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ABSTRACT

In the process of performing a complex of works on refueling of civil aviation aircraft, one of the key issues is to ensure flight
safety by controlling the quality of aviation fuel directly during refueling operations. Currently, to ensure the purity of the refueled
jet fuel, water separators with filter elements of a normalized degree of purification are installed on the aircraft refueling facilities,
the operation of which in the working area provides normalized indicators of cleaning jet fuel from water and mechanical
impurities. As practice shows, in the process of refueling aircraft, for various objective and subjective reasons, sometimes there are
stochastic situations in which quality indicators go beyond the limits established by regulatory documentation and are not
deterministic, and the subsequent state of such a system is described by values that characterize an extremely low level of jet fuel
purification with negative consequences for flight safety. This paper presents a mathematical description of the functioning of water
separator filters in the working area, where standardized indicators of the quality of aviation fuel are provided during the refueling
of aircraft. The article deals with the issue of blocking the refueling of aircraft in the event of the appearance of non-normalized
technical documentation indicators of the quality of aviation fuel, which arise due to a number of different factors that lead to
negative cause-and-effect relationships for flight safety. Based on the mathematical description, an approach to creating a system
for protecting and blocking the refueling process under the working name "Barrier" is proposed. Of the greatest interest for the
study are typical water separator filters installed on refueling vehicles as terminal technical devices for fuel purification during
refueling of aircraft.

Key words: filter water separator, filter element, cleaning products, normalized and non-normalized quality indicators, working
area, mathematical field, pressure drop, mathematical model, mathematical software, least squares method, working fluid of jet and
turbojet engines of aircraft.

INTRODUCTION

The subject of study in the present paper is the working area of the filter elements of the filter
water separators as the jet fuel cleaning products', installed at refueling facilities as the terminal tech-
nical facilities adjacent to the aircraft tanks”.

The purpose of the research is to develop the basics of the mathematical model of system for
protecting the refueling facilities from the fuel quality indicators exceeding the working area, both by
pressure drop AP, and consumption Q based on manufacturer’s technical documentation for the clean-
ing products.

The authors have set the problem — to use the suggested mathematical description in the math-
ematical software of the on-board digital controller capable of blocking the refueling process while
meeting the fuel quality stochastic criteria, as working fluid of jet and turbojet aircraft engines [1].

The working hypothesis is accepted in the research, as a statistically distributed proposal about
the difference between the mathematical fields [2] of non- and working area of filter elements, due to
the standardized diff of the fuel quality indicators, divided by the aircraft refueling process blocking

' GOST R 18.12.03-2018. (2018). Technology of the Aviation Fueling. Filtering Equipment in Aviation Fuel Supply. Gen-
eral Technical Requirements. Moscow: Standartinform, 23 p. (in Russian).
* ICAO Doc 9859. (2018). Safety Management Manual. 4th ed. Montreal, ICAO, 218 p.
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borders, along with the ways of solving the given problem due to the hypothetic connection of the re-
search subject and the proposed actions.

Statement of the research problem: to give the mathematical description of the working areas of
terminal fuel cleaning products filter elements while functioning in the working zone as the predictive
process, and as the random and unpredictive process forming the borderline of blocking the aircraft
refueling process in order to distinguish them. In terms of control optimization — this is the area of
boundaries of derivation of the signals for the refueling process rejection.

The relevance of the following topic is in the necessity of developing the algorithms, as the set
of instructions, based on the revealed correspondence of the processes under investigation and the de-
scription of the input and output data.

The input data must be entered into the filter elements as the technical data and be used for
solving the given problems. The output data must be presented as the outgoing signal for the refueling
process rejection, as footage on the refueling facilities controller display and as a piece of information
in database.

DISCUSSION OF TEST DATA

Let us present the standard limited pressure drop AP dependence of fuel consumption Q, which
is processed for analysis [3, 4] and attached to the batch of filter elements by the manufacturer, in or-
der to carry out the research of the predictive process and describe the mathematical relationship.

On account of the data for the research, the working area is a multitude of freehand curves, let
us consider the processes of fuel cleaning in that area as the predictive ones, and describe them with
explicit dependences. Let us use the method of straight-line approximation, which allows us to study
the numerical characteristics, along with the qualitative behavior of the subject of the research (fig. 1),
for the mathematical description of the processes in the working area.

Let us use the technical documentation data of the filter element factory of origin®, in order to
study the function by the straight-line approximation method [5, 6]. The working area is in the set of
the following @ and b points of the simple equations:

1. For the maximum limit: 0.95...2.0;

2. For the minimum limit: 0.06...0.3.

As the current valuations of the cleaning products parameters may be present in any valuation
in the working area, let us use the equations of line function, for the aircraft fueler onboard controller
software, which we will present in the form of [7]:

y=a-x+b (1)

Thus, the solution of the equation is the searching such a and b coefficients, that all the re-
quired working area points were most closely to the approximating line.

Let us use the least squares method, its content is minimization of sum of squared deviations of
some functions from the required variables, meaning that the sum of squared deviations of the point
valuations from the approximating line is present in the minimal valuation [8—10], meaning that:

F(a,b) = ¥i=1(vi — (¢ - x + b))? > min )

Solving on the given problem is in finding the extreme point of function of the two variables.

? Filters-water separators for fuel horizontal FVGk and FVGk-U. The unit is a scientific and production association. Re-
search and testing, development and manufacture, installation and commissioning of fuel supply equipment and filtration
equipment. Available at: http://www.agregatnpo.ru/production/korpusy/fvg.html (accessed: 10.04.2021 ). (in Russian)
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It is clear from the noted below Figurel, that the points a and » we are interested in are in the
working area. Thus, the solution of the integral function (1, 2) will be in following expression in gen-
eral terms:

7 Feox, 3)
where: a and f are the limits of integral.
I"parILE! GIOKHPOBKH
3anpasok BC Terms:

% 25 I'panutbl GJIOKMPOBKH 3aIipaBok — aircraft
o 20 refueling blocking boundaries,
28 ° Hepaboyas 30Ha — non-working area,
g v 15 NN HenopMmupyemsbie moKa3aTesid KauecTBa —
! “ A R non-regulated quality indexes,
B A 19 Pabouast 30na — working area,
a 10 AT B Makc. pacxon — Maximum consumption,
E R P mpw.au 3 Howm. pacxox — Nominal consumption,

0.5 MuH. pacxox — Minimum consumption,

a Pacxox Q, M*/gac — Consumption m3/hr,
0,0 1/4 Qo 1/2 Quest 3/4 Qi [ O [lepenanx naBnerns AP krc/cm® — Pressure

2
Pacxox Q, MY/4ac drop AP kp/cm

Fig. 1. Typical dependence of the maximum allowable pressure drop AP on the jet fuel consumption Q

The software of data for limiting pressure drop in the working zone is based on these mathe-
matical conclusions, the results are presented as the operating efficiency freehand curves. The signal of
blocking the aircraft refueling is formed by hitting the limited valuations of consumption and pressure
drop parameters.

There is also a fragment of monitor and a line of forming the optimized signal of maximum
continuous consumption of facilities of filtration (the grey line) (fig. 2). The consumption and pressure
drop optimization is carried out in order to increase the filter element resource up to 30% of the maxi-
mum consumption regime.

Fig. 2. A fragment of the monitor with the calculated performance
characteristics of the filter elements of the water separator filter
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The optimization of the parameters of the facilities of filtration is also crucial for choosing the
power unit of the aircraft refueling vehicles within design process, because such an approach allows us
to use both the resource of the power unit itself and the resources of torque forwarding mechanism for
the technologic compartment of the aircraft refueling vehicle in the optimal way while refueling the
aircraft.

However, the fuel quality indicators exceeding the working area is probable in any direction
while servicing by objective and subjective reasons, in other words, there is an opportunity of transi-
tion into nondeterministic or stochastic (random) processes. It makes sense to present such processes
as a stochastic matrix, by which we will describe the working regimes of the facilities of filtration be-
yond the working area and input the results for further software calculation (fig. 3).

Fig. 3. Input of the data array on the pressure drop limits according to
the technical documentation for the filter element

As it is known, the stochastic matrix is the matrix of transition probability as the starting point
for the theory of stochastic processes [4] in Markovian network [11, 12]. In this case the matrix

P = (Pij),where iuj=1,2..1s stochastic and is [13]:

Pij = O, Vi'j = 1,2 .. " Zfil Pl] =1 Vi, (4)
where: V — mathematical sign For All.

According to that we find the discriminant of the algebraic numeric field [3, 14, 15] of the work-
ing area and its numeric invariant, we will use its feature of changing the size of the algebraic numeric
field in order to form the signals of managing the facilities of filtration with the opposite sign. Thus, the
research showed us, that, the following discriminant of the numeric field beyond the working area is in
proportion to square number of the working area and provides the branch of the prime numbers. The fur-
ther invariant development [16] shows us, that, if roof equations in the working area are in the basis of
the stochastic matrix, the rest of the valuations will be different in terms of the sign and value.

RESEARCH RESULTS APPLICATION
The next step is uploading of the mathematic software into the onboard estimated data digital

controller for the filter elements in the fuel cleaning facilities. Let us notice in the process, that while
the periodical change of the filter elements, it is necessary to pay attention to the characteristics of their
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working area, and in case of divergence detection it is necessary to reformat the mathematical software
into the experimental data, otherwise the "Barrier" system of protection from insertion of the non-
standard fuel will work incorrectly.

The procedure of data input into the onboard digital controller is exactly an engineering techno-
logical operation with the help of USB-technologies [17, 18] and is not of academic novelty, neverthe-
less the authors have seen fit in mentioning about it here.

CONCLUSIONS

According to the research results, let us make a conclusion, as the exceeding the working area
by the fuel cleaning products quality indicators while refueling the aircraft is the crucial factor, there is
an opportunity of forming the signal of rejection of the aircraft refueling operations for the onboard
digital controllers, by using the results of mathematical modelling of process of forming the filter ele-
ment working area, which will become a kind of a barrier from insertion of the non-standard fuel into
the aircraft tankage.
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WCCJEJIOBAHUE PABOYEWM 30HbBI CPEACTB OUUCTKHA
ABHUATOILIUBA ITPH BBIITOJHEHWU 3AITPABOYHBIX OIEPAIIUI
BO3AYIIHBIX CYAOB

A.A. Bpan.mcol, O.B. rp0M0B2, I'.}. JIutunckuii’, BK. T pOMOB2

'Mockoeckuii 20cydapemeennblii mexnuveckuti yHusepcumem 2paxcoanckoil aguayui,
2. Mockea, Poccus

000 «Tynones Cepsucy, 2. Kykosckuii, Poccus

B mpomiecce BEImOMHEHMST KOMITIEKCa padoT 1Mo 3ampaBke BO3AYIIHBIX cynoB (BC) rpaxmaHCKoil aBHAINH OJJHUM W3 KITFOUEBBIX
BOIIPOCOB SIBISIETCSL oOecriedeHne Oe30MacHOCTH TOJITOB IIyTeM KOHTPOJS KadeCcTBa aBHATOIUTHBA HEMOCPEACTBEHHO IIPH
BBINIOJIHEHNH 3alPaBOYHBIX orepanuii. B Hacrosmee Bpems st oOecriedeHHs YHCTOTHI 3alpaBsIEMOTO aBHATOIDIMBA Ha
cpencrBax 3anpaski BC ycranaBnuBaroTcst (QUIBTPBI-BOAOOTASIUTENH C (QHIBTPOIIEMEHTAMH HOPMUPYEMO#i CTETICHH OYHCTKH,
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(YHKIMOHMPOBaHHE KOTOPHIX B padoueii 30He oOecrieyrBaeT HOPMUPOBAHHBIE MTOKA3aTENN OYMCTKH aBHATOILIMBA OT BOIBI U
MexaHn4eckux npumeceid. Kak mokaspiBaer npakrtuka, B mpoiecce 3anpaBku BC, 1o pa3HbIM OOBEKTHBHBIM U CYOBEKTUBHBIM
NPUYMHAM, WHOTJA BO3HHUKAIOT CTOXACTUYECKHE CHTYallMd, MPH KOTOPHIX IOKAa3aTelld KadeCTBA BBIXOAAT 3a IIPelejibl
YCTaHOBJIEHHbIX HOPMATHBHOM [OKYMEHTAaUMEW U HE SBJIAIOTCS JETEPMUHHUPOBAHHBIMM, a IOCIEIYIOILIEE COCTOSIHUE TaKOM
CUCTEMBI OITUCBIBACTCA BCIMYMHAMHU, KOTOPBIC XapPaKTECPU3YIOT 3arpe€acibHO HU3KHUH YPOBCHb OYMCTKH aBUATOIUIMBA C
HETaTUBHBIMH TOCJICICTBUSAMH JUIsi OC30MacCHOCTH MOJICTOB. B paHHOW paboTe MNpeacTaBiIeHO MaTeMAaTHYECKOE OIHCAHUE
(hyHKIIMOHUPOBaHUS (DIITHTPOB-BOIOOTACHTENCH B pabodeii 30He, Tie 00ECIICUNBAIOTCS HOPMUPOBAHHBIC ITOKA3ATEIIN KauecTBa
aBWaToIUmBa B Tmporiecce 3ampaBku BC. B cratee paccMorpeH Bompoc OnokupoBku 3ampaBkd BC B cilydae IMosBIICHUS HE
HOPMHUPOBAHHBIX TEXHUYECKOW JTOKyMEHTAIMEH ITOKa3aTeNeil KauecTBa aBHATOIDIMBA, BOSHHUKAIOIIUX B CHITY PS/Ia Pa3iIIHBIX
(akTopoB, NPHUBOASAIIMX K HETaTUBHBIMU JUIsi OE30MAaCHOCTH TOJIETOB NPHYMHHO-CICACTBEHHBIM CBsi3siM. Ha ocHoBe
MaTeMaTHYeCKOro OIMMCAHMS MPEUIOKEH MOAXOJ K CO3JaHUI0 CHCTEMbI 3aIUThl U OJOKMPOBKU MPOLIECCA 3arpaBKU O]
pabounm HauMenoBanueM «bapbepy. HauOonblimii WHTEpeC I WCCIICNOBAHUS IPEICTABISIOT THIIOBBIC (DUIBTPBI-
BOJIOOT/EIINTENN, YCTAaHABIMBAEMbIE Ha CPE/ICTBAX 3alPaBKU KaK OKOHEYHbIE TEXHUYECKHE YCTPOMCTBA OYMCTKH TOIUIMBA HPH
3anpaBkax BC.

KaroueBble cioBa: (QWIbTP-BOAOOTACIUTEb, (QWIBTPYIOIINIA 3JEMEHT, CPEACTBA OYHCTKH, HOPMHPOBAHHBIC |
HEHOPMHUPOBaHHBIE TIOKA3aTeNM KauecTBa, paboyasi 30Ha, MaTeMaTHUeCKOe 1101, Teperal IaBIeHus], MaTeMaTHYECKasi MOIEIb,
MaTeMaTHIeCKoe OOCeCIICUYCHHEe, METO/I HAMMEHBIIHX KBaJpaToOB, padodee TENO PEAKTUBHBIX M TYPOOPCAKTHBHBIX JBHTATEICH
BO3IYLLIHBIX CY/IOB.
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