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Boiling crisis



Lecture outline
1. Definition of boiling crisis.
2. Mechanism of boiling crisis.
3. Types of boiling crises.
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Boiling crisis
Boiling crisis is the phenomenon of a drastic reduction

of heat transfer on the heat exchange surface leading to a
sharp increase in its temperature.

Max heat flux that is revealed just before the boiling
crisis is called the critical heat flux and is indicated as
qcrit.
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Boiling crisis mechanism
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The crisis has been studied since the mid previous century.

Main conclusion is that boiling crisis is related to flow regime
in the channel.



Main flow regimes
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Post‐CHF regimes:
 film(steam is at the wall surface, water is in flow core);
 dispersed (steam flows over the wall, water droplets are in flow

core)

1 – water (single‐phase flow);
2 – bubbly;
3 – slug‐bubbly; 
4 – dispersed‐annular;
5 – dispersed;
6 – superheated steam (single‐phase flow)



Types of boiling crisis

 Boiling crisis in pool boiling
 Boiling crisis with forced flow
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Boiling crisis in pool boiling
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 40,14          critq r g

Kutateladze formula
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Kutateladze C.C.

31.07.1914 -21.03.1986



Boiling crisis in channels (in tubes and intertubular 
space) with forced flow
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Boling crisis of the first kind

The impaired heat transfer mode in which a steam film is
formed on the tube surface (i.e. upon the transition from nucleate
boiling to film boiling) is called the boiling crisis of the first kind
(aka ‘departure from nucleate boiling’).

Critical heat flux (CHF) is the characteristic value for this crisis.
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Factors that determine qcrit

 x – steam quality (relative enthalpy);
 ρω ‐mass velocity;
 p – pressure;
 shape and dimensions of heat transfer surface.
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ЯЭР 12

Boiling crisis calculation methods

1. By means of analytical equations

2. Table‐based methods



Analytical calculation methods for boiling crisis 
of the 1st kind (departure from nucleate boiling)
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   2 3
8 10,3 0,796 0,0167 10 1,5            

m
critq p p w exp x

Circular tubes
0,33

8 15%
0,008


    
 

crit crit
dq q

Here qcrit – in MW/m²; p – in MPa

 1,2 0,25 0,1 1m p x       



Analytical calculation methods for departure 
from nucleate boiling (critical heat flux)
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     0,2 1,2 20,65 1 1,3 4,36 10 20%         critq х p

Banks of tubes (plain rods)



Calculation methods for departure from nucleate 
boiling

All the utilized formulas are empirical.
Most equations are obtained for uniformly heated rods.
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The impaired heat transfer mode due to the destruction of
fluid film upon the transition from a dispersed‐annular
flow regime to a dispersed flow regime is called the boiling
crisis of the 2nd kind.

Boundary steam quality xb is the characteristic value for
this crisis.

Boiling crisis of the 2nd kind



Boiling crisis of the 2nd kind

Boundary steam quality is not dependent on heat flux
density and is defined by the parameters of the two‐phase
flow. Thus, crisis of the 2nd kind may occur even with small
heat flux.

Ways to prevent the crisis of the 2nd kind:
 to increase the subcooling up to saturation temperature at
channel entry;

 to increase pressure;
 to decrease mass velocity
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Analytical identification of boundary (bnd) 
steam quality
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191 0,86 expbsqx We
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Here xbsq – mass steam quality in the beginning of the heat 
transfer impairment region (boundary mass steam quality )
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Look‐up table calculation methods for boiling crisis
(method of the Institute of Physics and Power
Engineering)

General equation 1 2 3 4crut тq q k k k k= ⋅ ⋅ ⋅ ⋅

qт – critical heat flux for a tube bundle (dh=9.36 mm;
L/dh>300; S/d =1.4);
k1 – correction for heat diameter value;
k2 – correction for relative spacing;
k3 – correction for the effect of entry conditions (for L/dh);
k4 – correction for the effect of spacing grid
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The method characterizes data with the mean
squared error of 17%.

Total 5240 experimental points obtained on 47
experimental models.

Look‐up table calculation methods for boiling crisis
(method of the Institute of Physics and Power
Engineering)
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Example of CHF table for tube bundle

Here qт = f(x, p, ρw)



Thank you for attention
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