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Introduction.

Uneven distribution of kinetic energy of molecules leads to the effect that some of the molecules acquire enough kinetic energy exceeding the potential energy of the ties between them to leave the liquid.  The evaporation is a process at which the molecules possessing the kinetic energy that is more then the potential energy of their interaction are leaving the surface of the  liquid.

The evaporation is accompanied by the cooling of a liquid. The condensation is the process, which is opposite to evaporation. The present work offers a solution of the problem known as the Maxwell paradox - separation of cold and hot molecules and establishing of a difference of temperatures,as well as pressures on the basis of the process of "evaporation - condensation".

Section 1.

Establishing of a difference of temperatures

Evaporation of a liquid into an atmosphere of a heavy gas (heavier then the vapour of this liquid) if both are placed inside the hermetic reservoir, leads to the effect that the vapor of this liquid will be eventually superseded by the heavy gas and pressed up to the top part of the reservoir by gravity (fig. 1).
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Fig. 1.

The vapour in the top part of the reservoir  will be accumulating until the moment when the partial pressure of it is equal to the pressure of the saturated vapor.  After this moment in the top part of the reservoir the process of condensation starts. The gravity returns the condensate to the bottom part of the reservoir.

The cycle "Evaporation - condensation" is accompanied by absorption of heat and the warming up of the  environment. 

The evaporating liquid NH3 may serve as one of the examples with its molar mass 17 g/mol and the “heavier gas”, into which the ammonia would evaporate, this can be Cripton Kr, molar mass 84 g/mol.

If no leak of heat energy from/into the reservoir exists, the exchange of heat during the “Evaporation - condensation” process would happen through the zones of evaporation and condensation only. The heat exchange between them is possible when and only if the difference of the temperatures exists between the objects of heat exchange and, since the result of the evaporation is the cooling and the result of condensation is the heating, the temperature (Tevap.) within the zone of evaporation will be less then of the temperature (Tcond.) of condensation: 

Tevap. < Tcond.






 
(1.1)

If the reservoir does have its thermal contact with an environment and the temperature of the environment is (Tenv.), then:

Tevap. < Tenv. < Tcond. 





 
(1.2)

The heat of 1 mol of vapor, (Qcons.), which can be allocated to the consumer or, otherwise, just warming the environment and the heat (Qenv.), which will be taken from the environment by evaporating – condensation of 1 mol of liquid:

Qcons. = Qcond. - Еpot. - Qsurf. 




(1.3)

Qenv. = Еkin.cond. - Qevap. + Qsurf. 



(1.4) 


where 
 Qcond. - the condensation heat of 1 mol of vapor; Epot. - the potential energy of 1 mol of vapor at the level of a surface of a liquid phase, which is equal to the work done by the heavy gas, which is pressing  the vapor from the surface of evaporation to the top part of the reservoir; Qsurf. - the heat, which was released by the gas mix to the evaporating liquid through the surface of their contact.  The evaporation of 1 mol of the liquid; Ekin.cond. - kinetic energy of 1 mol of condensate at the bottom part of the reservoir; Qevap. – the evaporation heat of  of 1 mol of vapor.

Total thermal balance:

Qcons. + Qenv. = 0 .






(1.5)

Conclusions on section 1.

1.
 The evaporation of the liquid, which is placed into the hermetic reservoir if it happens into the atmosphere of the gas, which is heavier, than the vapor of the liquid leades to the effect that the gravity is pressing the heavy gas and the gas in its turn is pressing the vapour of the liquid up to the top part of the reservoir, where the vapor exists untill the moment when its partial pressure becomes equal to the pressure of the saturated vapor. Then the process of condensation of the upcomming vapour starts. The condensate returns down to the bottom part of the reservoir  by the gravity.

2.
The process of evaporation is accompanied by absorption of the heat into the evaporating liquid.  The condensation is accompanied by the heat release. Since there are two zones inside the reservoir – the zone of evaporation and the zone of condensation – the heat exchange between them will happen. The heat exchange happens only if the temperature of them differs from each other. Therefore, the temperature of the evaporation Tevap. will be less then the temperature of condensation Tcond. (Tevap. < Tcond). If the reservoir, in which the evaporation and condensation take place has its thermal contact with the environment

Tenv.: Tevap. < Tenv. < Tcond. 


3.
The mentioned difference of the temperatures can be used as the renewable energy source coming out of the heat of the environment.  

Section 2.

Establishing of a permanent difference of pressure using the evaporation – condensation process.

Let us consider the system:

If to pump into the hermetic reservoir of the volume (Vr.) the hydrogen and the liquid carbonic acid occupying the volume (Vl.) and the partial pressure of the hydrogen in the mixture of the hydrogen and carbonic gas is less than the pressure of the saturated vapor (Psat.vap) of the dioxide of carbonic acid at the temperature (T), which is a constant parameter of this system (T = const), then volume occupied by the gases mixture is :

Vg.mix = Vr. – Vl.






(2.1)

The pressure of the gases mixture is the sum of the partial pressures of its components:

Pg.mix(1, 2…z) = Pg.(1) + Pg.(2) + … + Pg.(z),



(2.2)

where 
 Pg.mix (1, 2 … z) – the pressure of the gases mixture consisting from z of the gases 1, 2 … z;

Pg.(1), Pg.(2), Pg.(z) – the partial pressure of the gases 1, 2 … z of which the gases mixture consists.

It is known, that the pressure of the ideal gas is the product of concentration (n) of molecules of the gas and the temperature (T) and Boltzmann constant (k):

P = nkT,








(2.3)

where 
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For real gases the formula (2.3) works with some approximation.

If to rewrite it considering 2.3 then  Pg.mix(1, 2…z) = Pg.(1) + Pg.(2) + … + Pg.(z) :

Pg.mix(1, 2…z) = n(1)kT + n(2)kT + ... + n(z)kT.



(2.4)

 If the height of the reservoir is enough: 

1. 
The hydrogen and the carbonic gas are divided by gravity: the top fraction of light hydrogen (2 g/mol) and the bottom fraction of heavy carbonic gas (44 g/mol). The carbonic gas is in balance with its liquid phase. Let it be called the devided mixture of the gases with separated fractions. 

2.
The hydrogen and the carbonic gas may be mixed up and distributed about the inner space of the reservoir Vg.mix. It can be done by evaporation of the liquid carbonic acid at the top part of the reservoir (fig. 2, 3). The heavy carbonic gas by gravity will be going through hydrogen and mixing with it and filling up the bottom part of the reservoir in balance with its liquid phase.  Let it be called the mixture with non-separated (uniformed) gases fractions.

Let's consider the first case (fig. 2, the left reservoir).

The hydrogen and the carbonic gases mixture is divided by gravity on two the fractions: the top fraction of light hydrogen (2 g/mol) and the bottom fraction of heavy carbonic gas (44 g/mol) where the carbonic gas is in balance with its liquid phase. This is the the mixture with separated gas fractions, or the divided gases mixture.
The equation ofor the pressure (Pg.sep)  for the mixture (2.4):

Pg.div = n(H2)kT + n(CO2)kT .





(2.5)

For the fraction of hydrogen it will be:

Pg.div = n(H2)kT + 0 .






(2.6)

For the fraction of carbonic gas:

Pg.div = 0 + n(CO2)kT .






(2.7)
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Fig. 2.

The pressure is equal at any point of the liquid or gas in accordance with the law of Pascal.  If we neglect changing of the pressure for the gases caused by the influence of gravitation, then:

Pg.div(H2) = Pg.div(CO2),





 (2.8)

here 
 Pg.div(CO2) = Psat.vap(CO2),

since this is essential condition for the dynamic balance of the liquid carbonic acid with the carbonic gas in the hermetic reservoir,

Psat.vap(CO2) – the saturated vapor (CO2) pressure.

The equations (2.5 - 2.8) for the divided gases mixture show that if the mixture of two gases consists of two fractions, of which one is in balance with its liquid phase, then the pressure Pg.div of these gases mixture will be equal to the saturated vapor pressure of that gas, which is in balance with its liquid phase at the temperature T, and for our case:

Pg.div = Psat.vap(CO2)
.





(2.9)

Let's consider the second case (fig. 2, the right reservoir).

The hydrogen and the carbonic gas can be uniformly distributed about the volume (Vg.mix) and the present unseparated gases mixture with its pressure - (Pg.mix) in accordance with the formula (2.2):

Pg.mix = Pg.(H2) + Pg.(CO2), 





(2.10)

here 
 Pg.(CO2) = Psat.vap(CO2),
as this is essential condition of dynamic balance of the liquid carbonic acid and the carbonic gas in the hermetic reservoir.

Pg.(H2)> 0 since the hydrogen is distributed evenly about the volume Vg.mix, hence:

Pg.mix > Psat.vap(CO2) .





(2.11)

Let's compare the pressure in the reservoir in both the cases.

For 1-st case: Pg.div = Psat.vap(CO2), see (2.9).

For 2-nd case: Pg.mix > Psat.vap(CO2), see (2.11).

We have an interesting conclusion: in the mixed condition of two gases, of which one is in balance «liquid - vapor», the mixture provides more pressure, than it does in a condition in which the gases are divided into fractions. It is so because when mixing the both gases each taken separately occupy volume Vg.mix. The liquid evaporates until the partial pressure Pg.(CO2) is equal to the saturated vapor pressure Psat.vap(CO2). The total number of molecules N will increase in the volume Vg.mix and the pressure of the gases mixture, as it is seen from (2.3) will increase, whereas the temperature T and the volume Vg.mix – would remain constant.
Let us find out the amount of the increase of the pressure inside the reservoir.

Let's notice that for the mixture of the gases while they are existing in their divided condition the following equation is fair:

Psat.vap(CO2) =  Pg.div(H2) = Pg.div(CO2),



(2.12)

see conclusions (2.8, 2.9).

Let’s rewright Pg.div(H2) = Pg.div(CO2) in view of 2.3:
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(2.13)

hereinafter: N(H2) – the number of molecules of the hydrogen in the mixture of the gases; Vg.div(H2) - the volume occupyed by the hydrogen within the mixture of the gases while they are existing in the divided condition; Ng.div(CO2) – the number of molecules of the carbonic gas in the mixture of the gases while they are existing in their divided condition; Vg.div(CO2) - the volume occupyed by the carbonic gas in the mixture of the gases while they are existing in their divided condition.

Let's compare the uniform (not divided) condition with the divided condition of the mixture of the gases.

In the first case the number of molecules of hydrogen N(H2) is constant, since the hydrogen is not condensed, whereas the number of molecules of carbonic gas is Ng.mix(CO2). The volumes occupyed by the molecules of carbonic gas Vg.mix(CO2) and the hydrogen Vg.mix(H2), will become equal to each other:

Vg.mix(CO2) = Vg.mix,
Vg.mix(H2) = Vg.mix .
The partial pressure of the carbonic gas within the uniformed mixture is:
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(2.14)

this is essential condition for the dynamic balance for the liquid carbonic acid and its gas phase inside the hermetic reservoir.

Let's compare (2.14) and (2.13), in view of Psat.vap(CO2) = Pg.div(CO2), see (2.12):
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(2.15)

The (2.15) leads to understanding of the fact, that molecules of carbonic gas while it is keeping balance with its liquid phase are increasing in numbers within the mixture proportionally to the increase of the volume they occupy, starting from Vg.div(CO2) and up to Vg.mix, since the partial pressure of the carbonic gas remains equal to the pressure of the saturated vapor Psat.vap(CO2) of the carbon dioxide at the given temperature.

The pressure (Pg.mix) of the uniformed mixture of the gases is the sum of the partial pressures of its components (2.2):

Pg.mix = Pg.(CO2) + Pg.(H2) ,





(2.16)
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(2.17)
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(2.18)







Let’s rewrite the (2.18) in view of the substitution
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(2.19)

The basic equation of the pressure for the uniformed mixture of gases :
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(2.20)

The pressure of the mixture of the hydrogen and the carbonic gases at its transition from a condition of divided phases to the not divided condition is increasing in n times:

[image: image11.wmf]mix

.

Vg

2)

div(H

.

Vg

1

2)

vap(CO

.

Psat

mix

.

Pg

+

=

,





(2.21)

where n is changing its value from 1 (when Vg.div(H2) → 0) up to 2 (when Vg.div (H2) → Vg.mix).

Let us consider the situation, when the height of the reservoir is not enough high to neglect the gradient of gases, formed by graivity.
Let the height of the reservoir be Н and its values within the limits [0;H] - h.

Let it be that nCO2(h)g.mix, nH2(h)g.mix, and nCO2(h)g.mix, nH2(h)g.mix – the functions of the concentrations of the carbonic gas and the hydrogen against the height of the reservoir for the uniformed and the divided mixtures of the gases respectively.

Let us consider two situations:

1. 
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 this means that the gradients of the concentrations against the height of the reservoir for both the gases are zero - the gases are distributed evenly as a result of mixing, this is a uniformed mixture of the gases.

2. 
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 that is to say that the gradient of concentration for carbonic gas against the height is less then zero,  the concentration of the carbonic gas is decreasing with the height; for the hydrogen its gradient is more then zero and the hydrogen with the height is increasing its concentration within the mixture of the gases.  This is the divided mixture.

Since the function nCO2(h)g.mix is the constant function of the h, the total number of the N(CO2)g.mix molecules of the evenly distributed carbonic gas in the reservoir of the volume Vg is possible to find from:

N(СО2)g.mix = nСО2(h)g.mix Vg.mix .




(2.22)

In this case at any height h in the hermetic reservoir:

nСО2(h)g.mix kT = Psat.vap(СО2)
at the given temperature T, since this is the essential condition of the thermodynamic balance for the liquid and the vapor inside the hermetic reservoir.

In the event of decrease of concentration of carbonic gas with height h, the total number N(CO2)g.div of molecules in the reservoir of the volume Vg.mix and the height h is possible to find from:

N(СО2)g.div= 
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(2.23)

where nCO2(h)g.div – the declining function of the concentration of the carbonic gas against the height h; and P – the sqare area of the base of the reservoir with vertical walls.

If h = 0 that is at the level of the surface of the liquid phase:

nCO2(0)g.div kT = Psat.vap(СО2)
at the given temperature T, since this is the essential condition for the thermodynamic balance of the liquid and its vapor inside the hermetic reservoir.

If h > 0
nCO2(h)g.div kT < Psat.vap(СО2), because of the decrease of concentration of the carbonic gas against the height caused by gravity.

Consequently N(CO2)g.mix > N(CO2)g.div.

The total number of molecules of hydrogen remains constant for both situations:

N(H2) = const.

The total number of molecules within the uniformed gases mixture inside the hermetic reservoir:

Ng.mix = N(CO2)g.mix + N(H2).





(2.24)

The total number of molecules of the gases mixture in their divided condition inside the hermetic reservoir is:

Ng.div. = N(CO2)g.div + N(H2).





(2.25)

Obviously, if Ng.mix > Ng.div, consequently the pressures in the hermetic reservoir for the uniformed condition of the gases mixture (Pg.mix) and for its divided condition (Pg.div.) relate to each other as:

Pg.mix > Pg.div, since:






(2.26)

Pg.mix = 
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Pg.div = 
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Possible practical usage of the difference of the pressure.

Let us assume that there are two reservoirs at a given temperature T (fig. 3).
[image: image25.emf] 
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Fig. 3.

Inside the reservoir where the hydrogen is mixed up with the carbonic gas the pressure will be as per (2.20):
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Inside the reservoir where the gases mixture is divided by gravity for hydrogen and carbonic gas fractions the pressure will be according (2.9):
Pg.div = Psat.vap(CO2).
Other two currents - the current of the carbonic gas in its liquid phase and the current of the hydrogen gas are the compensating currents.
If to assume that the pressure difference between the two reservoirs is constant (Pg.mix - Pg.div = const) and equal P, the work of one mol of the gases mixture of the hydrogen and the carbonic gases (Ag.mix) can be found from the formula:
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(2.27)

this is the work produced by one mol of the gases mixture of the carbonic and the hydrogen gases if it is removed from the reservoir with the pressure Pg.mix into the reservoir with the pressure Pg.div and it is equal to the product of the pressure difference between the two reservoirs “P” and the the volume Vmol.g.mix of one mol of the gases mixture plus the work of the expansion of one mol of the gases’ mixture under the pressure Pg.mix.  Inside the reservoir where  the pressure is Pg.div; the volume in the beginning is Vbegin.mol.g.mix.  and the volume in the end of the expancion - Vend.mol.g.mix, (Vbegin.mol.g.mix = Vmol.g.mix).  

Let us find the work of the carbonic gas.  Its share in the mixture is “n”:

A(CO2) = Ag.mix ▪ n ,

(2.28)

This means that the work produced by the carbonic gas, which is contained in one mol of the gases mixture on the way of its transition from the reservoir with the pressure Pg.mix into the reservoir with the pressure Pg.div, is the n-fold work Ag.mix with the coefficient of multiplicity n, where n:
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(2.29)

here Vg.div (H2) and Vg.mix - the volumes of the hydrogen fraction and of the gases mixture as a whole; Psat.vap (CO2) - the saturated vapor pressure of the dioxide carbon; Pg.mix - the pressure of the not divided gases mixture.

It is needed to return the hydrogen (its share is 1-n) settled by gravity in the reservoir with the pressure Pg.div  back to the left reservoir with the pressure Pg.mix. The work to do it is A(H2):

A(H2) = Ag.mix ▪ (1 - n).

(2.30)

Also it is necessary to return the condensed carbonic gas from the reservoir with the pressure Pg.div to the top part of the reservoir with the pressure Pg.mix, having spent for that the work:

Acond(CO2) = P ▪ Vcond(CO2) + p ▪ Vcond(CO2) ▪ h ▪ g,

(2.31)

where: P – the pressure difference between both the reservoirs; Vcond (CO2) - volume of the amount of the liquid carbonic acid which is the part of 1 mol of the gases mixture in its form of carbonic gas; p – the density of the liquid carbonic acid; h – the height at which the liquid carbonic acid evaporates into the reservoir where the gases mixture exists in its not divided stage; g - acceleration of gravity.

All the three currents - the current of the gases mixture (2.27), the reverse flow of of the settled by gravity hydrogen (2.30) and the reverse flow of the condensed liquid carbonic gas (2.31) – exist simultaneously.  We may integrate them to have the basic expression for closed uninterrupted cycle for 1 mol of  the gases mixture coming into the reservoir in which the gases mixture exists in its divided stage with the pressure Pg.div from the reservoir in which the gases mixture exists in its not divided stage with the pressure Pg.mix:

Acons. = Ag.mix – A(H2) – Acond.(CO2),

(2.32)

where Acons. – the work which a consumer can use.
Let's rewrite the expression in view of (2.30):
Acons. = Ag.mix – Ag.mix ▪ (1 - n) – Acond.(CO2),

(2.33)

Acons. = Ag.mix ▪ n – Acond.(CO2).

(2.34)

In view of (2.28):
Acons. = A(CO2) – Acond.(CO2).

(2.35)

If the ratio of volumes occupyed by the n part of 1 mol of the liquid carbonic acid to its gas phase volume is “d”, then the ratio of works done by the same n part of 1 mol of the carbonic gas for the two phases at the same difference of pressure P compare to d:
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(2.36)

since the volumes Vcond.(CO2) and Vg.div(CO2), being multiplied by the pressure difference P, give respectively the works Acond.(CO2) and not taking into account the ascending on the height h and A(CO2) and not taking into account the work of expansion of the gas, see (2.27), (2.28) and (2.31).

The basic expression for the continuous cyclic process (2.35) can be found in view of d with some approximation in the form of:
Acons. ≈ A(CO2) ▪ (1 – d).

(2.37)

Or, in view of (2.28):
Acons. ≈ Ag.mix ▪ n(1 – d).

(2.38)

The expression (2.38) shows that Acons.>0 since n can change its values from 0.5 up to 1 (this is so from 2.21 and 2.29), and d can change its values from 0 up to 0.2, at the temperature equal to T, which is less than the critical temperature of the gas whenit is at its balance with its liquid phase, Ag.mix > 0 a priori.

The basic formula for the continuous cyclic process (2.32) with the account of the efficiency coefficients η1 for the gas turbine, having in mind that the turbines can transform the energy of the gases’ mixture current into a more convenient for the customer shape of energy, and with the account of the pumps η2 and η3, which would return the gaseous hydrogen and the liquid carbonic acid into the reservoir where the gas mixture exists in its not divided stage, will take the shape of the following equation:
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(2.39)

Let's call the "system" the combination of the above mentioned reservoirs, the turbine, and the pipes.  If the system is isolated from the environment and not forgetting that the energy is being consumed by a consumer (Acons.) then the temperature of the system should lessen.

If the energy brought from the system is Acons, the system will cool down on ∆T degrees:
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(2.40)

where C - a thermal capacity of the system as a whole.
If initially the temperature of the system and the environment are equal (Tenv). Then after the removal from system of some energy (Acons.) the system will have a new temperature Tsys.:

Tsys. = Tenv. – ΔT.

(2.41)

The energy Acons. which can be used by a consumer is to be compensated by the system through the exchange of heat energy with the environment, since

Tsys. < Tenv.

(2.42)

If the initial temperature of the system is less then the temperature of the environment, then the temperature of the system remains constant even when some energy is taken by a consumer (as a result of the exchange of heat energy between the system and the environment).

Conclusions on section 2.

1. The process of evaporation into the the light gas which is lighter then the vapor of the evaporating liquid, if it goes inside the hermetic reservoir where the light gas is evenly distributed about the inner space of the reservoir, creates more pressure icomparing with the reservoir, where the same heavy vapour and the same light gas exist in a divided by gravity (or by centrifuge) condition (the theory of non-uniformed gases).

2. The difference of pressure for the two reservoirs in one of which the gases mixture is existing in its not divided condition, and in another – in its divided condition, can be used by a consumer.

3. The system cools down and its temperature is constant.  This is not a paradox.  If the temperature of the system is less then the temperature of the environment it should be constant. 

Emil Kutin, Saint–Petersburg, January 12 2005.
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The process of condensation of ammonia vapor








Ammonia vapor drifts  upwards within the krypton  atmosphere





The evaporation of the liquid ammonia into the krypton atmosphere accomponied by absorption of heat








Liquid ammonia, molar mass 17 g/mol





Krypton, molar mass


 84 g/mol





The hermetic reservoir











The condensate comes back in the bottom part of the reservoir under action of gravitation





The absorption of heat from environment 





Heat is going out from the condensed ammonia vapor to environment or to be taken by consumer
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H2, CO2





The carbonic gas in its liquid phase








The pressure for non-separated mixture,


Pg.mix > Psat.vap








The evaporation of the carbonic acid in the higher part of the reservoir








The pressure for the mixture with separated gas fractions.


Pg.div = Psat.vap








The carbonic gas in its liquid phase
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H2, CO2








The H2 current





The current of the not divided H2 and CO2 gases mixture
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Condensation of CO2





H2 and CO2 gases mixture in their divided condition with the pressure


Pg.div 





The H2 and CO2 gases mixture with the pressure


Pg.mix





The CO2 current in its liquid phase





The evaporation of CO2





Gas turbine





Pump
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