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Abstract: Modern domestic and international standards, regulators of the aviation fuel industry, considering the negative impact of
the presence of mechanical impurities and water in aviation fuel on the performance and life cycle of aircraft engines, fuel metering
equipment, fuel systems of aircraft (A/C), as a threat factor for flight safety, impose high requirements for the purity of aviation fuel
while operating aeronautical equipment. At the same time, the causes and sources of water content in jet fuel are a source of
economic losses, the most important criterion for the success of the Aerodrome Fueling Complex business. The article considers
the task of developing reliable and automated methods as well as technologies for controlling these contaminants, for example for
determining water content in aviation fuel when refueling aircraft, and the necessity to minimize an effect of a human factor. The
automation of aviation fuel quality monitoring processes, the transition from discrete control methods to continuous ones, from
static control methods to dynamic ones (in-line), from indirect methods to direct ones are becoming relevant. The possibilities of
end-to-end accounting and analysis of aviation fuel purity parameters at all stages of the aviation fuel life cycle are shown. The
article considers the methods and conducts the analysis of known techniques and devices used to determine, measure and indicate
actual water content, presence of dissolved, free and total water in jet fuel. The technical solution of continuous automated control
of the actual water content level of the jet fuel flow in the processes of aviation fuel supply and aircraft refueling in an information
system that provides on-line monitoring and dynamic measurement of the quantitative content of dissolved and free water in the jet
fuel flow, is presented. The technical solution for the continuous determination of the quantitative water content in the jet fuel
stream is proposed. At the same time, the solution of the problem of monitoring water content in jet fuel is combined with the
technological process to control the purification of jet fuel from water. The paper represents an adaptive information management
system for continuous monitoring of the water content level of the jet fuel flow, which will allow specialist to substantially increase
a level of automatization of aircraft aviation fuel supply technological processes, decrease a negative impact of a human factor,
increase economic effectiveness of the aviation fuel supply complex. The system is designed to carry out continuous, automated
control (monitoring) of water content in the jet fuel flow at all the stages of the jet fuel movement: receiving, storing and delivering
jet fuel and refueling aircraft, in particular fuel and lubricants warehouses (fuel and lubricants), refueling complexes and pre-apron
filling points. It can also be used in the fuel system of the aircraft, as a system to prevent water content in the jet fuel. The
integration of automation tools will enable us to improve the quality of management of aviation fuel supply and aircraft refueling to
ensure timely operational decision based on real data in real time mode, provided the proposed system integration into the airport
system for operational data exchange.
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Annoramsi: COBpeMEHHBIE OTEUECTBEHHBIE M MEXIyHAapOIHbIC TPeOOBAaHMS PEryJISTOPOB OTPAciM  aBUATOINIMBOOOECICYEHNS,
NPUHKMMas BO BHIMAaHHE HEraTUBHOE BIMSTHHE TPHCYTCTBHSI MEXaHIYECKHX TIPUMECEH 1 BOIbI B aBUATOILINBE HA PabOTOCIIOCOOHOCTD 1
pecypc aBHAIBHTAaTENeH, TOIUTMBOPETYIMPYIOIICH armapaTypsl, TOINMBHBIX CHCTeM BO3MyHHBIX cynoB (BC) kak ¢axropa yrpossl
GezomacHocTH nosteToB BC, MpessBIsioT K YNCTOTE MPUMEHSEMOTO TPH SKCIUTYaTalliH aBUALMOHHOMN TEXHHKH ABHATOILINBA BBICOKHE
TpeOoBaHus. Bmecte ¢ TeM NpPHYMHBI M MCTOYHMKH OOBOJHCHMS ABUATOIUIMBA SIBISIFOTCS MCTOYHHMKOM SKOHOMHYECKHX MOTEpb,
BOKHEHIIMM KPUTEpPUEM YCICIIHOCTH OW3Heca TOIUIMBO3AIPABOYHOTO KOMIUIEKCA. B crarbe paccMmarpuBaercst 3aada CO3IAHKS
HAEOKHBIX M ABTOMATH3HUPOBAHHBIX METONOB W TEXHOJNOIMH KOHTPOJSI 3THX 3arpsi3HEHMI, B YAaCTHOCTH ONpEHENECHHS BOIBI B
apuarorimee npu 3ampaBke BC 1 HeoOXOOMMOCTH yXO[a OT HeNOBeYecKoro (akropa. AKTyalbHbIM CTAHOBUTCS ABTOMATH3ALWS
TPOLIECCOB MOHUTOPHHIA KaYeCTBA aBUATOILIHBA, TIEPEXO]T OT IMCKPETHBIX METOIOB KOHTPOJIS K HENPEPBIBHBIM, OT CTATHYECKHX METOJIOB
KOHTPOJISI K TMHAMUYECKUM (TIOTOYHBIM), OT KOCBEHHBIX CIOCOOOB K NpsiMbIM. [T0Ka3aHbI BO3MOKHOCTH CKBO3ZHOIO ydeTa M aHaiza
TIapaMeTpOB YMCTOTHI aBHATOIUIMBA HAa BCEX JTalax KM3HEHHOrO IMKJIA aBUATOIUIMBA. PaccMOTpEHBI CIIOCOOBI, M MPOBEACH aHAIN3
W3BECTHBIX METO/IOB M YCTPOICTB, WCIIONB3YeMbIX JUIS OINPEENCHHs, M3MEPEHHs W WHAMKAIMK: (AaKTUIeCKOH OOBOIHEHHOCTH,
TIPUCYTCTBUSL PACTBOPEHHOM, CBOOOHONW M CyMMAapHOW BOZIBI B aBUATOILIMBE. [Ipe/iCTaBIeHO TEXHMYECKOE PEIICHHE HEelPEphIBHOTO
ABTOMATH3UPOBAHHOTO KOHTPOJISL YPOBHS (haKTHUEeCKOH OOBOITHEHHOCTH MOTOKA aBUATOILIMBA B IPOLICCCAX aBUATOILTMBOOOCCIICUCHHS 1
3ampaBki BC B mH(OpMAIOHHON cHcTeMe, 00eCTeUMBAOIICH on-line KOHTPOIs M IMHAMIYECKOS F3MEPEHIE KOJMYEeCTBEHHOTO
COZICPKAHUST PACTBOPEHHOW M CBOOOIHOM BOZBI B IIOTOKE ABMATOILIMBA. [IPEVIOXKEHO TEXHHYECKOE PEIlCHHE IO HEIpepbIBHOMY
OIpEJIENICHHI0 KOJIMYECTBEHHOTO COIEP)KAaHKs BOIBI B IIOTOKE ABHATOIUIMBA. [IpH 3TOM pelleHHe 3aiaud MOHHTOPUHIA BOIBI B
ABHMATOIUIMBE COBMEIICHO C TEXHOJIOTMHYECKHM IIPOLIECCOM KOHTPOJISI OYMCTKM ABHATOIUIMBA OT BOZBL [IpencraBiieHa amanTvBHAS
MH(OPMAIMOHHO-YIIPABILIONIAs CUCTEMa HENPEPHIBHOTO MOHWTOPHMHIA YPOBHS OOBOIJHEHHOCTH aBHATOIUIMBA B IIOTOKE, KOTOpast
TI03BOJIUIT CYLIECTBEHHO ITOBBICHTH YPOBEHb aBTOMATH3AIIMH TEXHOJIOTUECKHX MPOLIECCOB aBHATOILTMBOOOECTICUEHHS BO3/TYIIHBIX CY/IOB,
CHM3UTh  HCTAaTMBHOC  BJIMSHUE  YENIOBEYCCKOTO  (haKTOpa, TOBBICUTH  SKOHOMHYECKYIO  3((EKTUBHOCTH  KOMILICKCA
aBuarorymBoodecrieueHns. Cucrema TpelHa3HaueHa JUIS  OCYLIECTBICHHS HENPEPhIBHOIO —aBTOMATH3HMPOBAHHOIO — KOHTPOJIS
(MoHMTOpHHTa) OOBOZHEHHOCTH aBHATOILIMBA B TOTOKE HAa BCEX JTallax JBWKEHWSI aBUATOIUIMBA: IIPUEMA, XPAaHEHUS M BbIIA4M
ABHMATOIUIMBA, U 3amnpaBku BC, B 4aCTHOCTH CKJIaIOB TOPIOYE-CMa304YHbIX MaTepHaoB, TOIUIMBO3AIPABOYHBIX KOMIUIEKCOB, U ITyHKTOB
TPE/IIIEPOHHOTO HAIIMBA, a TAKOKE MOXKET OBITh MCIONB30BaHa B TOIWIMBHOK crcteMe BC Kkak crcTema NpenoTBparieHus: OOBOIHEHHUS
ABHATOIINBA. BHEIpEHHe CPEICTB aBTOMATH3ALMH TTO3BOJIUT MOBBICHTE Ka4eCTBO YIPABJICHHS IPOLICCCAMH aBHATOILTBOOOCSCTICYCHHS 1
zanpaeku BC w1 obecrieueHyst IpHHSTHS CBOSBPEMEHHBIX OIEPAaTHBHBIX PEILCHHI Ha OCHOBE PEaIbHBIX JAHHBIX B PEATBHOM PEXHME
BPEMEHH IIPH YCIIOBUW HHTETPALH MPESIIOXKEHHOM CHCTEMBI B CHCTEMY a3poIiopTa JUTsl OIIePaTUBHOTO OOMEHa JTAHHBIMH.

KaroueBble cioBa: TommBo3anpaBouHblii komruieke 13K, Qaktudeckas OOBOJHEHHOCTh aBHATOIUINBA, ITOPUCTBINA
MONMBHHII(QOPMAITh, CETEKTUBHAS Celapanys, KOaryJsiys, IporpaMMHUpyeMblii jormdeckuid kontpomtep ITUIK, amanruBras
MH(POPMAITMOHHO-YIIPABILSIIOIIAs CHCTEMA, JMHAMUYECKHIT MOHUTOPHHT.
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Introduction gy, along with quality specification level pro-
vision when refueling aircraft [1]. This re-

Preservation of jet fuel quality is the main ~ quires the provision of maximum possible
purpose of fueling complex operation while pressurization of the jet fuel drainage, filling,
performing the aviation fuel supply technolo-  storage and transportation processes, as well as
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aircraft refueling, application of the efficient
water elimination technologies and equipment,
preventive measures of aviation fuel-water
adulteration [2-5], along with continuous mon-
itoring of the jet fuel cleanliness level and wa-
ter content in aviation fuel at all the aviation
fuel supply stages [6, 7].

The possibility of water contamination of
aviation fuel during transportation, storage and
aircraft refueling is very high, and elimination of
water from jet fuel is associated with significant
difficulties as the process is cost-based and ex-
pensive (excessive filter elements consumption,
increase of settlement duration), which eventual-
ly leads to the significant losses and not effective
expenses for aviation fuel supply business, and
represents a flight safety hazard.

The conventional jet fuel control to deter-
mine the mechanical impurity and water content
is conducted both visually and by means of the
express method using POZ-T facility. According
to the regulatory requirements, such contamina-
tion should be not available while determining
the content of mechanical impurities and free
water using these techniques. The authors of the
research [8, 9] analyzed the application of the
mechanical impurities and the water content de-
termination express method and its low sensitivi-
ty was identified, the obtained data proved suffi-
ciently subjective.

A range of facilities means and techniques of
water detection and elimination in jet fuels was
considered in order to search of technical solu-
tions. Nowadays the separator filters [10—-12] are
used for water elimination from the jet fuel. The
principle of their operation is the coagulation of
the water micro drops in the jet fuel on the sur-
face of the filtering element glass fiber with for-
mation of the water film. However, such a con-
struction allows us to eliminate water from jet
fuel, but not to determine its quantity, as the reg-
ulations require.

The authors set a task of solving the problem
of not only purification of the jet fuel from water
contamination, but also to determine probable
quantity of water. The analysis of methods of jet
fuel purification from free water [13, 14], based
on optical devices usage [15-18], is conducted in
this article. Thus, the paper suggests [16] the use
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of the polymeric optical fiber, the material of
which, absorbs water, depending on its quantity,
and varies its properties such as the geometrical
dimensions, throughput capacity, light refrac-
tion, which allows us to quantify water in jet
fuel.

The method of quantifying water in fuels and
oils is used considering water electrical conductivi-
ty. The principle of the following method is based
on determining breakdown voltage at the elec-
trodes, in case of water presence in fuel or oil, and
comparing with the identified dependence of this
voltage on the quantity of free water.

The facility, based on the fixation of released
hydrogen by the photodiode in the process of the
water-reagent chemical reaction, is used while con-
trolling the available water in diesel fuel. Water is
quantified by the quantity of released hydro-
gen [17].

The analysis of applicable techniques to de-
tect water in oil products shows, that the facili-
ties are complicated enough. They allow us to
detect the presence of water, but not to elimi-
nate, and require definite qualification to deal
with.

Among the drawbacks of conventional tech-
niques and methods of jet fuel water content moni-
toring and the express analysis, we can refer to the
following:

o the given methods of water content control
are not continuous, as they are based on
the spot and discrete sampling from the as-
signed zones or the pipeline areas, as a re-
sult, not the whole amount of jet fuel is
controlled for water,

o the existing methods are manual and visu-
al, significantly labor-consuming, do not
possess the required sensitivity and are es-
pecially subjective, their accuracy and reli-
ability depends on the negative impact of a
human factor involving a high probability
of mistakes, malfunctions and contributing
risks,

o failure to determine quantitative water con-
tent in jet fuel, not only its availability,

e it is difficult to automatize the convention-
al techniques and methods of water content
monitoring and express-analysis. In the
circumstances of intensive transportation
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volume growth and modern tendencies of
civil aviation development, they do not
solve a task of ensuring the automatized jet
fuel control at the point, approved for refu-
eling the aircraft,

e the given methods of water content con-

trol, based on the normative standard (or-
der No DB-126 from October 17", 1992)
of time of settling — 4 hours/m of innage
level — without considering the level of
water content and impurity, which leads to
ineffective costs.

The listed shortcomings are complicated with
the refueling complex loading rate, that is a large
volume and the number of aircraft refueling cy-
cles typical for high-capacity airports.

A possibility of making a timely decision is
excluded while using the given control methods,
due to the long delay in obtaining the laboratory
analysis results, therefore, the duration of a cycle
activity of technological aviation fuel supply pro-
cesses increases, causing economical costs to in-
crease respectively.

The use of the conventional control methods
hinders implementing automatization of the
technological process of aircraft refueling and
aviation fuel preparation, which leads to increase
in prices for jet fuel and aircraft refueling ser-
vices, and to the risks of decrease in airlines
flights punctuality, in some cases.

Description of the dinamic
monitoring system

Foreign and domestic experience [3, 7]
shows us, that it is feasible to solve the problems
of jet fuel purity control from free water and me-
chanical impurities by implementing the automa-
tized measuring instruments (AMI), information
measuring systems (IMS) and data management
systems (DMS), which can subsequently become
a basis (or components) of a single automatized
system of airport refueling complex technologi-
cal processes management.

The authors proposed the adaptive data man-
agement system of maintaining the assigned lev-
el of water content, based on the constant moni-
toring of jet fuel water content control [18, 19].
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The system allows us to make a timely decision
about jet fuel delivery for aircraft refueling,
based on the constant quantifying of water con-
tent in jet fuel, approved for the aircraft refuel-
ing. Using of the proposed system in the whole
aviation fuel supply process enables us to assess
the efficiency of aviation fuel purification from
water devices, means for aircraft refueling and
filtration. In addition, the given system provides
us with a possibility of possessing the objective
data on jet fuel quality in real-time mode and
throughout the entire technological chain from
jet fuel reception to its filling into the aircraft
wing tanks.

Functional capabilities of the developed sys-
tem:

e quantifying of free water in jet fuel,

e control of water separating filter state,

e jet fuel purification from water.

The essence of the proposed system is that jet
fuel flow (fig. 1) is passed through a water sepa-
rating filter, which has several sequentially in-
stalled water-separating cells. Structurally each
of the cells is made of porous polyvinyl-formal
material (fig. 2), as an autonomous water sepa-
rating filter. Differential pressure is measured on
every partition, being processed by PLC (fig. 3),
and calculations of the partition flow resistance
are carried out. Flow resistance of every cell will
depend on the quantity of detained water. After
separation in a cell, the collected water is
drained into the sump.

As a result of the system operation, water is
eliminated from the jet fuel; the level of water
content is quantified, based on measurement of
porous partitions flow resistance value; the po-
rous partition state is assessed.

The principle of the proposed water separator
operation is concerned with the properties of the
porous polyvinyl formal material, particularly
with its water absorbing properties. It is of rough
glasslike porous structure before the contact with
water, and after water saturation the material
plumps and obtains the elastic state and water
coagulating features. Afterwards, the porous
polyvinyl formal material is dried with dehydrat-
ed fuel flow (of a very low water content level)
in order to restore the system in its original con-
dition (to regenerate). Subsequently, the collect-
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Fig. 1. Water separator diagram of the jet fuel water content
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monitoring system: 1 —housing; 2 — separator; 3 — coagulator;
4 — support grid; 5 — drain outlets; 6 — sampler outlet
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Fig. 3. Schematic diagram of the jet fuel water content monitoring system: PLC-programmable logic controller
implementing algorithm; 1 — pressure sensors; 2 — water separator

ed water in the partition is eliminated and trans-
fers into jet fuel in the molecular, diluted state,
(water content in fuel is less than 0,001%
(by mass).

The application of PLC allows us to record
the obtained values of differential pressure and
compare them with the current ones of every
partition, comprising an array of mathematics.
Such an approach enables us to quantify the cur-
rent water content in the transmitted flux of jet
fuel, at the output of the intermediate partitions
and the final porous one.

If the polyvinyl formal cells reach the ulti-
mate water level (most commonly, the first
one), it transfers into a coagulation mode. Dry-
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ing the polyvinyl formal cell allows us to re-
turn it to its original state, as its flow re-
sistance decreases.

Based on the conducted investigations, the
system (fig. 4), which can be integrated into the
airport systems and services, such as, for in-
stance: GroundStar (GS) — a complex of soft-
ware applications, automatizing the airport oper-
ations; RMS — Resource Management System —
resource management system; AFMS — Aircraft
Fueling Management System — information sys-
tem for aircraft refueling operations manage-
ment; CoOTAS — Computer Terminal Automation
System — for a refueling complex production
processes management.
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Fig. 4. The structural diagram of the information management system for monitoring the water content of jet
fuel, data acquisition about the water content level:

1. When receiving jet fuel from the railway. 2. When transferring jet fuel through the pipeline. 3. When
transferring jet fuel from recipient reservoirs to service tanks (after sedimentation). 4. When transferring jet fuel
from recipient reservoirs to service tanks (after filtration and water separation). 5. When delivering jet fuel to
refueling facilities (refuellers). 6. When delivering jet fuel to refueling facilities (refuellers).

Advantages of the system from reception to supply for the refuel-
ng,
e provide the quantity water content control,
The implementation and integration of the by weight and percentage,
adaptive data management system of dynamic e build the balance of jet fuel contamination,
monitoring of actual jet fuel water content will instrument for making the timely techno-
allow us to significantly increase the aviation logical decisions and business analysis,
fuel supply process automatization level, to min- e adopt as a system of preliminary preven-
imize the negative impact of a human factor, to tion, signalizing about the exceedance of
optimize the refueling complex economical loss- water content limits and allowing us to
es in a significant way, to increase flight safety make timely decisions, along with adjust-
and regularity. ing the commercial relations (ceasing,
The system of continuous jet fuel water con- blocking of improper fuel reception), also
tent monitoring allows us to: to optimize the equipment operation, de-
e conduct the on-line control of the whole termining the early signs of failure in ad-
jet fuel flow volume at all the aviation vance and setting the maximally efficient
fuel supply technological process stages, modes,
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e choose, in an automatic mode, the optimal
algorithm and aviation fuel supply strate-
gy, depending on jet fuel water content
level, basing on the measurements, to use
the rational technology and the correct
conjunction of settling time, specifics and
graduation of filtration, providing the flex-
ibility and economic efficiency due to the
optimal equipment use,

e cxclude the negative impact of a human

factor,
e implement the function of the flight data
recorder (self-recording device) — the

“black box™ analogue on the aircraft, due
to the function of logging and dispatching,
and provide data for the incident investiga-
tion and business disputes solutions,

e provide the integration of airport ground
support services into the refueling complex
automatization platform and represent good
possibilities for implementing the innova-
tional digital technologies such as artificial
intelligence, IIoT — Industrial Internet of
Things, visualization and predictive analyt-
ics, as well as AFSC — Aviation Fuel Smart
Contracts, blockchains and other cutting-
edge airport digitalization technologies.

Conclusion

It is feasible to implement the automatized
systems, to integrate them into the collaborative
systems of airport ground service and the aircraft
flight preparation (Groundstar Inform GmbH)'
and to develop the hardware-software “Ware-
house — Refueling” module, functionally intend-
ed for jet fuel quality planning and control and
its delivery for refueling, in order to increase the
capabilities of the system due to the addition of
new components, for solving the problem of au-
tomatized jet fuel quality control, along with the
optimization of jet fuel preparation processes for
aircraft refueling.

' Groundstar inform GmbH. INFORM. Available at:
https://www.inform-software.com/products/groundstar
(accessed: 22.09.2021).
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Implementation of the dynamical monitoring
system of actual water content will allow us to
decrease the economic costs for fuel dehydrating,
thus, to contribute to extra profit, to avert the risks
of human factor negative impact on flight safety.

Implementing the automatized water content
control system is particularly relevant for a ma-
jor refueling complex, with a high level of jet
fuel consumption.

Thus, implementing the means of jet fuel wa-
ter content monitoring automatization, will ena-
ble us to increase the quality of aviation fuel
supply and aircraft refueling processes manage-
ment. Integration and data sharing with all the
systems of APCS in real-time mode, will ensure
to make timely decisions, based on the real data.
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