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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 products1, installed at refueling facilities as the terminal tech-
nical facilities adjacent to the aircraft tanks2. 

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 Р, 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 

                                                            
1  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). 
2  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 Р 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 origin3, in order to 
study the function by the straight-line approximation method [5, 6]. The working area is in the set of 
the following 𝛼 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]:   

 
 𝛾 = 𝛼 ∙ 𝑥 + 𝑏 (1) 

 
Thus, the solution of the equation is the searching such 𝛼 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(𝛼, 𝑏) = ∑ (𝛾ୀଵ − (𝛼 ∙ 𝑥 + 𝑏))ଶ → 𝑚𝑖𝑛 (2) 

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

                                                            
3  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 Figure1, that the points 𝛼 and b 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: 

 
  𝑓(𝑥)𝑑𝑥,ఉఈ  (3) 

 
where: 𝛼 and 𝛽 are the limits of integral. 

 
 
 

Terms:  
Границы блокировки заправок – aircraft 
refueling blocking boundaries, 
Нерабочая зона – non-working area, 
Ненормируемые показатели качества – 
non-regulated quality indexes, 
Рабочая зона – working area, 
Макс. расход – Maximum consumption, 
Ном. расход – Nominal consumption, 
Мин. расход – Minimum consumption, 
Расход Q, м3/час – Consumption m3/hr, 
Перепад давления ΔP кгс/см2 – Pressure 
drop ΔP kp/cm2 

 
 

Fig. 1. Typical dependence of the maximum allowable pressure drop ΔP 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). 

 

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 = ൫𝑃൯, where 𝑖 и 𝑗 = 1,2 … is stochastic and is [13]: 

 
 P୧୨  0,    ∀୧, j = 1,2 … и ∑ P୧୨ = 1  ∀୧ஶ୨ୀଵ , (4) 

 
where: ∀ – 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 

Fig. 3. Input of the data array on the pressure drop limits according to 
the technical documentation for the filter element 
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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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ИССЛЕДОВАНИЕ РАБОЧЕЙ ЗОНЫ СРЕДСТВ ОЧИСТКИ 
АВИАТОПЛИВА ПРИ ВЫПОЛНЕНИИ ЗАПРАВОЧНЫХ ОПЕРАЦИЙ 

ВОЗДУШНЫХ СУДОВ 
 

А.А. Браилко1, О.В. Громов2, Г.И. Литинский2, В.К. Громов2 
1Московский государственный технический университет гражданской авиации,  

г. Москва, Россия 
2ООО «Туполев Сервис», г. Жуковский, Россия 

 
В процессе выполнения комплекса работ по заправке воздушных судов (ВС) гражданской авиации одним из ключевых 
вопросов является обеспечение безопасности полетов путем контроля качества авиатоплива непосредственно при 
выполнении заправочных операций. В настоящее время для обеспечения чистоты заправляемого авиатоплива на 
средствах заправки ВС устанавливаются фильтры-водоотделители с фильтроэлементами нормируемой степени очистки, 
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функционирование которых в рабочей зоне обеспечивает нормированные показатели очистки авиатоплива от воды и 
механических примесей. Как показывает практика, в процессе заправки ВС, по разным объективным и субъективным 
причинам, иногда возникают стохастические ситуации, при которых показатели качества выходят за пределы 
установленных нормативной документацией и не являются детерминированными, а последующее состояние такой 
системы описывается величинами, которые характеризуют запредельно низкий уровень очистки авиатоплива с 
негативными последствиями для безопасности полетов. В данной работе представлено математическое описание 
функционирования фильтров-водоотделителей в рабочей зоне, где обеспечиваются нормированные показатели качества 
авиатоплива в процессе заправки ВС. В статье рассмотрен вопрос блокировки заправки ВС в случае появления не 
нормированных технической документацией показателей качества авиатоплива, возникающих в силу ряда различных 
факторов, приводящих к негативными для безопасности полетов причинно-следственным связям. На основе 
математического описания предложен подход к созданию системы защиты и блокировки процесса заправки под 
рабочим наименованием «Барьер». Наибольший интерес для исследования представляют типовые фильтры-
водоотделители, устанавливаемые на средствах заправки как оконечные технические устройства очистки топлива при 
заправках ВС.  
 
Ключевые слова: фильтр-водоотделитель, фильтрующий элемент, средства очистки, нормированные и 
ненормированные показатели качества, рабочая зона, математическое поле, перепад давления, математическая модель, 
математическое обеспечение, метод наименьших квадратов, рабочее тело реактивных и турбореактивных двигателей 
воздушных судов. 
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