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Dry spot and microlayer
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« Microlayer has low thermal resistance (um liquid layer) leading to high heat fluxes; contributes to
bubble growth.
« Dry spot spreading contributes to the wall dewetting — boiling crisis.
« Parameters of interest:
« Initial microlayer thickness §,(r)
« Wall temperature distribution 7, (1,t)
« Wall heat flux distribution ¢, (r,t)
« Contact line dynamics r(t)
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Pool boiling setup
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MgF,: Transparent to visible and IR

ITO: Transparent to visible but opaque to IR.
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Optical techniques
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Pool boiling experimental installation
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Bubble nucleation, growth and departure
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Bubble, dry spot and microlayer radii

microlayer evaporation contact line evaporation
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« Because of the localized heating mode, the microlayer is fully formed very quickly, in 1.25ms

* Microlayer disappears because of its length reduction and not by evaporation. CL recedes while bubble
edge advances. (Tecchio et. al., JFM, 2024)
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Microlayer as a Landau-Levich film

Microlayer formation is similar to the film coating (Tecchio et. al., JFM, 2024)

Ut 8, = 1.337r.Ca?/? (Landau & Levich, 1942)

X O . Ca = “T‘U : capillary number
‘ liquid N \ I'. : radius of interface curvature near the film

£=0.084 is chosen to fit the amplitude of experimental data
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We could measure only a part around the maximum because
of slope limitation of interferometry (~0.4°)

Such a simple theory captures correctly the experimental
position r~1.6 mm of maximum

Image from Urbano et. al., (2018) « Maximum appears because r, grows while U decreases with t
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Microlayer with dewetting and evaporation

Simulation based on the 2D lubrication approach accounting for the evaporation and contact line dynamics
(Zhang and Nikolayev, JFM, 2022)
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simulations (Urbano et al. 2018, Giustini, 2024, Bure$ & Sato,
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Wall temperature

Wall superheating temperature: 2D distribution Wall superheating temperature: Profile
AT=T, 6 -1
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Inner circle: Contact line microlayer dry spot microlayer

Outer circle: Microlayer ending or contact line
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Wall heat flux reconstruction

0T 0% T’ Valid everywhere on the
1! " ! w w w
q = qo + q, + hky (amg + ayg) - hpwcwﬁ ITO film (dry spot and
N -— N ~ - microlayer)
qd a
(Kenning and Yan, IJHMT, 1996) o
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T (x,y,t) from experimental IR thermography
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0, : Heat flux on the ITO film given by the IR laser.
ql;o : Heat flux at the porthole/ITO interface. Solved numerically (transient heat diffusion).
q; : Radial heat diffusion through the ITO film.

0, :Heat accumulation in the ITO film as internal energy.
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Reconstructed wall heat flux

Wall heat flux: 2D distribution Wall heat flux profile
(MW/m?)
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Interfacial thermal resistance

Determined theoretically by the limited velocity of vapor : Determined experimentally using the heat flux

expression in the microlayer:
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increase of interfacial thermal resistance
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Contribution of microlayer evaporation

to bubble growth

Rapid bubble growth.
Contact line inside
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Microlayer evaporation contribution to bubble growth is
about 18% (lower limit) (Tecchio et. al., IJHMT, 2024)
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Concluding remarks

The experimental apparatus is able to measure, synchronously and simultaneously, the
microlayer thickness, extents of dry spot and microlayer, wall temperature and bubble
macroscopic radius. The wall heat flux is reconstructed.

« We show experimentally that the microlayer can be seen as thin film deposition by the
bubble edge.

* Microlayer thinning is a result of its evaporation.

 EXcessive interfacial resistance is measured and seems to be a result of water
contamination.

« Microlayer evaporation contributes 18% to the overall bubble growth.

Thank you for your attention!

cassiano.tecchio@cea.fr
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