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Aplicacoes Espaciais de baixa temperatura

* Plano focais de CCD

IR telescopes

« Amplificadores de baixo ruido

* Dispositivos super condutores

e Espectrometro X-Ray
 Magnetometros

* Sensores ¢ mstrumentos cientificos
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Requisitos térmicos do plano focal

TECNOLOGI | PIXELS |RESPOSTA TEMPERATURA |NETD
A ESPECTRAL |DE OPERACAO|[mK]
[wm] [K]
HgCdTe 320 x 256 [ 1.0 -2.5 190 40
QWIP 640 x 512 [8.0-9.0 <90 <25
Microbolémetr | 320 x 240 | 8.0 - 14.0 300 <120
(0]
HgCdTe 1500x 1 |MWIR/LWIR |80 11
HgCdTe 1000 x|1.0-25 200 S/R = 400
256
HgCdTe 15000 x 1 |[MWIR /LWIR |- -
HgCdTe 640 x 480 |3.7-4.8 <120 D* = 4.9x10"
Jones
TECNOLOGIA | PIXELS |RESPOSTA TEMPERATURA |RUIDO
ESPECTRAL |DE OPERACAO |[e-]
[wm] [K]
InSb 512x512 [2-5 - <20
Si:As 256 x256 |2-5 ; <40
Microbolometro |640x 480 |8-12 300 35mK
InSb 2048  x|0.6-5.4 30 <25
2048
HgCdTe 2048  x|0.85-2.5 78 <15
2048

Paiva,]. Bertolino,M. Detetores infravermelhos para aplicagdes espaciais,

DEA-EO-001/2002
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Requisitos térmicos do plano focal

TECNOLOGIA |PIXELS |RESPOSTA TEMPERATURA |D*
ESPECTRAL |[DE OPERACAO |[Jones]
[um] [K]
InGaAs 256 x 1 1.1-25 250 7.5x10"
InGaAs 320x256 [1.3-23 250 7.5x10"°
TECNOLOGI | PIXELS | RESPOSTA TEMPERATURA |RUIDO
A ESPECTRAL |DE OPERACAO |[e-]
[um] [K]
InSb 128 x 1.0 - 5.0 <80 <900
128
InSb 320 x 1.0-5.0 <80 <700
256
InSb 2048 x |3.5-48 78 NETD =
16 15mK

Paiva,J. Bertolino,M. Detetores infravermelhos para aplicagdes espaciais,
DEA-EO-001/2002
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Métodos para obtencao de baixas temperaturas

e Radiacao de calor
* Expansao de gas ideal (reversivel)

» Expansao irreversivel (efeito de Joule-
Thomson)

* Diluicao em liquido

* De-magnetizacao adiabatica
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Metodos para manutenciao de baixas temperaturas

* Mantas super-isolantes
» Evaporacao de liquido

* Fusao solido-liquido
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Ciclos termodinamicos utilizados

« Stirling (S)

* Brayton

* Joule-Thomson (J-T)

e Linde-Hampson (L-M)

* Gifford-McMahon (G-M)
* Vuilleumier (V-M)

* Claude

« Kleemenko
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Técnicas mais usadas

« Radiador criogénico

» Peltier (TEC — termo-elétrico)

* Trocador de calor de evaporacao aberta

« PCM — “phase change materials™

* Cryocoolers de ciclo L-M (J-T) aberto ou fechado
e Cryocoolers Stirling

* Cryocoolers de G-M, V-M, Claude

» Pulse tube (Cryocooler termo-acustico)

* Cryocoolers de sorpc¢ao

« Sistemas combinados
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Como escolher? Responder a...

* Qual a temperatura necessaria [K]?

* Qual a carga térmica para o cooler (calor gerado
mais o calor proveniente da estrutura) [mW]?

* Quais sao as limitacoes de massa p/ o sistema
criogénico [kg] ?

* Qual o nivel de vibragao aceitavel [um: X,Y,Z] ?
* Qual a duracao da missao [dias, anos]
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Classificacao pela Temperatura

« Radiadores criogénicos - 60K..200K
(minimo ate 30 K )

e Peltier (TEC) — até 130K
e Cryocoolers mecanicos —de 100K até 6 K

o Sistemas de armazenamento — de 150K até 1.3 K

» “Adiabatic Demagnetization Refrigerator” (ADR)
ou de diluicao —menos de 1 K
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Radiador criogenico: “shielding”

S.pafc_ecraft RM 20B Radiator
Limiting A=14#2
Ray T=135K

\

Gilmore, D.G., Satellite Thermal Control Handbook, Aerospace, 1994
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Radiador criogenico multi-estagio
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. Kapton/MLI
Radiator Heat ‘ MLI (60 Layers)

Sun Shield

Spacer
Support Strut J, - fraction of parasitic

leaks
f. — fraction of absorbed
external flux

Real radiators:
]; — 0.290...0.973

A.
jﬁ — ideal __
n(7T) y

|
|
|
5
|
<

real
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Missdes de curto a médio prazo (até ~1 ano)
Temperatura - depende do liquido

Sistemas criogénicos de armazenamento
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Sistemas criogénicos de armazenagem:
evaporacao de liquido

Venf Valve Liquid Transfer Line

= \

4 f
‘ess Adjustable |
P
-ngfrsc‘;lre& _ Crifice Flow
Relief Storage Container o Control Valve
Cooling Head /
Valve

N\

Detector Cell

Cell Vent Line

=L

Fill Valve

Wolfe, W.L., The Infrared Handbook, IRIA, Washington, 1978
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Sistemas criogénicos de armazenagem:

Plastic Scintillator

High Density £

Light Pi

Vacuum

Shielding

Photomultiplier

Go (U) Detectord|. ]

Cover

Photomuitiplier

-~Plastic Scintillator

Stai

g for Thermal Link

F

fusao de solido-liquido

SESPP 72-1:
Gamma-ray detector

solid cooler
(Lockheed)

Wolfe, W.L., The Infrared Handbook, IRIA, Washington, 1978
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Ciclo aberto de J-T
?

Gas Dryer and
Filter

Back Pressure

N2 Regulator (Optional)

- Heat Exchanger

High Pressure (Finned Tube)

Gas Bottle

Throttle Valve
(Fixed or Variable Orifice)

Liquid Receiver

Gilmore, D.G., Satellite Thermal Control Handbook, Aerospace, 1994
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Ciclo fechado de J-T

2 o - Compressor
Heat IR | 2
Rejection Heat
. Com\grezsor Rejection,
e or Q
® W
5
£ 3
T
2 Regenerative
g Cooling
Lt
[
4 4
Expansion c J-T Expansion
Linde-Hampson cycle Valve
: . 6 5
(a) Temperature-entropy diagram (b) System schematic

Wolfe, W.L., The Infrared Handbook, IRIA, Washington, 1978
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Temperaturas de inversao para J-T

Maximum inversion
Gas - temperature (K)

Above ambient

Ammonia 1994
Carbon dioxide 1500
Methane 939
Oxygen : 761
Argon 794
Nitrogen 621
Air 603
Below ambient

Neon 250
Hydrogen 205
Hehum 4 40

Wolfe, W.L., The Infrared Handbook, IRIA, Washington, 1978
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Linde-Hampson cryocooler (J-T)
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Or REFRIGERATION
- Walker, G., Miniature Refrigerators for Cryogenic Sensors

and Cold Electronics, Oxford, 1989
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Linde-Hampson cryocoolers

HIGH PRESSURE RESERVOIR (MITROGEN OR ARGON)

FiLL F

DETECTOR/QPTICS AND
CRYOCOOLER ASSEMBLY

Walker, G., Miniature Refrigerators for Cryogenic Sensors
and Cold Electronics, Oxford, 1989
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Ciclo de Claude

Compressor - el m
e
o P
2 rr".
2
Heat
Rejection
| j 1
3 . 1
B
&
4 =
Expansion g
Turbine 2.
[ 3
L H
=
4a =]
6 sa ~: Wolfe, W.L.,
_ -t The Infrared Handbook,
4b .
Expansion ) | Two- Phase IRIA, Washington, 1978
Valve Region
5a
Cooling Load ' Entropy (S)
(a) System schematic (b) Temperature-entropy diagram
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Ciclo de Brayton

: | P _T.;;F..,ﬁ.;?_ — |
Compressor e Lo :
9 After Cooler : .z"' R !

Heat Rejection

-
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—
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w
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1
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(@)} System schematic

Wolfe, W.L., The Infrared Handbook, IRIA, Washington, 1978
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Micro-cryocooler de ciclo de Brayton

5 watt, 65 Kelvin
Turbo-Brayton cooler

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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Micro-cryocooler de ciclo de Brayton

35/60 Kelvin Turbo-Brayton cooler

~ http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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Micro-cryocooler de ciclo de Brayton

A Turbo-Brayton cooler has been

installed on the Near Infrared Camera and
Multi-Object Spectrometer (NICMOS)
instrument of the Hubble Space Telescope.
NICMOS's original solid nitrogen cooler
exhausted its supply of solid nitrogen
coolant earlier than planned.

The Turbo-Brayton cooler will allow the
NICMOS instrument to continue

studying the universe

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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w * ETC.I.___—br_‘7° .
BN 2| /S Ciclo de
_vTc:.UME ‘- "ENTROPY Stirling
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Tipos de cryocoolers de Stirling

KEY:
A- COOLER "E-EXPANSION SPACE R- REGENERATOR
C- COMPRESSION SPACE P-PISTON S- SEAL B
D~ DISPLACER E
E
- R
R
/
M o L
=
[ g4 _
_S ) S
— y 7A
i il .
P W Walker, G., Miniature
|~ "A .
el s - Refrigerators for
“/P s Cryogenic Sensors
"~ p and Cold Electronics,
Oxford, 1989
11SAME CYLINDER ) SEPARATE CYLINDER
o} TWO PISTON MACHINE b} PISTON - DISPLACER MACHINES

FiG. 3.11. Three basic arrangements for single-acting Stirling cryocoolers.
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CIMEX cryocooler
(INPE-NASA-Alcatel)
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Linear Cryocooler de Stirling

/EXPANSION SPACE

DISPLACER / REGENERATOR

MAGNET

PISTON 7 COIL
ASSEMBLY

HOUSING

-

] Walker, G., Miniature Refrigerators for
‘ - PISTON SPRING Cryogenic Sensors and Cold Electronics,
| l Oxford, 1989

TS S S SS S

.
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Linear Cryocooler de Stirling

This Stirling Cycle
cooler, built by North
American Phillips,
tested the use of
magnetic bearings and
clearance seals in
mechanical coolers.
The cooler
demonstrated the
usefulness of these
techniques by running
for a total of 5 years

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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Split Cryocooler de Stirling

Walker, G., Miniature
Refrigerators for Cryogenic

Sensors and Cold Electronics,
Oxford, 1989
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Split Cryocooler de Stirling

The Sunpower M77 cooler
1S a low cost, commercial
Stirling cycle cooler.
Goddard has procured 10 of
these coolers that were
designed to allow active
vibration cancellation. It
has operated 1.5 years since
the last servicing of the
cooler, with no degradation
in performance

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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W/W caracteristica cryocoolers
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W/W caracteristica de S-cryocoolers

100.0

Wolfe, W.L.,
The Infrared Handbook,
IRTA, Washington, 1978

|

Temperature (K)
S
o
11 H]

: Least Squares Curve/
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ol el g

10.0 100.0 .1, 10000 10,000.0
Specific Power (WW ) '
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W/W caracteristica de G-M cryocoolers
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i

100.0
- Wolfe, W.L.,
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; IRIA, Washington, 1978
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V-M cryocoolers

Wolfe, W.L.,
The Infrared Handbook,

Fig. 15-18. A single-stage, VM cooler (1 W IRIA, Washington, 1978
@ 77 K; Hughes Aircraft Co., Model 77

MVM-1-B) [15-25].
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W/W caracteristica de V-M cryocoolers
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Supressao de vibracao em S-cryocoolers
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Fig. 16, Major components of the erve-cooler

teounesy of BMDOSAPL)

This BMDO experiment uses a
novel vibration suppression
technique comprising piezo
materials to make the tip of the
coldfinger stand stilk thus
eliminating motion of the sensor
mounted on the coldfinger. Piezo
translators displace the entire
cryocooler to cancel the motion of
the tip of the cold finger, and three
eddy current transducers detect tip
motion

http://lasp.colorado.edu/strv/explb_strv.html
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Combinacao, Stirling + J-T

Ball Aerospace has combined its
flight-qualified Stirling and Joule-
Thomson (J-T) cryocooler
technologies to create an efficient,
low mass and versatile 10 K
cryocooler.

The hybrid cryocooler consists of
a Stirling precooler and a J-T fluid
loop coupled by a thermal storage
unit

http://www.ball.com/aerospace/p2prod.html
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Cryocooler termo acustico
“Pulse Tube — PT”

cold hot

o] | First reported by

S Prof. W. Gifford and
his graduate student,

compressar  regeherator pulsze tube
R. Longsworth, of
Syracuse University,
Basic Pulse Tube 1963.
Refrigerator

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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Modificacoes de PT

At the 1983, Dr. E.

cald SNRT
hat Mikulin (USSR)
R R Ry
EEEERESE SRty : showed that the
(i ' -
EEEEE R B bR Rt efﬁmency could be
, increased by
compressar  regenerator pulse tube  reservoir inserting an orifice
and reservoir at the
EGIHPI'ESSEII' I'E!EE!HE!I'E.tIDI' hOt end
PR IR IR EE .
i’%i’%%%%%i’%%%%%i’%é The most 1mp0rtant
N f-ﬁfi‘-ﬁf-**ﬁ’“*‘*‘“ development has been the
ot c 5 3
‘ eald | innovation of the double inlet
[ ' Pulse Tube by Dr. Zhu et. al.
/ of Xi'an Jiaotong University,
reservolr pulse tube China 1990

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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PT para aplicacoes espaciais

Lockheed Pulse Tube Minicooler

The principal benefits are greater
reliability and lower cost compared
to the Stirling cooler and an order of
magnitude lower mass, lower cost,
and longer life than the current state
of the art coolers: stored cryogens.
Another benefit 1s that there are no
cold moving parts which enhances
life time and removes vibration
causing components from the cold
head. Additionally, Pulse Tubes use
the same technologies as Stirling
coolers.

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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PT para aplicacoes espaciais

TRW PT cryocooler:
Low vibration, long life
focal plane operation at 58
K . A fully redundant
pulse tube refrigerator
with each redundant
assembly consisting of an
actively balanced
compressor, separate
pulse tube coldhead, and
independent control
electronics

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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PT para aplicacoes
espaciais

Qdrive™ thermoacoustic cryocoolers are
Stirling cycle machines that operate with
no wearing parts and no lubrication needs.
They are driven by two opposed balanced
linear reciprocating CFIC STAR™ motors,
giving them low-noise and low-vibration
TRW PT cryocooler operation. 77K, 9kg, ~500W/8W

http://cryowwwebber.gsfc.nasa.gov/coolers/Ball/Ball.html
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Cryocooler de sorpcao
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Figure Ja. Sorption cooler’
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Figure 1h. Sorption compressor

1996 May 19 - STS-77... Brilliant Eyes Ten-Kelvin
Sorption Cryocooler Experiment (BETSCE)

P: pressure

X: amount of gas adsorbed

T: temperature (isotherms from low tem-
perature on the upper left to high tem-
perature on the lower right)

i’l ‘ Ph

Figure Ic. Compressor cycle
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ADR Crycooler de <1.3 K

The ADKE Cwvcle: a Simple Schematic

I I B e
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Sistema de diluicao de 0.1 K

) Cryogenic | JT expansion

part |

“getter  Bv-pass valve
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Ultimas tendeéncias em desenvolvimento

 ADRs avancado

* Cryocoolers de sorpcao
* PTs de Stirling

* Turbo-Bryton
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Perspectives de aplicacoes

Next Generation
Space Telescope
(NGST),

35K, 18K, 6K
L=~25m

NASA advanced
cryocooler technology
development program

Fignire 1. Concepd dirawing of a possible NOGST condigeration
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Perspectives de aplicacoes

Terrestrial
Planet Finder (TPF),
6K, 5..10 years

NASA advanced
cryocooler technology
development program

wure I, An antis's concepd ol the Iree-llving TPF constel lation.
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Programa avancado da NASA de
cryocoolers

18 K Intertace
( . — 5 | -' 5T
" Campressar
F 15 K Sirling |
e ——— =3

Figure 5. Ball Aeraspace ACTDF Cryocookr Comnoepl.
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Programa avancado da NASA de
cryocoolers
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Programa avancado da NASA de
cryocoolers
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Programa avancado da NASA de
cryocoolers
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Balancer Body

Compressor Body

Coldfinger P ' 1—
Zoldtip Thermal gAY : _' 3l : a
Interface < . 4 ;

Sunpower Inc, Stirling linear, counterbalanced, 77K, 100W/4W
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