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* Remove TEC waste heatby a very Iow temperature chiller cooling loop s
. GaIdWﬁas the final heat transfer fluid selection
. Key factors in this selection were operatmg temperature range and personnel and
‘hardware safety |
. Do the heavy Ilftmg W|th the qu+d Ioop and the fme controI W|th the TEC’s

» Utilize Commercial Off The Shelf TEC Controllers . Tgon Lok Be

~* One Controller per thermal zone

e Vacuum chamber uses Carbon DlOdee (COZ) atmosphere (4-8 Torr)
. nghvac capability for vehlcle cruise phase simulation™ S

¢ 6z0ne chamber shroud employs cryogenic boil-off mtrogen gas and embedded
- cartridge heaters for temperature control of the Mars gas environment. . - <
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or thermal control

onstant current is reqrw-;: N e A |
E Varlablllgyégﬁt#re‘nt between modules creates thermal instabilities -
T T PECS will fight themselves

e Match TEC impedance for each zone

he In a- Mars atmosphere (not hlgh vac) observe 1/z” of separatlon between hot
- and cold side plates KR R b

. Gas gap conductlen/convectlon wrllcause too hlgh of a heat Ieak |f not done

Y Thermal interface materials must be used on both S|des of the TEC
. Both srdes cannot have wetJomts SEI A g : £y '
iy |nd|um onl side, Nu5|l 2946 on the other . . R )

ST Adequate unlform pressure is required. But don’ t crack the TECI

v‘MalntaTn compressmn wrth BeHevrIIe washers 7 =
. "-u.‘_ = _L g l_'_ r _‘ ) : ] - 2 ; : Ry b : : ‘_. “7' - ___. %.... "‘T —
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e 1¢ "s:_;i-ed in the design phase

tion cr|ter|a of Delta T Max and power were replaced by

.. Heatlng and Coollng mode performance

* Precise temperature control' g

5 L

~ « Robust vacuum-compatible factory Iead attachments 4

-_ Prototype controls experienced solderjomt failures where non vacuum &
: compatlble factory leads were replaced with Teflon wire. £ -

» No TEC farIures were observed when the La|rd ThermaITEC cooIer modules
were u.sed ., oty e el e RN
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DC voltage must b;,u P 2 e

o = A\Ldtd-ée@ﬁﬁﬁe Wldth Modulatlon Controllers
N ngh frequenues can cause undue stresses at thermoplles Lower reliability
o Selected TEC controIIer should support
: o Settlng max TEC current Bh s B _ ¥
s e-Sething Iow and hlgh temperature shutdown I|m|ts T v £

. Controlhng temperature ramp rates S e R s S R M L N pey

, -« Altomatic detection and shutdown for open control sensor or TEC moduIe Sy
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hose __,,_for appllcatlon
”'ﬁfature capablllty if -60C operatlon is needed e —

o Choose low-tem
B £ s beComes too viscous if a hlgh temperature fluid is chosen
.. % Be cogmzant of fluid evaporatlon at hlgher temperatures if low temp fluid is
- chosen s T :

. Put the Ch|IIer on a UPS to prevent power splkes o
L Newer chlllers use LCD dlsplays and mlcro controllers whlch cannot toIerate

- M

splkes Pt ~ou >T e, R e _ B e R
s Maln'taln a dry mtrogen bath purge when operatlng below the Sy
o dewpomt Sl A i g ]
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est Profile

MOMA TVAC Profile (1 of 2)
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MOMA TVAC Profile (2 of 2)
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uﬂhzmg conductlon wh|Ie mlnlmlzmg thermal mass

¢ Testing in 8 mBar of CO2 constrains the coolmg methods to ;
temperatures above 125C to prevent dry ice formatlon No LN2 |
allowed : s - | |

e Slgnlﬂcant cost and equment space savrngs were reallzed by
utilizing only 2 fluid-chillers and 8 commercial TEC controllers instead
~of multlple thermal eondltlonmg units which go for at:ound SZSQK
gach. - S Ul | > I
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are that TEC specifications are assuming-an ideal heat sink and
no therma[ lg—adebmng transported

;-'-_"e"‘”‘TIonstraln the total TEC energy applied to the heat rejection limits of
‘the chiller at the coldest fluid operating temperature

=% Expect S|gn|f|cantly lower thermal conduct|V|ty of quorlnated heat
~ transfer fluids to clamp the total TEC energy A

e Utilize vacuum brazed copper coId pIates w1th a fIatness machlnlng

performed after brazmg S |
e Bond control RTD as close practlcal to the TEC module : % "'

° Thank you -
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