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Important heat transfer mechanism
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Motivation

Some researchers argue for the negligible
impact of subcooling

X Rohsenow (1952)
. N . X Engelberg-Forster & Grief (1959)
Existent heat flux empirical correlations X Tien (1962)
do not account the effect of subcooling: X Lienhard (1963)
Rohsenow, Yamagata, Zuber, Forster- X Monde and Katto (1978)
Zuber Forster-Grief X Incorpera el al. (1996)

Others emphasize the influence of subcooling on

heat flux, boiling curve, and bubble dynamics

v' Gunther and Kreith (1950)
V' Ibrahim and Judd (1985)
v/ Kim et al. (2002)

v’ Goel et al. (2017)
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Empirical heat flux correlations do not account subcooling @
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» Boiling chamber
» 288mm X 144 mm X 144 mm

» Micro-heater
» 96 platinum resistance
» 10 X 10 configuration arrangement
» Each heater has the size of 0.7 mm X
0.7 mm

> Working fluid
» FCT72 Tsqe = 58°C
» Multiphase approach liquid/vapor
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Boundary conditions

Top view

*  velocity: homogeneous Neumann (Z—: =0)

*  pressure: Dirichlet (P = 0)
*  temperature: Dirichlet (T = Tpyx)

Adiabatic walls

Adiabatic walls

Bottom view

velocity: no slip
temperature: Dirichlet (T = T,,q11)
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Numerical methods
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Poisson equation:

Bubble Density (Bubbles/mm?)

—+ V(ug. ) =0 1 1 ’ ]
o T V) V. (vanﬂ) = —V.u" + v.¢n , ;
» WENO scheme [3! f E
» SR re-distancing technique [#! | | - The curvature at the interface «r : N R i |
KI" - (1 - Q)Kl + 9K1+1 Wa:lssuperhe:tn(”C) *
- 0 is the normalized distance from the
D - le 5] interface: 0 = # > Monte Carlo discretization
i i+1
ynamic contact angle (Halton sequence)
Qa — 97- Uu + M iflubasel < Uim
0 =< 2uim base 2
0, otherwise
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Governing equations

streamline downwash |

Navier-Stokes

aﬁ+* Vu = 1VP+V Vul + =
ot u-vu= p’ pReu Fr2
6T+_, VI =V , VT

ot u B Re Pr

O¢h

\F{‘_ﬁ___ ] |
-5 0 5

Continuity & Mass Conservation

1

P
2= —>C vT)| K'VT, |- 7]
m_RePr Lr r

Pv

p1
r—

> Ratio of phases to the reference: @« =

> Relevant dimensionless numbers
Re = prugle/py , Pr = wCpi/ky , Fr = ug/\/glo , We = pugly/o

> Ratio of fluid density to the reference: p’

Jump Conditions at the interface (GFM)

k 1 -
P]F= Pv_Pl:W_ —,—1 m

|
1 \P
[ﬂ][‘:ﬁv—al: m(;—l)ﬁ
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77

DNS simulations
Earth gravity

(i) CFD-DNS
simulations

(ii) Experiments

[6]

(a) Pool boiling on earth gravity (b) Pool boiling on microgravity

DNS simulations
ISS gravity
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Computational Cases

Tbulk(oc) Twall(oc) ATsub (OC)

ATgup= Tsar — Thuk ATsup= Twau — Thuk St = CplATsup/ hy,
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Heat flux behavior
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Fig: Temporal variation of the dimensional space averaged wall heat flux < q'' > (W /cm?) for
different subcooled pool boiling cases
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Effect of subcooling and gravity on heat flux

saturated pool boiling, earth
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Fig: Ensemble averaged wall heat flux as a
function of subcooling temperature at both
Earth gravity (__ ) and ISS gravity (----)
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Effect of subcooling and ISS gravity on heat flux

saturated pool boiling, ISS

low subcooling, ISS
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Fig: Ensemble averaged wall heat flux as a
function of subcooling temperature at both
Earth gravity (__ ) and ISS gravity (----)
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rms heat flux fluctuations
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(a) case 1E (ATgyp= 8°C)

(b) case 2E (ATg,,= 11°C)

0 5]

q'(W/cm?)

(c) case 3E (ATs,,= 13°C)

(d) case 1ISS (ATg,,= 8°C)

10

ISS gravity

(e) case 2ISS (ATg,,= 11°C)

5
q'(W/cm?)

3
10

(f) case 3ISS (AT, = 13°C)
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Algorithm development for bubble’s tracking

Scikit-image is a collection of image
processing algorithms implemented in
Python language:

Import hdf5 data files

Plot the level set function (¢)
Thresholding data (Bubble = ¢ < 0)
Labeling data

Measuring bubble properties

M.

Fig: data structured in blocks
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The developed algorithm is successful to determine bubble properties @
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Bubble dynamics at earth gravity

Tiny bubbles that do not grow due to subcooling
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Bubble dynamics at ISS gravity

Tiny bubbles that ‘i" not grow Tiny bubbles that do not grow
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Bubble dynamics overview

Departure process

» observed at low and intermediate
subcooling at earth gravity.

» no departure was observed at ISS-g
subcooled pool boiling

Merging process Shrinking process

observed at all type of subcooling at earth '
gravity and ISS gravity dominant at high subcooling earth gravity
and all type of subcooling at ISS-g
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partures at earth gravity decreases with subcooling@
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The mean equivalent departure diameter 1s 0.96 mm for case 1E, 0.77 mm for case 2E, and 0.67 mm for case 3E
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No bubble departures was observed at ISS gravity

| (a)t = 120 ms /' b)t=328ms O\ /" ()t =568ms
; ( ) // ( ) \\ / ( )
l| // \\\\\\ ///

Bubbles departures Bubble’s growth surrounded by tiny bubbles Two bubbles merging

TFAWS 2024 — August 26-30, 2024

21



rms temperature fluctuations
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Coherent vortices

Low subcooling High subcooling

0= i((vw?- vava) =1 ((w.w?+ 1213 - 1Is113)
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rms velocity fluctuations
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