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Abstract 

The I2T5, an iodine-propelled, cold gas thruster, developed by ThrustMe, France, is 

the first of its kind to make it successfully to space. Due to its simple, reliable and cost-

effective design, it is a suitable propulsion system for CubeSat missions with low delta-V 

(ɝ6) requirements. To ensure that the I2T5 performs at its peak, it is crucial to maintain 

good thermal control of the thruster, to keep it within the operational temperature range. 

The first flight measurements of the I2T5 provided insight into its thermal 

performance. It was observed that the required temperature to sublimate the iodine 

propellant was not reached within the expected time frame, which led to a longer warm-up 

period, and a reduction in thrust. The problem arose due to an unforeseen conductive 

thermal contact between the tank and the thruster walls. 

This thesis delves deeper into this issue, and focuses on alleviating the total 

conductive heat loss from the tank to the satellite frame, where the I2T5 is integrated. The 

insulating washer-bolt configuration of the I2T5 side panels is observed to be responsible 

for the conductive heat transfer. A preliminary analysis is performed to obtain an initial 

maximum for the conductive heat flux lost to the satellite frame. A plan of action is then 

determined to optimise the geometry, material or configuration of the insulating washers to 

lower the maximum heat flux value. Following this, an experiment was conducted with a 

new washer-bolt configuration to determine the heat flux values. A case study is performed 

for the orbital environment heat fluxes that the I2T5 would receive if it were integrated to 

a CubeSat in sun-synchronous orbit. 

An overview of results shows that, for the thermal simulations, all the methods 

employed to reduce the conductive heat loss at the frame were effective. The experiment 

provided neutral results, and would need to be repeated with different experimental 

parameters to have a clear perspective of the heat losses. In reality, the satellite frame 

receives radiative fluxes in addition to conductive heat fluxes, but radiation is not 

considered for this thesis, and is suggested as a prospective study. 

Keywords: Cold gas thruster, I2T5, CubeSat propulsion, thermal analysis, heat transfer, 

thermal resistance, orbital heat fluxes. 
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Chapter 1: Exordium 

1.1 Introduction 

With the onset of a technologically advanced era, the space industry is witnessing a 

paradigm shift from ñbigger, stronger and betterò to ñsmaller, robust and efficientò. 

CubeSats are the embodiment of this very mindset. The CubeSat is a research spacecraft 

built  to standard dimensions (called form factor or U), where 1U corresponds to a cube of 

size 10 10 10 cm, making it a class of nanosatellites [1]. Around 112 CubeSats were in 

orbit by 2012, since the first CubeSat launch in 2003 [2]. According to the nanosats 

database, the number of CubeSats launched has reached 1210, as of April  2020 [3]. 

CubeSats are gaining prominence as they are economical, reliable and open many pathways 

to access space directly. Their applications include (but not limited to) Earth remote 

sensing, academia, defence, atmospheric research, navigation and communication [4]. 

The popular choice of orbit for a CubeSat is the Low Earth Orbit (LEO), as it is 

relatively inexpensive to fly close to the Earth. However, the satellite will be subjected to 

space environmental effects like the Earthôs atmospheric drag and physical sputtering (due 

to neutral molecules), outgassing (due to vacuum), surface charging (due to plasma 

interactions) and orbital debris [5]. These effects result in the de-orbiting of the satellite, 

and hence, the need for propulsion systems arises, to sustain the planned mission orbit. 

Propulsion systems supplement the CubeSat by enabling active attitude control, drag 

recovery, orbital manoeuvring and extended mission lifetime [6]. These systems can be 

categorised as cold gas thrusters, electric propulsion systems, chemical propulsion systems 

and solar sails. A detailed explanation of the various propulsion systems can be found in 

[6], [7]. When choosing a suitable propulsion system, it is essential to keep in mind the 

following criteria ï specific impulse required, thrust, size, weight, operational power, ɝV 

capacity of the thruster (to perform orbital manoeuvres), integration requirements 

(attachment to satellite), and reliability [4]. 

To address the need for sustainable propulsion systems for CubeSats, ThrustMe, 

France, has designed and developed a low-end propulsion system called the I2T5, that uses 

iodine as a solid propellant [8]. 

1.2 Description of the I2T5 Thruster 

The I2T5 is a self-pressurised, iodine-propelled cold gas thruster. On November 3, 

2019, the I2T5 carved a niche in the space industry by becoming the first ever iodine-based 

propulsion system to successfully reach space. Figure 1 shows the two different 

configurations of the I2T5 currently available in the market. 
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Figure 1: The I2T5 cold gas thruster in two different thrust configurations; front thrust (left), and side 

thrust (right) (Credits: Martínez et al. [8]) 

The I2T5 uses solid Iodine as a propellant, which sublimates at a rate proportional to 

the temperature [8]. The gas produced is then accelerated through a micro-nozzle. A flow 

control system is used to provide the desired gas flow rate at the exhaust. The thermal 

management system is responsible for maintaining the optimum temperature at the tank 

[8]. A schematic of the working of the I2T5 is shown in Figure 2. 

 

Figure 2: Functioning of the I2T5 (Credits: ThrustMe) 
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1.3 Motivation 

The first flight measurements of the I2T5 showed that the thruster was functioning 

as expected [8]. There was, however, an issue encountered by the thermal management 

system, wherein, the tank was 6.5°C less than the optimum operating temperature [8]. Upon 

further inspection, it was observed that significant thermal contact existed between the 

propellant tank and the walls of the thruster frame. This affected the thrust obtained at the 

exhaust, as the warm-up time for the propellant tank increased [8]. Although this does not 

pose a major problem for the flight model, it is necessary to reduce the conduction heat loss 

to optimise future versions of the I2T5.  

This thesis looks at improving the thermal performance of the I2T5 by reducing the 

total heat lost by the tank to the satellite frame, due to conduction only. Other sources of 

heat loss for e.g., due to radiation, are not studied in-depth. For the case of the I2T5, 

conduction losses are inevitable, and hence, must be considered for a proper thermal 

analysis. With limited power available for the thruster operation, it is important that the 

heat losses are kept to a minimum, if not zero. 

1.4 Thesis Structure 

Chapter 2 briefly looks at the importance of thermal control in satellites. The rest of 

the chapter is dedicated to understanding the basics of heat transfer, the thermal 

environment of space, and the radiative heat fluxes that result thereof. The information 

presented helps to initiate good thermal analyses. There are a plethora of sources that 

provide excellent pedagogical and industrial approaches to thermal simulations, but for this 

chapter, the main literature referred to are [9]ï[15]. 

Chapter 3 is the crux of the thesis work. It begins with the assumptions made for the 

thermal simulations, and proceeds to explain the steps taken to alleviate the conductive heat 

loss in the I2T5. Following this, the observations made from an experiment performed on 

the I2T5 are mentioned. The chapter ends with a simulation on the environmental heat 

fluxes that the I2T5 will receive while in orbit. 

Chapter 4 discusses the results obtained from the simulations and the experiment. A 

few plausible reasons for the discrepancies in data are mentioned. 

Chapters 5 and 6 give the conclusion and future work that could be performed to 

thoroughly analyse the I2T5. 
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Chapter 2: Theoretical Background 

This chapter is intended at providing the prerequisites for understanding the content in 

Chapter 3. The first section provides a brief introduction to thermal control. In the 

subsequent sections, the fundamentals of heat transfer are presented, along with an 

overview of the space thermal environment. As a majority of the thesis work relies on 

thermal simulations performed using COMSOL Multiphysics, the final section is dedicated 

to software functionality and accuracy. 

2.1 Thermal Control 

The thermal control subsystem is imperative for the smooth functioning of a 

spacecraft. This subsystem ensures that components within a spacecraft operate in their 

respective working temperature ranges. 

There are mainly two types of thermal control ï passive and active [16], [17]. Passive 

thermal control uses coatings, surface finishes, material properties (thermal conductivity, 

emissivity, etc) to sustain the desired temperature [16]. This type is simple, safe, 

inexpensive and does not consume any spacecraft resources [17]. Active thermal control 

uses thermo-electric coolers or heaters, sensing devices, heat exchangers to maintain the 

temperature [16]. This type is generally complex, hazardous, expensive and consumes 

electrical power [16], [17]. This thermal control is used when passive control systems 

cannot match the thermal requirements of a mission. As an example, in small structures 

with large power dissipation, like electronic components, that need to be operated at low 

temperatures, active thermal control is advantageous. 

 

Figure 3: Passive thermal control in the I2T5 through surface radiation; the surface is painted to modify 

the emissivity (Credits: ThrustMe) 
























































































