
11.4 Hydrodynamic theory of Boiling and CHF

❖ Hydrodynamic instability model 

✓ Formation of droplet from vapor column and inhibition its falling back to the 

surface due to high vapor velocity (Kutateladze, 1948)

✓ Insufficient liquid due to the rate of vapor  leaving the surface (Zuber, 1959)

❖ Bubble interaction or bubble packing model

✓ Increase of nucleation site density 

✓ Formation of critical bubble packing which inhibits liquid flow to the surface 

(Rohsenow & Griffith, 1956)

❖ Micro-layer dryout model

✓ Depletion of liquid layer under the large bubbles (Haramura and Katto, 1983)



11.4 Hydrodynamic theory of Boiling and CHF

❖ Bubble interaction theory (Rohsenow & Griffith, 1956)

❖ Micro-layer dryout model (Haramura and Katto, 1983)



11.4 Hydrodynamic theory of Boiling and CHF

❖ Hydrodynamic theory of boiling

✓ The vapor–liquid interfacial stability phenomena play a crucial role in processes 

such as the critical heat flux (CHF) and film boiling (Lienhard and Witte, 1985)

✓ CHF and film boiling is determined by

▪ The hydrodynamic limitations associated with the vapor–liquid interfacial stability

▪ The transport of vapor near the heated surface

✓ Hydrodynamic theory model have been relatively successful and extensively used

❖ According to hydrodynamic theory  (Zuber, 1959; Zuber et al., 1963)

✓ CHF and minimum film boiling are Taylor instability-driven processes

✓ CHF: vapor jets rise

▪ The highest rise velocity – Helmholtz instability 

✓ Minimum film boiling: the surface is blanketed by vapor

▪ Vapor bubbles are periodically released from the nodes of Taylor waves at the liquid-

vapor interface

✓ In transition boiling: partially rising jets and partially vapor bubbles



11.4 Hydrodynamic theory of Boiling and CHF

❖ Zuber et al.’s CHF model

✓ The CHF in pool boiling is a process controlled by hydrodynamic stability. 

✓ Controlling factor

▪ Preventing the development of large dry patches on the heated surface

▪ Transferring vapor from the vicinity of the surface

✓ Assumption

▪ Rising vapor jets with radius 𝑅𝑗 on a square grid with pitch equal to the fastest growing 

wavelength according to Taylor instability

▪ The rising jets are assumed to have the critical velocity dictated by the Helmholtz 

instability

neutral wavelength
for the rising jets



11.4 Hydrodynamic theory of Boiling and CHF

❖ Zuber et al.’s CHF model

✓ CHF = the rate of latent heat leaving by way of a single jet, divided by the area of 

a square grid

❖ Sun and Lienhard (1970)

✓ Neutral wavelength of the rising jets 

Zuber’s assumption



11.4 Hydrodynamic theory of Boiling and CHF

❖ Effect of heated surface size and geometry (Lienhard, 1970)

✓ Hydrodynamic theory: when the heated surface are much larger than 𝜆𝑑

▪ Acceptable assumption as long as the principal radii of curvature of the surface are 

much larger than 𝜆𝑑

▪ Valid when the surface is flat and large enough for its end effects to be unimportant 

✓ Lienhard and Dhir (1973)

𝑞𝐶𝐻𝐹,𝑍
" : CHF predicted by Zuber model



11.4 Hydrodynamic theory of Boiling and CHF

❖ Other parametric effects

✓ Surface wettability

▪ Improve (increase) the CHF

✓ Gravitational acceleration

▪ 𝑇he effect is smaller than the predicted 𝑔1/4

– Experiment: 10–5𝑔, a reduction of only 60% in 𝑞𝐶𝐻𝐹
" , model: 94% reduction

▪ Some experiments showed an opposite trend.

▪ No consideration on the surface condition effects

▪ Shortcomings of hydrodynamics model

✓ Surface orientation

▪ CHF is lower on inclined surfaces

▪ Correlation by Chang and You (1996)
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❖ Other parametric effects

✓ Liquid subcooling: increases the CHF

▪ Ivey and Morris (1962)

▪ Elkassabgi and Lienhard (1988)

– For low subcooling conditions (𝑇𝑠𝑎𝑡 − 𝑇𝐿 < 15°𝐶)

✓ Surface  roughness

▪ Increases the CHF, typically by 25%–35%


