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THE JET FUELS ANTI-WEAR PROPERTIES INDICATOR
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There are three main fuel brands for jet engines of civil aviation used: domestic TS-1 and RT and foreign, produced in relatively
small volumes in Russia, JET A-1 (JET A-1). Since the end of the 2000s, foreign manufacturers have made claims to the quality of
the mass-used domestic fuel brand TS-1, and these claims have not been specified. However, the service life of a number of foreign
engines operating on TS-1 fuel has been reduced by 50%. This circumstance can be caused by both subjective reasons —
commercial and political interests of equipment manufacturers, and the objective ones. The main objective reason may be that
recently several Russian plants producing TS-1 fuel have begun to produce composite propellant under the same name, where
products of secondary oil refining processes are added to the straight-run fractions. These fuels meet the requirements of the
standard (GOST 10227-86), which does not contain an indicator that characterizes the anti-wear properties of jet fuels. In the
standard for JET A-1 fuel, anti-wear properties are normalized, and they are also normalized in the standard for domestic fuels for
supersonic aviation. The article presents comparative tests of anti-wear properties of samples of jet fuels used in the civil aviation.
The article substantiates the relevance of the anti-wear properties indicator in the standard for domestic brands of jet fuels for
subsonic aircraft introduction, as well as the comparative analysis of the anti-wear properties of fuels produced by various Russian
oil refineries. Indicators and methods for assessing the anti-wear properties of aviation fuels can be different. As such an indicator,
it is proposed to use the anti-wear properties indicator calculated after testing fuel samples on a four-ball friction machine.

Key words: aviation, jet fuel, aviation fuel, anti-wear properties of aviation fuels, four-ball friction machine, anti-wear properties
indicator.

INTRODUCTION

Jet fuels are used in all the jet engines, providing us with a set of functions, one of which is lu-
brication [1-7] on which the operational reliability of fuel system friction pairs depends on. The fric-
tion pair of the high-priced plunger-lift equipment (inner cylinder — wobble plate; inner cylinder —
shroud) is the one to be the most runover susceptive. Meanwhile the friction pair inner cylinder — wob-
ble plate is the indicative one [2, 5-7].

The jet fuels of the TS-1, RT domestic brands by the GOST 10227-86' and of the foreign one
JET A-1 by the GOST 32595-20137 are now produced for the civil aviation on the Russian petroleum
processing plants. Nevertheless, there is the indicator of the lubricating ability in the standard for JET
A-1, and there is no such an indicator in the standards for TS-1 and RT. It should also be noted, that
the lubricating ability is normalized in the standard for the Russian supersonic aircraft fuel brands
(GOST 12308-2013).

' GOST 10227-86. (1986). Jet fuels. Moscow: Standartinform. 18 p.

2 GOST 32595-2013. (2014). Aviation Turbine Fuel Jet A-1. Specifications. Moscow: Standartinform. 39 p. At the same
there is also a national GOST R 52050-2006 (2014). for the given product. Moscow: Standartinform. 39 p.

> GOST 12308-2013. (2013). Thermostable Fuels T-6 and T-8B for Jet Engines. Specifications. Moscow: Standartinform.
22 p.
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I.e., the lubrication ability of TS-1 and RT fuel brands was being estimated only by the classifi-
catory methods of clearance while bringing them into service — decades ago. Nowadays the latter basic
materials and formulation of these fuel brands differ from the former.

There are the claims to the quality of TS-1 in the Airworthiness Directives of the ASA — Euro-
pean Aviation Safety Agency (EU) of the administrative and executive aims relating to flight operating
safety, and primarily, to the anti-wear properties of aviation fuels: EASA AD No.: 2017-0065", EASA
PAD No.: 17-023°, EASA CRD of PAD No. 17-023°. Thus, the durability of the range of foreign en-
gines, run on TS-1, has been reduced by 50%’ [8, 9, 10]. These claims are not specified; therefore, the
given circumstance can be caused by both subjective, and objective reasons. The introduction of the
indicator, which characterizes the fuel anti-wear properties, to the standards for jet fuels could serve to
the solution of the problem. The choice of such an indicator is a topical issue.

Let us review the probable objective reason.

The anti-wear properties of aviation fuels depend on many factors: carbonic speciation, the
presence of heteroatomic compounds, total purity, the presence of SAS, etc. The straight distillation
and hydrogenolysis respectively have been the processes of TS-1 and RT jet fuel generation by the
moment of estimating the lubrication ability by the classificatory methods of clearance. The range of
agents, including the anti-wear ones, which have also changed nowadays [7, 11], is to be implied ob-
ligatory in the fuels, submitted to hydrotreating, deprived of natural components, which increase the
lubricating ability.

The range of the Russian petroleum plants — in fact those streamlined plants, which widely im-
plemented oil treatment secondary processes — produce, the so-called, composite propellant TS-1,
which contains the products, generated by both the straight oil distillation and by means of the second-
ary oil treatment processes [12]. These factors, obviously, affect the fuel lubricating ability, which is
not controlled.

It should also be noted, that there is no data on directly and indirectly distilled components
formula in the mixed TS-1 fuel, as well as data on implying any agents into such a fuel. It seems im-
possible to distinguish the composite propellant from the un-mixed one — as they are produced accord-
ing to the same standard under the same designation.

Nowadays the problem is widespread in Russia and affects all the petrol, oil, and lubricants —
the same brand can be produced according to the various technologies out of the different raw materi-
als [7].

It is also known [5], that conducting the full range of qual tests was obligatory while changing
the raw material and making any modifications of the jet fuel production technology until the 1990s.

FRAMEWORK

There is a wide variety of estimation methods of petrol, oil and lubricants lubricating character-
istics, many of these methods may be used for estimating the lubricating characteristics of the aviation
fuel. The foreign (American) method BOCLE (GOST 333906-2016°, ASTM D 5001-10%) is allowed

* EASA AD No.: 2017-0065. (2017). EASA Airworthiness Directive. ATA 73 — Engine Fuel and Control — Hydro-
Mechanical Units — Operational Limitations. 3 p.

> EASA PAD No.: 17-023. (2017). EASA Notification of a Proposal to Issue an Airworthiness Directive — ATA 73 — En-
gine Fuel and Control — Hydro-Mechanical Units — Operational Limitations. 1 p.

5 EASA CRD of PAD No. 17-023. (2017). EASA Comment Response Document— Notification of a Proposal to Issue an

Airworthiness Directive — ATA 73 — Engine Fuel and Control — Hydro-Mechanical Units — Operational Limitations. 7 p.

Kovba L.S. (2019). The Evaluation of the Fuel Quality Impact on Aircraft Sustainability Based on Maintenance Best

Practices // InfoTech 2019.

¥ GOST 33906-2016. (2019). Aviation Turbine Fuels. Determination of Lubricity by the Ball-on-cylinder Lubricity Evalu-
ator (BOCLE). Moscow: Standartinform. 37 p.
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under the standards for estimating the lubricating features of the domestic jet fuels for the supersonic
aircraft and JET A-1 fuel along with many other foreign fuels [13—17]. The appropriate apparatus is
produced by the only international manufacturer.

However, it does not have any advantages over many other methods [5, 18]. It does not emulate
the work of the aircraft gas-turbine engines friction pairs, as demonstrated by the phrase in the given
standard: "The BOCLE clearance method is not the direct reflection of the operating environment of
the engine parts operation". There is also a remark: "The range of fuels rich in some sulphur com-
pounds may indicate the abnormal results of the test". Therefore, the given method is not preferential
for the TS-1 and JET A-1 sulphide fuels.

The simple and reliable four-ball friction machine (FFM — 1) (fig. 1 and fig. 2) can be used for
comparative evaluation of aviation fuel lubricating characteristics.

The essence of the method is in the calculation of the critical load — such a load, which leads to
the loss of the fuel lubricating characteristics, — by the results of consequent loading by the abrupt in-
crease in diameters of the wear scars, left by the upper shiftable ball 2 on the numb balls 1 (fig. 2)
stuck in the securing clamp.

It is important to mention, that the given apparatus allows us to obtain the results, correlating
well with the fuel control unit inner cylinders wear [5].

There are also such advantages of the method as: its simplicity and the low price of the tech-
nical equipment and expendable products, relatively high speed of the performance of the experiment
(the loading is carried out in 10 seconds), the technical equipment is completely domestic, the short
subject fuel consumption (up to 15 ml), relatively small size of the apparatus, etc. The covered method
has the same advantages over the ones for the classificatory evaluation of the aviation fuel anti-wear
characteristics, made for slightly different tasks.
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Fig. 1. The four-ball friction machine block diagram: Fig. 2. The four-ball friction machine operation principle:
1 —braking motor with the hand-held arrester; 2 — molded @) the friction joint loading chart; b) the machine friction joint;
case; 3 — the lever arm for axle loadings in friction joint; 1 — the fixed balls; 2 — the rotative ball; 3 — test fuel

4, 6 — operation panel; 5 — body frame

’ ASTM D 5001-10. (2014). Standard Test Method for Measurement of Lubricity of Aviation Turbine Fuels by the Ball-
on-cylinder Lubricity Evaluator (BOCLE). 14 p.
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EXPERIMENTAL SET UP

The comparative evaluation was made for the three articles of aviation fuels of different brands
and for the article of the composite propellant (TS-1 + RT), sampled from the aircraft tanks, according
to the standardized tear (GOST 9490-75').

There are the results of the experiment in Figure 3. It can be seen, that the given articles of the
fuel have the similar values of critical loads. Meanwhile the article of RT fuel has shown us the best
anti-wear properties in the given test environment, the article of JET-A1 — the worst ones.

The different criterion may be used as an indicator of aviation fuel lubricating ability: the criti-
cal load, the diameter of the wear scars, the wear criteria, etc. The specified rate of the anti-wear prop-
erties in percentage terms, proposed by A.F. Aksenov [4]:

K=" 40,
Pyp My

where K — the anti-wear properties indicator, %;

P, — the critical load of metal friction shift from the fluid to the boundary in the subject fuel, kgf;

P%, — the critical load of metal friction shift from the fluid to the boundary in the canonical fluid,
kgf;

U, — the metal wear in the canonical fuel, mm;

U, — the metal wear in the subject fuel, mm.

The metal wear is the average diameter of the wear scars in this very case.

On the basis of the experimental data, the indicators of the anti-wear properties of the aviation
fuel articles under review are reflected in Table 1. The RT fuel brand, which has the best anti-wear
properties among the given articles, is taken as a gold standard (100%) in this very example. The com-
posite propellant has demonstrated the stronger performance, but is not a fuel brand, so that is why the
indicator has not been calculated of anti-wear properties for it.
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Fig. 3. The critical load of different fuel brands determining

' GOST 9490-75. (1975). Liquid Lubricating and Plastic Materials. Method of Test for Lubricating Properties on Four
Ball Machine. Moscow: Standartinform, 40 p.
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Table 1
Antiwear properties indicator of Aviation fuels

The aviation fuel brand | Antiwear properties indicator K, %
RT (PT) 100
TS-1 (TC-1) 98
JET A-1 (JIKET A-1) 96

DISCUSSION OF THE EXPERIMENTAL RESULTS

The experiment is the introductory one. It shows us the opportunity of the domestic four-ball
friction machine use for the jet fuel anti-wear properties evaluation, which is extremely relevant nowa-
days. The specified rate by A.F. Aksenov is proposed as the rate of the anti-wear properties.

The RT brand has the best anti-wear properties among the provided commercial fuel articles.
The TS-1 of the straight-run distillation and JET A-1 proceed by the anti-wear properties reduction.
Nevertheless, all the brands have the similar valuations of the anti-wear properties in the conditions of
the performance of the experiment. The composite propellant — the fuel, which was collected from the
aircraft tankage — has shown us the better anti-wear properties, than the fresh RT fuel. This can be ex-
plained by the effect of many factors, one of which is the following: the fuel in the aircraft tankage ox-
ygenates in operation, as a result, the highly molecular oxidation products (methacrylate resins) afford
in it, increasing the fuel lubricating ability.

The further development of the study is the solution of the following problems: comparison
of the anti-wear properties of the commercial fuel, which is produced at the different Russian oil-
processing plants using different technologies; determination of the relevant indicator, characteriz-
ing the jet fuel anti-wear properties; determination of the indicator permissible limits for the civil
aviation fuel; display of the initiative for the implementation of the indicator in the standard for the
jet fuel.

CONCLUSION

1. The aviation fuel anti-wear properties depend on many factors and represent the operational
reliability of fuel system friction pairs in the aviation engines. The anti-wear properties of the TS-1
fuel may reduce as it is laced with products of the secondary oil treatment processes and must be con-
trolled, due to the widespread production of this fuel brand.

2. The aviation fuel anti-wear properties may be evaluated by the different indicator using the
different methods. Including the anti-wear properties indicator, resulted with the four-ball friction ma-
chine.

3. The experiments showed us, that the selected aviation fuel articles have the similar anti-
wear properties. The RT article has the best ones, and the JET A-1 — the worst ones. Comparative es-
timate of the anti-wear properties of the aviation fuel, which is produced at the different Russian oil-
processing plants is relevant.

4. Control of the anti-wear properties of the civil aviation jet fuel of domestic brands is rele-
vant, thus it is necessary to implement the lubrication ability indicator in the standard for the jet fuel.

12
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MMOKA3ATEJIb TIPOTUBON3HOCHBIX CBOMCTB PEAKTUBHBIX
TOIIJINB

K.HN. Fpﬂuyﬂosl, A.H. Tumomenxo', K.9. Baasimun', V.B. EpMo.naeBa1

1 « « ~ «
Mockosckuii 2ocyoapcmeentblii mexHu4ecKull YHugepcumem 2paicoOancKou asuayuu,
2. Mockea, Poccus

JI1s1 peakTHBHBIX JBUTaTeNIeN rpa’kIaHCKOI aBUAIlK UCTIONB3YIOTCS TPH OCHOBHBIE MapKH TOIUIMBA: oTedyecTBeHHble TC-1 u PT n
WHOCTpaHHasl, BbIpabaTbiBaeMasi B OTHOCHTENBHO HeOosbinnx oobemax B Poccun, JDKET A-1 (JET A-1). C xonua 2000-x rr.
MPOU3BOAUTENY HHOCTPAHHOW TEXHUKHU BBIIBUTAIOT NPETEH3MH K KAuyeCTBY MAcCOBO IMPUMEHAEMON OTEUYECTBEHHOW MapKu
tommBa TC-1, mpuyeM 5TH mpereH3Mn He KOHKpermsupyrotcs. OpHako pecypc psina 3apyOeXHBIX —JBUTaTenei,
SKcILTyaTupyrommxcs Ha Tormmse TC-1, cokparen Ha 50 %. JlaHHOE 00CTOSITEIHCTBO MOKET OBITH BRI3BAHO KaK CYOBEKTUBHBIMU
NPUYINHAMA — KOMMEPYECKUMH ¥ TIOJIMTUYECKMMH HMHTEpPecaMd HPOW3BOAMTEICH TEXHUKH, TaK M OOBEKTUBHBIMH. OCHOBHAs
0OBEKTHBHAS TIPUYMHA MOKET COCTOSITH B TOM, YTO C HEJABHETO BPEMEHHU Psi POCCHUMCKHX 3aBOOB, MPOM3BOSIIMX TOILTHBO
TC-1, Hayanu BBIMyCKaTh CMECEBOE TOIUIMBO IIOJ TEM )K€ HAaWMEHOBAHWEM, IZ€ B NPSIMOTOHHbIC (pakumy 100aBIsrOTCS
MPOJIYKThI BTOPUYHBIX MPOLIECCOB TiepepadoTku HedTH. JlaHHbIe TomumBa oTBevatoT TpedoBanusiM cranmapra (TOCT 10227-86),
B KOTOPOM OTCYTCTBYET IOKA3aTelb, XapaKTEPU3YIOLHI IPOTUBOM3HOCHBIE CBOMCTBA PEAKTHBHBIX TOIUIMB. B cranmapre Ha
tormmBo JUKET A-1 npoTHBOM3HOCHBIE CBOMCTBA HOPMUPYIOTCSI, TAKKE OHU HOPMUPYIOTCS M B CTaHAApTE HAa OTCYECTBEHHBIC
TOIIMBA JUIs CBEPX3BYKOBOI aBHalMK. B crarhe npHBeeHbl CPaBHUTENBHBIE HCIIBITAHUSI IIPOTHBOM3HOCHBIX CBOMCTB 00pa3lioB
npuMmeHsieMblx B ['A peakTuBHbIX TOIUIMB. OOOCHOBaHA aKTyallbHOCTh BBEJEHHMS ITOKA3aTelsl IMPOTHBOM3HOCHBIX CBOMCTB B
CTaHAApT A1 OTEYECTBEHHBIX MAapOK PEaKTUBHBIX TOIUIMB MUl JO3BYKOBBIX BO3AYLIHBIX CYAOB, a TaKkKe IPOBEICHUS
CPaBHUTENbHBIX ~ AHAIW30B  IPOTUBOM3HOCHBIX  CBOWCTB  TOIUIMB, IPOM3BECHHBIX  PA3IMUHBIMH  POCCUMCKHMU
HedTenepepabaThIBarOIMMK 3aBoamMHy. [1okazaTeny 1 METO/IbI OIIEHKH POTHBOW3HOCHBIX CBOIMCTB aBHAIIMOHHBIX TOIUIMB MOTYT
OBbITh pa3MUHBIMH. B KadecTBe Takoro IokasaTellsl IPEIOKEHO HCIIONb30BaTh MOKa3aTelb MPOTHBOW3HOCHBIX CBOWCTB,
paccUHMTHIBaeMBIH TOCIIE TIPOBEACHIS UCTIHITAHNI 0OPAa3IOB TOIDIMB Ha YETHIPEXIIAPHKOBON MAIITHHE TPEHHSL.

KiioueBble ciioBa: aBuanysl, p€aKTUBHOC TOIUIMBO, aBUAITMOHHOE TOIUINBO, TPOTHUBON3HOCHEBIC CBOICTBA aBHAIIMOHHBIX TOIUINB,
YEThIPpEXTNAPHUKOBaA MalllMHA TPCHU, ITOKA3aTEC/Ib IIPOTUBOU3HOCHBIX CBOICTB.
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