
Eclipsys™ Technology 
Amplified Thermal Management of Body Armor Systems 

INTRODUCTION 
While body armor is effective for ballistic protection, the thermal burden on the wearer has been a 
product development challenge without an easy remedy. Integration of active electronic solutions such 
as air/water circulators can reduce the thermal burden, but the additional equipment adds a significant 
amount of weight to the already-heavy body armor and further reduces the wearer’s 
maneuverability. Passive, non-electronic solutions such as air channels can only provide a marginal 
reduction in the thermal burden. As a result, the options for effective thermal management are limited. 

Eclipsys™ provides an innovative solution for thermal management of body armor by providing a 
channel to dissipate the heat into the environment. This reduces the build-up of heat in the body armor 
to provide an additional means of cooling the body down. This white paper provides an overview of the 
design and test results of the Eclipsys technology. 

HOW DOES ECLIPSY™ WORK? 
The fundamental issue for thermal management of body armor 
systems is the form-fitting design and dense layering of fabrics. 
The design build readily retains heat and humidity, creating a hot 
and muggy microclimate for the wearer. Eclipsys™ improves 
thermal management in body armor by providing a non-electronic 
means of migrating heat away from the interior of the vest and 
dissipating the heat on the outside of the vest and into the 
environment (see photo, right).

This migration of heat to the vest front 
is based on the 2nd Law of 
Thermodynamics which dictates that 
heat flows from hot to cold areas, which 
can be further defined by Newton’s Law 
of Cooling. While these physical laws are 
true of all materials, the proprietary 
form and composition of the Eclipsys™ 
sheet amplifies this heat flow to 
extraordinarily high levels. 

FIGURE 1 (Above): Schematic for 
direction of heat flow in Eclipsys-
based body armor (Left) Picture of 
Eclipsys sheet on ballistic plate with 
arrow to show direction of heat flow 



ECLIPSYS™ DESIGN AND COMPOSITION 
The image above provides an exploded view of the Eclipsys sheet. One can see that there are two 
functional layers for the Eclipsys sheet and the backing fabric which are applied to the ballistic plate. 

Heat Transport Film (HTF): The driver for the unique thermal management properties of the Eclipsys sheet 
is the HTF. The HTF is an ultrathin (<100 µm) film composed of highly oriented graphite which has unique 
thermal properties. In the plane of the sheet (xy plane), the thermal conductivity of the HTF is 
extraordinarily high with an average value of  1,500 W/mK in the xy plane. This value is 6x greater than 
aluminum metal. As the chart below shows, the thermal conductivity of the HTF is over 7,000 times greater 
than standard materials used in body armor (e.g. nylon, para-aramid). This high thermal conductivity is 
what allows the Eclipsys sheet to direct heat away from the wearer and to the vest exterior. 

Heat Absorbing Textile (HAT): In concert with the HTF, the HAT is a layer of fabric finished with 
microencapsulated phase change materials (mPCM) which absorbs heat at ~28 °C (82 °F). The high latent 
heat capacity of the mPCM is measured via differential scanning calorimetry (DSC). 

Figure 2: Exploded view of Eclipsys Sheet 
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Figure 3: Comparison of the thermal conductivity of the heat 
transfer film (HTF) versus common materials used in body 

armor. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the graph above, one can see that the PCM utilized in the Eclipsys sheet absorbs heat at a target 
temperature slightly lower than body temperature which helps to amplify the overall thermal 
performance of the Eclipsys sheet. 
 
Thermal Performance of Eclipsys™-Based Body Armor 
With the Eclipsys sheet integrated into a body armor system, the thermal management properties can be 
significantly enhanced. Two analytical methods to demonstrate the thermal management benefits of the 
Eclipsys-based body armor are shown below.  
 
Guarded Hot Plate: A guarded hot plate is a 
widely utillized method for evaluating the 
insulative and heat dissipative properties of a 
material. A key property directly measured with 
a guarded hot plate is a product’s heat flux 
(W/m2) under the given conditions. Heat flux 
measures the rate of heat energy transfer. The 
graph to the right shows the heat flux properties 
of a standard body armor versus Eclipsys-based 
body armor. The heat flux properties of both 
systems go through two distinct stages: 
 

 Pre-equilibrium stage (0 – 60 minutes): 
Over the initial 60 minutes, one can see 
both systems go from a high initial heat flux 
at 0 minutes which then decreases with 
time. This pre-equilibrium stage is indicative of the initial sense of coolness as the room-
temperature vest is warmed by the guarded hot plate. Throughout this stage, the Eclipsys-based 

Figure 4: DSC thermogram 
of Alexium’s 
microencapsulated phase 
change materials (mPCM) 
utilized in the heat 
absorption textile (HAT). 
Green line indicates 
10°C/min (cooling), red line 
indicates 10°C/min 
(heating). 

Figure 5: Heat flux measurement of standard body armor 
and Eclipsys-based body armor measured with a guarded 

hot plate. 



body armor has higher heat flux which is attributed to the high thermal conductivity of the HTF 
layer. Notably, the relative improvement increases with time. 

 Equilibrium stage (60 – 120 minutes): After 60 minutes, both systems are in thermal equilibrium 
with the heat source and the surroundings. One can see that the Eclipsys-based body armor 
continues to have higher heat flux than standard body armor. This improved heat flux with the 
Eclipsys technology is ~100% greater than the standard body armor and this level of improvement 
is never lost. This continuous cooling distinguishes the Eclipsys technology from other non-
electronic cooling materials which are frequently exhausted over a short period of time. 

 
Thermography: To further demonstrate the improved heat flux properties of the Eclipsys technology, 
Alexium uses thermography (or thermal imagery) as a facile means of assessing the real-time benefits of 
heat dissipative materials. The  image below shows a 30 year-old male wearing Eclipsys-based body armor:  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One can see the front lower section of the vest where the Eclipsys sheet is drawing heat from the interior 
of the vest and dissipating it on the outer surface of the vest. The inset demonstrates how this is the 
thermal management mechanism for Eclipsys – pulling heat away from the wearer and to the outside of 
the vest. Note that the leveling of the color at yellow (82 °F) is due to the HAT which activates phase 
change materials at that temperature, which helps to further amplify the cooling benefits of the Eclipsys 
sheet. 
 
Conclusion 
The Eclipsys technology provides an easily-integrated and lightweight thermal management solution for 
body armor applications. The continuous heat-dissipating properties of the Eclipsys sheet provide an 
innovative solution to the issue of body armor thermal management. 

 

References to the literature and test methods will be provided upon request. 

Figure 6: Thermographs of man wearing Eclipsys-based body 
armor (inset shows diagram of Eclipsys thermal management 

mechanism. 


