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Background of this "u-¢g" experiment

He II is utilized as a Coolant for space applications.
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Study of Heat transfer in u-g is required

Critical heat flux of onset boiling must be small.
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Remaining problem is after onset of boiling

How to express the heat transfer
across vapor-liquid interface under u-g condition.




3. Experimental setup



Dr'op tower Exper'lmen'r Electric magnet to start free fall
: Double capsule type

Inner Capsule

Shock
— absorber

10 m height] Outer Capsuldl| Guide Shaft

e AIST* Hokkaido, Japan 3m Breaking
* Below 1 millig,,, : for1.27 second
* Limit: <100 kg, <720 x 820 (size of inner capsule)
* Brake: 4~6 g .

* Turn around: 15 min

* Timing signal synchronized with Electro magnet

* National institute of advanced industrial science and technology, Japan 7
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Small cryostat
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Manganin wire
$0.05x 2.8

GFRP posts

We tried make sphere coordinate
to be realized simple system
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4 Results & Discussion



Visualization results (movie)
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Time variation of vapor volume by image analysis

constant heat input | switched off
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Replot of Time variation of vapor volume in shrinking stage
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t=0 redefined the moment of vanishing a vapor bubble

Shrinking speed depends on size dominantly. The vapor motion and gas condition inside a
bubble has no significant effect to the bubble shrinking
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Derivation dV/dt results from time variation of volume
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The shrinking speed is roughly proportional to the diameter
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The equation of energy balance on the interface based on kinetic theory
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The error bars were drawn with +25% (mm)

of the maximum ratio between the shadow area of the bubble and peripheral length.

Actually gas density is smaller than p,
so that calculation result is smaller than the measured data.

*Murakami M., Furukawa T., Maki M., Fujiyama J., 2002 Exp¥ionemnts?d3edathl and Fluid Science



Rough Estimation of gas density inside a bubble.

Known values:

Heater temperature ( resistance of Manganin) : 50 ~80 K
Bubble size

Temperature on Liquid-vapor interface 16



Thermal conduction of through a sphere from a point heat source
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Heater temperature is represent on the surface temperature of sphere
in the 2/3 diameter of heater length.
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T

.t ON the liquid-vapor

Thermal conduction of symmetric sphere

dT
Q = 47ZI’2Kd—
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T, Is estimated by «-T relation of Helium property

the results are between 5~ 7K



2&(%) 2r”,/zRT ﬁq, =

av _ aD"q
dt lpavghf

av aD°q,

3s)

(Y
o
()]

® 21.05mW atl1.9K

— — Kkinetic teory T

gas21.05 mw

<0 18.50 mW at 1.9 K

— — Kkinetic theory T

A 777 mW at 1.9 K
— — kinetic theory T

—Kkinetic theory T At

gas18.05mw

S 7.77TmW

=
o
~

===
dt '\psat/hfg

Shrinking speed of bubble is related to

the heat transport explained by the kinetic theory and the gas constrictligon

AN
Shrinking speed of bubble volume (m

Diameter (mm)

10



Bath Temperature dependence
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This phenomenon is not depending on the temperature difference between T, and T,.

Kinetic theory is “universal”.
But in other liquid this heat transport is hard to be observed because of AT in liquid phase,
gas density, and == -.



Conclusion

To investigate the heat transfer across the liquid-vapor interface
under microgravity condition, a visualization experiment using a
single shrinking bubble was carried out with a drop tower. Image
analyses of pictures taken by a high-speed video camera reveal that

-indings:

* The shrinking speed of the bubble under the microgravity
condition is related to the heat transport across the vapor-
liquid boundary as explained by the kinetic theory and gas
constriction.

 The pressure difference due to surface tension plays a role
for the heat transfer across the liquid-vapor interface in
microgravity. The van der Waals pressure plays a role only
for the critical heat flux of onset boiling.
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Thank you for your attention



“In addition”
Equilibrium diameter can be calculated
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Why we don’t | ong
previous studyTakada S., et al, ICEC24)
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