthe composite systems having parallel layesrmygment, the effective heat resistance 02 [K{]

calculated by
a) Adding the resistance of layers b)  Multiplyiing tresistance of layers

c) Adding the reciprocal of the individuald)  Subtracting the resistance of layers.
layer resistances.

The predominant mode of heat transfer in electtieasmission lines is CO3 [Kq]
a) Conduction b)  Natural convection
c) Forced convection d) Radiation
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The following item consists of two statements, orlabelled as the “Assertion (A)” and CO3 [Kj]

the other as “Reason(R)”. You are to examine thosevo statements carefully and

select the answers to these items using the codeseg below:

a. Both A and R are individually true and R is torrect explanation of A

b. Both A and R are individually true and R is tle# correct explanation of A

c. Alistrue but R is false

d. Ais false but R is true

Assertion (A): Nusselt number may be characterized as the dimdrs®temperature
Gradient at the surface.

Reason (R): The thermal boundary layer thickness is thitkan the momentum
Boundary layer thicknagsen prandtl number is less than one.

a) Both A and R are Individually true andb) Both A and R are Individually true but

R is the correct explanation of A R is not the correct explanation of A
c) Aistrue but R is false d) Aisfalse butR igdr
Boiling and condensation occurs at CO4 [K4]
a) Constant pressure and temperature b) Constapetature
c) Constant pressure d) Both pressure and temperature are not
constant.
Choose the relevant option for the following CO4 [K]]

A black body is one which
(i) Black in colour (ii) absorbs all radiation (iiig¢ftects all incident radiation
(iv) absorbs most of the incident radiation

a) v b) ii,iv
c) i d Iv
Assertion (A): The monochromatic emissivity of a white body atedlve lengths CO5  [Kqg]

And temperature is egoatero.
Reason (R): The wavelength range for thermal radiatiorlG3 to 1G
a) Both A and R are Individually true b) Both A and R are Individually true but

and R is the correct explanation of A R is not the correct explanation of A
c) Aistrue but R is false d) Aisfalse but Rrise
Which of the following term does not pertain toiedn in heat transfer? COo5  [Kyj
a) Solid angle b)  Configuration factor
c) Reynolds analogy d) Spectral distribution

Assertion (A): The solutions of mass diffusion equations caolitained from the solutionsCO6 [K]
of corresponding heat conduction equations foistrae type of boundary conditions.

Reason (R): The differential equations for both heat conaucand mass diffusion are of

the same form.

a) Both A and R are Individually true and) Both A and R are Individually true but

R is the correct explanation of A R is not the correct explanation of A
c) Aistrue but R is false d) Ais false butRrue
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10. Driving force for mass transfer to take place CO6 [K]
a) Concentration difference b) Potential diffeenc
c) Temperature difference d) Electromagnetic fatitierence.

PART B (10 x 2 = 20 Marks)
(Answer not more than 40 words)

11. Define thermal diffusivity. CO1 [Kg]
12. Differentiate between steady state and trahkiest conduction. Coz [Ky
13. Sketch velocity and temperature boundary layeftat plate. CO3 [Kj]
14. Outline the significance of Grashoff number &eynold’'s number. CO3  [Ky]
15. Differentiate between film wise and drop wisadensation. CO4  [Kg
16. Sketch the temperature profile for parallehfland counter flow heat exchanger. CO4  [Ky]
17. Distinguish between irradiation and radiosity. CO5  [Kg]

18. A person who sits in front of a fire place feelarm. Name the mode of heat transfer through5 [Ka
which he receives heat and comment on that.
19. State any two examples of mass diffusion. CO6  [K]

20. Define convective mass transfer coefficient. CO6 [Kg]

Answer any FIVE Questions:-
PART C (5 x 14 = 70 Marks)
(Answer not more than 300 words)
Q.No. 21 is Compulsory
21. (i) A furnace wall consist of three layers. Thaen layer of 10 cm thickness is mad@0) CO1 [Kj]
up of fire brick k = 1.04 W/mK. The intermediateyéa of 25 cm thickness is made up
of masonry brick k = 0.69 W/mK followed by a 5 dhick concrete wall k = 1.37
W/MK. when the furnace is in continuous operatid jnner surface of the furnace is
at 800C,while the outer surface of the concrete is &C3Dalculate (i) the rate of heat
loss per unit area of the wall (ii) temperaturetted interface of the fire brick and
masonry brick and temperature at the interfaceagonry brick and concrete.
(ii) Derive an expression for critical radius afulation. (4) CO1 [K{]

22.  An aluminium sphere weighing 5.5 kg and initially a temperature of 290 is CozZ  [Ky
suddenly immersed in a fluid at*I5 The convective heat transfer coefficient is
58 W/nfK.Estimate the time required to cool the aluminitm®5°C.

23. (i) Air stream at 27C is moving at 0.3 m/s across a 100 W electric alh2?C.If the (7) CO3 [Kj]
bulb is approximated by a 60 mm diameter sphergemBte the heat transfer rate and
the percentage of power loss due to convection.
(i) A thin 80 cm long and 8 cm wide horizontal fgdas maintained at a temperature ¢f) CO3  [K]
130C°C in a large tank full of water at 7Q.Estimate the rate of heat input into the plate
necessary to maintain the temperature of@.30

24. An air stream at @« is flowing along a heated plate at°@Gat a speed of 75 m/s. The CO3  [Kq]
plate is 45 cm long and 60 cm wide. Assuming thedition of boundary layer to take
place at Rg. = 5x10,calculate the average values of friction coeffitiéor the full
length of the plate and the rate of energy dissipdtom the plate.
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25.

26.

27.

A counter flow concentric tube heat exchanger isdu® cool engine oil(C = 2130
J/kgK) from 160C to 6CC with water, available at 26 as the cooling medium. The
flow rate of cooling water through the inner tudeddd m diameter is 2 kg/s while the
flow rate of oil through the outer annulus O.D..Z tn is also 2 kg/s. If the overall heat
transfer coefficient is 250 WAK, how long must the heat exchanger be to meet its
cooling requirement?

(i) Calculate the shape factoroFwhere L =4 m, L, =4 m, B = 2 m for the geometry(7)

given below.

Where L — Length, B- Breadth

(i) The net radiation from the surfaces of two gl plates maintained at(7)
temperatures, ;Tand T is to be reduced by 79 times. Calculate the nurabscreens to
be placed between the two surfaces to achieve rédsiction in heat exchange,
assuming the emissivity of the screens as 0.03tatwf surface as 0.8.

A mixture of @ and N with their partial pressures in the ratio 0.210t@9 is in a
container at 2%. Calculate the molar concentration, the mass tengie mole
fraction, and the mass fraction of each species fotal pressure of 1 bar. What would
be the average molecular weight of the mixture?

*kkkkkkkkkkk

CO4  [Kg]
CO5  [Kg]
CO5  [K]
CO6  [Kg]
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