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Abstract 

The concept of lean satellites is driving academia, industry, and governments across the globe to pursue space for research 

and education, economics, technological demonstration, security and many more. An objective of this concept is making 

space accessible, affordable, and reliable, especially for new entrants in the space field. One of the ways to achieve this is 

making environmental testing of satellites accessible and inexpensive. We present in this paper, the development of a 

comparatively inexpensive thermal vacuum testing system, equipped with a thermoelectric device that uses the Peltier 

principle of heat generation. The thermoelectric device is a commercial-off-the-shelf (COTS) component with a cooling 

capacity of 16.9 W. The testing system does not require LN2 or silicon oil for simulating cold conditions. In addition, the 

testing system is capable of vacuum thermal cycling and balancing tests within -45 ℃ to +75 ℃, well beyond the 

minimum requirements of the ISO-19683. These characteristics make the testing system simple, accessible, and inexpensive. 

We hope that this testing system would foster the growth of scientific and technical endeavors within the CubeSat 

community. 

 

1. Introduction 

Thermoelectric modules (TEMs) are solid-state devices 

that utilize thermoelectric effects for energy conversion 

between thermal and electrical forms. The effects which 

include Seebeck, Peltier and Thomson, together with the 

principles of Joule heating and Fourier conduction have 

been known approximately for the past 2 centuries.[1] The 

advent and advances in semiconductor technology,[2]–[4] 

the potential applications and the attractive features of 

TEMs have focused lots of research efforts in recent years 

on thermoelectric devices. Some features of TEMs include 

compact in size, clean with no moveable parts hence 

simple and maintenance-free, no requirements for 

refrigerants, have high energy density, adaptable and 

environmentally friendly.[2], [5]–[7] TEMs are grouped as 

(1) thermoelectric coolers (TECs) which are used for 

cooling/ heating applications and (2) thermoelectric 

generators (TEGs) for electricity generation from 

temperature gradients.[8]–[10] TEC applications include 

thermal management of optical devices such as lasers, 

intensified charge coupled devices, and processing units of 

computational devices. TEG applications include 

electricity generation in space missions, thermocouple 

sensors, and waste heat harvesting from the exhaust of 

automobiles.[11]–[15]  A demerit for TEMs especially 

TEG devices is their low energy conversion efficiency 

which limits applications to low power systems and thus 

economically non-viable compared with conventional 

energy generators.[16], [17]  Nonetheless, numerous 

research efforts via analytical,[18]–[21] numerical 

simulation[22]–[25] and experimental studies[26]–[30] are 

being carried out to improve the thermoelectric conversion 

efficiency of TEMs. 

The number of smallsats launches have been on the rise 

in recent years, and as indicated by BryceTech, the year 

2020 received 40% of all smallsats launched in the past 10 

years. Of the 1202 smallsats launched in 2020, 11% and 

3% were respectively for remote sensing and technology 

development.[31] Most of these were of the Nano and 

Micro satellite categories. With Kyushu Institute of 

Technology as the academic institute with the largest 

number of satellites launched in the past 10 years, we at the 

Center for Nanosatellite Testing (CeNT) are working 

toward the objective of making space accessible, 

affordable, and reliable for new entrants in the space field. 

In this paper we present the progress of ongoing work 

on an inexpensive thermal vacuum testing (TVT) system 

at CeNT. This TVT system which has been used in testing 

an engineering model of a 1U CubeSat does not require the 



supply of liquid nitrogen (LN2) for cooling and has been 

extensively described in reference [32]. The TVT system 

uses a TEM for both cooling and heating based on the 

Peltier effect principle. In the following sections, we 

present the thermal unit of the TVT, no-load and load 

conditions tests and comparison of performance 

parameters. 

2. The thermal unit 

The thermal unit schematically shown in Fig. 1 

comprises two 4-stage Peltier element sandwiched 

between a copper (Cu) shroud plate and an aluminum (Al) 

heat sink. A compressible thermal gap filler for minimizing 

contact thermal resistance is interfaced between the 

elements at the top with the Cu plate and at the bottom with 

the Al heatsink. The heatsink is equipped with Cu piping 

for effective heat dissipation. The entire unit is isolated 

from the chamber wall using 4 PTFE support bases as 

shown in Fig. 2.  

The shroud part of the thermal unit which holds test 

articles, is made up of the Cu plate and a Cu sheet; 

thermally insulated from each other by a room-

temperature-vulcanizing (RTV) adhesive. The internal part 

of the shroud is black coated to increase radiative 

emissivity and absorptivity. The entire shroud is covered 

with a multi-layer insulation (MLI) material to minimize 

heat losses as the chamber is always at room temperature 

conditions. PTFE spacers are used to support the weight of 

the Cu shroud and serve as thermal isolators between the  

 

Fig.1. Schematic representation of the thermal unit. 

 

Fig. 2. Pictures of the Peltier elements, Al heatsink, PTFE 

blocks and thermal gap filler 

Cu shroud and the Al heatsink. Heat dissipation from the 

Al heatsink is achieved by circulating coolant/fluid at a 

maximum flow rate of 20 liters/ minute. Table 1 shows the 

physical, thermal, and electrical properties of some 

components of the thermal unit. 

 

Table 1.  Thermal unit components’ properties. 

 

3. Thermal vacuum test runs 

Test runs were conducted using the thermal unit 

configuration of Fig. 1 at both no-load and load conditions. 

The Peltier elements were operated at approximately 33% 

of their current and voltage ratings; respectively 2 A and 8 

V. In order to achieve a minimum coolant temperature of -

25 ℃, the mixture ratio of coolant to deionized water was 

set as 0.4:0.6. Figure 3 shows the temperature and pressure 

profiles of the no-load test conducted for about 32 hours. 

Two cycles were performed with a dwell time in the first 

cycle at an approximately 2 hours. This is very typical for 

the dwell times for vacuum thermal cycling tests of 

CubeSats. The dwell time for the second cycle was about 

8 hours, which is typical for the vacuum thermal balance 

Cu shroud (top)

Cu shroud (bottom)

RTV 

(Silicone filled)Compressible 

thermal gap 

filler (BN; 

silicone filled)

Al heatsink

4-stage Peltier

element

Cu cooling pipe

PTFE support base

Chamber wall

PTFE spacer

PeTT vacuum chamber PeTT mounted on a heat sink inside the chamber

4-stage Peltier element 

Manufacturer Kryotherm 

Module name TB-4-(199-97-49-17)-1.5 

Maximum current, A 6.7 

Maximum voltage, V 23.6 

Max temp. difference, ℃ (or K) 111 

AC resistance, Ω 3.42 

Operating temperature, ℃ -50 - +80 

Thermal gap filler 

Manufacturer Laird Technologies 

Model number TPLI 240 

Composition Boron nitride with silicone 

Thickness, mm 1.02 

Density, g/ cc 1.43 

Outgassing CVCM, % 0.02 

Operating temperature, ℃ -45 - +200 

Thermal conductivity, (W/ mK) 6 

AC Breakdown voltage, V > 5000 

Room-temperature-vulcanizing adhesive 

Manufacturer Wacker-Chemie GmbH 

Model number RTV S 691 

Specific gravity 1.41 – 1.43 

Thermal conductivity, (W/ m℃) 0.39 

Operating temperature, ℃ -180 - +200 

Circulator and coolant 

Manufacture, Model Axel, LTC1200a 

Circulator capacity, L 16 

Max. flow rate, L/ min 20 

Operating temperature, ℃ -20 - +30 

Coolant Ethylene glycol (90-94 wt%) 

Coolant: deionized water mix. ratio 0.4:0.6 
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Fig. 3. Temperature and pressure profiles of the Peltier 

element no-load TVT. 

 

tests of satellites. For heating applications, the polarity of 

the Peltier elements was reversed using the same current 

voltage levels.  

We observe that the worst cold and hot case 

temperatures were -45 ℃ and +75 ℃ respectively for 

the Cu shroud plate, well beyond the minimum 

requirements of the ISO-19683 standard. The temperature 

difference between the shroud bottom and the shroud top 

was about 5 ℃ during the entire test. This shows that 

radiative heating/ cooling was efficient because, both the 

shroud bottom and top were thermally isolated. During 

cooling, the top part of Peltier element transfers heat to the 

bottom whiles the reverse action occurs when heating. To 

avoid exceeding the maximum temperature difference 

between the hot and cold side plates of the Peltier element 

(i.e. 111 K), the coolant temperature was set to -15 ℃ and 

+25 ℃ during cooling and heating respectively. 

 

Fig. 4. 1U dummy CubeSat used for the TVT test runs 

 

Fig. 5. Dummy CubeSat in shroud isolated by PTFE blocks 

from the shroud bottom plate. 

Figures 4 and 5 show the 1U dummy CubeSat used for 

the TVT test run. The mass of the satellite was 

approximately 750 g. The temperature profiles of the test 

are shown in Fig. 6 for a continuous test period of 74 hours 

for 2.5 thermal cycles. The satellite temperatures are 

represented by the panels, Al frame, internal Al blocks and 

epoxy glass slabs. The satellite attained worst cold and hot 

case temperatures of -38 ℃  and +70 ℃  respectively, 

when that of the shroud was limited to -45 ℃ and +75 ℃. 

This indicates an efficient transfer of heat during the entire 

test duration. The ramp rate for the entire test was 

approximately ±0.5 ℃/ min. For a perspective, the ramp 

rate was similar to that of our small and big chambers at 

CeNT. However, the ramp rate for heating was about half 

that of our heaters for environmental testing of satellites. 

 

Fig. 6. Temperature profiles of the Peltier element TVT. 

 

Comparatively, a typical 2-cycle TVT test of a 1U 

CubeSat at CeNT, requires about 2 kPa usage of LN2 

supply. This is costed as 20,400 JPY (2 kPa × 136 kg/ kPa 

× 75 JPY/ kg) and is equivalent to a unit cost of the 4-stage 

TEM (US$ 225) used in this study. More so, a typical test 

would require at least 4 DC power supplies compared to 

just 1 used in this study. Thus, the running cost comparison 

evidently shows that the TEM device is a cost-effective 

option compared to the conventional way of testing, 

without even considering the equipment cost for LN2.  

 

Peltier element TVT



4. Summary 

In this study, we have demonstrated the applicability of 

a TEM based on the principle of Peltier effect to thermal 

vacuum testing of a 1U CubeSat. Using two 4-stage Peltier 

element, and running them at 33% of their electrical ratings, 

temperatures within -45 ℃  to +75 ℃  were attained, 

well beyond the minimum requirements of the ISO-19683. 

These make the testing system simple, accessible, and 

inexpensive. We intend to further improve the system 

performance of this test device and hope that it would 

facilitate the growth of scientific, and technical endeavors 

within the CubeSat community.  
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