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This paper shows the essential ideas and key conditions of the Thermodynamics with 

Finite Speed (TFS) came about by the methodicallly investigation of the warm responding 

machine in connection with the cylinder limited speed and warm atomic speed estimated 

in the thought about thermodynamic framework. These ideas depend on the possibility 

that any engendering of the association in the thermodynamic frameworks of limited 

measurements is accomplished by limited paces: (1) - cylinder speed, (2) - normal speed 

of the gas particles inside the chamber. A particular methodology (plan of estimation) for 

non-harmony (irreversible) thermodynamic procedures is created inside TFS so as to 

locate the essential conditions suitable for Optimizing Efficiency or COP and Power of 

warm responding machines. Scientific conditions for each of the 5 irreversible 

thermodynamic procedures in gases (isometric, isothermal, isobaric, adiabatic, 

polytropic) are derived by mix of the joined First and Second Laws condition for forms 

with Finite Speed. This paper is constrained to Irreversible Processes with Finite Speed, 

without considering the Friction and Throttling impacts. It likewise takes note of the 

primary minutes in the improvement of TFS that prompted these ideas and major 

conditions. 
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INTRODUCTION  

The Thermodynamics with Finite Speed (TFS) [1-12] is one of the Thermodynamic branches created over the most recent 52 

years by the Romanian School of Thermodynamics and can be viewed as a potential Romanian brand in recorded advancement of 

Thermodynamics. TFS is focussed on a more profound comprehension of the genuine physical procedure performed by a 

thermodynamic framework, in warm responding machine. So as to upgrade the machine's exhibitions (Efficiency or COP and 

Power), their particular reasons for inward and outer irreversibility are considered.  

The Statistical and Molecular Thermodynamics characterizes above all else the idea of Thermodynamic System, similar to an 

assortment of a high number of particles in development and in connection. A second essential idea is the Thermodynamic State 

of the framework, which can be portrayed by a property of the framework, spoke to by its parameters estimated in a characterized 

minute (for example Weight, Temperature, Volume). The idea of the Process in the framework is characterized by the 

Thermodynamic parameters changes starting with one state then onto the next state. Every System State can be portrayed by a 

connection between its parameters named Equation of State. Any Process in the System is controlled by warmth and work 

communication with nature (by vitality and mass exchange). The parameters can be broad parameters (their qualities are added 

substance in compatibility with the components of the framework – i.e., volume, mass, quantities of molls), and escalated 

parameters (their qualities are free of the framework measurements – i.e., pressure, thickness, temperature). A framework is in a 

stationary state if their parameters are not changed in time. In Thermodynamics there are two kinds of frameworks: shut 

framework (with heatfurthermore, work cooperation) and opened framework (with warmth, work and mass connection with 

environment).  

The Kinetic-Molecular Theory and Statistical Theory can give an applied meaning of these parameters in connection with the 

factual conduct of the minute framework parts in stationary status and in transformative status. In a genuine framework its 

legitimacies can differ from point to point. We can for the most part break down a general framework by sub-isolating it (either 

thoughtfully or practically speaking) into various straightforward frameworks in every one of them the properties being accepted 

as uniform. The condition of a framework wherein properties have unequivocal, unaltered qualities as long as outer conditions are 

unaltered is called an Equilibrium State.  

The Classical Thermodynamics consider just the procedures that are performed by semi balance state way of the framework. 

In this supposition the framework can pursue the primary way between two thermodynamic states and every one of the procedures 

will be reversible. Reversible Thermodynamics it's an aphoristic deductive science worked by the works of art (Carnot, Clausius, 
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Kelvin, Boltzmann, Planck) in view of Four Laws (Zero Law presenting Temperature(T), First Law presenting the idea of 

Energy(U), Second Law presenting the idea of Entropy(S), and Third Law expressing: "at zero KelvinTemperature, Entropy(S) 

will in general zero").  

Presenting the crucial ideas of Thermodynamics with Finite Speed has begun from the need to give a superior comprehension 

of the job of the collaboration between the cylinder (which is moving with the speed wp) and the particles of the framework 

(which are moving with the normal sub-atomic speedc). The investigation of this connection (between the cylinder and the atoms) 

led to another equation of the Irreversible Work(Wir) which relies upon the proportion w/c. 

…………….(1) 

Two distinct conditions of the First Law of Thermodynamics can be composed to portray the procedure development as 

"coupled procedures": a "traditional condition" that consider the entire framework homogenous and isotropic (in this framework 

the procedures are reversible) and "the limited speed condition" identified with the development of the surface moving the work to 

the mechanical framework (in this framework all procedures are irreversible). The subsequent condition is the aftereffect of the 

commitment of the inclinations of the thermodynamic parameters of the framework, which happens in the event that we think 

about the need to meet the necessities of the Second Law of Thermodynamics.  

This crucial idea was advanced and bit by bit created by a devoted group under the coordination of Prof. StoianPetrescu so as 

to explain the degree of the irreversibility commitment inside the warm apparatus with cylinder, if the impact of speed, 

mechanical grinding impact, liquid throttling, warm move to the earth or inner ignition impact to the aggregate sum of mechanical 

work moved to the mechanical framework are considered. These examinations are in progress, and the group can give bit by bit 

new verifications of the idea legitimacy and new outcomes augmentations are required to be demonstrated in organic and 

electrical procedures future methodologies. This paper is constrained to depict just the TFS accomplishments identified with the 

idea of "limited cylinder speed" versus "limited sub-atomic speed" commitment and the related conditions got by the exploration 

group. 

 

EARLY DEVELOPMENTS AND FUNDAMENTAL CONCEPTS (1964-1974) 

The improvement of TFS began in the years 1964-1965 with 5 central papers distributed in IPB Bulletin by Stoicescu and 

Petrescu [1-5] which directed to the First PhD Thesis in this space composed by Petrescu in 1969 [6], and a few papers that 

pursued [7-10], which were basic for Promotion and Extension of „The new Theory on Irreversible Processes with Finite Speed", 

in theperiod 1965-1972, which inevitably became what is called today Thermodynamics with Finite Speed. 

A few accomplishments of TFS with respect to the enhancement of warm machines and electro-synthetic gadgets were 

accounted for [11, 12]. In 1937 a German Physicist Paul [13] considered the primary Process with Finite Speed in a cylinder 

chamber plan, just for military application and got the main condition of the adiabatic irreversible Process with Finite Speed: 

 
A lot later (1964) and freely of this accomplishment, enlivened by the books of Make [14], Sommerfeld [15] and Einstein's 

Theory of the Relativity [16], Petrescu, working for his Ph.D Thesis [6], with Prof. Stoicescu as counsel [3-5] has composed just 

because the new condition for the First Law of Thermodynamics for Processes with Finite Speed in shut frameworks (Piston 

Cylinder game plan): 
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Equation (3) is an increasingly created methodology in examination with Paul's one [13]. It appears that Paul was not keen on 

finding another condition of the First Law for irreversible procedures, similar to Eq. (3),but just to get a condition of irreversible 

adiabatic procedure with Finite Speed. 

 

NEW CONCEPTS INTRODUCED IN IRREVERSIBLE FINITE SPEED THERMODYNAMICS (FST) 

Figure 1illustrates the least complex shut framework in which a limited speed irreversible procedure may occur. For this 

situation, the main connections between the framework and the surroundings are the warm one, Qirr, and the limited speed 

mechanical one, Wirr. They are given as capacity of the cylinder speed in connection with the warm sub-atomic speed estimated 

in the thought about thermodynamic framework. 

 
Figure 1.The pressure of the system gas P1.i (Pgasfor compression) and P2’.i(Pgasfor expansion) andthe pressure on the piston, 

Pp are different representations of the same diagram; the representations (a),(b) and (c) are similar. 

 

THERMODYNAMIC PROCESSES WITH CONSTANT FINITE SPEED 

The Irreversible Thermodynamics with Finite Speed is begun with the S. PetrescuPh.D Thesis [6], and the papers [3-5] where 

he worked with his counselor Prof. L. Stoicescu, to build up the condition for the 5 irreversible Processes with Constant Finite 

Speed: isobaric, isometric, isothermal, adiabatic and a lot later (1997), the polytropic procedure with steady limited speed in the 

Costea'sPh.D Thesis [24](advisers: S. Petrescu and M. Feidt). These conditions are exhibited in table 1. For a dense portrayal of 

the conditions, parameters α1, α2 and γ, are characterized as elements of the coefficient an and the paces proportion w/c. 

 

THERMODYNAMIC PROCESSES WITH VARIABLE FINITE SPEED 

An augmentation of the paper [6] are study the impact of the variable speed in the principal conditions of the thermodynamic 

Process with Finite Speed. For this situation the creators subsidize the need to utilize a redress factor which intensifies the term 

(aw/c) with 1.24 so as to consider that in genuine machines, the cylinder has a semi sinusoidal movement. This revision isn't basic 

in the reasonable applications contemplating the straight commitment of the term (aw/c) and as far as possible for the speed w in 

warm machines under 40 m/s.  

 

THERMODYNAMIC CYCLES WITH FINITE SPEED 

The main methodology of a Thermodynamic Cycle with Finite Speed [1] was comparative with an irreversible Otto cycle 

with limited speed and controlled by utilizing the conditions from table 1, the irreversible Efficiency of such cycle as: 

 
 

For every single irreversible cycle considered after that minute (1965) we have attempted to get a comparable expository 

articulation, specifically: η,irev= (Efficiency articulation from Classical Reversible Thermodynamics) x ( Correction representing 
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the impact of limited speed producing irreversibility's in the cycle) Here we present the outcomes got in 1965 in the paper of L. 

Stoicescu and S. Petrescu [1]. Equations and figures are unique photocopies from paper [1].  

The express explanatory equation for the Irreversible Otto Cycle with Finite Speed, comparing to Eq. (25) from [1] is: 

 
The first P-V graph (from paper [1]) for the two looked at cycles is displayed in figure 3. In view of articulation (27), in 

figure4 (unique figure from paper [1]) we spoke to the diminishing of irreversible Otto Cycle Efficiency with the expansion of 

cylinder Finite Speed (wmed).  

The declaration of the Maximum Possible Speed of the cylinder, for the Irreversible Otto Cycle, likewise decided in paper [1] 

was: 

 
where: k = adiabatic exponent of the gas in cylinder; λ = pressure increase ratio, during isometricprocess 2-3; c1= average 

molecular speed in the initial state 1; a = (3.k)½; ε = compression ratio = V1/V2. 

 

CONCLUSIONS 

This paper exhibits and systematizes the ideas and key conditions presented by the Thermodynamics with Finite Speed (TFS) 

so as to portray both the state and particularly the development of a thermodynamic framework in the conditions happening in the 

chambers of the real warm cylinders machines, where the cylinder moving with limited speed. The accomplishments of this paper 

are identified with an improved hypothetical methodology of the most recent 52 years of TFS advancement, so as to systematizes 

essential ideas that lead to the new basic conditions in shut thermodynamic frameworks for irreversible procedures with limited 

speed considering the atomic speed and the cylinder speed commitment and the work and warmth move to the earth.The 

fundamental ideas in the Thermodynamic Irreversible System with Finite Speed are: The Concept of a System in Interaction by 

factual warm development – the Thermodynamic Irreversible System, is an assortment of a high number of particles in 

development and in cooperation; The Concept of the Process - Any Process in the System is controlled by its connection with the 

earth, with warmth and work collaboration in shut frameworks and with warmth, work and mass association with surroundings in 

opened framework. 
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