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BOILING

• Occurs at the solid–liquid interface when a liquid is 
brought into contact with a surface maintained at a 
temperature Ts sufficiently above the saturation 
temperature Tsat of the liquid 

• By Newton’s law of cooling,
qboiling = h(Ts - Tsat) = hΔTexcess (W/m2 ) 

where, ΔTexcess = (Ts - Tsat)-------> Excess temperature



TYPES OF BOILING

(1) Pool boiling – absence of bulk fluid flow

(2) Flow boiling (or forced convection boiling) –

presence of bulk fluid flow



POOL BOILING

• The fluid is not forced to flow by a mover such as a 
pump, and any motion of the fluid is due to natural 
convection currents and the motion of the bubbles 
under the influence of buoyancy.



BOILING REGIMES AND THE BOILING CURVE



(a)Natural Convection Boiling (to Point A on
the Boiling Curve)

The liquid is slightly superheated in this case
(a metastable condition) and evaporates when it rises
to the free surface. The fluid motion in this mode of
boiling is governed by natural convection currents, and
heat transfer from the heating surface to the fluid is by
natural convection

(b)Nucleate Boiling (between Points A and C)

Nucleate boiling is the most desirable boiling
regime in practice because high heat transfer rates can
be achieved in this regime with relatively small values
of ΔTexcess, typically under 300C for water





(c)Transition Boiling (between Points C and D)

In the transition boiling regime, both nucleate
and film boiling partially occur. Nucleate boiling at
point C is completely replaced by film boiling at point
D. Operation in the transition boiling regime, which is
also called the unstable film boiling regime, is avoided
in practice.

(d)Film Boiling (beyond Point D)

In this region the heater surface is completely
covered by a continuous stable vapor film. Point D,
where the heat flux reaches a minimum, is called the
Leidenfrost point



HEAT TRANSFER CORRELATIONS IN POOL 
BOILING
(i) Nucleate boiling regime (50C ≤ ΔTexcess ≤ 300C)

where



(ii)Peak Heat Flux
The maximum (or critical) heat flux in nucleate 

pool boiling was determined by

where Ccr is a constant whose value depends on the 
heater geometry

(iii)Minimum Heat Flux
The minimum heat flux for a large horizontal plate,



(iv)Film Boiling
The heat flux for film boiling on a horizontal 

cylinder or sphere of diameter D is given by,

where kv is the thermal conductivity of the vapor 
in W/mK  and



Treating the vapor film as a transparent medium
sandwiched between two large parallel plates and
approximating the liquid as a blackbody, radiation heat
transfer can be determined from

For qrad < qfilm



PROBLEMS
1.

The properties of water at the saturation 
temperature of 1000C are σ =  0.0589 N/m and

for the boiling of water on a mechanically polished
stainless steel surface



(a) The excess temperature in this case ΔTexcess = (Ts –

Tsat) = 108 – 100 = 80C which is relatively low (less than 
300C). 



(b) The rate of evaporation of water is determined from

2.

The properties of water at the saturation
temperature of 1000C are σ = 0.0589 N/m
and



For the boiling of water on a nickel
plated surface

The heating element in this case can be considered to 
be a short cylinder whose characteristic dimension is 
its radius. That is, L = r = 0.005 m. The dimensionless 
parameter L* and the constant Ccr are determined from 



The nucleate boiling heat flux for a specified surface
temperature, can also be used to determine the surface
temperature when the heat flux is given





3.

The properties of water at the saturation 
temperature of 1000C are hfg = 2257 x 103

J/kg and ρf = 957.9 kg/m3.The properties 
of vapor at the film temperature of Tf = (Tsat
+ Ts)/2  = (100 + 350)/2 = 2250C are



The excess temperature in this case is ΔTexcess = (Ts – Tsat) =
350 – 100 = 2500C which is much larger than 300C for water.
Therefore, film boiling will occur. The film boiling heat flux in
this case can be determined from



The radiation heat flux is determined from 

Note that heat transfer by radiation is negligible in this case 
because of the low emissivity of the surface and the relatively 
low surface temperature of the heating element. Then the total 
heat flux becomes 



Finally, the rate of heat transfer from the heating element to 
the water is determined by multiplying the heat flux by the 
heat transfer surface area,



Table1: Values of Cslfor pool boiling
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Refer table 1
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FLOW BOILING
• The fluid is forced to move by an external source
such as a pump as it undergoes a phase-change
process.
• Types: External or internal flow boiling
• External flow boiling over a plate or cylinder is
similar to pool boiling, but the added motion increases
both the nucleate boiling heat flux and the maximum
heat flux considerably.
• Internal flow boiling commonly referred to as two-
phase flow, is much more complicated in nature
because there is no free surface for the vapor to
escape, and thus both the liquid and the vapor are
forced to flow together.



Different flow regimes encountered in flow boiling in a 
tube under forced convection



CONDENSATION HEAT TRANSFER

Condensation occurs when the temperature of a vapor is 
reduced below its saturation temperature Tsat

TYPES
• Filmwise condensation: The condensate wets the surface
and forms a liquid film on the surface that slides down under
the influence of gravity. The thickness of the liquid film
increases in the flow direction as more vapor condenses on the
film.

• Dropwise condensation: The condensed vapor forms
droplets on the surface instead of a continuous film, and the
surface is covered by countless droplets of varying diameters.





NUSSELT’S THEORY OF CONDENSATION



NUSSELT’S THEORY OF CONDENSATION



FILMWISE CONDENSATION







DROPWISE CONDENSATION






































