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Abstract Introduction Top guard —
The Mid Infrared Instrument aboard the James Webb Space Telescope Review: MIRI includes a JT cooler to maintain detector temperatures at ~6 K Sample tube TZ::;?)al
includes a mechanical cryocooler which cools its detectors to their 6 K ~
OPG"ZFmg temggiture.- -:_he refrlferi)r.\t ﬂOV‘{SJhrOUgh se\{eral mlec;lcerls Of;2 * A pulse-tube cryocooler precools helium gas to ~18 K before going through JT expansion Vespel _— Cuard Sample
tub

mm diameter . stainless steel tu mg., Wit .some sectlon.s gold plated,  The helium gas flows through sections of AlISI 304L SS tubing that are either: spacer ,/ ,u ; ~—Copper
and some not, which are exposed to their environment. An issue of water ] Aluminum bar
freezing onto the tube surfaces is mitigated by running a warm gas through o Uncoated (bare) | Heater& box
the lines to sublimate the water. To model the effect of this process on o Gold platec  Conbo) e
nearby instruments, an accurate measure of the tube emittance is needed. | * Heatabsorption by the gold plated sections must be minimized 2 Absorptance measurement Thermometers Painted

] : lumi
Previously we reported the absorptance of the gold plated stainless steel conducted by Tuttle et. al. (2015) ~~ haoﬁ?y':;:b
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tubing as a function of source temperature (i.e. its environment). In this
work the thermal emittance of the uncoated tubing is measured as a

Issue: Small amounts of water freezing onto the uncoated and gold plated tubes, resulting in increased :
function of its temperature between 100 and 300 K. These values lead to . . Ll :: L3
. . , , emittance, and absorptance respectively. n ¥
an accurate prediction of the minimum length of time required to Solution: If MIRI cooler will need to be thermally recycled by passing warm gas (~200 K) | S |
. ution: If necessar cooler will need to be ing w ~ _.
thermally recycle the system. We report the technique and present the Y yrecy yP 5 5 Bottom ——
results through the affected sections in order to sublimate the frozen water from tube surfaces. guarad
' : : : . . . : - Id pl
Sub-issue: Warming of uncoated sections will result in heating of well-thermally-isolated components Data analysis and results CryOStat.Co plate
surrounding them = the longer it takes to thermally recycle = the longer it will take to cool the The “zero-radiation” power for each set of o _ Qs
. . . . . measurement is subtracted from the measured ~samPke A o (T4 _ -|-4)
surrounding components back down upon resuming normal operation = Emittance is needed to s~ lbb

power - true radiative power.
properly model the bake-out process (s: sample, bb:blackbody)

Solution: Experimentally measure the radiative emittance of the uncoated tube to accurately predict the
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Theoretical value of emissivity is found by using [0.309—0.0889 In (T, pdc)] T, Pye---

minimum length of time necessary for thermal recycling. . YT
the measured electrical resistivity in Parker and
—-0.0175 Ts Pdc ‘\/Ts Plc
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Expenmental setup Abbott’s equation [1965].
. . . . — ——1
Tub.e SL.Jspended inside a blackbody cavity : A geometric factor presented by Wen et. al. —1 1 1
e Cavityisal1l0cm x 10 cm x 30 cm rectangular Aluminum box , , , Eroughsurface — |+ 7| — L[| X |
* |nteriors have Al-painted honeycombs - geometrically and [2005] s used to predict theoretical value of - o -
ticallv “black” P Y 5 / emittance through a surface roughness matched B (1+ 195 22 n2 R?) -
optically , Atk _ between measurement and theory at 100 K. 4 | ) ;
 The tube’s ID and OD are 1.96 mm, and 1.29 mm respectively. x 10
__________________________________ . A small heater is bonded internal to the tube along its length 0-14h_|_d_9-0
| Region 1 Region 2 - Region 3 . : . . : : T eoret'.fﬁ E?r',ﬁte"’{?-ccefgﬁorm'on ]
i (40K) (100K to 293K) | (300K) |  The tube-heater sub-assembly is positioned inside a cylindrical 013  wihasomatte fctor L |
: B : " ” ] ] ] 13} s+ Experimental emittance values P :
i | | MIRICooler* : copper “guard” = A ring of Vespel is epoxied to the annular | . Measured elctical ey 8.9 E[
E MIRI Optical Module oJeiumGas 1 fi E space between the tubing and the copper sleeve. 0.12 - | =
 Sva o | | * Ashiny tape was used at the face of the guards to minimize heat o 8.0 2
| FPMs . : : ; = | ] O 7 // ] " m—
| g el R . leak into the sample c 011 [ [ R
' i ) i . . . : T . ] D
E TR i 7 * Each guard was supported so that it passed through a hole in b= | [ J [REIN
Col Hoad - § 4 L] | one of the box’s ends, with its inner face flush with the inner £ 01 I J -
: | | : K : i | o T J > -0 ®
. “rvave | (R | | extent of the painted honeycomb. 000 : I 7.0 o
l 18K Cold , | ) L [ . - e il ] -
: Head : : | t_;:‘.\-_-' | : : : /// I J g
i - —ifl ‘;mi;‘; | ~—+ 1| Measurement technique 0.08 % : 6.5 W
| | ] e _ i | [ S/C CTP } | * The tube’s resistance was calibrated at controlled isothermal temperatures. | 1 I |
| = ) || : : : * The tube’s measured resistance was used as a thermometer. 0-020 - 1(')0 o0 140 160 180 200 250 240 260 280 30%0
i L B | SR | |« Dropped the cavity temperature to a minimum value (~15 K) and measured the tube’s
| | | o | . Sample Temperature [K]
i e bt ||| | - MR heater power at the controlled warm resistance (temperature). Conclusion:
| : : : L o v ! . : . . | | | |
; , S ;| ;Sp S | : As caV|ty.te.mperature went down => sample heater power rose to compensate for the The geometrically-adjusted theoretical and experimental values for emittance of the
oSS S s oo mmm s o s s e Ee e === =5 otional Gooler and Coid Head arrangement shown “lost radiative heat”

uncoated stainless steel tube agree to within ~1 %.
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