
11.5 Film boiling

❖ Hydrodynamic models

✓ Work well with minor adjustments

❖ Film boiling on a horizontal, flat surface

✓ Berenson (1961)

▪ Standing  Taylor  waves  with  square  𝜆𝑑

▪ Vapor generated  in  a  square  unit  cell  with 𝜆𝑑
2

assumed to flow toward each vapor dome

▪ Circular unit cell for simplicity:

▪ Vapor flow: laminar, constant thickness, negligible inertia and kinetic energy

▪ Momentum equation

▪ Other equations

𝐶 = 12 if vapor velocity is zero at the vapor-liquid interphase
𝐶 = 3 if shear stress is zero at the interphase

corrected for the effect of vapor superheating



11.5 Film boiling

❖ Berenson model

✓ The vapor film thickness and HTC

average vapor velocity in the vapor film

??? 

This pressure difference is supplied  by  the  hydrostatic  and  surface tension  forces.



11.5 Film boiling

❖ Berenson model



11.5 Film boiling

❖ Film boiling on a vertical, flat surface

✓ Analysis for a coherent, laminar flow

▪ Vapor momentum conservation equation 

▪ BCs

▪ Velocity profile and vapor mass flow rate per unit width

▪ Energy balance (linear temperature profile)

▪ Vapor film thickness

or

𝐶1 = 1 for stagnant interphase
𝐶2 = 2 for dynamic interphase



11.5 Film boiling

❖ Film boiling on a vertical, flat surface

✓ Analysis for a coherent, laminar flow

▪ Local film boiling heat transfer coefficient

▪ Average HTC

– The stagnant interphase is evidently more appropriate for film boiling in a quiescent liquid pool.

▪ Correction for vapor superheating

– ℎ𝑓𝑔 → ℎ𝑓𝑔
′

𝐶 = 0.663 for stagnant interphase
𝐶 = 0.943 for dynamic interphase

Bromley, 1950



11.5 Film boiling

❖ Film boiling on a vertical, flat surface

✓ Improvements to the simple theory

▪ Bromley model: under-predicts experimental data when the length > ½ inch

– Laminar film assumption

– Turbulent film when                           (Hsu and Westwater, 1960)

– Intermittency of the vapor film

▪ Bailey (1970)

– The vapor film supports a spatially intermittent structure.

– At the bottom of each spatial interval, the vapor film is initiated 

and grows, until it becomes unstable and eventually is dispersed

by the time it reaches the top of the interval.

– The vapor film remains laminar in the aforementioned intervals.
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❖ Film boiling on a vertical, flat surface



11.5 Film boiling

❖ Film boiling on a vertical, flat surface

✓ Improvements to the simple theory

▪ Leonard et al. (1978)

– For vertical surfaces, L in the Bromley model should be replaced with 𝜆𝑐𝑟. 

– Modified Bromley correlation



11.5 Film boiling

❖ Film boiling on horizontal tubes

✓ Breen and Westwater (1962)

✓ Effect of thermal radiation

▪ ¾: empirical

▪ 𝜀𝑤: heated surface emissivity



11.6 Minimum Film boiling

❖ Minimum film boiling (MFB)

✓ Important threshold for nuclear safety (quenching)

✓ Leidenfrost process (1756): phenomenon related to MFB

✓ Models and correlations for the MFB temperature 𝑇𝑀𝐹𝐵

▪ Not very accurate or generally applicable

▪ Particularly true for transient boiling processes where MFB may represent the position  

of the “quench front.”

✓ Zuber (1959): hydrodynamic model for MFB

▪ Improved by Berenson (1961)

▪ the effect of heated surface properties is not considered.

✓ Leidenfrost temperature correlation (Baumeister and Simon, 1973)

▪ 𝐴𝑤 and 𝜌𝑤: the atomic number and density of the heated surface

▪ 𝑇𝑐𝑟: the critical temperature of the fluid

▪ σ : the liquid– vapor surface tension (in dynes per centimeter)



11.6 Minimum Film boiling

❖ Minimum film boiling (MFB)

✓ Zuber model (1959)

▪ MFB is driven by the Taylor instability

▪ Bubbles are formed on a 2D grid

▪ Range of pitch:

▪ Bubbles grow as a result of the growth of Taylor waves

– The growth rate of the Taylor wave nodes corresponds to the fastest growing wavelength       

in the Taylor instability.

▪ Bubble release takes place when the peak rises to a height of 𝜆𝑑/2.

▪ The released bubble is a sphere with a radius of 𝜆𝑑/4.

▪ MFB heat flux

– The factor of 2 is based on the argument that in each complete cycle two bubbles are released 

from a unit cell. 



11.6 Minimum Film boiling

❖ Minimum film boiling (MFB)

✓ Zuber model (1959)

▪ Bubble release frequency

▪ Growth rate of the wave displacement

▪ Wave displacement

▪ Then,

▪ 𝐶1 = 0.176



11.6 Minimum Film boiling

❖ Minimum film boiling (MFB)

✓ Berenson (1961)

▪ 𝐶1 = 0.091 ,  ℎ𝑓𝑔 → ℎ𝑓𝑔
′

▪ Minimum film boiling temperature

– No surface effect

✓ Henry (1974)

▪ 𝑇𝑀𝐹𝐵
∗ : MFB temperature by Berenson’s correlation 



11.6 Minimum Film boiling

❖ Minimum film boiling (MFB)



11.7 Transition boiling

❖ Surface partially in nucleate boiling and partially in film boiling

✓ Poorly understood, received relatively little research attention

✓ Industrial systems usually are not designed to operate in this regime

❖ In nuclear engineering

✓ Reflood phase of a loss-of-coolant accident (LOCA)

❖ Parametric trends

✓ Surface roughness: moves the transition boiling line toward the  left.

✓ Improved wettability: improves the transition boiling heat  transfer  coefficient.

✓ Transient heating > transient cooling

✓ Contaminants:  improves  heat  transfer



11.7 Transition boiling

❖ Bjonard and Griffith (1977)

✓ Interpolation between CHF and MFB points

❖ Haramura (1999)


