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A2 Background  E-ELT: the European Extremely Large Telescope

V
| ﬂ European Southern Observatory’s (ESO) next generation, ground-based
large telescope for optical/near-infrared range.

Site: Cerro Armazones, Chile
Altitude: 3060 m

Artist’s impression of the E-ELT,

* Main mirror diameter: 39 m:

« 798 hexagonal segments, each 1.45 m
| wide but only 50 mm thick;

| * Gathering 15 times more light than the
| current largest optical telescopes.
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& Background

METIS instrument in E-ELT

2

Artist impression of
METIS instrument

METIS: Mid-infrared E-ELT Imager and
Spectrograph

Objective: Offer imaging and spectroscopy
over the wavelength range of 3-14 ym
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METIS units Working Temp. (K) | Heat load (W)

LM-Band

d 40 1.4
Detectors

z N-Band Imager 25 1.1

.V IN-Band Detectors 8 0.4 - |\ . _
A {@® Vibration Free !
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A Sorption cooler heritage at University of Twente (mostly under ESA contracts)
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Main challenge: how to get from ESA milliWatt level to ESO Watt level
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@‘s Baseline design and demonstrators

Demo 2: 535w
scaled He
compressor | \ @70K
166.0K
| —0
245W
@70K
= 3.7bar
Demo 3: 228W
1W Ne cooler @70K

107.5K 100mW@sK @
W \x BK
134 mW 190 mW 3M¥ mW 04W
\14.1baz7\7.6bar
o o
3K 323mW@25 83mW@15 @ Demo 1:
VW sk | full-scale He
cold stage
25K ‘
1504 mW 11w
3 12 bar
= 149 ZK Cell size (carbon dimension)
. 760mW@40K
| o145mm
40K " soem
4 Number Internal
1AW of Cells thermal links
External External & internal
a L loads / cold stage losses
13.6 bar
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45“ Demo 1: full-scale He cold stage

8 K heat exchanger: spiraled 1/8"x
0.028”tube of 1.3 m length (0.8 m required)

—— bypass line

sd opres.regulator | ] .
¢ valve L Y

RDK-408D2

RW-2 compr.

Vac. pump
JT restriction is
< CFHX stainless steel tube-in-tube of %4’x 0.049” capillary tube
"‘ A outer 1/8"x 0.028”inner Length 11.5m, 7.5 m diameter 0.2 mm,
% required for 99.8% efficiency length 15 cm
» |
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A% Demo 1: full-scale He cold stage

-

Y.

8 K Cold HX

T4 o]

PreHX-2

70 K radiation shield
CFHX-2 70-15 K

Bypass loop for fast cooling down

Vacuum bell jar
CFHX-1 300-70 K

CFHX-1300-70 K

Rotary valv

GM Compr. JT Compr.

Bypass
valve 1
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,.}“" Demo 1: full-scale He cold stage  experimental results
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) 2% |
> Average MaXe in 30 minutes = Min. in 30 minutes
Tc (T8) 7.977 7.996 7.933 === Temp. stability < 0.07 K
Qc (H3) 0.422 0.424 0.417 wmmd Q_stability < 10 mW
. Prigh 14.960 15.076 14.798
A\ /] Piow 7.307 7.392 7.202
Y
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;g 15_
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sl el 4 04W@ 8K
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5\ 2 Demo 1: succesfull !
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wéé Demo 2: scaled He sorption compressor

Switchless compressor design: 48 cells, input 535 W
101.4 mg/s; 0.5 W @ 8K (+25% in Qc, + 10% in Pin)

}.’uﬂ

Compressor cell assembly:

Adsorbent Carbon /

Heat-sink (cooper clamps)

Gas channel

Heat-sink container (thin-wall tube)

Heater (hot part)

Wiring

Thermal sensor Heater (cold part)

L, Y
‘ﬁlt.
¥
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& Demo 2: scaled He sorption compressor Hest. sk coaperclmps)

Adsorbent Carbon Heat-sink container (thin-wall tube)

experimental setup

Wiring

Insulator  Gac channel Heater (hot part) Thermal sensor Heater (cold part)

T
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pressure sensor 1

Check valves

—»— check valve heater

/« mass flow meter temperature sensor

L

.
[ .
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radiation shield : 65 - 90 K (with vacuum belljar around it)
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,t,g’é'% Demo 2: scaled He sorption compressor

experimental results

ﬁuﬁ

Mass flow rate (mg/s)
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Sorption compr. performance as a function of the heat-sink

temp.

Cell 3 & 4 operate out of phase

*

\‘\{9\.\’

6 mg/s at 25.3 W input

/>
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Demo 2: succesfull !

So, we need only 34 cells and 470 W to have
0.5W @ 8K (+25% in Qc, + 10% in Pin)

o
)

67

68

69

70 71 72 73
Heat-sink temp. (K)

Switchless compressor design: 48 cells, input 535 W
101.4 mg/s; 0.5 W @ 8K (+25% in Qc, + 10% in Pin)

=

Corresponding to 2 cells, input 22,2 W: 4.7 mg/s

'~ EMS IS
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> . .
af” Demo 3: almost full-size Ne-based sorption cooler

""ﬂ Specifications for compressor in demonstrator:
* Heat-sink temperature: 70K
* High pressure: 112 bar
= | * Low pressure: 13.6 bar
NN/ « Mass flow: 48,7 mg/s
g * |Input power (4 cells): 67,3 W
Specifications for cold stage tests only:
e Starting temperature: 77 K (not 70 K)
* Tip temperature: 40K
B\f\; * Cooling power: 1W nett;1.25W gross
\f:/ * High pressure: 112 bar
. * Low pressure: 13.6 bar
Z * Mass flow: 44 - 49 mg/s
5\ * Two-phase temp.: 39.5K (at 13.6 bar)
Y
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Demo 3: almost full-size Ne-based sorption cooler cold stage

Cool down time (estimation):
From 70K : 6 hr
From 300K: 2 days

OO

CFHX: SS: 1/8/3.2 mm, length 3m

A
-
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Jé‘a Demo 3: almost full-size Ne-based sorption cooler  cold stage

Aﬁﬁ 3
Cool-down in open loop with N, (Ne too expensive!)

300 1\ /7 3
\ // Continue with Ne (1%t bottle)
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....... Ph (bar) L
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Detail in next slide
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Jé‘a Demo 3: almost full-size Ne-based sorption cooler  cold stage

"ﬁ 2" Ne bottle starts to get empt
ﬁ 15t Ne bottle “empty _ @ — 9 Py
” =Ml |
| |
100 | Starting from 77 K | ,
_ JVL : {| 1 W nett @ 40K :
‘\‘ \ N\ | T mass flow 44 mg/s |
Voo (112 bar — ca 10 bar) | /
75 | L5 e MIF corr. (mg/s) L
: Te (K) L
I = = Ph(bar)L
| Pl (bar) L
: T SP(K)L
’ 50 I ! Power (W) R
/|
25 0.5
Demo 3 cold stage: succesfull !
0 + : : = 0
86400 93600 100800
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J?S Demo 3: almost full-size Ne-based sorption cooler compressor

A
-

Heat-sink (cooper clamps)
Adsorbent Carbon Heat-sink container (thin-wall tube)

Insulator  G.< channel Heater (hot part) Thermal sensor

Design of neon-based compressor cells, as delivered to
Airbus DS:

4 cells 500 mm long

Carbon pills, diameter 14,3 mm, thickness 5 mm

Heater diameter 1 mm

Insulation kapton 2 mm, Airbus DS uses teflon, 2,8 mm

Heater (cold part)

Wiring

Production of compressor plus
integration and test is at Airbus DS
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,.,}' . Sorption-based JT cooler for METIS in E-ELT conclusions

Euﬂ

1. Baseline design completed (Q,,, + 25% , P;, + 10%) :
0.4W @ 8K; 1.1W @ 25K; 1.4W @ 40K .
Total: 80 cells length 50 cm diameter 2 cm ; 1kW input dumped in 70K LN2 bath,

" | 2. Helium cold stage qualiiied 0.4W @ 8K, 100 mg/s
g
1 3. Scaled-down helium compressor qualified, extension to full scale: 35 cells instead of 48
4. Neon demonstrator 1W @ 40K under construction at Airbus DS, cold stage qualified
J’”\
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