A.V. Goncharenko An Optional Hybrid Functions Method of an Ideal Gas Adiabatic Process Equation ...

109

UDC 303.725.36:159.9.015:159.964.21:519.86 (045),

DOI:10.18372/1990-5548.54.12335

A. V. Goncharenko

AN OPTIONAL HYBRID FUNCTIONS METHOD OF AN IDEAL GAS ADIABATIC PROCESS
EQUATION DERIVATION

Educational & Research Aerospace Institute, National Aviation University, Kyiv, Ukraine
E-mail: andygoncharenco@yahoo.com

Abstract—Considered a multi-optional method of finding an ideal gas adiabatic process equation.
Specific hybrid optional functions are taken into account at the optimization of an objective functional
which includes an entropy uncertainty measure for those specific hybrid optional functions. Required
mathematical models of the presented doctrine for obtaining the optimal multi-optional distributions
suppose existence of some thermodynamic states options special functions (logarithmic values of the
specific volumes), certain hybrid optional functions (temperatures) relating to the options special
functions and an intrinsic parameter of the process (ratio constructed with the specific heat capacities).
This is a new insight into the scientific substantiation of the well-known dependency derived in another
way; also it is a plausible explanation of the widely used in theoretical thermodynamics phenomenon.

Index Terms—Adiabat; ideal gas; process parameters relation; optimization; entropy extremization
principle; multi-optionality; hybrid optional functions; optimal distribution; variational problem.

I. INTRODUCTION

For mathematical modeling processes and
systems it is always very important to propose an
explainable, apparently the simplest acceptable,
scientifically substantiated although, ideological
concept describing the most significant properties of
the studied processes and systems.

This is easily being traced in many divergences
of the scientific applications, for instance, likewise
in the problems relating with the features of an
accuracy assessment of the non-orthogonal
redundant measuring instruments based upon the
inertial sensors [1].

The other example is an attempt to increase the
efficiency of the alternative energy sources use with
the help of the analysis of the wind turbine blades
angular positions controlling ways [2]. In actual fact
the research results presented in reference [2] recall
and prolong the investigated direction of the wind
power system with combined rotor design described
in reference [3]. The same is to the following line of
the investigations taken in publications [1] and [4],
where the features of the tracking modes control are
considered.

The issues touched upon in the works of [1] — [4]
has to be considered in the framework of the multi-
optional optimality doctrine with taking into account
the options objectively existing optimums with
respect to options related functions uncertainty.

Similar remarks can be made to the problems
studied in a publication concerned with the technical
and organizational possibilities with an aim to
increase the situational awareness and sea travel

safety on the entry to the Polish seaports on the base
of the aerostat radar system on the platform [5].

Regarding aviation transportation there are
opportunities for optimums searching in the area of
the aircraft noise, its assessment, prediction, and
control [6], also in the fields of the aero-engines
elements restoration, as mentioned in reference [7],
and estimation of quality parameters in the radio
flight support operational systems [8], as well as in
air navigation systems with respect to the socio-
technical decision support [9].

Continuing with the literature sources survey one
may find it is worth of optimum multi-optionality
doctrine implementing to the problems of both the
education [10] and single air navigation space [11]
integration. Fundamental sciences give a wide range
of the corresponding conditional optimizations
problems  settings.  Theoretical  engineering
thermodynamics [12], [13] as well as its practical
realizations [14] are not exclusions.

The presented paper objectives are to
demonstrate the proposed multi-optional hybrid
functions conditional optimality doctrine
applicability. The developed herewith approach
resembles the Subjective Entropy Maximum
Principle (SEMP) [15] — [17], however differs from
SEMP in the conceptual framework of that in the
objectively existing optimums there are no anyone’s
subjective individual preferences [18] — [21]. The
model that has been chosen as the multi-optimal
optimality doctrine implementation illustration here
is the thermodynamic adiabatic process [12], [13].

The presented paper problem is stated as a
problem of finding a plausible explanation to an
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ideal gas thermodynamic adiabatic process [12], [13]
of being an optimal one in terms of [18] — [21].

II. SOLUTION OF THE PROBLEM

A. Traditional Theory Approach

As it is well-known an ideal gas thermodynamic
adiabatic process [12, 13] is characterized with the
following equations, [12, pp. 53, 54, (3.18, 3.22—
3.25)]. Especially, [12, P. 53, (3.18)]:

dg=c,dT + pdv, (D

where dq is a small amount (portion) of the heat ¢
transmitted in the adiabatic process; ¢, is specific
heat capacity for an ideal gas isochoric process, it is
supposed that a working body of the process is an
ideal gas with a constant specific heat capacity; dT
is temperature differential of the body absolute
temperature 7 in the process; p is pressure; dv is
specific volume differential of the body specific
volume v in the process.

Equation (1) is obtained on the basis of the first
law of thermodynamics equation for an ideal gas
since the internal energy u of an ideal gas depends
upon the temperature [12, P. 53]:

du=c,dT . 2)

From equation (1) for adiabatic process (dq = 0)
[12, P. 54, (3.22)]:
pdv=—cdT . 3)
Dividing equation (3) into the Clapeyron’s
equation pv=RT, where R is specific gas
constant, in members one can find [12, P. 54,
(3.23)]:

dv c, dT
2o v 4
v R T @)
Since [12, P. 36, (2.67)]: chp

is specific heat capacity for an ideal gas isobaric
process, equation (4) yields [12, P. 54, (3.24)]:

—c,, where ¢,
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T
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where k=c, / ¢, , indices I and II pertain with the

initial and terminal points of the process.

B. Multi-Optional Concept

On the other hand one can present the adiabatic
process as a multi-optional problem. In this case:
1) “optionality” of the working body thermodynamic
state ;i characterized with the state parameters;

2) relating to the options special functions;
3) relevant to those hybrid optional functions;
4) intrinsic value of the process; 5) conditions of
uncertainty of the hybrid optional functions; and
6) additional  constraints implanted into the
extremized objective functional.

Such multi-optional hybrid doctrine allows
constructing, in regards to the adiabatic process of
an ideal gas, the objective functional of the
following kind:

Gr =Y T InT,(0)-BY T )iy, )+

i=l i=l i

Ti(vi)a

2
=1

(6)
where [ is the mentioned above intrinsic value of
the process.

The values of 7, and v, in the objective
functional (6) allow the logarithmic mathematical
operation on assumption.

For extremum conditions of the objective

functional (6)
aGT=—1nTl.—1—[31nvl.+1=0, Viel,2. (7)
Then from conditions (7)
In7, +BInv, =InT, +Blnv,. ()
Hence
T, v T, P R
n-L=plm2, L-|2) =2 (9
T, Vi T, Vi ¢,

The most important here is to understand that
there must be some optimality in the framework of
the nature things “optionality”. The approach similar
to SEMP seeking after preferences in subjective
analysis [15] — [17] and applied to hybrid optional
functions optimal distributions, likewise in works
[18] — [21], even for continuous options parameters
densities  findings, allows implementing the
objective functional (6) following the doctrine (6) —
(9) in pursuit of the same result as in (1) — (5).

III. CONCLUSIONS

Proposed approach engaging an uncertainty
measure in type of entropy, applied for hybrid
optional functions conditional optimization, allows
finding an ideal gas adiabatic  process
thermodynamic relation, without a differential
principle determination, in a new multi-optional
way. The postulated thing here is the supposition
that there exist a value of a thermodynamic
parameter relating with an ideal gas adiabatic
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process, which in respect to its own uncertainty
measure is suspected in delivering an extremal value
to some objective functional.

As a result, it is revealed that for the adiabatic
process of an ideal gas the logarithmic values of the
specific volume are the thermodynamic states
options special functions whose hybrid optional
functions are the temperatures of the states and the
essential parameter of the process is the ratio
constructed with the specific heat capacities.

Such conceptual approach and the doctrine
interpretations broaden the horizons of scientific
plausible explanations for occurring ideal gas
thermodynamic adiabatic process optimality; and it
encourages further research in the field of hybrid
optional functions optimal distributions.
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A. B. I'onuapenko. MeToa BUBeleHHSI PiBHSIHHA a/1ia0aTHOI 0 MpoLecy ieaJbHOro ra3y i3 3a1y4eHHSIM ONIiiHUX
riopuaHux QpyHKui

Po3risinyTo OaraTOOMIIMHMIA METOJ 3HAaXOMKEHHs PIBHAHHS ajaiadaTHOro mpolecy igeaipHoro raszy. Crnenudiuni
riOpuaHi omuiiiHi QyHKUii B3ATO A0 yBarw Npy ONTUMI3allii HiTbOBOro (YHKI[IOHANTY, KOTPUH BKIIOYAE SHTPOIIHHY
Mipy HEBH3HAYEHOCTI Ui THX cHeUu(iuHuX TriopuaHux onuiiiHux ¢ynkuiit. [ToTpiOHI MarematuuHi Momesi
MIPE/ICTaBJICHOI JOKTPUHHU JUIS OTPHUMaHHS ONTUMAaJbHUX OaraTOONMIHHMX pO3IOALUTIB MICTATh NMPUIYIIEHHS IIPO
ICHYBaHHS AESKUX ONUIHHMUX CIeliadbHuX (DYHKLIH TEpMOIMHAMIYHMX CTaHIB (JIorapu(MiYHMX 3HAYEHb MUTOMHX
00’eMiB), MEBHUX TIOPUIHMX OMUIHHUX (YHKIIH (TeMrepaTyp), MOB’S3aHUX 13 THMHU ONIIHHUMH CHEUiaTbHUMUA
(GYHKIISIMA Ta HEBiJ'€MHOrO Mapamerpy Ipolecy (BiJHOIIEHHS MOOYIOBAaHOTO i3 MUTOMHX TeruoeMHocrei). Lle €
HOBUM IIOIJISZIOM Ha HayKOBE OOIPYHTYBaHHS NOOpe 3HAHOI 3aJIeKHOCTI, BUBEIEHOI B IHIIMH CIIOCIO; TAKOXK 1€ €
MIPaBJIOIONiOHUM IOSICHEHHSIM [IMPOKOBXXUBAHOT'O B TEOPETUYHIH TepMOANHAMILI SBHIIA.

KnarwudoBi cioBa: aniabara; igeanpHuid ras; BiJHOUIEHHS MDK MapamMeTpamMH IpOIECYy; ONTHUMI3allis; MPHHINI
eKcTpeMizalii eHTporIii; 6araToomNiiHicTh; Ti0OpuAHI onuiiHi GyHKIIT; ONTUMaIBLHUI PO3MOALT; BapialiiiHa 3a1a4a.
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A. B. 'onuapenko. MeTox BbIBOJA YPaBHEHHUsI aJdAa0ATHOrO0 MNpolecca HAEATbHOI0 ra3a ¢ NpuBJIeYeHUEM
ONIUOHHBIX THOPUAHBIX GyHKIMI

PaccMoTpeH MHOTOONMIMOHHBIAH METOJ HAaXOKICHUS ypaBHEHHs anuabaTHOro mpolecca HACANBHOTO Tasa.
Crienmduyeckne rHOpUAHBIE OMUMOHHBIE (YHKIMH TPUHATHL KO BHHUMAHUIO IPH ONTHMHU3AIMU LEJIEBOrO
(yHKIMOHANA, KOTOPBIH BKIIOYAET SHTPONHUHHYIO Mepy HEONPENeNEHHOCTH Ul ATUX CHEUU(PUYECKUX THOPUIHBIX
OIMIMOHHBIX (QyHKIMH. TpeOyemble MaTeMaTHYECKUE MOJETU TPEACTABICHHOM JOKTPUHBI JUISi TOJNYYEeHUS
OINITHUMAJBHBIX MHOTOOMIMOHHBIX paclpeieNeHiid colepKaT JIOMyIIeHHe O CYIIECTBOBAHUH HEKOTOPBIX OMIMOHHBIX
CHeUMaNbHbIX (QYHKIMA TEPMOIMHAMUYECKHX COCTOSHHN (JTOorapu(pMHUYECKHUX 3HAYCHUH YJEIbHBIX O0BEMOB),
OIpe/IeTICHHBIX THOPUAHBIX OIIMOHHBIX (YHKIMH (TeMIeparyp), CBSI3aHHBIX C STHMHU ONIMOHHBIMH CIICIHaIbHBIMU
(GYHKIMAMY ¥ HEOTHEMJIEMOI'O TIapaMeTpa Iporecca (OTHOIIEHUS TIOCTPOSHHOTO M3 Y/ENBHBIX TEIIOEMKOCTEH). DTo
SIBIISIETCS. HOBBIM B3IJISIIOM Ha HaydHOE OOOCHOBAHHE XOpPOIIO W3BECTHOW 3aBUCUMOCTH, BBIBEICHHOW APYIUM
CHocoOOM; TaK)Ke OJTO SIBIISIETCS IMPAaBJAONONOOHBIM OOBSCHEHHEM IIMPOKO HCIIONB3YEMOr0 B TEOPETHUECKOMN
TEpPMOAMHAMHUKE SIBIICHUSI.
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