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 (Composite Wall and the Electrical Analogy)
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Convection Heat Transfer

Forced Convection
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Dimensional Analysis
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Transient or Unsteady Conduction) 

Quenching

Lumped capacitance systemNegligible internal 

resistance theory
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(Heat Transfer by Boiling

(Introduction)

i.e.

i(Cooling of nuclear reactors and rocket motors)

ii (Boilers and condensers) 

iii(Evaporators and condensers)

iv(Melting of metals in furnaces)

v(Refineries and sugar mills) (Heat exchangers)

vi(Process heating and cooling)

(General Features of Boiling and Condensation)

i

ii

i.e.

iii



(Phenomena Accompanying Boiling and Condensation)

i

ii

iii

(Boiling Heat Transfer)

:(General Aspects)

( )

( )

(Excess temperature)

(Applications of Boiling Process)

i

ii

iii(Distillation and refining)

iv

(Concentration, dehydration and drying foods and materials)



v

(Types of Heat Transfer by Boiling)

i(Pool Boiling)

(Bubble growth and detachment)

ii(Forced Convection Boiling)

(Water tube boiler)

iii(Sub  Cooled or Local Boiling)

(Vicinity of heat surface)

iv(Saturated Boiling)



(Boiling Regimes)

(Thermo  physical properties)

(Nucleate boiling)(Film boiling)

(Surface heat flux) 



i:(Interface Evaporation)

I

ii(Nucleate Boiling)

IIIII

II

 III

(Resulting liquid agitation)



A

iii(Film Boiling)

 IVV VI

IIIIV

(Transition boiling)IV

(Vapour blanket)V

VI

iv(Critical Heat Flux or Burnout Point)

(A)

(Boiling crisis)

BB

(Above the melting of the solid)B



A

v(Bubble Shape and Size Consideration)

(Surface tension)

(wetting 

capability)i.e.

(shear off the bubbles)

(globular or oval)(i)

(intermediate surface tension)

(momentary balance)

(buoyant force)



(unwetted surface)

(wedge)(hydrostatic forces)

(iii)

vi:(Bubble Growth and Collapse)

(thermodynamic equilibrium)

(Clay Peron)





vii:(Critical Diameter of Bubble)

(buoyancy force)



vii:(Factors Affecting Nucleate Boiling)

(Material Shape and Condition of the Heating Surface)

(Liquid Properties)

:(Pressure)

(Mechanical Agitation)



viii:(Boiling Correlation)

(Nucleate Pool Boiling)

iRosenhow



S. No. Liquid  surface  

Water  copper 

Water  brass  

Water  platinum  

Water  ground and polished stainless steel 

Water  mechanically polished stainless steel 

Benzene  chromium  

Ethanol  chromium  

n-pentane  chromium  

n-pentane  copper  

Isopropyl alcohol  copper  

iiJacob

iiiJacob

:(Critical Heat Flux for Nucleate Pool Boiling)

Zuber



(Film Pool Boling)

Bromley

D

(Solved Examples)

i



ii

i

ii

i

ii



i

ii



i.e.

(polished copper pan)



(polished copper pan)

i(burner)

ii(rate of evaporation)

iii



i(power of the burner to maintain boiling)



ii

iii

(metal clad)

(power dissipation per unit length for the heater)





Condensation Heat Transfer)

(General Aspects)

(Forms of Condensation)

:(Film Condensation)



.

:(Drop wise Condensation)

.

(surface coatings)



 (Laminar Film Condensation on a Vertical Plate)

Nusselt(1916)

(laminar)

(Nusselt)



(velocity gradient)

'o'



(a):(Velocity Distribution)

( )

=0



(velocity profile)

(b):(Mass Flow Rate)



c:(Heat Flux)

( )



(d)(Film Heat Transfer Coefficient)

(Nusselt)



(trailing edge)

(Nusselt)

AdamscM



(e)(Inclined Flat Plate Surface)



(Turbulent Film Condensation)

(eddy diffusion)

(transition criterion)



:(Film Condensation on Horizontal Tubes)

Nusselt



(Film Condensation Inside Horizontal Tubes)

(Chato)

(Condensation of refrigerants)



(Influence of the Presence of Non-Condensable Gases)

(collected in the vicinity of surface)

(Solved Examples)

(thermal gradient)



(various surface coating)(commercial viability)

(film condensation)

(i)

(ii)

(i)



(ii)

Nusselt

Nusselt



(i)

(ii)

(iii)Adam)c(M



 (i)

(ii)

(iii)(  Adam)

(  Adam)

(  Adam)



(i)

(ii)

(i)



(ii)

(i)

(ii)

(iii)

i.e.

(i)



 (ii)

(iii)



(i)(trailing edge)

(ii)

(iii)

(iv)

(laminar flow conditions)



(i)

(ii)

Adam)c(M(Nusselt)

(iii)

(iv)



(i)

(ii)(rate of condensation of steam)

(thermo-physical properties)

(i)



(ii)

Re

(dry steam)



(steam condenser)

(i)

(ii)



(i)

(ii)



(i)

(ii)

(iii)

(iv)

(i)



(ii)

Adam)c(M

(iii)

(iv)





(i)

(ii)



(i)

(ii)



(i)

(ii)

(i)



Adam)c(M

(ii)



(Theoretical Summary)

(i)(pool boiling)

(ii)(forced convection boiling)

(iii)(sub  cooled or local boiling)

(iv)(saturated boiling)

(i)

(ii)

(iii)

(i)(film condensation)

(ii)(drop wise condensation)

(Summary Formulate)

A(Boiling)



B:(Condensation)



N

D



(Theoretical Questions)

(burnout point)

Nusselt

(Unsolved Problems in Heat Transfer by Boiling)

(i)

(ii)kg/h



(i)

(ii)

(i)ii). 



(Unsolved Problems in Heat Transfer by Condensation)

(i)(ii)

(i)

(ii)

(iii)

(iv)



(i)

(ii)



Fundamentals of mass transfer

Diffusion mass transfer or molecular mass 

transfer

Permeates

Convective mass transfer

HumidificationDistillationLiquid extraction

Gas absorption

Definitions

Arbitrary component



Molecular weight

Relative molecular mass



Universal gas constant

  Specific gas constant



Diffusion mass transfer or molecular mass transfer

 AB

Fick's law 

  





Molecule 



Steady state molecular diffusion

Fick's law 



Isothermal DiffusionStagnant 

air

Assumptions

The diffusion of air downward



A

Stefan's law



or

or

Saturated water and steam Further properties of water and steam



Convective mass transfer



(The energy and momentum equations of a laminar boundary or a laminar sub- 

layer in turbulent flow are as follows):



Sherwood number

Circular columns or tubes

Valid

Lake







Saturated water and steam

a

b



Reynold's  Colburn analogy for heat and mass transfer from tubes

:

Classical wet bulb thermometer

Steady state



  



Dry air at low pressure







Unit -component

diffusionnitrogen to non -diffusingDiffusivity





Molar diffusivity



Molecular weight of Benzene



  







mean Nusselt number

moist air



Pond

Dry air at law pressures



A   B 

i

ii

iii



iii

i

ii

iii



i

ii

iii

iv

i

ii

iii



iv

Note: The molar fractions are equal to the partial pressure fractions



A B



A

A  B

i

ii

iii

i

ii



iii

iv

  





Further properties of water and steam or  saturated water and steam

Further properties of water and steam



Fundamental definitions

 Specific humidity , relative humidity and  percentage saturation



sa



Percentage saturation

Relative saturation

Percentage saturation



Technologists Longman Singapore Publishers LTD., Singapore, (1994). 
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