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Context Regenerator
« Cryogenic cooling for space IR sensors Pulse tube Thermal sponge = heart of the PTC
* Low vibrations and high lifetime device cryocooler (PTC) — -

} + Commonly used
+ Disadvantage:
miniaturization

. . mm) New geometry
Cryogenic cooling:

= Helium gas compression/expansion cycles

= Oscillating flow limits
Objective: miniaturization " Metal grid@
A = Smaller device and same performances « Control of porosity
PTC 15K by Air Liquide(" + Ordered structure |
Miniaturization of the Oscillating g Silicium (Si) etching: FH A
fege"e"amf flow study DRIE Diamond-shaped pillars®
Making of reticular microregenerators Hydrodynamic performances for an
oscillating flow
Properties Microfabrication steps
Definition of oscillating Dimensionless nhumbers
* Length: 20 mm 1: Resin spreading on Si flow
* Width: 4 mm . + Maximum Reynolds number
» Height: ~300 pm 2: Insolation UV rays Pressure drop AP and mean Repay:
+ Pillar’s width: 20 pm velocity u: _U.Dp
3: Chemical developpement of = Sinusoidal signals Remay = ——
insolated resin
» Staggered diamond-shaped AP(t) = AP.cos(wt)
pillars 4: Silicium etching with DRIE . Valensi number Va:
. ) u(t) = . cos(wt — ) 3
= Better compromise technique w.Dy,
between pressure drop and Va = y
heat transfers 5: Si-Pyrex sealing

» Darcy’s friction factor f:
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: @: phase lag between f is a function of
Lithography pattern with a 33° pressure drop and velocity Re,,., and Va

angle and 40% of porosity
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Pressure drop test bench Flowmeter test bench

«— Helium

aas + Stationnary/oscillating
flow test bench

=L )« Use of buffer volume

p « Compression/expansion cycles

= Determination of polytropic
coefficient &
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Stationnary
flowmeter Lo
Pressure » Friction factor:
oscillator
Measurement of pressure

drop and flowrate

= No commercial ln< Vo ~>
Regenermior flowmeter for Picture of flowmeter Vo=VJ = o
oscillating flows test bench Frequency ()
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