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THEORETICAL CONSIDERATIONS

When debate by compression and expansion of gases and vapors, many thermotechnicals states at the outset: "It is great that these processes are isothermal, but unfortunately, this is practically impossible." The purpose of this paper is to demonstrate that in the state of the art, these types of processes, as required in terms of theory, is feasible in practice.

Compression and expansion of gases and vapors are thermodynamic processes in which the systems interact mechanical with the environment, showing volumetrically changes. The gas-piston interaction is most completely described by the equations of First Law for Complex Processes with Finite Speed [START_REF] Petrescu | Developement of thermodinamics with finite speed and direct method[END_REF]:
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where w is the piston speed, p m,i and T m,i are the instantaneous average values of pressure and temperature, Δp lam and Δp f are the pressure losses due to the throttling of the gas crossing through valves and, respectively, to the friction. For perfect gases in an isothermal process between two states, 1 and 2, with w = ct. (Fig. 1 ln /
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    is the heat exchanged with the environment in a reversible process, and E Q is the heat produced by friction, which remain outside the system. The other three terms are owed the irreversibility due to finite speed w of the piston, to the throttling of the gas crossing through valves and, respectively, to the friction.

In equation ( 1), we explicitly [START_REF] Petrescu | Irreversible thermodynamics in complex systems: Irreversible Isothermal Processes with Finite Speed, Friction and Throttling[END_REF]:
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where w S is the speed of sound at temperature T; k -Boltzmann's constant; A P is the area of the valve section and A P is the area of the piston.

  2 2 , 1 d 2 d p ir mi s V s f f A w kb w Q k p V w A w f A B w V                                        (3) 
        , 1 1 , 1 1 d d (ln ) 
d wlam f wlam f V w p V w V V w p V d V w V             
By integration is obtained:
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For negligible irreversibilities:
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that shows a logarithmic variation of the heat to be exchanged with the outside source, starting from Q(0)=0 and taking positive values for expansion and negative values for compression. On the other hand,

      ( ) d d ( ) ir gi i S i S Q t U t A t T T t T T t R t               (6)
where T S is the source temperature, and U gi ; A ithe overall coefficient of heat transfer, respectively the area of i part (different from the other parts, in terms of heat transfer characteristics) of the total area that separates the two systems. By R(t) we noted an overall thermal resistance. Usually A i , and sometimes U gi , vary over time.

If the temperature of the gas entering into the device is the same with the temperature of the source and of the cylinder walls: T(0)=T S , then Q = 0, and W = 0. Therefore, canot happen neither heat exchange, nor isothermal transformation. The heat exchange occurs only after the change of gas temperature, due to the interaction with the piston. The transformation will be polytropic with a variable exponent:
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As n c is bigger, as n and d / T dt are smaller, so the process is closer to the isothermal one (temperature increase rate is lower), and the final temperature will be closer to T 0 :
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We define a thermal coupling coefficient:
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dependent only on the system (by mass m) and device configuration at t moment. This coefficient is always positive, whereas U gi , and A i are pozitives.
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, by equating equations (1) și (6):
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is obtained an equation that describes how can to vary the volume (and hence the velocity w = dV/A, or angular velocity ω) so the transformation will be isothermal (
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is the specific volume). To this must be added the initial condition:
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ISOTHERMAL COMPRESSORS AND EXPANDERS TERMOTEHNICA 2/2012 53 Relations (10) and (11) show that whenever T and T S are different, there is an initial rate of change in volume, and if this rate changes over time according to equation (10), the transformation is isothermal. A high thermal coupling coefficient, allows to obtain an isothermal transformation at a temperature closer to that of the source, and for a faster volume variation (hence for a higher speed of a mobile party, hence for a bigger power). Relations are valid for any volumetric compressor and expander.

For reciprocating devices:

V = A•x și dV/dt = = A•w.
For a device without internal irreversibility,
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In the particular case where R(t)=R 0 =ct. (for example, for a compressor with large diameter and small height, similar to that into Fig. 2.2, at which the heat exchanged through the cylinder walls a small share in the total heat exchanged), c ct (t) = = c 0 = ct. and by integration of equation ( 12):
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So, starting at the moment t = 0 of the point x = x 0 with initial value w 0 (positive for expansion and negative for compression) the piston speed will have an exponential evolution over time, also being respected the relation:
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namely, the mechanical power and the heat flow are equals and constants, and the heat exchanged with the environment has a linear increase over time (the constant power can be achieved, for example, if the piston is driven by an electric motor feed at constant voltage, and the current is kept constant by a control system). In Fig. 1.2 are shown two situations for both compression and expansion. In the first case (the curves I), the temperature of the gas that enters into the device is equal to the source temperature:

(0) S T T  . In order to avoid a polytropic evolution, at the beginning of transformation the piston speed is very high and it is approaching one adiabatic transformation. Depending on the distance traveled it reached the pressure p 1 and the temperature: In the second case (the curves II), the gas is admitted from the beginning with a temperature T T  , for the expansion (Fig. 1.2 B). The piston must start with the speed w 0 , given by (13) and must continue to move according to equation (12).
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In conclusion, if the temperature of the gas admitted into the device is the same with the temperature of the source: T(0) = T S , the process cannot happen isothermal. The process will be polytropic with a variable exponent, so much closer to 1, as c ct is increasing. If T(0) < T S , it can happen an isothermal expansion, and if T(0) > T S , it can happen an isothermal compression, only if the piston starts with the speed w 0 , given by (13) and continues to move according to equation (12). The power of such devices will be as greater, as T (0) -T S and c ct is greatest. Therefore, the researches for achieving perfect isothermal volumetric machines must be oriented towards the achievement of such mechanisms for driving the mobile body of the machine, which make a volume variation as equation (10). At the same time, the finding of constructive solutions that lead towards the machines with high thermal coupling coefficient, would increase their power, and for the machines that use other types of driving mechanisms, would allow to obtain the transformations with an polytropic exponent close to 1, thus increasing their efficiency.

NEW METHODS PROPOSED FOR REDUCING THE POLYTROPIC EXPONENT

Increasing the surface through which the device exchange the heat with the environment

The additional increase of heat exchange surface between working gas and exterior can be achieved through a series of methods, below few examples:

-Using external cooling fins a procedure often used to improve the thermal transfer for heat exchangers and compressors. In order to obtain cvasi-isothermal compressors, it is recommended to use this procedure every time [START_REF] Török | Progressive Thermodynamique System[END_REF] (Fig. 2.1).

-Increasing the compressed gas flow by increasing the fill degree of the compressor (Fig. 2.1). When the piston reaches the end of the stroke, a channel to expel the compressed gas left in the "dead volume" is created through the channels 5, built in the interior walls or by the controlled valve 6; this gas does not gradually extend anymore occupying the volume m V   , but passes on the other side of the simple-acting piston or in the compressing chamber in the case of double-acting piston, causing the opening of the admission valve; -Giving up the traditional, cylindrical form of the device. The geometric figure obtained in a transversal section (C) through the compressor in Fig. 2.1. in the piston is a rounded corner rectangle. With this design one can obtain a higher surface on the volume unit and the distance between any interior point and walls is smaller than in the case of cylindrical compressor. As a result, equalizing the gas temperature in any transversal section is done much faster. On the other hand the friction surfaces are increased and the mechanical resistance is reduced.

Another way to obtain the increase of heat exchange surface relative to the volume unit is by keeping the cylindrical configuration (and its advantages) if the length of the device is significantly reduced, with the prerequisite of intense cooling of the piston (Fig. 2.2 A), as the area of piston's surface gets a higher weight in the total area of thermal transfer. The pistons in Fig. 2.2 A and B have internal holes through which a cooling agent circulates being introduced and then expelled through the pipes 4 that are built in the piston's rod. The surface of the piston (and mirroring the surface of the cylinder head) can be further increased through profiling (Fig. 2.2B). The profiling can be realized in fins or in needle shape (conic or pyramidal). For a conic needle like this, the contact surface with the gas increases from πr 2 to πr 2 /sinα. For α = 30° the doubling of the surface is obtained, and for α = 6°, the surface is 10 times bigger. -Mounting channels 9 inside the cylinder 3 (Fig. 2.4) [START_REF] Török | Energy++ House[END_REF], channels that cross the compressor from one end to the other, passing through both caps 4 and through piston 1. The cooling agent circulates through the channels and the piston moves along them, the sealing being realized through the sealing gaskets 6. This method can significantly increase the surface for heat exchange, but the mechanical work losses due to the friction of the piston to the walls of this channels is also increasing, especially for high piston speeds. -Mixing the working gas with another substance (solid, liquid, or gas). For liquid suspensions, the recommended substance is the lubricant.

Increasing the convection rate inside and outside the working space

For the compressors in the current development stage, the surface exterior to the working space is usually in direct contact with the air, the convection phenomena that appears here is usually a natural one. In some cases the speed of the cooling air is increased with a fan (forced convection) or in some other cases inside the walls of the working space there are channels being built for cooling agent to circulate through.

A new solution proposed in this paper in order to intensify the exterior convection rate for isothermal compressors and expanders is to immerse the device in a bath of liquid under pressure, the pressure in the bath being approximately equal to the average pressure of the gas in the device. This way, in order to hold the mechanical forces, the walls of the device can be built with the minimal needed thickness. The cooling and respectively heating of the liquid is done either by recirculating it (Fig. 2.5) hence ensuring a high convection coefficient, either by installing pipes in the bath through which thermal agent is circulating. In order to increase the interior convection coefficient between working gas and the walls in some cases (e.g. Stirling engines) the working gas used will be a gas with high thermal diffusivity (helium, hydrogen, etc.). On the top of this solution, this paper proposes the additional usage of thermal pipes. The compressor in Fig. 2.5 is identical with the ones in Fig. 2.4, but the internal pipes have been replaced by thermal pipes, with a special built, having both ends 11 cold (they have capillary elements placed inside to return the condense). The adiabatic areas, very short, are placed in front of the walls and the median area 10 is the warm area (the evaporator). Similarly to the walls of the compressor, the cold ends of the pipes are washed by a flow of intermediate cooling agent, moved together with pump 15 and pipes 14 towards the heat exchanger 16. 

Reducing the thickness of the walls through which the heat exchange is made

The thickness of a compressor's wall depends on the pressure difference between the gas inside working space and the fluid in the exterior, as well as on the size of the normal component of the pressure exercised by the piston on the walls. The minimal thickness can be used when the pressure difference is always null and when the piston exercises no pressure on the walls. This way, using properly designed guides, the piston can have a perfectly axial movement, permanently keeping a (very low) distance versus the walls of the compressor. Cancelling the interior-exterior pressure difference can be obtained using a configuration similar to the one in Fig. 2.6, where 2 compressors 1 and 2 are used, placed back to back and having a common piston 3 (cylindrical shape) acting as a double acting compressor. Each compressor, cooled by the thermal pipes 5, is immersed in a tank 4 with cooling agent (which is also lubricant). The two tanks have on their top a small sized bell 7 in which the cooling liquid enters up to a certain level 8. On top of this level a gas bag is formed, with a small volume (almost constant because the lubricant is non compressible), and which communicates with the interior of the compressor through a pipe so that the pressure of the gas in this bag is always equal to the one of the gas in the compressor. This pressure is transferred o the lubricant separation surface and to the entire liquid in the tank, which make the pressures on the two cylinder faces equal (in each point of the exterior walls there will be a small difference, equal to the height of the liquid column from that point to the level 8 of the liquid in the bell). Consequently, the gaskets between piston and walls, and the gaskets between piston and thermal pipes can be eliminated as the lubricant pressure is very low and the lubrication is done by the lubricant moved by the piston. The result is an intense irrigation of the interior compartment with cold liquid and a more intense discharge of the heat created. In the same time, the construction becomes simpler (lack of gaskets and special lubrication installation). Note also that the piston, common to the two cylinders, is filled with cooling -oiling liquid, as there are pipes with permanent link between tanks and the interior of the piston. Eliminating the mechanical restrictions on the walls of the compressor, the main criteria for choosing the material of the walls becomes its thermal conductivity. 

Obtaining variable piston speed in favor of isothermal process

In order to obtain a variable piston frequency that ensures a variation law as per (12), special moving mechanisms need to be used. Such a mechanism [START_REF] Louis-Xavier | Moteur Stirling a liaison cinematique piston-arbre par cames[END_REF] (Fig. 2.7) is made of a straight shaft 4 on which flat discs 6 are fixed. On the interior side of the discs identical profiled channels are hollowed, making up the bearings for the shaft of mobile crankpin 5. The two bearings 3 can be sliding bearings or rolling bearings. Using the mobile crankpin the two discs will lead the rod (2) of a compressor (1), ensuring a wide variety of variation laws x(ωt). Profiling of the channels is realized transposing the function from rectangle coordinates (B: simple effect, B': double effect) in polar coordinates (C, respectively C'). In the Fig 2 .7 example, for the simple acting compressor, a reduction of admission phase is done up to a 30° angle, approx 6 times less than an usual compressor (the curve represented with a thin line) and an increase in length of the compression phase after exceeding the medium temperature, with an angle up to 310° (4-5 times more than in the case of a rod -crank mechanism); for the double acting compressor note the reduction of approx 4 times of the "cold" compressing and double compressing time after passing the medium temperature. Another way to accelerate the piston in admission phase and slow it down in the "warm" compressing phase is driving the rod with a linear external engine or transforming the piston into the rotor of an internal linear electric engine (Fig. 2

.8).

TERMOTEHNICA 2/2012 57

Such an electro-engine can be built using for piston 1 a permanent magnet or a coiled ferromagnetic core 3, supplied through sliding contacts, through articulated shafts or through the rod. The stator 2 is build making notches 4 in the compressor's walls made of a ferromagnetic material, and introducing electrical conductors 5 in these notches so that magnetic poles are created.

Varying the intensity and/or the frequency of the statoric current a wide variety of types of variation laws of the function x(ωt) can be obtained. Such a device has the advantage of small size (due to the absence of exterior electro -engine and of the rodcrank mechanism) and of perfect sealing, but it requires thicker walls (which slows down the heat transfer), a system of "reading" the piston's position based on which the polarity changes and the magnetic field intensity changes are made, it has to eliminate more heat created through loss in iron and copper. Fig. 2.9. Compressor driven by electric impulse; 1 -cylinder; 2 -piston; 3 -fitting; 4 -magnet; 6 -electrical contact; 10 -brushes; 12 -electrical conductors;

14 -elastic resort.

The compressor in Fig 2 .9 A eliminates some of the disadvantages, having the high speed movement assumed by an electromagnetic circuit made of the permanent magnet (or an electro magnet) 4, with the ferromagnetic fitting 3 entering in its gap, placed on piston 2, when the piston reaches the end of the stroke. Breaking of the piston is done by an air cushion created at the ends of the compressor placing the admission valves 9 and discharge valves 7 at a certain distance vs. the ends of the compressor, increasing the dead volume. When the piston in its move passes these valves, it leaves the influence area of the stator, the agent in the dead volume is super compressed, and the ends of the yoke 4 step on the electrical contacts 6, supported by the resorts 14 and supply through the brushes 10. This way an electric circuit is formed through the yoke, contacts, brushes, the conductors 12, the diode D and the resistance R (section 1-1). With the ferromagnetic yoke moving, a continuous electrical current is created in this circuit influenced by the magnetic field of the magnet 4, generating an electromotive force opposing the yoke forward movement and contributing to the braking of the piston. The electrical energy created this way discharges on an electrical resistance R (creating heat) or on a different consumer (like an electric engine which powers a pump to move the cooling agent or the lubricant). After its stop, the agent in the dead volume expands and strongly pushes the piston to the other end of the cylinder. On top of the force created by expansion, there is the electromagnetic force appearing between the fitting and magnet when the thyristor T receives a command impulse and opens, allowing the source E to send a high intensity impulse through the fitting, whose electrical resistance is low. The intensity of the electric impulse is computed so that the piston moves with high speed trough the phase of "cold" compression. When, because of the increased pressure created by the gas compression that opposes the advancement of the piston, this reaches the nominal speed, the stator is resupplied and leads the piston to the end of the stroke. Fig. 2.9 B presents a similar device to operate a compressor with simple effect piston. Compared to the previously presented system, this has valves only for one of the compartments, the other one having the vents 8 to create a dead space for breaking the piston. In the position in the figure, the piston is operated by the adherent wheels 13 and 16 and it approaches the end of the evacuation phase. After passing the valves, the motive wheels (that are only sections of a circle) loose the adherence with the rod 15, and the piston stops. The electrical impulse that passes through the fitting gives a high speed to the piston which, having only the friction forces to oppose, passes the entire semi-stroke. During return, the motive wheels get in contact again with the rod and take over the operation of the piston.

CONCLUSIONS

In the current prior art, the isothermal expansion and compression processes for gas and vapors are doable with the usage of operation mechanisms that change the speed of the mobile device so that the mechanical work realized by the piston is all the time equal to the heat eliminated from the system. On top, in order for the transformation speed to be acceptable, constructive procedures that lead to intensified heat transfer between the system and the environment need to be used. Few such new procedures have been presented in this paper. They are also applicable if the intent is only to reduce the energy consumption and to obtain higher efficiency by decreasing the polytropic exponent of the transformation. Applying those procedures opens perspectives for building Stirling, Ericsson and Carnot type of engines with superior performances in an environment with small temperature differences between the warm and the cold source, increasing the realization degree of regenerative energetic resources and reducing the noxes emissions.
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 22 Fig. 2.2. Low height cylinders (A) with flat piston, (B) with profilled piston: 1 -cylinder; 2 -piston; 3 -cooling agent; 4 -pipes.
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 23 Fig. 2.3. Sections through the profiled piston: a -with linear fins; b -with acicular pyramidal fins; c -with acicular conic fins.
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 552 Fig. 2.4A. Prismatic compressor with internal channels.
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 2 Fig. 2.4B. Cylindrical compressor with internal channels: 1 -piston; 2 -rod; 3 -cylinder; 5 -fins; 6 -sealing gaskets; 7 -discharge valve; 8 -admission valve.
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 25 Fig. 2.5. Compressor in cooling bath: 10, 11 -thermal tubes; 12 -tank; 13 -cooling liquid; 15 -cooling pump; 16 -heat exchanger.
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 26 Fig. 2.6. Thin walls compressor 1,2 -isothermal compressors; 3 -common piston; 4 -tank; 5, 9 -thermal pipes; 7 -jacket; 8 -constant level chamber; 10 -collector; 11 -pump for cooling liquid; 12 -pipe; 13, 14, 15 -linear electro engine.
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 27 Fig. 2.7. Simple (C) and double (C') acting compressors driven camshaft: 1 -cylinder; 2 -rod; 3 -bearing; 4 -shaft; 5 -mobile crankpin; 6 -disc with channel; 7 -profiled channel.
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 28 Fig. 2.8. Compressor driven by internal linear electric motor: 1 -piston; 2 -cylinder (stator); 3 -rotor coiling (in piston); 4 -stator coiling; 5 -electrical conductors.
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