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Code No: 310803

III B.Tech. I-Semester Regular Examinations, November-2003.

HEAT TRANSFER

 (Chemical Engineering)

Time: 3 hours






Max. Marks: 80
Answer any FIVE Questions

All Questions carry equal marks

- - - -

1.
A 15mm dia steel sphere ,k = 42W/m0C, is exposed to cooling airflow at 200C resulting in the convective coefficient h = 120 W/m2.C. Determine 

  
a) Time required to cool the sphere from 550 to 900C

b) Instantaneous H T rate 2 min. after the start of the cooling


c) Total energy transferred from the sphere during the first 2 min.


Data:  Density  = 7850 kg/m3,  Cp = 475 J/kg0C and α=0.045 m2/h
2.a)
Develop an expression for temperature distribution in a slab made of single material.
   b)
Calculate the rate of heat loss through a plane of homogeneous wall whose thickness is considerably smaller than its width and length. Assuming the wall to be made from steel (k = 40 w/m K), concrete (k =1.2), Diatomite brick (k = 0.12).  Wall thickness for all the materials is equal to 5cm.  The inner & outer surfaces are at 1000oC & 1000C respectively.
3.a) 
Show that coefficient of thermal expansion of an ideal gas equals the reciprocal of absolute temperature. 










   b) 
What is Peclet number? When is it computed? 





   c) 
In a heat exchanger, water flows through a 0.02 m inner diameter copper tube at a velocity of 1.5 m/s. The water entering the tube at 15(C is heated by steam condensing at 100(C on the outside surface of the tube. What would be heat transfer coefficient for water if it is to leave the pipe at 45(C? The physical properties of water at the bulk temperature 30(C are as follows. Thermal conductivity is 0.6172 W/(m.K)

Kinematic Viscosity 0.805 (10-6 m2/s

Density   995 kg/m3.










Specific heat 4171 J/(kg.K)








4.a) 
Differentiate between Reynolds analogy and Prandtl analogy. What is the significance of the Colburn j-factor? 






   b) 
A horizontal cylinder 0.025 m diameter and 0.5 m long is suspended in water at 20(C. Calculate the rate of heat transfer if the cylinder surface is at 60(C. Use the following correlation:

Nu = 0.53 (Gr.Pr) 0.25
The relevant physical properties of water at the mean film temperature 40(C are:

Thermal conductivity is 0.63 W/(m.K)
Viscosity is 2.35 kg/h.m

Density is 992 kg/m3



Pr is 4.3  
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5.
Explain the phenomena of film type and drop wise condensation.  A liquid is boiled at atmospheric pressure by a submerged horizontal tube, 32 mm OD.  The normal boiling point of the liquid is 23.8oC.  The tube wall is at 148.9oC.  Calculate the heat transfer coefficient (ho) and the heat flux (q/A):


Data: -
(v= 0.013Cp

(= 182J / kg

(L = 1452Kg/m3
Cp = 0.607 J/kg oC

( = 19dyns / cm
Kv = 0.0109 w/m oC,  (v = 4.66kg/m3.

6.a)
Calculate the net radiant interchange per square meter for two very large planes at temperatures of 600 C and 400 C respectively. Assume that the emissivity of the hot and cold planes are 0.9 and 0.7 respectively. 





b) 
A 5 cm oxidized iron pipe at 150 C passes through a room in which the surroundings are at a temperature of 30 C. If the emissivity of the pipe metal is 0.8, what is the net interchange of radiant energy per meter length of the pipe?

c)   
Compute the heat loss from a 10 mm dia circular opening in a large enclosed furnace. The temperature within the furnace is 1000 C and the surrounding temperature is 25 C. Assume black-body radiation. 




7.a) 
Derive the relationship between effectiveness and number of transfer units for a parallel flow heat exchanger.



   


   

b) Determine the heat transfer area required for a heat exchanger constructed from a 2 cm OD tube to cool 26,000 kg/hr of an alcohol solution (Cp =3.81 kJ/kgK) from 90 to 50oC, using H2O which enters at 20oC and leaves at 40oC and for the following arrangements: (1) co current shell and tube (2) counter current shell and tube heat exchanger, alcohol in shell and H2O through the tubes. (Assume correction factor for LMTD = 0.95). Assume that the overall heat transfer coefficient based on the outer tube area is 830 kJ/hrm2K.




8.a) 
Discuss the salient features of multiple effect evaporators  


   

   b) 
Explain the various feeding methods employed in evaporators.         
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1.a)
Derive an equation for rate of heat loss through a composite cylinder.

b)
A pipe carrying condensing steam has unit surface conductance of the steam side film 5655 w/m2K & that of the outside air film 7.85 w/m2 K. Calculate the temperature of outer surface of the pipe laid in a room at temperature 30°C.  Take thermal resistance of pipe is 1.85 x  10-4 K / w per m2 of pipe.
2.a)
Develop an equation for rate of heat transfer from a composite wall.
b)
Determine the loss of heat transferring through wall (L=5m, h=10m, t=250mm) laid from red brick (k=0.7 w/m 0C) if the temperature on the wall surfaces are maintained constant.  T1=150oc T2=80oC.
3.a) 
Derive Colburn analogy and State its significance. 




b)
 A large vertical plate 4.0 m high is maintained at 60(C and exposed to atmospheric air at 10(C. Calculate the heat transfer if the plate is 10 m wide. The properties of interest are 

Thermal conductivity is 0.02685 W/m(K

Kinematic viscosity is 16.5 ( 10-6 m2/s

Pr = 0.7.

Employ the correlation Nu = 0.10 (Gr Pr) 0.33





4.a)
 Determine the hydraulic radius for the following cross sections:

(i)
Circular tube of diameter D 

(ii)
Square tube of dimensions s ( s.





b) 
Estimate the heat transfer from a 40 W incandescent bulb at 125(C to 25(C in quiescent air. Approximate the bulb as a 0.05 m diameter sphere. What percentage of the power is lost by free convection? The appropriate correlation for the free convection coefficient is Nu=0.60(GrPr)0.25 where the different parameters are evaluated at the mean film temperature and the characteristic length is diameter of the sphere. The properties at mean temperature are

Thermal conductivity is 0.03 W/(m.K)

Kinematic viscosity is 20.55 ( 10-6 m2/s

Pr = 0.693.









5.a)
Explain about film boiling.








   b)
Discuss the merits and demerits of film wise and drop wise condensation.
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6.a) 
A surface, upon which radiant energy of intensity 600 W/m2  strikes, absorbs 400 W/m2, transmits 50 W/m2 and reflects the remainder. Compute the values for the absorptivity, reflectivity and transmissivity. 






   b) 
1500 W/m2 energy strikes a gray surface where 1000 W/m2 are reflected and 300 

are transmitted through the surface of the material. Compute the absorptivity of 

the material. 










7.a) 
Derive an expression for LMTD for a parallel flow double pipe heat exchanger 

b)
Explain the method of correcting LMTD for a multipass shell and tube heat exchanger

c)
Why is a counter current flow heat exchanger more suitable than a parallel flow heat exchanger    








   

8.a) 
With a neat diagram, explain the working of a Floating head Heat Exchanger.

   b)
With a neat diagram, explain the working of a forced circulation evaporator.
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1.
Find the steady state heat flux through the infinite composite slab made up of two materials.  Also find the interface temperature Ti.  The thermal conductivities of the two materials vary linearly with temperature as 

k1= 0.05 (1+0.008T) w/mK

k2= 0.04 (1+0.075T) w/mK

Where T is oC

2.a)
Derive an equation for temperature distribution in a hollow sphere.

b)
Hot gas at a constant temperature of 400oC is contained in a spherical shell (2000mm 1D, 50mm thick) made of steel.  Mineral wool insulation (k=0.06 w/m-k) of thickness 100mm is wrapped all around it.  Calculate the steady rate at which heat will flow out if the outside air is at a temperature of 30oC.  HTC on the inner surface of the steel shell and on the outer surface of the insulation is 15 w/m2K.
3.a) 
What do you understand by hydrodynamic & thermal boundary layers? Illustrate with reference to flow over a heated flat plate. How is the boundary layer thickness defined? 
      
b) 
A steam pipe 0.05 m diameter and 2.5 m long has been placed horizontally and exposed to still air at 25(C. If the pipe wall temperature is 295(C, determine the rate of heat loss. At the mean temperature of 160(C, the thermo-physical properties of air are:

Thermal conductivity is 0.036 W/(m.K)        

Kinematic viscosity is 30.09 ( 10-6 m2/s

Pr = 0.682.




For laminar flow over horizontal cylinders within the range 103 < (Gr.Pr) < 109, use Nu = 0.53 (GrPr)0.25
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4.a) 
Explain the mechanism of forced convection. 





   b) 
What is Graetz number? When is it computed? 





   c) 
A straight tube having a diameter of 0.04m carries water with a velocity of 10 m/s. The temperature of tube surface is 50(C and the flowing water is heated from the inlet temperature 15(C to an outlet temperature 25(C. Determine the coefficient of heat transfer from the tube surface to water and the length of the tube required for the above temperature change of water. The physical properties of water at mean bulk temperature 20(C are:

Thermal conductivity 0.5986 W/(m.K)

Specific heat 4183 J/(kg.K)

Kinematic viscosity is 1.006 ( 10-6 m2/s

Pr = 0.702


5.
Show that the Heat transfer coefficient for film type condensation over a vertical plate is

[image: image3.bmp]







6.a)
Calculate the heat loss from an uninsulated 5 cm dia horizontal pipe at 220 C to the still air of a room at 30 C. The combined heat transfer coefficient is 20 W/m2.K. 

b) 
Calculate the heat loss per linear square foot from a 10 Cm(11.4 cm outer dia) , nominal diameter horizontal pipe covered with 2.5 cm of insulation 
k = 0.07 W/m.K) assuming that the pipe and the still air temperatures of the room are 200 C and 30 C respectively. The combined heat transfer coefficient is 12 W/m2. K










7.a) 
Discuss the advantages of NTU method over the LMTD method in the design of heat exchanger  







   
   
b) Classify various types of evaporators with industrial applications.       
  
8.a) 
Discuss the different methods of feeding in evaporator with neat diagrams. 

b) State and explain the Duhring’s rule. 
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1.
Heat is flowing through an annular pipe of inside radius r0 & outside radius r1.  The thermal conductivity  varies linearly with temperature from k0 at To to k1at T1.  Develop an expression for heat flow through the pipe. 
Simply the expression assuming that r1-r0 is very small.

Interpret the result physically.

2.
The outside and inside surface temperatures of a 20cm outer diameter & 18cm inner diameter pipe (k=40w/mk) are 400oC & 460oC respectively.  Calculate the reduction in heat loss if a 5cm layer of insulation (k=0.06 w/mk) is put on the pipe.  Assume that the inner and outer surface temperature of insulation is 390oC & 140oC.  What is the inside surface temperature of this pipe in this case? 

3.a) 
Obtain a relation between the heat transfer coefficient and the friction coefficient. 


b) 
0.02 kg/s of air at a bulk temperature of 325K flows through 0.1 m inside diameter tube. Predict the coefficient of heat transfer by convection between the air and tubes. For the turbulent flow. use the correlation Nu = 0.023 (Re)0.8 (Pr)0.4. Following are the properties of air at the bulk temperature:

Thermal conductivity is 0.028 W/(m.K)        

Viscosity is 1.96 ( 10-6 kg/m.s

Pr = 0.70.

If the wall temperature is 375K, what would be the heat transfer rate for one meter length of the pipe?








4.a) 
Discuss the problem of combined free and forced convection. 



b) 
Air enters a rectangular duct measuring 0.3 m by 0.4 m with a velocity of 8.5 m/s and a temperature of 40(C. The flowing air has a thermal conductivity 0.028 W/(m.K), kinematic viscosity 16.95 ( 10-6 m2/s and from the empirical correlations the Nusselt number has been approximated to be 425. Work out the equivalent diameter of the flow passage, the Reynolds number and the convective heat film coefficient.





5.a)
Explain about nucleate boiling.

   b)
Explain about Heat Transfer boiling.
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6.
The sun may be considered as a black body with a surface temperature of 5600 K at a mean distance of 15(1010 m from the earth. The diameter of the sun is 1.4 (10 9 m. Make calculations for 

(a) the total energy radiated by the sun 






(b) the energy received per  m2 just outside the earth’s atmosphere.



(c) the total energy the earth would receive if no energy were blocked by the earth’s atmosphere, and









(d) the energy received by a 1.25 M ( 1.25 M solar collector whose perpendicular is inclined at 35 deg. to the sun. The energy loss through the atmosphere is 35 % and the diffuse radiation is 15 % of direct radiation. 




7.a) 
Write briefly about condensers used in evaporation  


   
    

c) Derive an expression for LMTD in case of a counter - current flow double pipe heat exchanger   








   

8.a) 
What is meant by economy in evaporation and how does it vary with multiple effect evaporation?  








   

b) What are the advantages and disadvantages of multipass heat exchangers over single pass heat exchangers?







   

c) Explain the functions of baffles in shell and tube heat exchangers.  
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