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Instructions to the Students

1. Each question carries 12 marks.
2. Attempt any five questions of the following.
3. Illustrate your answers with neat sketches, diagram etc., wherever necessary.
4. If some part or parameter is noticed to be missing, you may appropriately assume it and should
mention it clearly.
5. Use the given formula sheet wherever necessary.

---------------------------------------------------------------------------------------------------------
             (Marks)

Q.1 A) The mathematical expressions of the thermal conditions at the boundaries are called the 
boundary conditions. To describe a heat transfer problem completely, two boundary conditions 
must be given for each direction of the coordinate system along which heat transfer is significant. 
Therefore, we need to specify four boundary conditions for two-dimensional problems.

2

B)   Heat  transfer  to  a  canned  drink  can  be  modeled  as  two-dimensional  since  temperature
differences (and thus heat transfer) will exist in the radial and axial directions (but there will be
symmetry about the center line and no heat transfer in the azimuthal direction. This would be a
transient heat transfer process since the temperature at any point within the drink will change with
time during heating. Also, we would use the cylindrical coordinate system to solve this problem
since  a  cylinder  is  best  described  in  cylindrical  coordinates.  Also,  we would  place  the  origin
somewhere on the center line, possibly at the center of the bottom surface.
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C)Derive  an  expression  for  the  temperature  distribution  in  a  steady  state  plane  wall  having
uniformly distributed heat sources and one face maintained at a temperature T1 while the other face
is maintained at a temperature T2. The thickness of the wall may be taken as 2L.
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D) A thick-walled copper cylinder has an inside radius of 1cm and an outside radius of 1.8 cm. 
The inner and outer surface temperatures are held at 305°C and 295”C, respectively. Assume k 
varies linearly with temperature. A reported value of k for this material at 150 0C is 371.9 W/m.K 



and b is -9.25 x 10-5 K-1.  Determine the heat loss per unit length.

We have to take mean thermal conductivity equation for hollow cylinder q = -k(T)AdT/dr 1
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Q.2 A)  
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Q.3 A) 
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B) The Heisler charts of Figures 4-7(Holman J.P) and 4-10 (Holman J.P) may be used for solution 
of this problem. We first calculate the center temperature of the plate, using Figure 4-7, and then 
use Figure 4-10 to calculate the temperature at the specified x position. From the conditions of the 
problem we have,

From Graph of Midplane 
temperature for an infinite
plate of thickness 2L: (a) 
full scale.

Temperature as a 
function of center 
temperature in an 
infinite plate of 
thickness 2L 



Q.4 A) 
Nitrogen gas, vertical wall so,
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C)  The Prandtl number Pr =ν/α has been introduced in the above expressions along with
a new dimensionless group called the Grashof number Grx:

The Grashof number may be interpreted physically as a dimensionless group representing
the ratio of the buoyancy forces to the viscous forces in the free-convection flow system.
It has a role similar to that played by the Reynolds number in forced-convection systems and
is the primary variable used as a criterion for transition from laminar to turbulent boundarylayer
flow. For air in free convection on a vertical flat plate, the critical Grashof number has
been observed by Eckert and Soehngen [1] to be approximately 4×108. Values ranging
between 108 and 109 may be observed for different fluids and environment “turbulence
levels.”

for free convection from vertical and inclined surfaces to water under constant-heat-flux 
conditions,  the results are presented in terms of a modified Grashof number, Gr∗: 

where qw =q/A is the heat flux per unit area and is assumed constant over the entire plate
surface area.
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Q.5 A) For Force Convection, Explain flow across cylinders and spheres. What is the effect of 
surface roughness on the friction drag coefficient in laminar and turbulent 
flows?
Theory J.P.Holman

roughening the surface can be used to great advantage in reducing drag, but it can also 
backfire on us if we are not careful—specifically, if we do not operate in the right range of 
Reynolds number. With this consideration, golf balls are intentionally roughened to induce 
turbulence at a lower Reynolds number to take advantage of the sharp drop in the drag 
coefficient at the onset of turbulence in the boundary layer (the typical velocity range of 
golf balls is 15 to 150 m/s, and the Reynolds number is less than 4 x  105). The 
critical Reynolds number of dimpled golf balls is about 4 x 104. The occurrence of 
turbulent flow at this Reynolds number reduces the drag coefficient of a golf ball by half,
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Q.6 A) Some surfaces encountered in numerous practical heat transfer applications are modeled as 
being adiabatic as the back sides of these surfaces are well insulated and net heat transfer through 
these surfaces is zero. When the convection effects on the front (heat transfer) side of such a 
surface is negligible and steady-state conditions are reached, the surface must lose as much 
radiation energy as it receives. Such a surface is called reradiating surface. In radiation analysis, 
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the surface resistance of a reradiating surface is 
taken to be zero since there is no heat transfer through it.

B)

 

C) 


