Code No: 136CA .

‘Time: 3 I‘IOlIrS

Note:

R16

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
B Tech III Year II Semester £ xaminations, December 20 95 ,

HEAT TRANSFER:

. (Mechanical Enomeermg)

This question paper contains two parts A and B.
Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B

consists of 5 Units. Answer any one full question from eaeh unit. Eaeh questlon carrles

I‘O”malks and may l ave a, b cas Sub questlons

et § L A Y PART A
(25 Marks)

What are the physical mechanisms associated with heat transfer by conduction,
convection and radiation? [2]

The ﬁlament of .an. incandescent-lamp-of 100 W- rating- has a total surface area-of

-SOmm If the sunoundmo is at 3OOC and 80% of the power is conv“ rted to heat ém .

radiated, determine the temperature-of the filament.~" * * X [3]
‘Define sensitivity (or) time constant of a thermocouple [2]
Explain importance of insulated tip solution for the fins used in practice. [3]
Explain the development of velocity boundary layer for flow over a flat plate. [2]
Explain the concept of Bulk mean temperature and film temperature. Indicate where it
is used.. [3]

Vhat: is physwal mtel p1 etatlon of the Gxashof numb
Compare arithmétic.mean and log mean témperature differences.
Define shape factor, irradiation and emissivity.

Write a note on Nucleate and film boiling.

PART -B

Show that the rate of 1eat conductxon throu gha hollow cylmdel is given |
0, = —k Am B where Ay =g
i g

xm . [
Aq
Ay, A, are being the areas of inside and outside surfaces of the cylinder and X,y is wall

thickness.
A furnace wall is of three layers, first layer of insulation brick of 12 cm thickness of

orn 0~ e (.

conductivity 0.6 W/m K. The face is exposed to-gases at 870 "C-with-a.convection

coeﬁluent of 110°W/m* K. This layer is backed by a 10 cm layer of. ﬁrebrlck

¢onductivity 0.8 W/m K. There is a contact resistarice between the layers” of

26 x 107 m? °C/W. The third layer is the plate backing of 10 mm thickness of
conduclmty 49 W/m K. The contact resistance between the second and third layers is
1.5 x 10~ m* "C/W. The plate is exposed to air at 30 C with a convection coefficient
of 15 W/m? K. Determine the heat flow, the surface temperatures and the overall heat

transfer. coefficient
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b)

15 W/m” K. Determine the rate of heat loss, t

-Consider a plane-wall of thickness-L whose thermal conductivity val

: OR
Derive general heat conduction equation in spherical coordinates and state the

assumption made, .. ... e e e

A..spherical vessel.containing hotf;.ﬂtlid at 160 0C(m a ____ _H’emical éroiées

outer diameter and is made of Titanium of 25 mm- thickness. The thermal conductivity -
is 20 W/m K. The vessel is insulated with two layers of 5 cm thick insulations of
thermal conductivities 0.06 and 0.12 W/m K. There is a contact resistance of 6 x 107~
and 5 x 1074 m? °C/W between the metal and first insulation and between the insulating
layers. The outside is exposed to surrounding at 30 C with a convection coefficient of

s. the interface temperatures and the overall
surfacesarea. *

At

ransfer coefﬁgfien’t"based on tljé meta

h

D‘é‘ri\?e an expressién for heat dissipation in a straigﬁt rectangular fin.
Thermometer well is made of 1 mm thick material of thermal conductivity 55 W/m K

and the inner diameter is 8 mm. The convection coefficient on the surfaces is

50 W/m’K. The wall temperature is 120 "C. The thermometer placed in contact with
well bottom reads 380 "C. Determine the fluid temperature and the error as a percentage

of true temperature: in:"C. Discuss the possible methods to-reduce the-error: The length

of “f:he?-wéll is 6 cni.’ [5:

U N |
Steady cylinder 0.2 m is diameter of 3.m long, initially at 500 OC is suddenly immersed
in a fluid at 40 °C. The convective heat transfer coefficient between the cylinder surface
and fluid is 200 W/m? K. Assuming K = 40 W/m-K, o=1.0 x 10° m ? /s for the steel

cylinder. Calculate after 20 minutes i) The center temperature ii) the surface

temperature and iji).the heat transfer 1o the water during the initial 20.minutes. ,
Gonsider il o 55 L whose thermal cond s linearly in
specified-temperature range as k (T)= ko (1 +BT) where'ko and B are-constants. The walf
surface at x =0 is maintained at a constant temperature of 77 while the surface at x= L is

maintained at 75. Assuming steady one-dimensional heat transfer, obtain a relation for
(i) the heat transfer rate through the wall and (ii) the temperature distribution T (%) in
the wall. ) [5+5]

Explain the Reynolds Colburn analogy for Jaminar flow over a flat plate..

Airiat atmospheric pressure and 200 UC flows ovet a flat plate with'a velocity of 5 m/s; |
The plate is 15 mm wide and is maintained at 120 °C. Calculate the thickness of
velocity and thermal boundary layers and local heat transfer coefficient at a distance of
0.5 m from the leading edge. Assuming that the flow is on one side of the plate,
calculate the heat transfer rate. Given: p = 0.815 kg/m’, k = 0.0364 W/m K,
p=245x 107 kg/ms and Pr=0.7. [5+5]

C“\

; . Water at 20°C -

A plate-40 cm square has a uniform heat ceneration rate-of 8 kW/m*
flews over it with a velocity of 1.2’ m/s. Determine the value of convection coefficient

at the trailing edge and also the temperature at this location.

Using dimensional analysis, derive an expression for heat transfer coefficient in forced
convection in terms of Nusselt number, Reynolds number and Prandtl numbers? [5+5]




' 8.)

10.a)

11.a)

b)

at a velocity of 40 m/s. The cylinder surfacc tempemtuxe is mamtamed at 100 oC.

Liquid mercury at 20 'c entux a4 metal tube of 20 mm internal diameter at the rate of

1.kg/s.and is heated to 3() UC. The tube wall subjected.to uniform.heat. flux is at an

: 'raﬁg_._tempelatmc of 40 °C. Detelmme the le notl of the tube Given. for the mercur

p.=/13560 kg/m®, k= 8.7 W/m K, u.= 1.5 % 107 3kg/ms, Pr=0.025,Cp = 139 J/kg Ke..o

Derive the expression for the effectiveness of a parallel flow heat exchanger. [5+5]
OR

A vertical surface 4 m high and 1.8 m wide is subjected to uniform heat flux of

1000 W/m2. The surface is insulated from the other side. All of the incident heat is
o What ave1a0° temoexature

rejected by free convecti ion to the surrounding air at 20

W' [} the piate attain? » ,
Air’ ’1t atmo“phenc pl(,i\t ire and 20 C [Tows across a

'l

Calculate the heat transfer rate per unit length of’the cylinder. [5+5]

What is radiation shield? Show that presence of n number of radiation shields reduce

the radiation heat transfer by a factor of (n+1).
stcuss forced flow bOIlln‘T in a hollzontal tube: Snpport the answer-with sultable

()R '

Draw the boiling curve and identify the burnout point on the curve. Explain how
ilers?

burnout is caused. Why is the burnout point avoided in the design of boiler
Two very large parallel plates are maintained at uniform temperatures of 77 =1000 K
and 7> = 800 K and have emissivity of €, = & =0.2, respectively. It is desired to reduce

the net rate of 1ad Lauon heat tr ansfel bctween the two plates to one- -fifth by placing t thm :
b th 51des betr sen./

-==006000---




