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Predicting the nucleation temperature due to

an isobaric process under moderate to high

heating rates for different liquids.
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Intertwining Boiling & Combustion Suppression

https://www.slideshare.net/sabruljamil3/basic-training-water-based-fire-protection

https://www.slideshare.net/sabruljamil3/basic-training-water-based-fire-protection
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Drop impact - Isothermal flat, dry surfaces

Time scale 
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Rioboo R, Tropea C, Marengo M. Atom Sprays (2001)
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Fuel-drop impact onto - heated, dry surfaces

Moreira, Moita & Panao, PECS (2010)

𝝉𝑯𝑻
𝝉𝑴𝒐𝒎𝑻
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Metastable liquids

Metastability denotes 

the phenomenon when 
a system spends an 
extended time in a 

configuration other than 
the system's state of 
least energy

https://commons.wikimedia.org/wiki/File:Meta-
stability.svg
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So, if given an initial pressure & a heating rate,

could you predict the nucleation temperature ?

?
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Nucleation Pathways   Rapid  Isobaric  heating   (p=1 atm)

Fast
(very rapid 

heating)
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Nucleation Pathways   Rapid  Isobaric  heating   (p=1 atm)

Fast

Slow
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Classic Thermodynamic  potentials –Gibbs no. 

Gb
ϕ

≡
Wc

kBT
=

16πσ3

3kBT PL − Pv,e
2  ΔPn = 𝑃𝐿 − 𝑃𝑣,𝑒 =

1

G𝑏
ϕ

16πσ3

3kB𝑇 1 −
ρv
ρL

Bartak (IJMF,1990), rapid depressurization

G𝑏
ϕ

≡ ෩𝑓1 𝑝0, 𝑇0 ෩𝑓2 ሶ𝑇 ෩𝑓3 Σ

 ΔPn = 𝑃𝐿 − 𝑃𝑣,𝑒 =
1

෩f1 p0, T0 ෩f2( ሶT) ෩𝑓3 Σ

16πσ3

3kB𝑇 1 −
ρv
ρL

Dynamic Thermodynamics 

෩𝑓3 → 1 (isobaric process)
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Δ𝑇𝑛 = 𝑇𝑛 − 𝑇𝐿 =
Δ𝑃𝑛𝑇𝑠 𝑣𝑣 − 𝑣𝐿

ℎ𝑓𝑔
= 𝑓1 𝑃0 𝑓2 ሶ𝑇

𝑣𝑣
ℎ𝑓𝑔

16𝜋𝜎3𝑇𝑠
3𝑘𝑏
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Clausius-Clapeyron

𝑃𝐿 − 𝑃𝑣,𝑒
𝑇𝑛 − 𝑇𝐿

=
Δ𝑃𝑛
Δ𝑇𝑛

≈
ℎ𝑓𝑔

𝑇𝑠Δ𝑣
𝛥𝑇𝑆 (𝑃𝑠 𝑇

0
)

𝑓𝑗 =
1

෩f𝑗
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𝑓2 ሶ𝑇 ∝ ሶ𝑇
𝑐

𝐽𝑎𝐻𝑁

Thermodynamic model - 𝑓2 ሶ𝑇

(c ≈ 10)𝑓2 ሶ𝑇 ∝ ሶ𝑇
𝑐
𝐽𝑎

T J;  Local heterophase fluctuations produce short-range order heterogeneity

 ሶ𝑇 depends on the temporal evolution of the temperature.

J𝑎 ≡
𝜌𝐿
𝜌𝑣

𝐶𝑃,𝐿 𝑇 − 𝑇𝑆
ℎ𝑓𝑔

Bar-Kohany T. and Amsalem Y., Int. J. Heat Mass Transf., 2018

Much simpler
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𝑓1 𝑃𝐿 ∝
𝑇𝑆
𝛥𝑇𝑆

Thermodynamic model - 𝑓1

Δ𝑇𝑛 = 𝑓1 𝑃0 𝑓2 ሶ𝑇 𝛥𝑇𝑆

𝑇𝑛 → 𝑇𝑠
𝑓2 ሶ𝑇 → 1

ሶ𝑇 → 0

∆Tn = 𝑓1 𝑃0 𝑓2 ሶ𝑇 ∆TS;

Universal Correlation

∆Tn = 𝐶 𝑇𝑠 ሶ𝑇
10

𝐽𝑎𝐻𝑁

𝑓2 ሶ𝑇 ∝ ሶ𝑇
𝑐

𝐽𝑎𝐻𝑁

Bar-Kohany T. and Amsalem Y., Int. J. Heat Mass Transf., 2018
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Correlation vs. Experimental results - Water

Bar-Kohany & Amsalem IJHMT, 2018

𝐶 = 0.37 ± 5%

𝑐 = 10 ± 10 %

∆Tn = 𝐶 𝑇𝑠 ሶ𝑇
10

𝐽𝑎𝐻𝑁
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Universal Correlation

𝑇𝑛 = 𝐶𝑇𝑠 ሶ𝑇
𝑐

𝐽𝑎(𝑇𝑛) + 𝑇𝑠 ≈ 𝐶𝑇𝑠 ሶ𝑇
𝑐

𝐽𝑎𝐻𝑁 + 𝑇𝑠
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polarC Liquid

Y0.370Water

Y0.135Methanol

N0.170Ethanol

Y0.093Heptane

N0.205Toluene

Universal correlation vs. Experimental results

JaHN

626

196

206

136

236

Bar-Kohany & Amsalem IJHMT, 2018
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Liquid
Pre factor 

C

Water 0.379

Methanol 0.136

Ethanol 0.169

Heptane 0.088

Toluene 0.200

FC 72

Universal Correlation  - Pre factor C
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• A simple, universal correlation was developed to predict the TONB

due to rapid isobaric process, as

a function of the heating rate ሶ𝑇 .

• The input required is simply the saturation & HN conditions.

• The analysis considered classical thermodynamic potentials 
(Gb, Ja) and modified them to include dynamic effects.

Take home points

∆Tn = 𝐶 𝑇𝑠 ሶ𝑇
10

𝐽𝑎𝐻𝑁

• This correlation can be used in CFD codes
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• Expanding the experimental data base:

 Intermediate heating rates.

 Different pressure values.

 Different fluids. (C(Ja))

 Flow boiling

• Formulation of a unifying model to predict slow 

intermediate  fast processes.

• Same for rapid depressurization.

Future  work



Any Questions ? 
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Fuel-drop impact onto heated, dry surfaces

Visentini, Coiln & Ruyer, Exp.Thermal.Fluid.Sci. (2014)
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Experimental Methods - Pulse Heating  

𝜏 = 0

𝜏 = 17𝜇𝑠

Y. Iida, K. Okuyama, K. Sakurai, Int. J. Heat Mass Transf. 1994
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Experimental results

Glod .S., ;.D., Zhao .Z., Yadigaroglu .G, Int. J. Heat Mass Transf. 2002.
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Universal Correlation  - Factor c

𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙
𝑓𝑎𝑐𝑡𝑜𝑟 𝑐

𝑇𝑛 ≈ 𝐶𝑇𝑠 ሶ𝑇
𝑐

𝐽𝑎𝐻𝑁 + 𝑇𝐿

𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 𝑐
𝑡𝑜 𝑒𝑎𝑐ℎ 𝑒𝑥𝑝

𝑐 ≈ 10
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𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙
𝑝𝑟𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝐶 𝑡𝑜 𝑒𝑎𝑐ℎ

𝑓𝑙𝑢𝑖𝑑

𝑇𝑛 ≈ 𝐶𝑇𝑠 ሶ𝑇
𝑐

𝐽𝑎𝐻𝑁 + 𝑇𝐿

𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑝𝑟𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝐶
𝑡𝑜 𝑒𝑎𝑐ℎ 𝑒𝑥𝑝

Universal Correlation  - Pre factor C
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Reference C pre factor Liquid

K. Okuyama 1994 0.385

Water

Thomas Avedisian 2014 BSE 0.373

Thomas Avedisian 2014 NBSE 0.384

S. Glod a, D. Poulikakos 2002 0.381

Average value with tolerance 0.379±0.006

Universal Correlation  - Pre factor C


















