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Anti-wear Properties of Jet Fuel with Camelina
Oils Bio-Additives
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Abstract. Anti-weor properiies of conventicnol jer feel, fairy scids ethvl esters
hin-additives denved from comeling oal and ther blends were inwesiigated
experimentally. Amii-wear properiies were estimabed an o four-ball wsier by the
value of the scuffing lood. friction orgue, fricios coefficient asd the sculfing
losd applied 1 the fncion pair operatng in a cesped fuel sample. The siate of
frictiom pairs’ surfeces was studied using the svstem for inbelegical charncter-
iziscs of fuels amd lebricamis invesngation by compering microphoiographs of
frictiom poirs” surfoces. It wes deermined thar lubricity of bicaddnives is
imiensively higher compaoring a0 conventional jer fuel. Bio-odditives derived
from camelina oil provide formmion of bener oxidative Glm on fricison pairs”
surface with higher elasticity. It s stipalated by the chemicol compositien of
fuity acids ethyl esters: high polaniy of melecules stipulate ns' good adsorpicn
ut the surfece of friction pair. Adding bhso-odditives inta jer foel provides
strengiheming of boundary Glm and thus improves onti-wesr properiies of fuel
hlends.

Keywords: Jei fuel - Abernative fuel « Bio-addiave - Fany acids eyl esters -
Cameling o3l + Wearing « Lubricity « Scuifing losd + Frction surface

1 Introduction

Bmdies described within this paper relale © ransport, avialion and machinery oon-
structing industries. Im a result of siream rising of prices for matural resources,
improvement and studving of exploitation properties of fels and lubricanis became a
relevant research-technical problem.

That's why the question of sludying and improving anti-wear properiies of modern
fuels for read and air transport s one of the key guestions during considering the
pricrity directions in provision of reliability and durability of mechanisms and tri-
botechnical syslems operation.

© Springer Mumure Swnzerland AG 2020
K. Gopalakrichnan et al. (Eds. ;2 TRAMNSBALTICA 2019, LMITL pp. 601-608, 2020
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} Literature Overview

Mudlern air trunspori is equipped with complex hydraglic systems, which perform
imparant functivns concerning operation of air and ground vehicles, Reliahility of
fuels and hydraulic constructions mainly depend on operability of precision friction
pairs. Im a result of strong wearing, destruction and jamming of Friction pairs the break-
down of hydraolic systems can take place. Thus, it will reguire replacement of worn
details. The most common defects include jumming of plunger pumps, laminose, spool
and skeeve pairs, destruction of rell bearings, wear of plunger axial bearings ete.
Feculiarity of these friction pairs reguires critical approach in the guestin of appli-
cation of lubricating mediums, mechanical properties of materials, roughness of cons
lacting surfaces. speed of its relative movement.

Friom the previeus studies ot is Enown that mislern world fends b intmslucing
albemative emergy sources in all spheres of industry and air transpart in paricalar [ 1 2]
Tauking into account wide varielty of mew allernative fuels and feedsiock for ils pro-
duction, much studies have w be done in arder b discover operational properies of
new fuels, One of the ssues w0 be studied is influence alternative aviation fuels on
relinbility und durability of aircraft eguipment, which is strongly determined by
lubricating properiies of fuels. From the studies [1-5] it is knoown that alternative fuels
produced from plant il esters possess high lubrication propertes. However, most aof
the studies are devoled to researches of plant oil esters duning application in diesel
engines (hiodiesel fuel] [4-6].

Tuking inte acceunt the existing data about lubricating propertics of plant ail esters
it is necesszary to stwdy ils impact on anti-wear properises of jel fuels.

Durability and reliability of aircraft equipment, mainly fuel system friction pairs
sirongly depends on anti-wear properties of jet fuels |2, 7-%]. These pairs work i a
regimes af rolling friction, sliding fricion and combined friction at different loads,
lem peratures, pressurne, speed of relative moyvement in conditions of ligukl or boundary
friction. It is known thal fuel lubricating properties are determined by complex of
physical and chemical parameters [Z. 7, 1. In case of semi-liguid friction the anti-
wear properiies of jet fuels are determined by fuel viscosily and presence of surfactants
in fuel that form high strength absorption layer at the wearing surface [I. %, 10].

3 Aim and Scope of the Study

The aim of this article is b siwdy the anti-wear properties of blended jet fuels con-
laining bhio-additives based on cameling ail. Thus one of the tasks of the siody was
comparizon of anti-wear properties of blended jet fuels and conventsmal jet fuels.

Anmalysis of literature sources [1-4, 7. &, 11, 12] have shown the inlerest of authars
in expermental and theoretical researches related o improving of anti-weuar properties
of precision friction pairs and studying mHuence of varnous components of fuels anl
oils on anti-wear. One of the ways For prokmgation of exploitation perisd and renewal
of tnbocouplings is a tnbomadification of frction surfaces due to the formation of
slable oxidative fAlms. Thix may be achieved by applving of modified or energetically
changed fuels und lubricating materials.
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Lubricity of jet fuel. camelina oil big-additive and its blends with jel fuel was
investigated during the expeiment. Conventional oil-dermved jet fuel of grade Jet A-L
that meets the requirements of ASTM DL65S [13] was wsed for lesting. Foity acids
ethvl esters IFAEE) of cameling ail were used ax hio-additive. Bio-additive was added
te fuel blemds in guantity: 1%, 2008, 3045, 404% and 504% (val).

Usually anti-wear properties of jel fuels are determined according to the value of
wear of cerlain friction pair. Wear in the medium of certain fuel of one friction pair
can’t characlerize lubrcating properties of this fuel completely. The change of details
material, testing regimes and other factors may significantly influence on wearing of
friction pairs. Because of thal estimation of anti=wear propedies have 1o be fulfilled in a
strictly regulated conditions |7, 10, 14, 15].

Considering the practice worldwide, anti-wear properties of jet fuels are estimated
according b the ASTM DS00]. Ball-tn-Cylinder Lubricity Evaluator = BOCLE. This
device imilates oxvdation-ciorrosive twpe of wearing. Anti-wear properties are esti-
mated gquanbtatively by the value of wear scar diameter. At the same ltime anather
device SLEOCLE wax developed and proposed. It is intended for estimating and
forecasting anti-scufling properties of fuels by determining scufling load. During the
lust 40 vears number of other mechanical stands was developed for determining
lubricating properties of jet fuels. However, most of them are not able 10 imitate the
muosl important type of wearing. which takes place in fuels systems of aircrafis |3, 8].

Anti-wear properties of fuel samples were investigated vxig o T-020 four-ball
tester that consists of the testing device presented at Fig. | and o metering-control
syslem. The friction pair installed in lesting device 1s given at Fig. 2 |2, 14].

3
A
4 +

=L
=

Fig- 1. Four ball rester T-020: 1 - body: 2 - power trein; 3 - Frictos pair load beorimg drive;
4 — ball cup nssemhbly: % — hose

The composition of the friction pair, its assembling and characteristics as well ax
pricciple of four-hall lester operabon are described in details i previous studies of
anthors |2, 14].
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Fig- 2. Four ball tester frictins poirz 1 - wop ball; 2 - botwom balls; 3 - spring clamp: 4 - balls
cup.

The studies were fullilled under the Following conditions of the four-hall tester:

rivlation speed during tests - 5{6F rpm,
loud increase rate of 400 Nis,
initial temperature of the fuel sample at the starl of the test run = 200+ L0 "C.

According to the methadelogy of this test a fmction pair scuffing occurs when
boundary friction forgue M, of 10 Nm is exceeded. This value is determined by the
durability of the wp ball shank in the friction pair. The friction torgue M and the
lineady increasing friction pair bad P were recorded during testing [Z. L14].

The follvwing Fig. 3 depicts the principle of the method of determining scufling
lirad applied to the Friction pair [2, 14]. Load P, at paint 1. where the friction torgque
vitlue gquickly increases is demvled as sculfing load P, Point 2 ix a point of scuffing. At
this moment the boundary friction worgque My equal 1o 10 Mm is reached. The load at
point 2 is called seizure load.

Frictisn tengue, M,
L.t

1]

Test Fum thme., s

Fig- 3. The method for deemaining ibe scuffing losd &40 | - ihe point of scaffing inioalization;
2 - poimt of scuffing.
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Thus, it can be concluded that the fuel with the highest value of applied scuffing
load possesses the highest anti-wear properties. It can be said that the boundary film of
thiz fuel has demonsirated the highest durability o damage [2].

Also, the state of frection surfaces was additionally studied wsing the sysbem for
tribirlogical characteristics of fuels and lubricants inyvestigation that was developesd by
anthors [16]. Technical conditions of the system provide possibility o make phae-
tographs and video recording of surface ransformations in dynamic regime.

The friction joinl is a transparent glass plate made of photographic glass that passes
light without refraction. Microscope ohjective is mounted in fromt of the sample, whose
surface contacts with glacs. The light ix focused through the system of kenses inke the
camerd of “PC Camera™ type with stundard softwarne for processing and fisation of
photographs at the monilor and possibility o record the obtained data about friction
surfaces. The described svstem allows fullilling stodies in the sphere of determining the
mechanism of axidation films formation at the surface of metals independanily on the
impact of contacting material.

The stwdiex were fulfilled according o the friction scheme “finger-surface™;
miterial of samples GCrl S steel = photographic glass, o = .30 0630 mfs, & = 5 M.
Dimensions of the inger-sample are: diaometer = 4 mm, length = 25 mm.

4 Results and Diseussion

The following Figs. 4 and 5 present the frction torgue, fricion pair lead and frction
caeflicient that were checked during tests. The scuffing Ioad that describes the criteria
for anti-wear properties estimation is marked.

Fig- 4. DMependence of fricticn poir lnading Force P, fnction torgee My and friction coefficlent g
on estng run time ¢ for jet fuel of grode Jet Al fuel: &, — scuffing load.

We can see from the graph at Fig. 5a that testing of jet fuel blended with 10% of
FAEE big-additive resulls in friction coeflicient p varving from 0.3 o 0.5 and frction
torgue My varying from (0.5 to 3 Mm.

Friom the graph at Fig. 5b we can see that testing of jet fuel blended with 2095 of
FAEE big-additive resulls in friction coeflicient p varyving from 0.1 o 0.3 and friction
trgue My varying from 005 to 3 Nm.
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Pra&TIH

Py w ¥IE

te

el fy
Fig- 8. Dependence of fricios pair leading force P, frsction worqee My and friction coefficient g
nm testimg rum time ¢ for samples of jer fsel bended wath camelina oil bie-addisves: (a) Jer A-1

#10% PAEE: ib) Jer A-1¢20% FAEE: (o)1 Jet A-1#30% FPAEE; (d) Jer A-Led% FAEE; {e) Jer
A-1+50% PAEE; i) FAEE; Fy - scuffing load.

Analogously, comparing the graph ot Fig. e, descobing test of jet fuel blended
with 50% of FAEE bie-additive, we observe values of friction coefficient p within a
runge of (.15 (o f.4 and walues of friction torgque M, within a range of 0o 3 Nm.

Thus from the graphs on Fig. 5 we can conclude that anti-wear properties of jet
fuels blended with FAEE hio-additives are belter comparing 1o anti-wear properties of
canventional jet fuel of grade Tet A-1.

Values of scuffing load Py for each tested fuel sample were laken as a key
parameter 10 evaluate anti-wear properties, They are depicted il compared at Fig. 6.

The results given a1 Fig. & allow us concluding that conventional jet fuel of grade
Jet Axl presented the lowest value of scuffing load - 511 M. &1 the same the highest
wilue of scuffing load was found for camelina wil bio-additive = 2,644 N, Considering
canventional jel fuel as a base-line we can assume that use of camelina il eslers
positively influences the anb-wear properties of jet fuels. In general obtained resulis
indicate that increasing portion of big-additive in jet fuel improves ils anli-wear
properiies.
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300D 4

2500 |

JerA-1 Jer A1 Jet Al Jera-l Jen Al Jet -l
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ReulTing louwd, & N

g

Fig. 6. Frection pair scutfimg boad # For each of the tested fuel samples.

As it was mentioned previously, fuel’s surfactunts provide ability of fuel or its
components 1o ahzorh ot the sarface of metal, ereate the boundary Alm and thus proect
dry friction of details [2]. Hydmocarbons in conventional jet fuels are non-palar and can
mnot prevent wear of friction pairs [5. 10]. On the contrary, molecules of bio-additives
are falty acids esters and act as natural surfactands |5, 17]. Presence of oxygen abom in
carboxyl group in malecules stipulates sirong polarity of esters. Such structure provides
ahility 1o absorb on surfaces of solid bodies and thus, ability to form polymolecular film

houndary layer.

Such wiew on lubricating properties of faity acids esters allows us explaining
obtained experimental results: regular improvement of anti-wear properties of jet fuel
with increasing conlent of bio-additives. During hlending jet fuel with bio-additves the
tslal content of surfactants in fuels mses. In a resull the boundary film between friction
pair become siroenger.

Tuking o account the ahovementioned we may conclude that addition of biae-
additive inte composition of blended jet fuels provides increasing of surfactanis
guaniity and inally strengthening of boundary film between friction pair [2].

Figure 7 depicts micropholographs of friction pairs” surfaces, which were oblained
after operatiom i medivm of conventional jet fuel, cameling oil bio-additive and jet fuel
blemd with 20% of hic-additive. Microphotographs were done at the device for
studying anti-wear properties of fuels and lubricants according 10 the method described
in wark [16]. The sliding distance For all the fuel samples was § km.

Comparing friction sadaces we can ohserve that foctiwn surfaces of samples
operated in comeling oil hio-additives (Fig. Th, Tc) are more uniform than friction
surfaces of samples operated in conventional Jet A-1 fuel (Fig. Ta). Oxidative films are
thinner and mare elastic. These results give explanation o0 smaller values of friction
cocflicient and values of wearing in equal conditions of sliding distance. Moreover,
boundaries of axidative Alms on samples are clearly seen a1 the Fig. Th, During the
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Fig. 7. Microphotographs of frnction pairs’ surfaces {200 times magaification): operation in a
medium of (a) Jet A-1; (b) FAEE; (c) Jet A-1+204% FAEE.

process of operation, sumples’ Alms (operation in camelina oil bio-additive medium)
become longer and wider companing 1o films of sample operated in conventional jet
fuel medium. More contrast coloring speaks that sample’s friction surface at Fig. 7b
has smaller thickness and 1t is more elastic.

5 Conclusions

A four-ball tester and system for studying tribological characteristics of fuels and
lubricants were used for estimating lubricating and anti-wear properties of conventional
jet fuel and its blends with bio-additives based on camelina oil FAEE.

The research of fuel samples has shown that camelina oil FAEE have better ten-
dency for permanent boundary film creation comparing to conventional jet fuel within.
The reason for this effect 15 surface activity of camelina oil FAEE molecules and its
high viscosity. The results of the tests have shown that increasing of bo-additive
content in fuel blend causes strengthening of boundary Alm of surface of friction pair.
Camelina oil bio-additives positively affect lubrication properties of conventional jet
fuels and may be used for improving anti-wear properties of jet fuels.
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