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=PrL LastTime

= Velocity distribution function
= Relationship between macroscopic properties and velocity distribution

= Evaporation kinetics (Schrage equation)
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cooking (nuclear) power plant immersion cooling
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=F7L  Evaporation vs Boiling

Evaporation Boiling

Bubble
nucleation
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=P7L  Intended Learning Objectives Today

= Analyze the free energy of vapor embryo (Thermodynamics)

= Understand the derivation of bubble growth kinetics at small sizes

« Reading materials: Carey, Chapter 5.2, 5.3
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Formation of a Vapor Embryo
(Homogeneous Nucleation)

Initial State After Embryo Formation

| [ L

Liquid
(T T, R

Va por\

(a) (b)

Liquid
T, R

Figure 5.7 in Carey



=F7L. Homogeneous Nucleation

Initial State After Embryo Formation
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=P7L  Gibbs Free Energy Change

AG = Nv(gv — g + (P, = P)V, + 4nray,

Considering T,and P, as fixed values, assuming mechanical equilibrium is always satisfied

AG can be considered as a function of r, to which we can apply Taylor expansion near r,
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=PFL  Gibbs Free Energy Change
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B 08.10.2025

O1y

2
A A 2
ar dr (gv gl) + 4nr ( -

vh-)

10



EPFL

B 08.10.2025

Gibbs Free Energy Change ’

AG 1

Figure 5.9 in Carey



=FFL Equilibrium Bubble Radius

After Embryo Formation
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=P7L  Embryo Size Distribution

Consider the number of embryos consisting of n molecules per unit volume N,

For an embryo of size n, define j,, as the evaporating molecular flux and j,,. as the
condensing molecular flux [m-2s-1]
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=P7L  Embryo Size Distribution
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=P7L  Embryo Size Distribution
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=P7L  Embryo Size Distribution
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FIGURE 5.10 Carey
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=P7L  Embryo Size Distribution
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=P7L  Embryo Size Distribution
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=P7L  Embryo Size Distribution
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=P7L  Embryo Size Distribution
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=PFL  Physical Meaning of /

J represents the rate at which embryo bubbles grow from n to n + 1 molecules
per unit volume [m3s1]
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=PFL Generation Rate of Bubble of Critical Size

(Homogeneous case) E— T
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FIGURE 5.12, Carey
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Measured Superheat Limit Data

T, Predicted (°C)

200

100

Predicted superheat limit obtained Octane
using equation (5.106)
with J = 102 m3 ¢

Heptane

= Ethanol
Methanol
Pentane
Butane
Data points taken from
Propane the compilation in ref.[5.6].

All results are for a pres-

Propene sure of one atmosphere.
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FIGURE 5.13

Great agreement was found
for low surface tension liquids

For water, the predicted
superheat limit is about 300 °C
while the measured one is
250-280 °C

When homogeneous
nucleation does occur, vapor is
generated at an extremely
rapid rate



=P7L  Intended Learning Objectives Today

= Analyze the free energy of vapor embryo (Thermodynamics)

= Understand the derivation of bubble growth kinetics at small sizes

« Reading materials: Carey, Chapter 5.2, 5.3
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