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Abstract— In a closed system at constant volume, the average 
molecule concentration is constant. However, the possibility of 
compressing a gaseous fluid at constant volume with a 
theoretically nil mechanical energy input has been studied at the 
Auroville Centre for Scientific Research (CSR). Only thermal 
energy is used. It can be solar and renewable. The process is 
explained and numerical calculations show its potential for the 
conversion of thermal energy into work.  
  

Index Terms— Isochoric process, isobaric process, hot source, 
heat exchanger, displacer piston.   
 

INTRODUCTION 

he compression of a gaseous fluid is defined as an 
increase of its molecular concentration by work 
exchange. If a gaseous fluid at constant volume is 

heated up, then its pressure increases, but there is no 
compression. On the other hand, if, at constant volume, the 
fluid is heated up locally then the localized variations of 
volume will provoke work exchanges with all the other 
molecules of the fluid.  
     A rigid and adiabatic container is divided into two 
compartments A and B by a free piston (cf. figure 1). A 
second rigid container C is connected to compartments A and 
B. The system thus defined is filled with a gaseous fluid 
which can circulate between the C container and 
compartments A and B. If we heat up the molecules of the 
fluid which are in compartment C, then the concentration 
decreases in C and increases in A and B. However the 
average concentration of all the gas molecules remains 
constant. 
     The CSR has discovered that it is possible to amplify 
considerably this compression effect in compartments A and 
B while using a C container of very small volume. 
We describe a device which, at constant volume, uses the 
thermal energy of a hot source. It allows the molecule 
concentration of a gaseous fluid to increase and to raise its 
temperature beyond that of the hot source which is heating it. 
It could be profitable to use this process to convert the 
thermal energy of a hot source into work.    
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

  Localized variations of the molecular concentration. 
   Fig. 1 

   
 
 
 
 
 
 
 
 
 
 
 

  Amplified variations of the molecular concentration. 
    Fig. 2 

  
 
A. Description of figure 2  
 Figure 2 shows a piston which displaces a gaseous fluid 
from compartment A to compartment B through a heat 
exchanger C. It is moved by a device which is not represented 
(cf arrow on the right). The displacer piston causes a pressure 
variation which is almost nil when it moves slowly. The heat 
exchanger is maintained at temperature Th, the temperature of 
a hot source. 
    The temperature and volume of a small cluster of molecules 
which passes by the heat exchanger from compartment A to 
compartment B increases. When it enters compartment B it is 
at a temperature which is equal (ideally) to that of the hot 
source and it then occupies a volume which is greater than 
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what it occupied when leaving compartment A. 
Consequently, the volume of the other molecules of the fluid 
which remain in compartments A and B is reduced.  
    There is a temperature and volume increase of a cluster of 
molecules when it is heated up while passing through the 
heat exchanger. It enters the hot compartment at the same 
temperature as the hot source before its volume decreases 
(since the other clusters increase in volume while passing 
through the heat exchanger). Its temperature continues to 
increase, by adiabatic compression, beyond the temperature 
of the hot source. This temperature, higher than Th, is 
indicated by Th+. 
    The temperature variations occurring in compartment A and 
B come from the work exchange between the molecule 
clusters when they pass through the regenerator (where their 
volume increases) and all the other molecules of the gaseous 
fluid. The gas which is in compartment A undergoes an 
adiabatic compression before passing through the heat 
exchanger C. The gas which is in compartment B undergoes an 
adiabatic compression after its passage through the heat 
exchanger C. It is not the displacer piston which provides the 
compression. It is not the use of mechanical energy which 
provokes a temperature increase beyond Th: it is the 
thermal exchanges which provide this energy.  
 

II. METHOD  

The thermodynamic processes has been defined and a 
simplified calculation method has been used in order to 
estimate the evolution of the pressure and temperature of the 
gas. 
 
A. The system   
  

- Closed system, number of molecules n = cte 
- Rigid container, volume total Vt = cte 
- Ideal gas 
- Compartments A, B and piston are adiabatic 
- The volume of the heat exchanger Vc is regarded as very 
small in comparison to Vt: Vc ≈ 0 
- The displacer piston divides Vt into two compartments, A 
and B, of variable volumes Va and Vb. Since Vc is 
insignificant, we have: Va + Vb = Vt = cte. 
- The displacer piston causes a pressure variation which is 
almost nil when it moves slowly. The energetic input of the 
displacer piston is supposed to be nil: w ≈ 0 (no charge loss in 
the heat exchanger and no friction). The pressure in 
compartment A is supposed to be equal to the one in 
compartment B: Pa = Pb. 
- Initial state: compartment A is full. The temperature of the 
gas in compartment A is Tc = 300k. Compartment B is 
empty. 
 

  
B. The calculation method 
 Clusters of nc molecules follow each other while passing 
through the heat exchanger. There, their volume and 
temperature is altered by thermal exchanges. Since the total 
volume is constant, a variation in volume (for a cluster of nc 
molecules) localized inside the heat exchanger is 
compensated by a volume variation which is equal and 
opposite and involves all the other molecules. The gas inside 
the compartments A and B undergoes an adiabatic 
compression. It goes through variations of volume, pressure 
and temperature. In order to quantify these variations, we 
have simplified the problem by using the method described 
hereafter. 
A cluster of nc gas molecules passes through the heat 
exchanger. Its volume variation is equal to dVnc. If nc is 
small compared to the total number of n molecules, then 
dVnc is small compared to Vt. The smaller dVnc is compared 
to Vt the more the pressure variation is reduced. With a very 
small nc, dVnc can be calculated with a pressure considered 
as constant. According to this method, the smaller the nc, the 
more precise the calculation of dVnc. 
The thermodynamic processes have been defined for a cluster 
of nc molecules located in compartment A, then passing from 
compartment A to compartment B:  
   

1-adiabatic compression in compartment A. 2-isobaric heat 
addition in the heat exchanger. 3-adiabatic compression in 
compartment B. 
   

Calculation of the volume variation at constant pressure for 
nc molecules passing through the heat exchanger with: 
 

PV = nRT             (1) 
 
Calculation of the pressure variation by adiabatic 
compression of the molecules inside compartments A and B 
with:  
 
 
 
 
Calculation of the temperature variations resulting from the 
adiabatic compression with: 
   
 
 
 The calculation of the change of temperature differs 
depending on whether a compartment is filled up or emptied. 
When a compartment is emptied, its temperature follows the 
pressure variations. When a compartment is filled up, the gas 
entering the compartment is at a different temperature than the 
gas already in the compartment. The gas entering in the hot 
compartment   cools   down   the   gas  which  is  at  a  higher  
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temperature than Th (with which it mixes). It limits the 
temperature rise above Th.     

RESULTS 
     Figure 3 shows the change of temperature in the hot 
compartment for the values Tc=300k and Th=800k, with 
k=Cp/Cv=1.67 for an ideal gas. These are theoretical 
maximums, calculated without dead volume. The gaseous fluid 
enters the hot compartment at the temperature of the hot source 
Th.  During the filling of the hot compartment, the temperature 
of the gas increases from 800 to 960k. The gas reaches the 
maximum temperature of 960k when the hot compartment is 
full.  
     Figure 4 shows the change of temperature in the cold 
compartment for the values Tc=300k and Th=800k, with 
k=Cp/Cv=1.67 for an ideal gas. These are theoretical 
maximums, calculated without dead volume. During the 
draining of the cold compartment, the temperature of the gas 
increases from 300 to 480k. The gas reaches the maximum 
temperature of 480k when the cold compartment is empty.  
   

           
              Hot compartment  

    
 
 
 
 
 
 
 
 
 
 
 
 
                                                   Fig. 3 
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Fig. 4 
 

   

IV. DISCUSSION  

 When a molecular cluster passes through the heat 
exchanger C, its concentration drops steeply. Now, for a 
closed system at constant volume (the volume A+B is 
constant and the volume C is constant), the average 
concentration of molecules is constant. Consequently, the 
concentration drop of the gas passing through C has to be 
compensated by a concentration increase of the other gas 
molecules. Thus, all the molecules which are in 
compartments A and B undergo an adiabatic compression. 
The compression work is performed by the molecule clusters 
passing through the heat exchanger C (where their volume 
changes).  
     The compression of a gaseous fluid is defined as an 
increase of its molecular concentration by work exchange. The 
concentration increases in compartment A and compartment 
B from the initial state (compartment A full and compartment 
B empty) to the final state (compartment B full and 
compartment A empty). Thus, although the average 
concentration is constant, the compression of the gaseous 
fluid explain the rise of the temperature above Th in 
compartment B and above Tc in compartment A. 
     The system that we study is, thermodynamically, a 
compressor operating at constant volume without spending 
mechanical energy. 
     The addition of intake and exhaust valves ensures a 
functioning in cycles (cf. figure 5). It is thus possible to use 
this process to convert thermal energy into work. 
   
 
 
 
 
 
 
 
 
 

 
    

Compressor at constant volume 
Fig. 5 

   

V. CONCLUSION 

A device has been presented which uses the thermal energy 
of a hot source. At constant volume, it allows the molecule 
concentration of a gaseous fluid to increase without spending 
mechanical energy. It can produce a significant temperature 
increase above the temperature of the hot source which is 
heating it. It could be profitable to use this process to convert 
the thermal energy of a hot source into work. 
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