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The 12T5: Enhancement of the Thermal Design of an lodine @Ga¢dT hruster

Abstract

The I12T5, an iodingropelled cold gaghruster developed by Thrulte, France, is
the frrst of its kind to make it successfully space. Duéo its simple reliable andcost
effectivedesign it is a suitablgoropulsion system for CubeSaissionswith low deltaV
(36) requirenents To ensure that the 12Tperforms at itgeak it is crucialto mairtain
goodthermal controbf the thruster to keep it within the operational temperattarge

The first flight measurements of the 12Tprovided insightinto its thermal
performance It was observed that theequred temperatureto sublimate the iodine
propellantwasnot reachedvithin the expected time framehich led toalongerwarmup
period and a reduction in the. The poblem arose due tonaunforesea conductive
thermalcontact between the tank ane tihruster walls.

This thesisdelves deepeinto this issue ard focuses onalleviating the total
conductiveheat loss from th&ank to the satellite framevhere the 12% is integratedThe
insulatingwashesbolt configurationof the 12T5side panelss observed to beesponsible
for the conductiveheat transferA preliminary analysisis performed toobtain an initial
maximumfor the conductive heatflux lost to the satellite frame\ plan of actionis then
determined t@ptimise thegeometry, material or configuratiof theinsulating washent®
lower the maximum katflux value.Following this, an experiment was conducted vath
new washebolt confguration to determine theea flux values. A case study is fermed
for the orbital enviromentheat fluxes thathe 12T5 would receivéd it were integratedo
a CuleSat insunsynchronous orbit.

An overview of resultsshows that for the thermal simulations, all the methods
employedto reduce theorductive heat loss at the frameere effective. The experiment
provided neutral results, and wouldedeto be epeatedwith different expemental
paranetersto havea clearperspective of the heat lossés.reality, the satellite frame
receivesradiative fluxesin addition to conductive heat fluxes but radiation is not
considered for thishesis and § suggestedsa piospective study.

Keywords Cold gas thruster, 12T8 ubeSat propulsionthermal analysisheat trasfer,
thermal resistancerbital heafluxes.
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Chapter 1: Exordium

1.1 Introduction

With the onset of technabgically advanced era, tispace indistryis witnessinga
paradigms hi f t f retnongérdon y gbett er,aobustand s mé.f i er ent
CubeSats arthe embodinent of this very mindseThe CubeSais a research spacecraft
built to standast dimensons €alled form factor otJ), wherelU corresponds ta cube of
size1l0 10 10 cm making it aclass of nanosatellitdé]. Around 112 CubeSats were in
orbit by 2012, since the first CubeSat launch in 20BB According tothe nanosats
database,he numberof CulkeSatslaunded has reached1210, as of April 2020 [3].
CubeSatsre gainirg prominenceas theyare econmical, reliableandopenmany pathways
to accessspacedirectly. Their applications includ€but not limted to) Earth remote
sensingacalemia,defence, atmosphe research, navigation amommunicaton [4].

The popular choice obrbit for a CubeSat is the woEarth Orbit (LEO), asit is
relatively inexpensive to fly close to the Earthowever, the satellite M/ be subgcted to
space environmental effects likeeth a r t timasEheria dragndphysical sputtring(due
to neutral nolecules), outgassing (due t@cuun), surfacecharging (due to pasma
interactions)and orbital debri$5]. These effectsesult in the derbiting of the satellite,
and hencgthe needor propulsion systemsiaises to sugain the panned mission orbit.

Propuldon sysens supplenentthe CubeSaby enabling active attitude control, drag
recovery, orbitamanoeuvmg and exteded mission lifetimg6]. These systems can be
categorsed & cold gas thrusts, electric propulsion systes,chamical propusion systems
andsolar sails. A detailed explanation oetharious propulsn systens can be fond in
[6], [7]. When choosing a suitable propulsion system, gdsentiato keep inmind the
following criteriai specific impulse requirk thrust,size weight, operational powes;V
camcity of the thruster(to perform orbital manoeuvresjntegration requirements
(attachment to satelliteand reliability[4].

To address theeed forsustainablepropulson systems for CubeSats, ThrustMe,
France, haslesigned andevelogd a lowend populsion systencalled the2T5, that uses
iodine as a solid propellajg].

1.2 Descrigion ofthel2T5 Thruster

The 12T5 isa self-pressurisediodinepropelledcold gas thrustelOn November 3,
2019 the I2T5 arved a niche ithespacandustry by becoming the first everdine-based
propulsion system ot successfullyreach spaceFigure 1 shows the two different
configurations of the 12T5 currently available in the market.

(1)
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Figure 1: Thel2T5 cold gas thruster in two differethrust configurationsfront thrug (left), and side

thrust (right) (Credits: Martinezet al. [8])

The IZT5 uses solid lodinas a propellant, which blimatesat a rate proportional to
thetemperaturg8]. The gas produced is then accelerated through a mazole. A flow
control system is used to provide the desired gas flow rate axtiaeist. The thermal
management systems responsible for maintaimg the optimm temperature at thertla

[8]. A schemati®f theworking of the 12T5is shown inFigure2.

Solid
lodine d
propellant

Sublimated
iodine
molecules

SCHEMATIC OF THE
THRUST COoLD
IODINE THRUSTER

Figure 2: Functioningof the 12T Credits: ThrustMg
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1.3 Motivation

The first flight measurements the 12T5showed hat the thruster as functioning
asexpected8]. There was, howevernassueencounteredoy the thermal margement
system, wherein, the tank wa<$°C less than the optimum operating temperg8jréJpon
further inspection, it was observeghat significant thermal contacexistedbetween the
propellant tankand thewalls of the thruster frame. Thadfectel the thrust obtained at the
exhaustas the warrrup time for the pwpellanttankincreased8]. Although this @es not
pose a majoproblam for the flight modelit is necessary to reduce the conduction heat loss
to optimise future versions of the 12T

This thesis looks at improving the thermal performarfdd® I2T5 by reducing the
total heat lost byhe tank to the satellite firde, dueto conduction onlyOther saircesof
heat lossfor e.g., due to radiation, are nsitidied indepth For the case of the I12T5,
conduction losses are inevitable, and deenmust becorsidered fora proper thermal
analysis With limited power availabldor the thruster operation, it igriportant that the
heatlosses ar&eptto a minimum, ifnot zero.

1.4 Thesis Structure

Chapter 2oriefly looks @ theimportance of thermal controi satelites. The rest of
the chapter is dedied to understandingthe bags of heat transfer the themal
ervironmentof space and theradiative heafluxes that result thereofrhe information
presentechelps toinitiate good thermal analyss. There area pkthora of sources that
provide excellat pedagogicaand ind@trial approaches tthermal simulations, but fahis
chapterthe mainliterature referredo are[9]i [15].

Chapter3is the crux of the thesis wark beginswith theassumptions made ftie
thermalsimulationsand proceeds texplan the sepstakento alleviatethe conductive heat
lossin the 12T5 Fdlowing this,the observations made froam experimat performed on
the I2T5 arementoned. Tke chapter endwith a simulation on thenvironmerdl heat
fluxes that the I2T%vill receivewhile in orbit.

Chapterd disausses the resultbtained from the simlatons and the expemnent.A
few plausibé reasons for the disg@nciesn data are mentioned.

Chapters 5and 6 give the conclusiomnd futurework that could beperformedto
thoroughlyanalysehe 12T5

(3)



Theoretical Background

Chapter 2: Theoretical Background

This chapteiis intendel at providingthe prerequisite®r undersanding the cotentin
Chapter 3 The first section provides a ibf introduction to thermal control. In the
subsequent sectionshet fundamentalsof heat tranfer ae presentedalong with an
overview of the spacthermal environmentAs a majoiity of the thesiswork relies on
thermal simulationperformed usine OMSOLMultiphysics, the final section is dedicated
to software functionality and accuracy.

2.1 Thermal @ntrol

The thermal control subsystem is imperativeé foe smooth functioning of a
spaecraft. his subsystem ensures tl@mponents within a spacecraft opernateheir
respective working temperature ranges

There are mainly two types of thermal conirpbessive and activfl6], [17]. Passive
thermal ontrol uses coatings, surface finishemterial properes (thermal coductivity,
emissivity, etc) to suain the desired temperatuf@6]. This type is simple, safe,
inexpens/e and does not consume aspacecraft resourcgs?7]. Active thermal control
uses thermelectric coolers or heatg sensing devices, heat Baagers tanaintin the
temperaturg16]. This type is generally comple hazardous, expensive and consumes
electical power [16], [17]. This thermalcontrol is used vihen passivecontrol gstems
cannotmatch tle thermalrequiremats of a missionAs an examplejin small structures
with large power dissipatigriike electronc componentsthatneed to beperatée at low
temperatures, actitbermalcontrol isadvantageous.

Figure 3: Passve thermal control ine 12T5through surface radiationthe surface is painted to modify

theemissivity(Credits: ThrustMe

(4)




































































































































