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Abstract

This book describes briefly the construction and principles of operation
of aviation gas turbine engines, their sssemblies and fricrion points, and
also the oil cysténs. Operating conditions ¢f lubricants in these engines
are discussed, as are the functions of oils as lubricating materials, the

functions of operating liquids snd cooling agents; technical specifications
required of lubricants are discussed.

Questions are discussed related to the assortment and quality of oils

currently s«.-ployed for aviation gas turbine engines and the requirementa for
oils of the near future.

Methods are described for obtaining from petroleum and synthetics high-
quality oils which possess high antioxidation, viocouity-te-peratﬁre. anti-
wear and other properties.

Information is presented concerning additives which improve the oper-
ational properties of oils for aviation gas turbine engines. Domestic and
foreign methods of investigating and testing oils under laboratory condi-
tions, and also in special stands and devices are systematized and describded.

This book is intended for specialists associated with the construction
and operation of aviation gas turbine engines, for petroleum engineers and
chemists who are involved in the processing and preparation of the oils
Indicated and additives for them, and also for students of aviation and
petro’ _.um institutes and technical schools.

The book contains 91 tables, 43 dravings, and 200 bibliographical
referances.
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Introduction
The last decsdes have been marked by the rapid growth of jet aviation,

vhich in a short i{.i: 187 occupied a leading place in contemporary aviation
technology. The successful development of this type of aviation was csused
by the development. and application of aviation gas turbine engines (AGTD),
vhich have facilitated the high speeds of contemporary aircraft and the
significant altitude of their flights. Thus in Foreign aviation aircraft
speeds have achieved Mach 3! with a ceiling of 30 km and sbove. The first
planned and constructed supersonic passenger aircraft of types including the
domestic TU-144 liner or the foreign "Concord" aircraft are designed for
spaeds to 2500 lm/hr at a ceiling of 2530 km and a nonstop flight distance
of the order of 6500 km.

In comparison with piston aviation engines, the AGTD have a number of
operating advantages, including greater power in thrust with relatively less
vdght and dimensions. This has facilitated the wide employmeit of the AGDT
in aviation technology. In high-speed, supersonic sviation, power-boosted
turbojet engines (TRD) are employed, the operating conditions cf which are
characterized by high temperatures and heavy loads on the operating parts of
the engines. In hegvier aircraft, designed for long~-distance flights at
subsonic speeds, turboprop cﬁginu (TVD) are installed in whico che thermal
stress is less than in the TRD, but greater than in aviation piston engines.

For contemporary AGID stable, high-quality lubricants are required which
ate capable of an sextended period of operation in these engines at high
temperatures without significant deterioration in quality. Thus according
to foreign dats, lubricants for thermally stressed TRD must be stable at
175-200°C; oils for TRD of the nesr future must be capable of operation to
t-por..turn of 250°C and higher. In this connection s great deal ‘of work
has been accomplii:urd Tecently devoted to the developmeat of such oils on the
basis of petroleum and synthetic products. However, notwithstanding thh'.
the quality of lubricants for AGTD still does not correspond to all the
requirements established for it, which in a number of cases interferes vwith
increasing engine resources and the perfection of newly developed engines.

‘See p. 3
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Therefore the problem of developing high-quality lubricants for AGTD is quite
pressing. In the USSR, as in other countries, it is closely associated with
increasing the reliability and lengthening the 1ife of the AGTD, vhich is an
important economic problem,

In connection with the increased requirements applied to lubricants for
the AGTD, the majority of methods previously applied in the investigation of
the quality of tufbojet oils, especially synthetic ones, proved to be
unsuitable. Thereforeé at the present time both ia the USSR and abroad a
great deal of sttention is being devoted to the development of new laboratory
and static methods of evaluating the physicochesical and operating propertiess
of these oils. ‘

In connection with what has been stated, the necessity arose to general-
ize and systematize domestic and foreign materials available on the problems

of development, investigation of quality and the applicatfon of petroleum and ‘
synthetic oils for the AGTD. : i

Continuously developing jet aviation may be provided with the required
high-quality lubricants more quickly with the combined work of designers and
specialiste vho develop and apply lubricants for AGID. Therefore problems in
the development and improvement of lubricating oil quality are examined in
this book in close connection with the conditions of their exploitation in ‘
these engines.

FTD-HC-23-1296-68

“‘I‘




B e e

Footnotes

T — e,

l. To p.1. The Mach numhar is the ratioc of the speed of flight of a device

to the speed of sound, equal to 2194.5 kn/hr st 0°C and atmospheric
pressure.
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CHAPTER ONE

A SHORT SURVEY OF THE YPES OF AVIATION GAS TURBINE ENGINES,
THEIR CONSTRUCTION CHARACTZRISTICS AND CONDITIONS OF OPERATION

Turbojet and Turboprop Engines

Jet engines are the base of the power installations of contemporary
flying apparatus; they can be divided into two classes according to the
principle of obtaining the operating aixture, which include rocket and afr- -
breathing engires (VRD).

A spacial oxidizer is employed {n rocket engines for fuel combustion.
According to the type of fuel employed, these sengines sre -'{vided into
liquid-ﬁwl engines and snlid-fuel engines. Rocket engines have no special
lubricent systens and will pot be dirccussed further.

As a source of oxygen sir-breathing engines empiov air, whiclk is
compressed upon passing into the engine and is then directed to the chamber
vhare combustion nf the opevating mixture occurs [1-3).

. Dspending on the method of increasing the air pressure, 7JRD are divided
into compressor and noncompressor engines. The latter, which have no turbo-
compressor assembly (vam jets and pulse jets) and special lubrication systems,
are alsc not examined further. In turn, avistion gas turbina engines (ACTD)
vhich have turbocompressor sssemblies are divided iatc turboprop (TVD) and
turbojet (TRD) engines. The principal difference betwesn the turboprop and
the turbojet engines is the presence of the air screv and tha reducer, vhich
reduces the number of revolutions from the gas turbine shaft %o the air screw
[4-5]).

Axial or centrifugal compressors are employed in the ACTD L0 compress
the entering air; ergines with axial compressors, vhich have smaller dimen-
sions, are the most widely employed. A disgram of a contemporsry TRD with an
sxiasl comprewsor is shown in Figure 1 {6]. Thu operating principle of the
TRD is as foilows. Atmospheric air (see Figure 1) enters through the imput
part (1) of the engine fur compression in compressor (2). The air,

-8 -
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compressed to the required pressuve, is directed to combustion chamber (3), \]
to which atomized fuel is simultaneously directed through the injectors.

Gases which form in the process of combustion pass from chamber (3) to

turbine blades (4), cause the turbine to rotate and then pass into after-

burner (5). The purpose of the afterburner is to furnish a short-duration

increase in engine thrust, achieved by burning in the chamber su; lementary

quantities of fuel. Expanding in reaction nozzle (6), the gases escape into

the atmosphere with great force and create a reactive thrust [7-#]. An

external view of a TRD with an axial compressor is shown in Pigure 2.

el e W

Figure 1. Diagram of & TRD with an axial compressor: 1, Input
part of the engine; 2, Axial comprTeasor; 3, Combustion chamber;
4, Turbine; 5, Afterburner; 6, Reaction nozzle

Figure 2. An overall view of a TRD with an axial compressor

In the TRD the gas turbine serves to rotate the compressor and to set in
motion a large number of diffavent sssemblies. 1In the TVD the gas turbine, 4
in sddition, rotates the air screv snd therefore must develop higher power
than in the TRD. A diagram of the TVD is shown in Figure 3. 1

Thruat in the TVD is created bhicdly by means of the air screv and
exceads the thruat of the direct resction of the gases by 7-10 times;
the fraction of powver expended on tha rotation of the air screw and on
reactive thrust depends on the speed of the aircraft. '

-9 -
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Pigure 3. The fundamental design of tha TVD: 1, Alr screw;
2, Reducer; 3, Compressor; 4, Combustion chamber; S, Turbine;

6, Reaction nozzle

In a contemporary TVD the number of revolutions of the turbocompressor
assembly is from 7000 to 18,000 per minute, whereas the air screw, in order
to obtain maximum efficiency at the design flight condition, wust rotate with
s spead of 750 to 1500 rpm. Therefore in order to raduce the number of
revolutions transmitted from the turbocompressor shaft of the TVD to the
screv, special reducers are employed. These reducers are high-load systems,

characterized by & complex kineastic diagran, small dimecnsions and low
weight, and by high efficiency.

In order to provide for reliability in operation and to reduce wear of

the gears in the reducers, it 1is necessary to employ oils which possess high
lubricating capability.

An overall viev of the TVD is shown in Figure 4 and diagrams of
different reducers sre shown in Figures 5-7.

+ Graphic Not
- Reproducible

Figure 4. An overall viev of the TVU vith an axial coapressor
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Figure 5. Diagram of & simple reducer for s single screw drive:
%15 T30 B4, 3, STe gears.

Figure 6. Diagram of a planetary reducer for a single acrew
drive: 1, Driving gear; 2, Satellite gear; 3, Ststionary gear

In the AGID the basic assemblies and frictionm points which require
lubrication ara the ball and roller besrings of the turbocompressor assembly;

i I e ST A T oy et

the reducer gear of the powver takeoff; drive gears of asssmbliea operating at
high rpm; slotted shaft couplings, and in the TVD, in addition, thare are
also the gears of the reducer. A representation of the number of lubricated
gears in the drive assemblies alone of a TRD with an axial compressor is
shown in Pigure 8.




Figure 7. Disgrem of a differential reducer: 1, Satellite
carrier; 2, Driving gear; 3, Satellite gear; &, Gesr with internal
toothing; 5, 7, Gears; 6, ldle gear; 8, Screv shaft

Pigure 8. A kinematic diagram of the drive assemblies cf a
turbojet engine with an axisl compressor: 1, Booster pump drive;
2, Centrifugal valve drive; 3, Pusl pump drive; 4, Rydropump
drive; 3, Priction coupling; 6, Roller coupling; 7, Turbocospressor
shaft; 8, 011 assembly drive; 9, Puel pump drive; 10, 011 pump
(exhaust); 11, Connecting coupling; 12, Starter-gensrator drive;
13, Ratchet coupling; 14, Spring; 13, Drive shaft; 16, Centrifugal
breather

The high-rpm turbocompressor presents the most rigid requirements for
quality in the oil employed (starting end antioxidation properties).




011 Systems
Lubricating oil in the AGTD reduces friction and wear on parts and

; assemblies, removes heat from them, prevents the appearsnce of corrosion and
galling (hardening), removes hard impurities and particles which appear
between rubbing parts. In some TRD oil serves as an operating liquid (auto~
matic and control systems) and is employed in servomechanisms {9].

1 Struétunlly the AGTD oil systems are constructed -ccotdingly. With low oil

consumption the AGTD lubrication system, air tight, compact snd displaying a
low hydraulic resistance, must relisbly provide for lubrication of the engine
in any position of the aircrsft and under any external conditions, including
first of all temperature and pressure. Bearings under load, which are the
most important, and also toothed and slotted couplings are subject to forced
lubrication ‘dar pressure, which is provided by means of centrifugal or jet
injectors. The remsining friction parts are lubricated by an oil spray,
vhich is applied to rotating parts and vhich forms an oil mist.

In order to reduce the length of time the oil stays in the engine {with
the sim of reducing heating, air saturation, and reducing contact time with
metal), AGTD oil systess operate in accordance with the dry sump primciple:
after lubrication the oil is not accumulated in settling tanks in the engine
housing, but is immediately pumped into an oil tank or into & main line for
filtration, cooling and other operations.

Coutemporary AGTD practice is to employ circulsting closed (single-
circuit or dual-circuit), open and combination lubrication syatems [11-12].
The lubricstion system design has a aignificant influence on the maximum h
ceiling of a jet asircraft. With an increase in altitude, oil foaming in the .'
lubrication aystem increases; the oil pump output is reduced and as a )
rasult 01l pressurs in the system falls and engine lubrication is disrupted.

Tests abroad have revesled that in high-altitude flights the closed-circuit
0il circulating system is the most reliable -- 1£ provides for the required
engine lubrication to altitudes of 30 lm and above.

The most aconomical and structurally simple singlau-circuit closed
lubrication system, vhere the oil continuously and rapeatedly circulates
through a closed system, is tha t.ixk-mim-unk syetem. The open system of

- lubrication is usually smployed in single-use angines, in vhich the oil 1is

-9 -
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only used once. Such systems are very simple and the oil in these systems

after a single use is discarded to the atmosphere. In high-temperature TRD

in a number of cases open aystems are employed for the lubrication and

cooling of the most highly stressed bearings, where the oil undergoes

significaut changes; after a single lubrication the oil is also discharged

from the engine to the atmosphere. Parts and bearings hzated to a lesser

degree are serviced by the usual closed system. Such oil systems are called

combined systems.

Notwithstanding diverse AGTD designs, their lubrication systems are for
the most part standard and consists of assemblies which are similar in

purpose.

AGTD lubrication systems usually include the following elements: the

oil tank, oil radiator, oil pumps, oil filters, the air separator, reduction

valve, shut-off valves, oil injectors, the oil line and devices for the

control of oil temperature and prassure.

A typical diagram of a closed

lubrication -ylt- in s contemporary TRD 1is rcprumted in Piguu 9 [9l.
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Yigure 9. Diagram of TRD lubricsation system: 1, 01l tank; 2, Turbine
bearing; 3, 4, Front and rear compreseor bearings, respectively;

5, 6, 7, Pumping out stages of oil pump; B, Centrifugal breather;

9, 20, Pipelines; 10, Two-speed drive; 11, Assembly housing;

12, 14, 21, Channels; 13, Cengrifugal valve; 15, Pressure oil pump;
16, Raduction valve; 17, Safety valve; 18, Fine-cleaning filter;

19, Check valve; 22, Valve; 23, Puel-oil radiator
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From oil tank (1) oil passes through oil line (14) to pressure pump (15)
(which is part of the engine 0il assembly), then passes through fine-cleaning
filter (18) which 2a situated in the line and enters the cavity in the cover
of the o1l assembly. When a specified pressure is exceaded in the main oil
line, the reduction valve passes oil to the input of pusp (15) and when
filter. (18) 1s clogged the oil bypasses the filter and passes through
valve (17) to the engine main oil 1line. From the oil assembly the bulk of
the oi! vasses through check valve (19) (which does not permit oil to fiow
from the tank to the main oil line with a nonoperating engine) and is
directed under pressure to the main oil chamnel of the asseably housing.
Part of the oil from the housing cover cavity of thess assemblies goes to
centrifugal valve (13) and to an electromagnetic valve.

Prom the main 01l channel of the sssembly housing oil passes along pipe-
line (20) in several directions through s tee in order to lubricate the
following friction points: the nose at the front compressor housing and
front compressor bearing (4); assembly housing (11) and two-speed drive (10);
Tear compressor bsaring (3) and turbine bearing (2).

All rotating parts and points of the housing for the issemblies, the
tvo-speed drive, and the nose of the front compreasor housing are lubricated
under pressure; the front and rear bearings of the compressor (4) and (3) and
also turbine bearing (2) are lubricated by oil under pressure through
injectors with special jets. Individual gears are lubricated by opraying.

Depleted o1l from rear compressor bearing (3) and turbine bearing (2) is
gathered in settling tanks and is then pumped from the tanks by two stages
(5) and (7) of the oil pumps through pipeline (9) into fuel-oil radfator (23)
for cooling. 01l is pumpeu to this location through pipeline (9) from
pumping-out stage (6) of the oil pump from the housing of the assemblies,
from thu nose of the front cowpressor housing and from front compressor
bearing (4) (the oil settling tank of the froat compressor housing).

The oil is cooled in fuel-oil radistor (23) as a result of heat transfer
to fuel passing through the pipes, and in additio. psrtiai separation of air
from the oil also occurs here. At incressed hydraulic pressure in the
radistor, valve (22) bypasses 01l from the input main line to the output.
Cooled and cleaned oil from the radiatur passes into oil tank (1). It should

-11 -




be pointed out that the presence of an 0il radiator in the lubrication system
3f a contemporary ACTD is not always obligatory.

The cavities of bott compressor bearings and of the turbine bearing sre
connected by breather (6) to channel (21), and the oil tank cavity, by
channel (12). Air extracted from the oil is vented to the atmosphere.

In many AGTD designs, a closed system of lubrication is employed in
which the lubricating oil, bypassing the oil tank of the aircraft, circulates
in a closed circuit. In this case the purpose of the oil tank is to refill
continuously to the normal level to compensate for 21l losses in the engine
systea caused by penetration of oil through the labyrinth seals, carrying
this o1l off through the breathing system, and ~1ls0 to compensats for
evaporation.

The lubrication system for the domestically produced TVD AT-20A
(Figure 10) may serve as an example of a stort-circuit system of lubrication.
Lubrication is accomplished by the following mamner in this engine. Oil from
the pressure section (12) of the oil pump passes through filter (1C) and
enters the oil system: 1) in order to lubricate the reducer and its parts;
2) in order %o lubricate the rotor turbine bearings (3), assemblies snd their
shafts, and also as an operating liquid for such asse~blies as the airscrew
speead regulator, the command-fuel assembly, etc.

Depleted 01l from the drive shaft housing of the aircraft assemblies is
evacuated by pump (15) to oil pan (17), which is situated in the lover part
of the front compressor bearing hou.ini. The oil appesrs here by gravity
flow from the reducer, the front cozpressor bearing and the central drive
housing. The oil is evacuated from the cavities of the front compreasor
bearing and the turbine bearing by two sections (19) of the oil pump and is
directed to the centrifugal air sepsrator (21), which also receives oil from
oil pan (17). After removal of the air the oil is cocled in air-oil
radiator (22) and is sgain directed to pressure section (12) of the oil pump.

Loss of oil in the oi]l system 1s replenished by oil delivery from the
o011 tank by means of sdditional supply pump (14) until restoration of the
spacified value o) 01l pressure at the input .o the pressure oil pump.

-12 -
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Figure 10. Diagram of the TFC AI-20A lubrication system: 1, 01l

tank breather; 2, 0il tank; 3, Bearings; 4, Breather pipes;

5, rpm regulator; 6, Centrifugal breather; 7, Central drive

breather; 8, Torque meter ofl pump; 9, Manometer to measure oii

pressure; 10, Fine-clesning ofl filcer; 11, Reduction valves;

12, Pressure section of the oil pump; 13, Check val 'es;

14, Additional supply pump; 15, Evacuating oil pump: 16, Drive

assembly casing; 17, 0il pan; 18, Command-fuel assembly;

19, Evscuating section of the oil pump; 20, Coarse-cleaning oil

filter; 21, Air separator; 22, Air-oil radiator

Breathing of the oil cavities of the front bearing housing and the
central drive is accomplished through the oil tank, and breathing of the
cavities of the rear comprassor basaring and the turbine bearing is accom-

plished through centrifugal brecther (6).

We have described sbove only a few typical TRD and TVD oil systems.
Other versions also exist; nevertheless the description given gives a
sufficiently clear representation of the operating fundsmentals of the
syastems snd of the methods of cleaning working lubricating oil in an enginz
(filtration, air separatiom, cooling, etec.) {13)].

In engine friction points and im the oil system the properties of the
oil employed change durins the operating process. It is possible to make &
judgmen: concerning thase conditions (an incresse in viscosity, a deterior-
ation of thermal oxidation stability, etc.) according to the condition of
individual assemblies of the oil system without disassembly of the engine.

-1l -




Thus oil foaming may be judged by operation of the oil pumps and the
pressure vhich they create; the cleanliness of filter elements within the oil
filters indicates the degree of oxidation of the working oil, atc.

Bagic 0il System Assemblies, the Influence of Operating Conditions
- on 011 Quality

011 Pumps

Gear pumps ne.used to deliver oil under pressure to ,ubbing parts and
to evacuate oil from them; pump output attains values of 350 t/min. An oil
pump coneistg of a pressure and sevcral evacuasting sections, and the
evacuating sections must have two-three times greater output than the
pressure sections. This is explained by the fact that fosming 0il reaches
the evacuating sections, and this oil has a large volume due to air content.
The output of pressure oil pumps is usually two-three times higher than
required, which ig necessary in order to provide normal o0il delivery to
rubbing points at an altitude at which the output of the pump decreuses. In
AGTD o1l systems a specifically established pressure of 3.5 to § kg/cnz is
maintained by means of a special reduction valve installed in the main oil
line. Therefore in evaluating the possibility of oil foaming and vapor-
i{zation i{n the prucess of operation in an engine it is not necessary to
sxamine the entire oil system or the oil line, but the individual assemblies
(for exsmple, the oil tank) of the 0il system and those parts which are -
lubricacted by means of spraying.

011 Filters
011 system filters are designed for cleaning from the oil haraful
impurities and contaminants -- metal particles (products of wear of rudbbing
parts), dirt and gummy substances and also hard particles which are products
of intensive oil oxidation during extended operation in an engiune.

In practice it is possible to judge from the deposits on the filter
screen not only the anci-wear properties of the oil, but also its capability
to resist oxidation.

011 filters are employed in pressure and in evacustion linas. In a
pressure main line, a low-pressura filter is installed before the pump, and a
high-pressure filter is installed after the pump. In an evacustion line
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filters may also be installed both before and after the pumip.

A diagram of
an oil filter is shown in Figure 11.
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FPigure 11. A diagram of a disk-strainer oil filter: 1, Housing;
2, Safety valve; 3, Frams; 4, Coupling bolt; 5, Place to measure

pressure; 6, Filtering disks; 7, Pilter cover; 8, Shut-off valve;

9, Main line ofil exit from the filter

The most widely employed filters in an AGTD are disk-strainer filters;
-the fundameotal oparating parts -- the filtering elements -- are disks of
brass or steel wire with the number of cells ranging from 225 to 5000 per
1 c-z. The disks are coated on a hollow frame.

The oil enters the filter and fills the annular cavity which 1s
situsted around the filtering element, passes through the strainers, is

filtered end passes through the frame to the ofil line. Filtered impurities

rensin on the surface of the screeans avi may be cvdﬁuted quantitatively and
qualitatively. The filtering element is usually washed in gasoline. The
filter may be removed without spilling sny oil by removing the filter cover.

In order to prevent rupture of the filter screen when the oil filter is
clogged vith deposits, it is equipped with a safery valve.

The permissible
pressure on the filter is from 1.3 to 1.5 k.lc-z.

. lhe Air Separator
One of the basic assemblies of the AGTD o1l system is the air separator,
vhich is installed in order to eliminate gases from the oil.
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It 1s known that foaming oil, saturated with gas, has a large volume;
this reduces the output of ofl pumps and the pregsure in the oil system and
in the final snalysis may disrupt normal lubrication of rubbing parts in the
engine. Foaming 0il has reduced thermal conductivity and shows degraded
performance in removing heat from hot enginc parts. In sdditon, 1t is
cooled unsatisfactorily in the radiator, as a result of which the overall oil

temperature may rise, and this in turn will cause a deterioration in heat
removal from engine parts.

Due to the large amount of oil pumped through the system snd the
significant gas content, the air separator must have a high output. There-
fore 1t is advantageous to employ centrifugal air separators in the AGTD,
which operats on the principle of s centrifuge.

The basic operating elemaent of a centrifugal air separator is s rotating
rotor, consisting of a shaft with a vane, which is placed in a special
housing with cavities. 01l is delivered by the evacuation pump through one
of the cavities of the housing and strikes the cutside of the air separator
rotor, and under the influence of centrifugal force is throcwn to the
periphery; from hers the oil exits through another cavity to the oil line end
then passes to the oil radiator. Air removed from the center of the rotor
through an asnular cavity is directed to the sir space of the oil tank. A
diagram of a centrifugal air separstor is shown in Figure 12.

011 Injectors

0il is measured and delivered in spray form to turbocompressor assembly
bearings in the AGTD by means of centrifugal or jet injectors. In a
centrifugal oil injector, oil under the pressure of the pressure pump
passes through a screen and through a spiral channel of the sprayer shaft
(vhers the jet is tvisted) and strikes the calibrated opening of the injector
housing and is sprayed on the bearing. A shortcoming of injectors of this
type is saturation of ths oil spray with air, as a result of which heaat
removal from the bearing dateriorates. Therafore the most widely employed
jet injactors which are simple in design are pipes with calibrated apertures
vith a dianeter of 1-1.5 wmm, from vhich the iubrtcltin. oil is directed to
the bearing in the form of a sprayed jet under pressure.
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Figure 12. A diagram of a centrifugal sir separator: 1, Housing;
2, Nut; 3, Cover; 4, FPiteing; S, Spline; 6, Shaft; 7, Vane.
1-3 are cavities.
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When products of intensive oxidatior ippear in the lubricating o1l in
the form of soft and sbrasive deposits, the injectors are often coked, as a
! result of which oil delivery to the bearing is reduced. This may lead to
burning of ball or roller bearings and to their failure.

The passage of ofl through injectors, removed after engine operation, is
usually checked on special pumping stands; a reduction in oil flow, in
comparison with authorized specifications, indicates a shortcoming in its
thermal oxidation stability. A disgram of an injector used for the lubrica-
tion of besrings is shown in Figure 13.

The Breathing System
The breathing system of the engine represants a device which connects

] the air space of the o1l tank and the oil cavities with the atmosphere. If
this systea is disrupted, lubricating o1l losses Ray increase siganificantly.

Engine breathing is required for normal engine operation; with s lack of
breathing, heating amd Vaporization of the 01l, and also a hreakthrough of
g§8sas into the oil cavities through labyrinth seals will ceuse an incressa in
pPressure in the oil cavictles and in the engine oil tank, and in the final
anslysis, may lead to throwing oil out of the system. In contemporary
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AGTD designs, the oil cavities are usually connected to the atmosphere by
means of a breather, which is & channel containing partitions allowing air
and 011 vapors to pass freely, but which oppose the exit of oil.

FPigure 13, A diagras of a centrifugal oil injector: 1, Channel;

2, Screen; 3, Sleeve; 4, Shaft

Ar. the present time centrifugal bresthers are the most widely employed,
vhich are similar in principle of operation and desigo to the centrifugal
atr separators described above. The wixture of air and oil vapors pas:cs
from the engine to a rotating vanc; the oil is throvn by centrifugal force
to the sides of the breather housing and drains along a special thread
through a discharge nozzla to the engine. The air which is released passes
through the cover of the breather and is vented to the atmosphere :hfou.h a
special channel.

With an iacrease in engine dreathing or with inexact lopatntion in the
breather of oil vapors and air, cil loss in the form of vapors increases.

Cases are known of an increase of 40-60X in lubricating oil consumption for

200-hour bench tests due to an increase in engine breathing. Therefore the
engine breathing system requires careful observationm.

- 18 -
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CHAPTER TWO

THE PURPOSES OF LUBRICATING OILS AND THEIR QUALITATIVE REQUIREMENTS

0411 Operating Conditions

In contemporary AGTD designs oil lubricates rubbing parts, removes heat
from them, acts as an operating fluid in various systems of manual and auto-
matic control, and also protects the engine from corrosion in the operating
state and while stopped or while in storage. '

In connection with AGTD design considerations, opersting conditions for
these lubricating nils differ significanc.y from operating conditions in
internal combustion piston engines. The tasic operating characteristic of
lubricating oil in all AGTD systems is the closed, continucus and multistage

circulaticn of relatively small quantities for an exteanded period of time
[14-15].

The basic operation assembly of the AGID -- the turbocompressor -- is
instslled on. ball anéd rolier amtifriction bearings and therefore the basic
type of friction in the AGTD 13 rolling frictioa. It is known that the
coefficient of friction for antifriction besrings is in the range 0.001-
0.004, vhereas for the usual sliding bearings this value reaches approx-
imately 0.01. In coutrast to piston engines the shaft of the trubocompressor
assesbly is well balanced and, motwithstanding the large number of revolu-
tions and the high axial and radial loads, operates without snarply changing
loads. This permits employing relatively low-viscosity oils for TRD
lubrication (with a kinematic viscosity zc¢ S0°C of 6-10 c¢s). In addition to
turbocompressor assembly bearings, the 31! lubriczates gear transmissions of
the sssembly drive. The total power delivared to the assembly drives is not
high (of the order of 200-500 hp), however, dus to the relatively samsll
dimensions in veight'l. the assembly drives represent significantly stressed
points and specific attention must be paid to the lubrication requirements.
At the same tixe, thes gears of these wechanisms, due to moderate losds snd
rates of slip, may be reliably lubricated with low-viscosity oils.
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In connection with the uniform and balanced rotation of the engine
turbocompressor shaft, the maximum load on the roller snd ball bearings of a
subsonic TRD usually does not exceed 1300~1500 kg (in piston engines the
crankshaft msin bearing loed may reach 10,000 kg). This permits us to
provide relisble lubrication of AGID bearings with oils which withstand a
critical o1l film destructive load (Pk on & four-ball machine) of the order
of 35-45 kg, whersas oils employed, for example, for the lubrication of
aviation piston engines (MK-22, MS~20), have values of 70-80 kg. However,
in connection with tendencies towsrd increasing the operating temperatures of
oils in the supersonic TRD, it is advantageous to increase this indicator for
low-viscosity oils by means of introducing special additives.

The oil system in the AGTD is isolated from the zone of burning fuel,
vhich fundesentally distinguishes it from the oil system of internal .
combustion piston engines. Therefore lubricating 01l losses in the AGID are
not observed, and the consumption, which is not significant, amounts to on
the average 0.25 to 1.5 kg/hr. 0il consumption in the AGTD is considered to
be nonreturning losses, which are composed of oil losses through the
labvrinth seals, oil thrown off through the breather system, disintegration
and conversion into products of intensive oxidation under the influence of
high temperatures. A certain asount of the lubricating oil is vaporized,
which ceuses it to be released into the atmosphere through the breather .
system.

Since the power expended in overcoming friction in turbocompressor anti-
friction bearings is not high, large quantities of heat are not generated in
these bearings, which usually occurs in the bushings of sliding bearings.
However, in s pover-boosted TRD, the bearings sre heated significantly, which
requires their intensive cooling. Since the o1l system capacity of a TRD is
usually not great (from 7 to 25 L), the pumping of oil through the engine
must be quite intensive for sufficient heat removal from hot engine parts.

The required rate of oil flow to the wngine is determined by the smount
of heat vhich must be removed; this rate is made up of the oil flow through
the turbine rotor bearings, the assembly drives, the TVD and also through
the reducor. The rate of oil flow through the turbocompressor rotor bearings
depsnds on the load on tham and on the number of revolutions, and is on the
average (in t/hr):
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, for compressor roller bearings 120-160
for compressor ball bearings 210-270
for turbine roller bearings 300-380

, The rate at which the oil is pumped through the housing of the assembly

' drives and through the reducer is determined by the power transmitted to the
oil, :be efficiency snd, just as in the case of pumping oil through the
besrings, by the thermal capacity of the oil and tlie maximum permissible
temparature of heating in the process of passing through the engine.

With a TRD oil system capacity of 15 &, for example, the rate at which
oil is pumped through the engine under various operating conditions may be
900-950 £/hr. Here one cycle of pumping all the ofl through the engine 1s
accomplished usually in 0.5~1 min; oil velocity in the channels and pipelines

of the evacuation line is 0.3-1 w/sec, and in the pressure line from 1.5 to
3 m/sec.

Jpen—

The temperature operating conditions for lubricating oil in TRD bearings
are different. As s rule the lowest cperating temperature is observed at the
front compressor bearing, and the highest temperature at the turbinc bearing.
Thus the compressor besrings in a subsonic TRD are hected during operation to
100-130°C, and the turbine earing tc 160°c!,

-y

The operating temperatures of subsonicTRO btearings which are in contact
with oil are shown in Table 1, and oil temperatures at the output of the
) bearings are shown in Table 2.

In the supersonic TRD the loads on the friction points increase, and in
this connection the teaperature operating conditions of the lubricating oil
are more severs (Tables 3 and 4).

The turbine bearing temperature increases sharply after the engine is
stopped (see Table 1), when the oil flow aud air cooling of the bearing
i cease, and heat from the turbiue vane continues to be applied. The curve of
, increased temperature of the turbine besring after the engine is stopped is
shown in Pigure 14 [4]. ’

! The temperature operating conditions for lubricating oil in the TVD as
a function of Jesign and engine power are shown in Table 5.

iSee p. 30

-~ 21 -

"m’?pm-o———v [

) . g - A R L et et s e he o GBS <A em




Table 1.

Subsonic TRD Priction Point Temperatures

‘ Bearing temperature °C
Friction point Duripg engine With engines
operation stopped
Reducer rpm 80-110 80-110
Compressor bearings
Front 50-80 50-80
Rear 100-125 - 125-150
Turbine bearings 125-150 240-260

Table 2.

Subsnmic TRD 01l Temperature at the Bearing Output

ire*C

From tle front

From the rear

From turbine

Turbine speed, compressor vaaring comprassor bearing benring_
rpm
12,000 32-38 57-72 71-88
18,000 43-60 88-113 85-123

|




Table 3. Supersonic TRD Thermal and Mechanical Loads on

Friction Points® b
Maximum |
Points Temperature Load, .
°c kg |
Bearing ‘ ’ ,
Front support#* 100 5,000 ?
Central support* 120 3,000 ‘
Rear support 200 4,200 ‘l
Gears
Central reduc-
_Reducer 120 13,800%*

Yor zircraft with a Mach number of 2-2.5.

tion 120 14,700%* ,
!
To kpjet, ot J

Table 4. 0411 Temparature Operating Conditions in the Bearings

L 2 of Various TED Turbines
S L
ine type
Sub~- Super-
onic Sonic
Texperature, °C
Turbine bearing | 175 175-300 -400
011 90 90-150 200
-2) -
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Figure 14. Temperature change curve of the turbine bearing
external ring after stopping the engine

Table 5. Contemporary TVD Lubricating Oil Temperature
Operating Corditions

T model .
T
Indicator 1 2 g A
+ 1- —+
Maximum o1l temperaturs i ) [
at the engine input, °C (1] 80 v 90 ' 75-85
Maximum 011 tempersture ;
' at the angine output, °C '11% 110 115 85-95
| Heat absorbed by oil uuder \
nomial conditions, kcal/ : | ’
N nin® i8s0 1850 1850 880-890

1 - -
*UWith an engine fnput oil tc-po;':tur. of 80°C.

In a TVD having a power of the ovrder of 4000 hp at a total oil system
capacity of approximately 80 &, the oil may be heated at the friction pointa
to the following temperatures (in °C): . _

TEAT COmMPressor bearing ....cc.cccacecnscnsaasssal30
turbine DEAring ........ccceterrtrascrcrecenssa160
FOAUCET ... ceocoenc-ossssovnanss sssnssess 110 = 130
sverage oil temperature at the engine fnput .... B0 - 100
average o0i] temperature at the engine output .... 100 - 120

For & TVD of the indicated power we stipulate that the oll temperatyre
at the output of the lubricated points of the engine is 20°C higher than at
the input to the engine (i.e., after the fuel-oil radiator), and that the oil
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temperature at the output from the reducer is 8-10% higher than the average
temperature of the oil lesving the engine.

Since the bearing temperatures of the engine are not identical, normal
cooling of the bearings is achieved by passing various quantities of oil
through them. Thus through the thermally stressad turbine bearing, two-
three times more oil (to 400 t/hr) is pumped than through the compressor
bearing. : )

Bearing temparatures in the supersonic TRD iof the near future will be .
450-500°C and higher; this makes the operating conditions for lubricating ofl
considerably more severs snd requires a sharp improvement in resistance to
oxidation. Naturally, the more the engine is power boosted and the more
pover taken from the engine, the higher the temperature of the gas in front
of the turbine and the temparature of the bearings and, therefore, the higher
the tempersture of the lubricating oil. Temperat.ure distribution in friction
points of & supersonic TRD is shown in Figure 15 [100].
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Figure 15. Temperature distribution (in °C) at TRD friction pointse.

011 temperature at the engine input is 150°C, and 200°C st the

output.

The quantity of lubricating oil delivered to the bsarings of the engine
in the final analysis depends on the baaring loads. Thus in a TRD with axial
compressors, 3-6 times more oil is deliverdd to the stressed bearings than to
sinilar bearings in a TRD with a centrifugal cowpreseor.

Usually the range of operating temperatures of the lubricating oil in
the ACTD is accepted as characterized by the average oil temperature at the
input and at the output of the engine. It is apparent from this that the
averags o1l temperaturs at the ocutput of the engine does not in ary way
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reflect the true temperatures of oil overheating st individusl friction
points. This must be considered in choosing oil for mimi and in evslu-
ating its high-temperature properties. '

In engines vhich have fuel-oil radiators, the oil oparstes ‘under better
conditions, since it is cooled more effectively (to approximately 40-50°C),
than in engines without radiators (to 70-80°C).

The tupcriturc operating conditions of iubricatin; oils in & TRD in
recent times have been made especially severe in view of the increase in the
flight speeds of supersonic nircﬁfz to Mach 3} and above. As a result of the
high air compression and the hcréuc in ite pressure at the atrcraft exit
cone, the temperature of the air i'ntcring the engine has increased sherply.
The dependence of the temperaturs of the air which enters the engine on

sircraft speed (at an altitude of',ill.OOO n) is characterized by the following
calculated data: .

Adrcraft speed, km/hr Airtemperature, °C
subsonic S -38

10¢° oo -13

2150 ’ 120

3200 - more than 300

An increase in the temperature of the sir entering the engine causes a sharp
increase in the temperature cycle of engine uperation; thus the temperature
operating conditions of the lubricating oil are more severs.

During supersonic flight speeds the temperature of the aircraft housing
increases sharply as a result of sir frictiom, which also negatively
influences engine cooling conditions and the cooling of the lubricating oil
vithin the engine. Airframe temperature values of supersonic aircraft,
manufactured cf steel and titanium, are shown in Figure 16 [100].

In reaching the zone of high temperstures, which includes the bearings
and other hot parts, part of the oil vaporizes which facilitates spraying of
the oil at the exit of the oil injectors and mixing the oil with air in oil
cavities of the gear assembly housings.

Englne 011 consumption (ususlly from 0.25 to 1.5 kg/hr), caused mainly
by losses through the breather system, are associsted firast of all with the
vaporization of of low-boiling point fractioma. This s confirmed by a
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significant incraase in viscosity of the 0il after extended operation in the
engine, notwithstanding the constant additiom of fresh oil. Therefore
lubricating oils employed in the AGTD must have a uniform fractional
composition and minimum volatility. High tuipcruturel and intensive contact
with air during the spraying of oil from injectors and during the lubrication
of drive asgembly gears causes rspid oxidation. In addition, the oil
contacts various metals and slloys, many of which are themselves pro-
oxidants. Copper, bronze, lead bronze, lead, mne-iui. aluminum, steel and
other metals and their alloys [16, 17]) are the most widely employed metals in
AGTD construction. As a result of oil oxidat.ion on engine parts snd in the
o1l systen, small, sticky residues and deposits, as well as varnish and
abrasive substances of .the carbene and carboid type sppear, which are
products of intensive oxidation of lubricating oil. In order to increase the

nariod of oneration of the lubricatirg oil without a change an’ to decrease
deposits in the engine, it must be sufficiently resistant to oxidation.

Lubricating oil operating conditions in the AGTD (the high cycle ratio,
intensive mixing of oil with air during spraying in the process of lubricating
bearings and gears) facilitates its foaming. The oil from bearings, toothed
gears and other lubricated points may have as much as 302 by volume of afr.

In a contemporary TRD the quantity of air entering the oil during oil
spraying in the injectors alone may attain a value of 20 mt/kg of oil. In
the engine 0il tank the pressure is always lower than in the remaining part
of the oil system; in addition, it is significantly reduced with an increase
in flight altitude which creates conditions for intensified oil foaming.

Intensive oil foamiog impairs the operation of the engine oil system.
The danger of throwing oil through the breathing aperture of the oil tank
arises, vhich leads to an increass in oil consumption and may csuse the
cessation of 0il delivary to engine friction pointe. Fosming 01l has poor
thermal conductivity and reduced heat capacity, and therefore it removes heat
from ho: sngine parts lese successfully. The output of pumps wvhich evacuate
foming oil is reduced. Tharefore the fomming tendency of oils employed in
the AGTD must be minimal.

According to specifications starting of the TRD wust be accomplished
rapidly and reliasbly by the starting device in 60-90 sec at temperatures from
-40 to =50°C (minimum oil temperatures for extended parking of aircraft
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under north climatic zone conditions). At such low temperatures the oils
employed cannot provide for a normal engine start, and they must be warmed up
by airdrome heating fac’lities.

Pigure 16. Provisional temperastures (in °C) of the airframes of

supersonic aircraft during flight: A, An airframe of stesl &d

titanium, at 8 speed of Mach 3; B, An airframs of aluminum and

titanium (10X), air speed Mach 2.2

Due -to the high viscosity of the tubricating oil in a cold engine,
starting of the turbocompressor assembly is not possible, and infitiatiom of
the required starting cycle is hindered. The delivery of oil to the engine
friction potnts' is reduced due to reduced oil pump output, which is connected
with high oil viscosity. The curve on Figure 17 shows the relationship
between the temperature of the oil being pumped through and the output of the
oil pump. The small starting torque of the antifriction bearings facilitates
by far starting of the engine at low temperatures; nevertheless the lubri-
cating 0il at lov temperatures must havs minimum viscosity and good pumping
qualities at the lubrication points. This is particularly requ*=s" Tor the
reason that in order to provide for the normal starting process of the AGID
turbine, the speed of rotation of the turbine must be approximately 1500 rpm,
vhich is difficult to attain with a turbostarter with the incressed reaist-
ance of high-viscosity lubricating oil.

011 Operating Charactaristics in the TVD
Some characteristics of lubri_ating oil operating conditions in the IVD
are dua to the presence in these engines of gear reducers. TVD reducers have
a gear ratio of tha order of 10:1 and vith small dimensions and compact size
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wust transmit high power, smounting to 17,000-20,000hp. Therefore the
reducers have a complex kinematic design, and their gears operate with high
loads and speeds. For example the contact shear stress in tha toothed
reducer gears amounts to.approximately 4000-6500 kg/ cmz. and the contact
corprassive stress amounts to 10,000--11,000 kg/cm2 {18}.

&

i

Sy
"7

o 22w-0 8 8 ”
.. Temperature, °C

Figure 17. Oil pump output as a function of the temperature of

oil being pumped. 01l viscosity at 50°C is 60 es.

At the high surface stresses generated along the line of engagement of
the gear teeth, the lubricating oil which possesses insufficient capability
to maintain itself on the metal and to withstand the pressure, will be
squaszed from the contact zone which leads to a great amount of wear, jamming
or breakage of the gear teeth. Therefore the lubrfcatina' oil employed in the
TVD reducer must have high‘ load carrying capacity and good lubricating
properties. ore often than not thesge prozerties are characteristic of high-

. viscosity oils, however the use of such oils in the TVD is not advantageous

due to the use of a single system of lubrication for the turbocompressor and
reducer. A low-viscosity oil is required for quick and easy starting of the
engine turbine, and & high-viscosity oil with increased lubricating proper-
ties is required for lubrication of the highly stressed reducer gears. These
contradictory requirements create serious difficulties in the developmen:t of
qualified TVD oils. It is for this reason that special lubricating oils are
employed in the TVD which differ in oparating properties from the TRB oils
[19, 20]).

*

A significant property of the reducer is the requirement to deliver to
it an sbundant quantity of oil, since the amount of heat vhich must be
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recoved fron the reducer is quite large. The quantity of heat absorbed ;y
the lubrivating oil in the reducer may be determined in the following marner.
In the TVD approximately 10Z of the power is expended in the form of reactive
thrust through the resction nozzle, but 90Z of the power goes to the reducer
for the drive to rotate the airscrevs. With a TVD power of 4000 hp, the
reducer will transmit a power of 3600 hp; with an efficiency factor of 0.98
the power losses in the reducer amount to 72 hp, which is equivilent to

800 kcaul/hr of heat. A certain part of this heat will be lost through the

reducer hoysing, but the main part of the heat must be removed by the
lubricating oil.

Wich an engine power of 11,000-12,000 hp, aest removal by the oil in the
reducer will be approximately 2000 kcal/hr. In order to remove such a large
quantity of heat from the reducer, the flow of oil through the TVD 1is
increased. In the AI-20 engine under nominal conditions, the ofl flow

sttains a value of 135 kg/hr, and in more powerful enginee, the value is
1900 kg/hr.

™VD lubricatin; oil with a high load-carrying capacity, good starting
propertioi and sufficiant thermal oxfdation stabilit» may be developed not.
only on the basis of petroleum, but als. of synthetic rav material with the
sisultaneous employment of complex and effective additives [21, 22].

041 Yuality Requirements
The type of lubricating o1l employed in an engine is deteruinzi by

design characteristics arnd specifications of the engine, mainly by the loads
on rubbing parts and points, by their operating teuparatu + and types of
bearings.

Lubrication Capability

One of the basic requirements tor subsonic ACTD oils 1s thevrelinblo
lubrication of parts within a temperature range of ~50 to 150°C, For a
supersonic thermally scressad TRD, the upper limit osust be higher. The oil
sust provide for sminimum wvear of parts (first of all of tha turbocompressor
bearings) not only during crdiaary operating conditions, but also during
short-term disruptions of the liquid lubrication cycle. Usuglly such a
disxuption occurs during engine startiog after an axtended period of ‘standing
and especially under lov temperature conditions vhen fasufficlant cil arrives
at fricttion points.
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Experience in the applicstion of TRD petroleum and synthetic oils in the
USSR and abroad reveals that oil satisfies engine requirements insofar as
anti~wear propertias are ccncerned with a minimum critical load value for oil
film breakdown (value Pk' determined on & four-ball friction machine) of
40-50 kg. For TVD oils this indicator must attain s value of 70-90 kg.

Starting Properties
AGTD lubricating oils must be characterized by good starting (low-

temperature) properties. These properties are determined by a complex of

_physicochemical indicators, such as the slope of the viscosity-temperature

curve, the viscosity level and to a certain extent the pour point. For AGTD
use lubriciting oils are prelerred with the wildest alope in the viscosity-
temperature characteristic, i.e., oils /n which the influence of temperature
on viscosity change ic minimal.

The basic indicator whica 1is important in the process of engine starting
at low temperatures is the viscosity level, which characterizes the pumping
quelity of the 01l under these conditions. Bench tasts, accomplished at
-54°C, hava revealed that even durirg operation with low-viscosity petroleum-
based oil, the pressure in the oil vystem is quickly reduced and after
ten minutes of engine operation the pressure drops almost to zero due to a
sharp increase in oil viscosity and the reduction in oil pump output.

011 pumping quality may be characterized by a critical tempsrasture, i.e.
by a temperature at which delivery of the oil to friction points is disrupted
or ceases altogethﬁr. Table 6 shows tentative critical temperatures for the
pumping quality of oils of varjous wiscosities.

It is obvious that the critical temperature of disruption or cessaticn
of oil delivery depends on oil viscosity. Foreign TR> exploitation has
revealed that wormal oil pumping quality is disrupted with a viscosity of
apyroximataly 5000 cs and ceases at 20,000 cs. Depending on the starting
powef'ot the starting devices for domestic AGTD, the maximum viscosity of the
0il which provides a normal engine start without warm-up cannot exceed 2000~
4500 cs; this viscosity for low-viscosity petroleum-based oils is observed ar
temperatures from =30 to ~35°C. The viscosity of lubricating oils with

optimum starting properties at temperatures from -4u to -50°C must bz
2000-4500 cs, with a pour point to -60°C.
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Table 6. Punping Quality Critical Temperstures for
- TRD Lubricating 0ils
) Temperature, °C
Kinematic At vhich oil At vhich otl
. o1} viscosity at |delivery is delivery
( s0°C disrupted cedses
Petroleum 7 ¢ =43 ~51
Petroleun 150 :o=1 ~15
Synthetic 7 -5l ~59
Synthetic 8 -48 ~56
1

Thermal Oxidation Stability
AGTD lubricating oil must be characterized by the ability to prenérve
its initial properties, i.e. must be stable with respect to oxidation during
extended engine operation, and must not form deposits, varmish and other

oxidation products in the engine and must not cause corrosion of metals due

to an increase in acidity.

According to practical data oil in a contemporary TRD in one engine
cycle (beginning at the arrival at the lubrication points and the exit to the
01l radiator) is hested on the average by 40-70°C.

The average operating temperature of the oil in a subsonic TRD usually
does not exceed 120-150°C; in a supersonic TRD this valus muy be 250°C and
above. Therefore lubricating oil for a subsonic TRD must be stable to
140-160°C, and for a supersonic TRD, appareritly, to a value of the order of
300°C and above.

In connection with the high operating temperatures in the supersonic TRD
sbroad, significant difficulties ware experienced in development of thermally
stable oils for these sngines [23]. Thus the deveispmant of the supersonic
transport saircraft "Concord” (an Anglo-Frencs compuay) has been retarded due

to the lack of the required materials, not che least of which has bean the
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lubricating oil. In engines of the "Bristol Siddley" firm, the oil
temperature is 120-130°C, and in the engine of the supersonic aircraft
"Concord,"” it must increase on the average to 180°C. From several lubrica-
tion points 4in this engine the oil will enter the ﬁunpins system heated to a
temperature of 285°C, and will come into contact with air having a temper-
ature up to 350°C. The question {s being discussed in many foreign refer-
ences [24-28) concerning the characteristics that must be possessed by oils
intended for supersonic transport aircraft with a flight speed of Mach 2.2
and above. Here most attention is being devoted to the requirements for
thermal oxidation stability of uils and to a study of organic and other

compounds which may be used sc 2 basis for high-temperature lubricating oils.

This question will be examined in detail in Chapter Thirteen.

Stability of Fractional Composition and Other Prcperties

ACTD petroleum-based lubricating oil must be uniform and have a stable
fractional composition; this causes minimal volatility of low boiling point
fractions, as a result of which oil consumption is reduced and the viscosity
properties of the oil are maintained during the entire service period of the
oil in the engine. Therefore the requirement for minimum volatility and
possibly narrow fractional composition (boiling away within the limits
60-70°C iIn place of the usual 100-120°C) is quite essentisl for oils of
petroleum origin; for synthetic oils this i1s a very important requirement.

In conclusion it is necesssry to point out that AGTD oils must display
minimm fosming, must have s high flash point and self-ignition point and
must not destroy metals, rubber and various other sealing materials and
coverings. ‘ihe oil must not be toxic in the liquid form, i{n vapors and in
mixtures with air.

An effort should also be made for the cost reduction of lubricating
oils; however, this factor is not a decisive one, for the high quality of
oils gives a greater economic sffect as a result of oi] operation without
changes and an increase in the life of the engine.
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Footnotes .

l. 7o p.2l. The temperatures of bearings, fraction points gnd oil temper-
stures presented here and subsequently were taken from various sources '
and for various models of engines; therefore they differ somewhat among
themselves and are not always fully comparable. Nevertheless these data

- aras of definite interest aince they characterize the overall picture of
of lubricating oil operati'ng conditions.
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CHAPTER TEREE
DOMESTIC TRD LUBRICATING OILS

The Selection, Manufacturing Methods and Basic Properties

Low-viscosity lubriqating oils, obtained from a petroleum base, are
widely employed in the Soviet Union. These oils have viscosities of 6-9 cs

at 50 °C and operate satisfactorily in subsonic TRD installations with
moderats thermal conditioms.

It may be assumed that in the USSR petroleum TRD and TVD lubricants
will not soon lo-e their significance.

A short exsmination of the higtory of the development and application of
petroleun lubricants for the TRU in the Soviet Unicn may be of interest. In
the perdiod of the formation of domestic jet aviation (1947), there were no
special TRD-qualified oils. Tests and final adjustment of the engines were
accomplished using oils intended for other types of technology, and these
oils, which in viscosity and lubricating properties gave satisfactory
results, vere ulunid to be applicabie to the TRD. These included trans-
former, AU spindle oil, L turbine ofl and mixtures of other aviation oils,
including MS-14, MS-20 or MK-22 with transformer oil. To the transformer oil
wvas added 0.05-0.1X stearic acid in order to improve its lubricating proper-
ties. Both the oils and the mixtures differed sharply in low-temperature
properties, thermal oxidation stability sand other properties, which created
difficulties in TRD sxploitation. Due to viscosity fluctuations at low
temperatures for individual batches of the same oil and of their mixtures,
the temperature ranges for engine starting in winter were not identicsl. In
evaluating the possibility of employing a specific oil i3 the TRD, the basic
criterion accepted wvas the viscosity which provided for relisble engine
starting without employing airdrome warm-up facilities. This criterion 1s
still one of the basic criteria today.
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In order to maintain equipment readiness in the aircraft park, the oil
must provide for reliable engine starting in an optimunm case down to an
ambient air temperature of ~50°C.

The following measures were taken in connection with the lack of
special low pour point oils in the 1945-1947 period:

thinning of the oil with aviation gssoline before starting the engine;

use in place of 0il in the TRD of synthetic products with a low pour
point;

use in engines of the lowest wiscosity petroleum oils.
For a long time 10-152 of T-1 fuel was poured into the oil system of the
engine before stopping; this was accomplished in agreement with imstructions
for engine use, but created technical difficulties, caused incre:sed engine
vear, and did not solve the problem.

From a number of synthetic products available at the time, several
silicones (polvsilicone) were tested for TRD use; these compounds were char-
acterized bv a very mild slope in the viscosity-temperature curve acd a pour
point of approximately -60°C. The test revealed that the basic shortcomings
of polysilicone liquids are the insufficient lubricating capability and the
tendency toward the formation of jellies at increased temperatures. These
shortcomings and also the high cost of polysilicones and their shortage did
not permit using them as TRD lubricants.

Petroleum Oils and Their Preparation

Low-viscosity petroleum oils were acknowledged to be the most promising
cils with satisfactory starting characteristics. In particular, transformer
oil (GOST [All-Union State Standard] 982-56) had the lowest viscosity of all
the oils employed and had a low pour point. Stearic acid wvas sdded to the
oil at the airdromes, which created significant difficulties in oil storage
and use. Work based on the requirement to introduce stearic acid into the
0il was checked on instrusents which reproduced sliding friction; therefore
conclusions concerning the poor lubricating properties of the transformar oil
had to be checked. It wvas also necessary to check estsblished transformar

oil change pariods in various engines with similar temparature operating
conditions.
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Special tests accomplished with a TRD revesled that in these engiues {t
is possible to employ low-viscosity petroleum oils without stesric acid; for
8ll domestic TRD :nstallations petroleum oil is suitable, i.e. transformer
0il umder the condition that the oil be changed after each 100 hr of engine
opsration. Then petroleum oil of a special type was tested and authorized
for use in the TRD; the MK~-8 (GOST 6457-66) type, which differed from
transformer oil by better laé-teuperuure_ properties and by a stricter
selection of the petroleum base used in 1ts production,

Notwithstanding its significant shortcomizgs, the MK-8 01l has been used
for many years in conjunction with transformer oil as the basic type of
petroleum lubricant for the subsonic TRD. Since the MK-8 oil did mot fully
satisfy requirements in engine starting properties, antioxidation properties
and stability of fractional composition during extended oparation in the TRD,
in the period 1959-1963 improved petroleum oils were developed for the
domestic subsonic TRD: these were the MK-6 (GOST 10328-63) and the MS-6
(GOST 11552-65) oils. They are characterized by a narrow fractional composi-
tion, & somewhat lower initial viscosity (6 cs 'at 50°C in comparison with
8 cs for MK-8 oil), by good starting characteristics and a stable fractional

composition.

In a TRD with an increased t.nperatuie cycle, MK~8p (FOST 6457-66) oil
is nbloyed. which in comparison with MK-8 oil has somewhat improved thermal
oxidation stability. It is prepared by introducing into MK-8 oil 0.61 by
weight of the antioxidizing addftive dibutyl paracresol of the DBK-69 brand,
known under the name of "Iomol."

The following petroleum 0ils are used at the present time for the
lubrication of domestic TRD installations: MK-8 and MK-8p (GOST 6457-66);
trsnsformer oil (GOST 982-518); MK~6 (GOST 10328-63); MS-6 (GOST 11552-65).

In comparison with MX-8, transformer oil has poorer low-temperature
characteristics, and its application at the present time is not significant.
The MK-6 and M5-6 oils, insofar as exploitation characteristics are
concerned, are quite close to each other, are intarchangesble and in essence
represent the same type of olil prepared from petroleum of different sources.
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The Preparation of MK-8 041

Dus to the strict requirements establighed for the lov-temperature
properties and thermal oxidation stability of TRD domestic petrolewm oils,
until recent times their production has involved selected grude. Thus, low
MK-8 pour point oil is manufactured from oil distillstes of selected Baku
crude, in particular from high-quality nonparaffinaceous Balakhany crude oil.
However, in connection with thc tendeacy to reduce the cxfrlction of ’
Bah!hany crude, obtaining TRD oils for widespread use from this crude is no !
longer promising. According to GOST 6457-66, the adding of 14X Romanovka
crude is authorized during the preparattion of MK-8 oil; the oil may also be
prepasred from Dossor crude. In this cace somewhat poorer viscosity~ 1
temperature and antioxidation ofl properties are authorized. '

The MK-8 011 is obtained by means of cleaning the distillates with
sulfuric acid (92). Transformer oil is prepared using the same technique

from a mixture of other Baku crude oils, including Bslskhany, Romanovks, etc.
taken in various ratios (Table 7).

The method of obtaining TRD oils by narrowing the fractional composition
ts quite promising. This method permits the manufscture of oils which
satisfy the requirements of GOST 6457-66 from a number of domestic crudes,
which were not previously employed for this purpose.

In addition, MK~6 and MS~6 oils obtained by this method have signif-
icantly better exploitation characteristics in comparison with the MKX-8 oil.

The fractional compositioa of the MK~8 oil changes in the process of its
operation in an engine. This is associated with vaporisastion from the oil of
the low-boiling fractions, as a result of which oil viscosity rises consider-
ably. Thus investigations have revealed that chis is caused by the broad
fractional composition of the oil, i.e. it doils awsy in a wide range of
temperatures (on the average from 270 to MO'C).. The vacuum distillation
curves of the MX-8 oils sre showm f{n FPigure 18. It is apparent froa the
drawing that the MK-8 oil contains & significant quantity of low-boiling
fractions; their vaporization in the engine st incressed temperatures causes
a sharp rise in the viscosity of tha oil as a result of the particularly
high-viscoeity heavy fractions contained in the oil. It follows from this
that TRD lubricating oils must have a more uniform composition, {.s., they
must not contain low-boiling and high-viscosity hesvy fractions. Then vith
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partial oil vaporization, a change in 0il viscosity will be less significant.
Other properties of oils with a narrowv fractional composition will also
display less change during their partial vaporization; therefore oils of this
type may operate for an extended period of time in the TRD with no signif-
icant changes in the viscosity~temperature and other propertiuﬂ.

Table 7. The Crude Petroleum and the Technique Used in Preparing TRD

Petroleum Oils

01l Crude petroleun

Distillate

Distillate
cleansing
MK-~-8 light Balakhany crude, with oil distillate acid-contact
permissible addition of 14X 300-400°C
Romanovks; and Dossor crude
MK-8p* light Balakhany crude, with oil distillate acid-contact

permispible addition of 14X
Romanovka; and Dossor crude

-trans- mixture of Baku crudes in

former | various ratios (Balakhany,
o1l Romanovka, Buzovna)
MK-6 ‘Troitsko-Anastes'yevka o1l
of IV level of Krasnodar
Kray deposit

MS-Eik Tuymazy Devonian petroleum
of the sastarn deposit

300~400°C

oil distillate
300-400°C

oil distillate
of narrow frac-
tional composi-
tion 320-370°C
oil distillate
of narrow frac-
tional composi-
tion 300-370°C

* The 01l contains 0.6X antioxidaticn l&ditivc Jonol.
#%* The oil contains 0.2% antioxidation additive Ionol.

acid contact

acid

selective, with
phenol; intensive
dewvaxing

The Preparstion of Oils of Narrow Fractional Composition

Work has been accomplished in the selection of the optimum fractional
composition fot ME-6 and MS-6 oils. The method of selection consisted of the
following: o1l distillates were prepared under laboratory conditions in a
vacuoum for narrow fractions and after studies of the viscous properties of
these fractions, mixtures were prepared satisfying the requirements for
minimumm volatility and possessing a mildly sloping viscosity-teaperature
curve. In preparing oils of narrow fractional composition it 1is most
advantageous to employ the msximum possible number of initial distillation

fractions.

In order to obtainm oils of narrow fractional composition, oil refineries
employ devices for precise rectification of oil fractions {29, 30].
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Pigure 18. The fractional composition of diffarent specimens o.f

Mx-8 oil: 1, Low-boiling fraction; 2, Medium fractions;

3, Righ-viscosity hesvy fractions

MK-6 ofl. This oil is prepared by means of sulfuric scid cleaning of an
0il distillate of narrow fractional composition, obtained from Troitsko~
Ansstas'yevka crude of the IV level of the Krasnodsr Kray dopout. This
crude has high qualicty and is nonparaffinaceous, nonsour and is highly
aromutized (it contains up to 40X of sromatic hydrocarbonu) with a low pour
point. The lack of paraffins permits ob:aining from this crude without

devaxing lov pour point oils of the tranaformer, capacitor and other types
[31).

The properties of the MK~6 oil obtained from this crude are embodied
in the selection of s distillate of specified fractional composition,
vhich determines the optimum low-temperature properties end the lowvest
volatility of the ofl, and also by the selaction of the cleaning depth of the
distillate by sulfuric acid. With desper sulfuric acid cleaning, the
viscosity-temperaturs charscteristics of the MK-6 o0il ie fmproved as a
result of the removal of aromatic hydrocarbons, but oxidation stability
falls. Inveatigations have revealed [32] that in order to obtain MX-6 oils
vith optimm properties, their fractional composition must be within the

range 320-370°C, and cleaning sust be sccomplished with a 62 quantity of 96X
sulfuric acid.
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MS~6 oil. This oil is obtained from sour Tuymazy crude from the eastern
deposit. Notwithstanding the high content in eastern crude oils of paraffin
hydrocarbons and sulfur content, they may be employed for the manufacture of
low-viscosity low pour point oils. The MS-6 oil is obtained by means of
solvent tieating of thes distillate with phenol (the ratio of phenvl to crude
is 2:1) with subsequant deep dewaxing of the raffinate obtained in an
acatone-toluene solution with a final cocling temperature of -65°C [33, 34].
Further, the ofl is subjected to secondary ractification with the aim of
narrowing the fractional composition. The optimal fractional composition of
the MS-6 oil is established as 300-370°C. 1In order to improve the themal
oxidation stability in the MS-6 oil, 0.2% antioxidstion additive Ionol is
introduced.

It should ba noted that only by narrowing the fractional composition of
the distillate of Tuymazy crude are we successful in obtainiug an oil with a
pour point of ~55 to -57°C for acetone-toluene solution dewaxing. In the
case of the usual fractional composition {300~400°C), oil with a pour point
of ~55°C may be obtained only with the use of scarce methylethyl ketone.
Thus narrowing of the fractional composition permits us to draw into the
production of TRD oils the broad resources of esstern crude. The basic.
.propertiu of petroleum-based TRD lubricants are shown in Table 8.

The MK~6 and MS-6 oils in comparison with theMK -8 oil possesses better
operating properties, including lower viscosity at -40°C, a smoother
viscosity-temperature curve and a lower pour poiat.

Type MK-8 oils. Recently investigations have been conducted in the USSR
in connection with the possibility of obtaining low pour point oils of the
MK-8 type from domestic crude oils previously not employed for theae
purposes. In 1958 ac the AzNII NP [35] [Azerbaydzhan Scientific Research
Institute for Patroleum Processing] the MK-8 oil of narrov fractional
composition was obtained from a mixture of Balakhany and Romanovka crude oils
by means of acid-contact cleansing of narrow fractionsl composition compounds
(60-70°C), separated by secondary dietillation of MK-8 prepared commercial
oil or its distillate. In both cases the oil displayed insufficient oxida-
tion stability. This msy have been csused by the removal from the product in
the process of secundary rectification of natural sntioxidant agents, vhich
remained in the hesvier fractions of the distillate.
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Table 8. Basic Physicochemical Properties of Domestic TRD Petroleum Oils

OIL ]
MK-6 | MK-8p |[Trans- “K-6 MS-6
Indicator {GOST (gosT former K10328~ J60ST
u57-6616u57—66] (982~ [63) 1552~
56) . 65)
Kinematic viscosity, c=
at 50°C .....ieiiiieennn. ....i{M1n 8.3|min 8.3|max 9.46.0-6.36.0-6.3
at 20°C, maximum ............|30 30 37.3 19 18
at -40°C,maximum ............|Approx. ]
8500 - - 3300 1700
Kinematic viscosity ratio at
-20°c and 50°C, maximum .......] 60 60 - 46.5 | 30¢
Acid No., mg KOH/g, maximum ...]| N.04 0.04 0.05 | n.ob -.N4
Kinematic viscosity at -%0%c ot est-
after evaporation (in sccord- bli.hed,
ance withOGOST 10306-62) for 2 eter-
hr at 150°C; air delivery rate ination
1.5 ¢/min and residual pressure g8 re-
198 mm Hg, cs, maximum,........ - - - 5600 uired
Stability after oxidation #¢ not
quantity of deposits, % max. 0.1 0.15 - 0.1 vail-
ble
Acid No. mg KOH/g, maximum ... 0.35 0.60 | 0.35 0.35 {0.15
Ash content, % maximum ...... 0.05 .05 0.05 0.05 0.005
Contents
eylfur, § maximum .......... 0.14 0.14 - 0.14 0.7
watcr-soluble acid and alkall not available
mechanical impurities ....... A
water ........ esretsetreeseas "
Temperature, °¢
flash point, determined in a
closed crucible, minimum..... 135 135 135 140 140
pour point, maximum ......... -55 =55 -45 -60 -5
Alkali test with acidification
points, naximumo............... 2 2 - 2 -
Aniline point, “C minimum ..... 79 79 - 60 80
Corrosion on Cl or C2 type lead
plates (in ecgordance with GOST
3778-56), g/m“, maximum ...... - - - 30 5
Density at 20°C,g/cm3, maximum l0.885 [0.885 - 0.90 [0.860
® According to statistical data.

8¢ The stability of tiie MK-8p 01l 1s determined in accordance with a
strict method in the VTI [expanaioe of this abdbreviation unknown] in

accordance with GOST 981-55 at 175

to the tube of ? t/hr.
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The authors have noted [35] that during mazut distillation for narrow
fractiors with subsequent scid-rontact cleaning, it {s possible to obtain
oils which comply with the thermal oxidation stability requirements of
GOST 6457-66. The quality of the MK-8 o’l snd all of the samples described
below {s shown in Appendix 1.

According tu date from other investigators [32], the thermal oxidation
stability of the oil does not noticeahly decrease after the secondary
distillation. Tuus MK-6 oil of ncrrow fractional composition (325-375°Ci,
cbtaines by distiilation of MK-8 oil (270-420°C) from Balakhany petroleur o1’
in & secondary rectification device, contains approximately 50% of the
initial MK~-8 oil; ir pour point, smoothneas of the viséoaity-tcaperature
curve and other propertier MK-6 oil surpassed the initial MK-8 oil and in
thermal oxidation statility satisfled rthe requirements of GOST 6457-£6,

MS-6 oil 1s obtained from Kazakh and Shakopovo crude [36] by means
of cleaning of thc distillate (290-360°C) having a viscosity of 50°C of
5.6-6.1 cs with phenol (from 80 to 30CZ by weight of the source material), by
devaxing in an acetcne-toluene solution with a filtration temperature of
~-60°C and & fipa' contact cl2aning with 7% Satny earth. After a secondary
digst{llation with the aim of narrowing the fractional cemposition and the
introduction of 0.15% of ¥nnol, ar oll is obtained which satisfies the
requirements of GOST 11552-65.

In order-to study the possibility of obtaining type MK-8 oil from
Anastas’yevka crude, in the laboratories cf seversl petroleum refineries MK-8
oil distillates from the same crude were cleaned with different quantities of
sulfuric ac ith the sim of clurifying the ‘nfiuence of de~p cleaning of
the oil on its low-temperature and entioxidant properties [31}. The results
were that with the usual le:c]l of cleaning of the distiliates w.ith 6-10% of
sulfuric acid with & atrength of 94-98%, it was not possible to obtain a
standard oil, since after such a cleaning the o1l was characterized by a high
viecosity ratio at -20°C and 50°C, by increased density, and a low aniline
point. In addition, the oil had high viscosity at -40°C (Table 9), which
deteriorated the starcing characteristics.

Under deep cleaning conditions using 502 sulfuric acal, all of the

indicators enusesated correspond to the requirements of GOST 6457-53, eacept

for oxidation s_at1lity, which deteriorates noticeably in oroportion to the




depthk of the oil cleaning. However, with the introduction of 0.2% of Iomnol,
stability of the oil reaches the level of MK-8 oil.
Table 9. The dependence of the Physicochenical Properties

of MK-8 011, Obtained from Anastas'yevka Crude, on :he
Depth of Sulfuric Acid Cleaning

Sulfuric acid content, £
MK-8 o1l [6.4 10.0 g&: + 50
Indicator require- ol
ments ac- eum
cording
to GOST
64 =66
inematic viscosity, c¢s
2t 50°C .....tiieenienne...imin.8.3 | B.7 8.7 .t 8.7
at 20°C ....iviiiiennenn...|max.30.0] 29.3 |28.4 "R.0 | 28.5
at -40% ......iieeiiean... - 12700 8700 | LuBo 5900
inematic viscosity ratio at
20°C and 50° C .......0.u.... |max.60.0] 73.2 72.5 62.3 | 59.3
TI stabiliity ..
deposits after oxidation,f |mex. 0.1] 0.5 |[0.12 0.10 | 0.08
acid no., mg KOH/g .........|max.0.35] 0.20 |0.52 0.21 |1.20
ous point, °C ...............|max.=55 | -55 |57 -57 | -60
easity at 20°C, g/em .......max0.885 [0.895 '0.889 |0.884 | 0.884

Test oils of the MK-8 (MS~8 and MS-6) type may also be obtained from
distillates of Anastas'yevka crude (at 300-390 and 300-380°C, respectively)
by means of solvent treating these with 70-90% of furfural and subsequent
final cleaning of the raffinates with 2% of sulfuric acid and 102 bleaching
earth [37]). MS-8 and MS-6 oils obtained are stable without the intr-~duction
of antioxidant additives.

Tescs have revealed [38) that MK-8 o1l can also be obtained from
Zhirnovek crude fn sccordance with the following variations in the technical
processing methods:

1) dewaxing of the distillate of narrow fractional composition (350-
375°C) having a ‘riscosity (at 50°C) of 8 cs with crystal carbamide (100% of
the base) in the presence of a methanol activator and subsequent cleaning

with 102 sulfuric scid;
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2) dewaxing of the distillate of broad fractional composition (300-
380°C) having a viscosity (at 50°C) of 5.7 cs is accomplished with crystal
carbamide.

In order to raise the viscosity and to reduce the pour poinc, 12X

polymethylcerylate or 0.5%2 polymethylcrylate and polyisobutylene are introduced
into the oil.

MK-8 01l may be obtained from heavy Mslgobek [38) by dewaxing a
distillate of narrow fractional composition (320-380°C) witn crvstal
carbamide and cleaning with 2.5% sulfuric acid.

This short summary in the methods of obtaining petroleum oils for TRD
applications reveals that type MK-8 0ils may be obtained from various
domestic crudes by means of selecting oil distillates of optimum fractional
composition and by their deep cleaning with sulfuric acid, by solvent or
carbamide cleaning, or by a combination of- these methods.

MR-8p 0il. 1In a TRD, where the oll temperature at the engine input and
output attains values of cthe order of 120 and 150°C, respectively, MK-£ oil,
Just as other distillate oils without additives, shows intense oxidation.
Since the deposit of intensive oxidation products interferes with engine
operation, the nec=ssity arose to improve the thermal oxidation stability of
MK-8 oil.

The oxidation stability of MK-8 oil may be improved by the introduction
into the oil of the antioxidant additive Ionol. Of the laboratory methods of
evaluating the thermal oxidation stability of TRD petzoleum oils, the one
most clearly reflecting operating conditions in an engine is the method of
intensive oxidation in the VTI device, in which the oil is oxidized for 10 hr
at 175°C. Into each test tube air is delivered at the rate of 3 i/hr;
copper and steal balls serve as oxidation catalysts.

Tests made in accordance with this method of the MK-8 oil, both in its
pure form and with the addition of Ionol, reveal that lonol is & sufficiently
effective antioxidant additive; with its introduction into the oil in a
quanticty of 0.6X by weight, the acid number after oxidation becomes two-
three times less, and the deposits four-five times less than without the

addictive. Thus for an o0il specimen having siter oxidation an acid number of

us




1,58 mg KOH/g and 1.34T of formed deposits, after introduction of 0.6% Ionol
these indicators were reduced to 0.12 mg KOH/g and 0.04%, respectively.

Different commercial batches of MK-8 oil have different Ionol suscept-
ibilities, but on the average the introduction of 0.6% lonol into the oil
gives ¢ noticeable antioxidant effect (Table 10).

. [ |
Table 10. The Influence of Ionol on the Thermal Oxidation Stability )
of MK-8 01l
ommerclal Thermal oxidation stability
atches of| Acid No., mg KOH/g Quantity of gep:sits % by
we
K-8 o1l -I-
no ) 11th 0.6% no With 0.6% ;
additive s {
I Ionol additive Tonol i
1 0.93 0.50 1.08 0.28 :
2 0.83 0.19 0.87 0.02 !
3 0.75 0.42 1.00 0.10 L
] 1.67 0.30 1.58 0.05
5 0.87 0.18 0.82 0.63 . *
The results of laboratory tests of the MK-8 o1l with 0.62 Ionol were
confirmed during engine tests, and this @il began to be employed for therm-
ally stressed TRD installations. Subsequently this oil was designated as ;
MK-8p. '
!
In order to mix the MK-8 oil with Ionol a 102 Ionol concentrate in oil
is prepared first at a temperature of 70-80°C and the mixture is agitated.
Then the concentrate is dissolved in oll. The prepared oil is filtered. r

It is possible to obtain lubricants which are more oxidation resistant
than MK-8 and other petroleum oils by the introduction of a complex of
thickening, anti-vear and antioxidant additives into a well-cleaned petroleum
base of the MK-B type. The application in thermal.y stressed TRD installa-
tions of such lubricanta must be quite proaising.
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Synthetic Oils
Esters of mono- aud dicarboxylic scids have been well studied abroad as

synthetic lubricating materials [39-43] and have been employed in those cases
when pestroleum oils have not provided reliable lubrication for aviation gas
turbine engines. ‘ '

Production
The use of synthetic lubricants has begun in the USSR in recent years
[44]. The first experimental-industrial installation for the production of
svnthetic lubricants on the basis of esters of carboxylic acids was created
in 1961 (45].

Esters are obtained by the interaction of acids and alcohols under
atmospheric pressure within the temperature range of 140-225°C and in the
presence of zinc oxide as a catalyst. Sulfuric and other acida may also be
employed as catalysts. In the Soviet Union pentaervthritol esters of
synthetic fatty acids with the number of carbon atoms C4-C, are produced [39]
in the presence of zinc oxide. Since this process of esterification is
cuuberlble and 1is not without technical shortcomings, in order to obtain
esters of the acids and alcohols indicated, an improved process [39-40] was
suggestel in which zinc oxide was replaced with ion exchange resins -~ cation
exchange resins of a sulfonated copolymer of styrene and divinylbenzene
(KU-2 and "AV-17 exchange resins). According to foreign references [46],

cation exchange resins have long been employed for this purpose.

Mono- and dicarboxylic acid esters with monatomic or multiatomic
alcokois have good qualitative characteristics, and di-2-ethylhexyl ester of
sebacic acid as a base for synthetic lubricating oil in comparison with
esters of other double-base acids has optimum viscosity-temperature proper-
ties [39].

The introduction into dicarboxylic acid esters and pentaerythritol
esters (or in a mixture of these with diethylhexyl esters) of antioxidant,
anti-wear and other additives results in obéainins synthetic olls of types 1
and 2, the properties of which are shown in Tables 11 (47) and 12 (48],
respectively. Dependiug on oil composition, type 2 may be a single or two-

component cil.
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Table 11. The Physicochemical Properties of Type 1 Synthetic 0ils,

o Erepared on s Diester Base

g 4 Test Results
[+ on
E O
[ Vh |
Indicator % oo
"5
Lound Specimen | Specimen
Ert
Oko 1 2
L By irm
Hogan
Jp L
KK
U Q-
[T
Kinematic viscosity, cs
at 100°C, minimum ...ovvvvinnnnnen..d 3.2 3.29 . 3.30
at -«0°C, maximum .......oeinun.....] 2000 1646 1640
at -ry0~  m vereesersansnasd] L1000 8770 9200
Tempe -ature, °c
pour point, maximum ...... ..esreeaes] =HU - -60
flash point 1in an open cruclble, min| 20 212 214
Acid No., mg KOH/g, maximum ...........] .22 0.14 0.13
Oxidation staltlity at 175°C after 72 hr
viscosity change at 100°C, % maximum | 10.0 9.0 9.3
corrosion of steel, aluminum, magnes-
ium alloy, silver and copper plates,
g/mz, MAXIMUM . oovieresaganansasanns $0.2 - -
viscosity stabllity at ~54°C
viscosity change after a holding timef
of 3 hr, £, maximum ..:..... Ceersnnns 6.0 5.9 -
viscosity after holding time of 3 hr
cs, maximum3........ ...... cesesseress] 11700 - 11000
Pensity, g/em”, maximum .....cce0veesse 0.926 - 0.921
Baporification No., mg KOH/g, minimum 235 - -
0.04 0.03 p.ob

echanical impurities,water, water-

Esh content, % , maximum ......o00000.s
cluble acids and alkali content

Operating Properties

Not Avzilable

It has been revealed by investigations that oils based on diesters in
all properties (thermal oxidation stability, corrosion properties and change

in viacosity) are efficient to approximately 175°C.
distinguished by good antioxidant stsbility in volume, they are not

However, while

sufficiently stable i{n a thin film. During oxidastion up to 200°C (50 hr)
und short-term oxidation up to 250°C (10 hr), these oils maintain a hizh

stability with respect to sedimentation, but already have high acidity. It
is significant that the viscosity at -40°C of :ype 1 oils as & resule of
their oxidat‘’on at 200°C increases sharply (from 1640 to 5250 cs).
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Based on thermal oxidation stability, the limit of the cperating
capability of type 1 oils must be considered to be a temparature of not more
than 175°C. In quality the domestic type 1 oils comply with the requirements
of the American specification MIL-L-7808, and in certain characteristics they
surpass the oil of the USA (for example, turboil 15).

Two-component type 2 synthetic oil is sufficiently stable for 50 hr
at a temperature up .to 200°C and on a short-term basis (10 hr) is stable to
225 and even to 250°C. In this respect it surpagsses type 1 oil somewhat.
After oxidation at 225°C, the viscosity of type 2 two-compooent oil at -4C°C
may increas: from 3960 to 12,800 cs, and therefore this oil is efficient ocanly
to 175-200°C. After oxidation of oils of this type, they are significantly
characterized by the appearance of deposits not soluble in isooctane. Iu
the USA the -tlbiiity of synthetic oils of this type is not evaluated by
deposits, but by several other indicators [49).

In thevwmal oxidetion stsbilicy, single-component type 2 oil is close to
two-component ©11. In the process of operation at incressed temperatures,
olls of this type are inclined toward the formation of depositas in sump sreas
of'engiues and other mechanisms. By introducing anticxidation asdditives
into the oll it is possible to avoid the sppearance of these shortcomings and
a% the same time to improve significantly the anticorrosion properties
(Table 13).

Synthetic type 1 oils and two-component type 2 oils have a smoother
viscosity-temperature curve than petrcleum oils. Single-component type 2
oils possess a higher initfal viscosity at 100°C than two-cowponent oils;
thercfore their viscosity at -40°C attains values of the order of 12,000-
12,500 cs. These oils are distinguished by high durability and work well
under conditions oi high loads on rubbing parts.

Synthetic oils in comparison with petroleum ocils have higher anti-wear
properties. For example, at 100°C they are characterized by the following
critical oil film destructive loads, obtained on a four-ball machine (in kg):

ctype 1 vil cisesecss-secssnessa BU

type 2 oil

TVO~COMPODNENt . ..,.c.cc0ccass0sa. SH

single-component . ......ccc0000s...100

MX-8 petroleum oil .,............. 36
51
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Table 13. The Thermal Oxidation Stability an? Anticorrcsion
Properties of Type 2 041 Before and After Supplemsntation
with en Antioxidation Additive

1011 with no gdditivigil with additive |
Indicator 30000 350°C 30000 3500
10 hr Y5 hr 10 br - 5 hr
Quantity of deposlts, £ ..... 0.05 0.145 0.05 0.07
Acidity, mg KOH ........ce... 0.72 12.18 - 7.28
Corrosion ' " \lab1
EI-347 steel, g/m2 veseese} =27.5 ~30.0 ot available
AK=8 aluminum ....ccccc00s Not availatle
RQuantity of deposits on the after 3 !
instrument after oxidation ... low hr . ’
device
i as cloggeh NHot availlablc

The results of investigations reveal that type 2 synthetic oils have the
same anti-wear and ant{-seize properties at 200°C asx M-8 petroleum oil at
100°C. For type 1 oils ob>ained on the basis of diesters, the lubricating
capability at increased temperstures (155-200°C) drops sharply. Due to the
high anti-wear properties and good durability, single-component type 2 oils
are successfully employed for the lubrication of heavily stressed gear
reducers.

A significint shortcoming of synthetic oils for TRD applications is
their corrosive influence on some metals (copper, copper alioys, magnesium
alloys, etc.), and also the noticeable disintegration at incveased temper-
atures of gaskets and sesls of commercial rubber. Therefore Zuring the use
of synthetic oils in TRD installatiors, it is recommended thst aetals be
protected by means of various anticorrosion coatings and that oil-resistant

sviation rubber of special types be employed.
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CHAPTER FOUR

THE FRACTIONAL COMPOSITION AND VAPORIZABILITY OF PETROLEUM OILS FOR
TURBOJET ENGINES

The Fractionsl Composition

Such basic characteristics of oils ss volatility, vaporizability in the
sngine, viscosity, low-temperature and other indicators depend on the
fractional composition of lubricating oils for TRD applications. During
vavorization of the oils, as a result of which the low~boiling fractions are
volatilized first of all, the indicated characteristics change.

The more 'miform thc composition of the lubricating oil, i.e. the
narrow4r the tamparature regions in which it is extracted, the smoother will
be the viscosity-temperaturs curve. Therefore if the viscosity curve has anv
practical significance for lubrication, 0i{ls with a more uniform fractional
composition must be emplovad {50]. Individusl hydrocarbons or petroleum
fractions extracted in an extremely narrow range of temperatures, for
example, within the range 3-5°C may cerve as an ideal exaaple of a petroleum
0i] with an absolutely stable fractional coupositiom.

It has already been established [30) that MK-8 oil and also tiansformer
oil froa the Balakhany petroleum oil have a wide gractional composition
(Tsble 14). :

The distillation of MK-8 oil in a vacuum revealed (3ee Figure 18) that
it consists of up to 151 of low-boiling fractioms. During the vaporirzation
of these fractions in the engine, the oil viscosity increases sharply (at
-40°C it incresses 4-5 times). The fractionsl composition of several
petroleum oils (the doiling point of 5X by volume of the fractions), obtained
by means of laboratory distillastion with a residuel pressure of 2-3 sm Hg, is
shown in Table 15.
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Table 14.

The V'ractional Composition of Petroleum Oils
for TRD Application (Average Indicators)

011 Boiling Bolling
aimits gange
C C
MK-8 260-440 180
Transformer 260-440 180
MK-6 330-380 50
MS-6 305-370 65
Teble 15. The Practional Composition of MK~8 and MS-6 Oils
Haoiling point °c Boiling °cC Ls-s
pMs-6 oil
raction oll }|Praction
umber MK-8 oil number MK-8 o1l
Specimen Specimen Specimen |[Specimen
1 e 1 . 2
1 263314 a1 20 mr n 3503368 385361 | 354388
2 M4 3}9:"}:0 32r -3 12 m 61-368 Forenr]
3 2439 1630 |38~ 13 pera=rt 3353-376 por Rt
: R Fouter i bt s | ey | 32
8 N335 U3 [ W38 15 bt -3 X 30
- ¢ -y X-M0  |M6-3i8 18 5307 304408 S ns
? 8730 303 |u8-350 1
s 03¢ M 37 [sow |l s W | BHo | w1
9 MI3-348 HT—3%0 1333 1on% above &N jabove 440 kbovc
0 3330 30355 . . ‘
. R ‘

The selection of the optimua fractional composition of petroleum oils
for TRD applications is achieved in some cases by the inclusion in them of
ajddle fractions of a distillate of narrov fractional composition; these

fractions have a wmore smoothly sloping viscosity-temperature curve (for
example, that for MK-6 0il); in other cases this is accomplished by mesns of
removing from the ofl composition the heavy high-vhcolity fraction

(M5-6 o11), which also provides the oil with a smoothly sloping viscosity-

temparature curve.
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It {s apparent from Table 8 (Chapter Three) that MK-6 and MS~6 oils of
narrow fractional composition in comparison with MK-8 ofl have a signif-
icantly smoother viscosity-temperature curve, a lower pour point and after
vaporization, their viscosity-temperature properties rewmain stable.

Figure 19 indicates the improved viscosity properties of oi's with a narrow
fractional composition.

'j . ,
I

0 La

o . 3
»

5}

p
§ L P, ;Z:
n §
g .

7o ]

) § ® 5 .20.
- Praction number
Figure 19. The viscosity-temperature characteristics of petroleum
oils of different fractional composition:
0i1s of broad fractional composition: 1, Ixperimental MK-8 oil
of Troitsko-Anastas'yevka crude; 2, MK-8 oil frcm Baku crude;
3, Trausformer oil from sour crude. Oils of narrow fractional
composition: &, MK~6 from Anastas'yevks crude; 5, MS-6 from
sour crude; 6, MS-6 from Baku crude
The method of narrowing the fractional composition permits us to obtain
TRD oils from crude oils which were previcusly not employed for these
purposes (Anastas'yevka, Tuymazy, etc.). The basic advantage of oils of
narrow fractional composition is stability in viscosity, low-temperature and
other properties after partial vaporization. The initial viscosity of MK-6
and MS-6 oils is somewhat lower than MK-8 oils; however, their lubrtgrting

capability in this connection is not reduced. y i

For synthetic oils, the base of which is composed of individual chemical
products or their mixtures, the concant of Zfractional compositisn practically
10-.» its significance.

s

Methods of Determining Fractional Composition
The fractional composition of oils is usually determined by means of
thelir vacuum distillation (a residual pressure of 3-4 mm Hg) in a Klyayzen
flask with a dephlegmator. For a more detailed investigation of fractional
compasition the oil is distilled into fractions ccmprising 5X by volume,
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and distillation curves avre plotted with boiling point -- number (€ fractlons
or with boiling point -- viscosity as the coordinates. Fractional composi-
tion ie also deteruined by the Bogdancvich vacuum method, which does not

fundamentally di{ffer irom the method described above.

The vacuum distillation of oils is an operatinn which is long and rather
time--ornsuming, since establishing the initial boiling point and the end
point of the oil is quite difficuit. Howevew, it is these very indicatorts
vhich are quite important auring plant control over the fractional composi-
tion of the niis prepared. The thin-film vaporization method (GOST 8674~58)
has significant interest for a comparative evaluation of fractional compo-
sition of oils. The vaporization curves of various MK~8 oil fractions
(Figure 20 a) obtained by this metho. are situated on the graph in agreement
with their boiling limits during vacuum distillation; they differ signif-
icantly from each other in {nitial boiling point and end point. It is
possible to determine rather quickly with this method and with minimm
product expenditures the difference in the fractional composition of oils of
both petroleum and synthetic origins (Figure 20 b and Table 16).

Table 16. The Fractional Composition of TRD Oils Established By
the Thin-Film Vaporization Method (GOST 8674-58)

Quantity of vaporized oil, %,
1M1 at temperatures, °c
} wmulwmw-manua.
MS-6 3]l olm]le|n] wlw0|—|-|-|-|—-
MK-8 ral2|ajeler|on)wiei®~|—|—
MK-€ 1s|a|ss]ssliof—]~|=|=|-|—
synthetic oil based on IR IR I IR S AR IR I AR
diesters '
synthetic o1l based on R R IR B R LY A iad ad bl
pentaerythritol RS ' '
esters ®

~

weight of ojlin time.
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Figure 20. The fractional composition of oils: a, MK-8, deter-

mined by the thin-film vaporization method. The fractions were

obtained by vacuum distillation at the following temperatures

(in °C): 1, 263-324; 2, 324-329; 3, 337-343; 4, 343-350;

5, 350-360; 6, 360-375; 7, 375-395; 8, 375-395; 8, 395-407;

9, 424 and above. b, Various TRD oils obtained by the thin-film

vaporization methoo: 1, MK~-6; 2, MS-6; 3, MK-8; 4, Synthatic

oil based on diesters; 5, Synthetic oil based on pentaerythritol

esters .

Therefore the thin-film vaporization method for oils (GOST 8674-58)
permits us to distinguish oils clearly a.d to establish deviations ir frac-

tional composition during their production.

Vaporizability
As we have already pointed out, oil vaporizability depends on its

fractional composition; in addition to a value for the total oil losses in an
engine, it characterizes a change in oil quslity, since during oil vapor-
ization the low-~boiling fractions are v:latilized first. The nature of che
change in the oil composition curve for MK~8 oil during TRD operation is

¢ own in Figure 21, from which it i{s obvious that the greatest change in the
fractional comjosition of the 0il occurs within the region of the low-voiling
fraction (the temperature is incressed above the initial boiling point by
60-70°C.
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Figure 21. The fractional composition of MK-8 oil before and
after TRD operation: 1, Fresh oil; 2, 3, 01l after engine oper-
ation for a period of 50 and 100 hr, respectively
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Figure 22. The influence of the quantity of bubbled air on

the vaporizability of MK-8 oil at 150°C. Residual pressure in

the device is 198 sm Hg. 1, 2, The quantity of air is 1.5 and

0.2 t/min, respectively. '

The initial boiling point of MK-8 oil is 260-270°C. 1o the angine the
temperature does not attain this value, but nevertheless the oil vaporizes in
the angine. In the process of operstion air is bubbled through the oi1l; this
air penetrates the lubricatior system of the engine and alsoc is dispersed
during operation in the gear assemblies, bearings and at the output of the
o1l injector jet. As a result part of the oil in an opersting angine is in
the form of an oil-air mixture or an oil mist. This contributes to a
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significant increave in the o1l vaporization surface and to the loss of the
vaporized portion of the oil through the engine breathing system.

The results of laboratory tests confirm the decisive influence of the
degree of air bubbling of the oil and of the temperature on oil vaporization.

It is apparent from Figure 22 that oil vaporization is directly
dependent on vaporization duration and rate (quantity) of the air passed
through the oil.

Notwithstanding the large quantity of air passed through the oil
(1.5 t/min through 100 g of oil), oil vaporization is not significant up to a
temperature of 80°C (Figure 23). It has been established that at 75°C
(1.2 ¢/hr of air st a residual pressure of 198 am Hg) oil vaporization does
not occur. It becomes noticeable at 100°C, and at 150°C increases by
two-three times. This explains why the viscosity of MK-8 oil during oper-
ation in the first types of do~stic TRD installations remained practically
unchanged. The intensive vaporization of petroleum oil begine at temper-
atures of approximately 120°C and above. In contemporary TRD tnstallations
the minimum oil temperature at the engime output is not less than 120-130°C,
which causes its intensive vaporization.

3:4-\“ 4

'.-‘.f,":a /

2% // R

gl '

g5,

S w Tk !
]

i 2 3 & &
Duration of vaporization, hrs.

Pigure 23. Temperaturs influence on MK-8 oil vaporization.

The quantity of air is 1.5 £/min, residual pressuie 198 um Hg:

1, 2, 3, 4, Vaporization at 4, 83, 120 and 145°C, respectively.

An increase in the vaporization of TRD petroleum oils with an incre se
in temperature, just ss for all liquids, is caused by an increase in the
pressure of their saturated vapors.
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It has been established that the saturated vapor pressur2 of American
type 1010 oil increa,:s sharply at temperatures above 80°C, and that the
pressure o English o1l of the DERD-2490 spec’'fication increases st
temperatures above 156‘C. Temperatures of this order (temperatures of
intensive vi;orization) for the petroleum oils indicated may also be

tentatively uaccepted for domestic petroieum oils which have npproxilately'the
same viscosity level.

The vaporizability of TRD oils must be minimal. The total oil consump-
tion in these engines is composed of oJ1 losses in drop form through the
breathing system and from losses as a result of vaporization itself.
Therefore an {ncrease in the viscosity of the oil in an engine or a change in
the fractional composition, which is established by means of the sgelection
and analysis of samples from an oparating sngine, may se~ve as an indirect
indicator of oil vaporizability.

Operating lubricating oil consumption in a subsonic TRD on the average
is 0.3-0.8 kg/ht; the authoriz_:d o1l consumption according to specificstilon
ts up to 1.5 kg/hr. The average hourly consumption of MK~6 oil in the engine
of the TU-104 aircraft under summer conditions for 500 hr of flight operation
falls within the limits 0,51-0.58 kg/hr.

In superscaic TRD installations where oil operating temperatures sare
higher, synthetic lubricants are employed which have lower vaporizability
than petroleum oils (Table 17).

Methods of Evaluating Vaporizability
In the USSR oil vaporizability for the AGTD is determipned in accordance
with GOST 10306-62. The design of a device for the determination of oil
vaporizability in accordance with this GOST is shown in Figure 24. 041

(100 g) is placed in the glass vaporizer, which has a device at the bottom
part for air delivery and the upper part is equipped with a'device for
draving off oll vapor; connections are also made herea to the vacuum line and
to the themometer support. The vaporizer is placed in s thermostat. The
design of the device includes a vacuum pump, s flowmeter for measurement of
the quantity of air delivered, and a refrigerator for the condensation and
collecting of oil vapor. The oil is vaporized in 2 hr at a specific
temperature (usually at 150-175°C) by passing through it 1.5 liters of air
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in one minute with a residual pressure on the oil of 198 mm Hg, which corre-
sponds to the pressure at an aircraft flight sltitude of 10,000 -, 011l
vaporizahility is determined by weighing the vaporizer with the oil before
and efter vaporization and is expressed as a percentage.

Table 17. The Influence of Vaporization Duration on Vaporizabilitcy

and the Viscosity-Temperature Charscteristics of Oils*
" (Vaporization Method in Accordence with GOST 10306-62)

in ak Al o

Vaporigabilii‘y l'f.inematic viscosity, cs
at 175-¢
011 Time, hr| % At 50°C At -40°C
MK-8 - - s
1 14 1020 s
2 198 1130 15180
B | B &
5 83 . ) n
MS-6 1 rY) 153
45
2 1%.% ‘6\.10 1670
- .
8 gﬁ 1.'?'5 2170
M7-6 - - 6.1 2
ns 0 3770
; 233 g:w 4400
3 333 704 §300
synthetic oll based on - S0 32700 16%
diesters 5 & 333, 1%
synthetlc o1l based cn - -— 3.60°° gsﬂg
pentaerythritol esters $ e .

It has been established that the nse of a vacuum in the device is not

required, since the basic influence on the vaporizability of oil is furnished
by the quantity of air bubbled through it.

This mathod permits sstablishing the dependence of oil vaporizability on
temperature, vaporization duration and other factors (see Table 17). In a
two~hour evaluation of low-viscosity TRD petroleum oils by this method, the
vaporizability was 18-23%, and for domestic synthetic oils, 2-3X. During
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Table 18. TRD 01l Vaporizability Determined in Compliance with
GOST 5737-53

011 Vaporizability
8’ at temperature
c
) 150 175
MK-B LI RN I I I R U B Y Y B BN R N SR SR SRR B SN A A ) 28-" u3-0
M= i iiititertanrertetnararasaas e 24,7 59.5
svnthetic o1l based on diesters....... 0 1.8
cynthetic 0115 based on
pentaerythritol diesters .....coesnean o.b T3

Table 19. The Vaporizability of TRD Petroleum Oils Determined op the
PZZ* Device

n1 Vaperizabllity Kinematic yiscosity
s at 50°c
Before After
vapori- vapori-
) zation zatlion
MK-8 .. iiirriinennenn 22 8.5 13.0
MK-6
specimen 1l.......... 24 6.1 9.2
specimen 2....0000.n 18 5.1 6.3
MS=6 iievnonraens e 14 6.2 6.7
Transformer oll from
Tuymazs crude ...... 1R 8.6 10.4

TRD lubricating oil vaporizability {s determined ia the USA by the
ASTM D 972-56 mathod. A metal tank having a tube on the lower part for the
introduction of air is placed in an ofl bath. A round, closed buld
containing the oil tusted is placed in che tank. The bulb is equipped with
annular side openings for the delivery of air over the surface of the o1l and
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vaporization for 5 hr, the vaporizability of synrhetic oils provad on the
average to be 6-8 times lower than for petroleum ofils.

To vacuum oump

Figurs 24. The disgran of a device for the determination of oil

vnporinbility: 1, Fiask wvith absorbent; 2, Flowmeter; 3, Buffer

flask; 4, Tharmostat; 5, Thermometers; 6, Vaporizer; 7, Coil

heater; 8, Pressure-vacuum gauge; Y, Refrigerator; 10, Condensate

receiver; 11, Receiver-trap

The shortcomings of the vaporization method in accordance with
GOST 10306-62 include the unvieldiness of the device, the necessity to
conduct operations in a hot thermostat, and also the significant time
expenditures raquired: each determination, considering preparatory work,
consumes 3-4 hr.

A more promisiug vaporization method was suggested by K. K. Papok and
B. S. Zuseva (GOST 5737-53). The total duration of the vaporizability
determination by this method is 30 min. A minimum quantity of oil is
required for the determination -- 0.2 g. The results of vaporizability
evaluations for petroleum and syntnetic oils obtafned by this method are
- shown in Table 18.

TRD oil vaperizability 1s also determined on a PZZ! device (Table 19)
from the difference in the weight of the oil before and after tests. (The
PZZ device is described in detail in Chapter Six).

Tsee - {4
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the cover is equipped wath a vertical pipe for che exit of air and oil vapors

from the device.

The varmed air which passes to the lower part of the aic tank is
directed through the annular openings in the cell, passes over the surface of
the oil from all sidss and after having absorbed oil vapor, passes out of the
device. Tha test conditions are: vaporization durstion 22 hr ¢ S ain; oil
weight 10 g; air quantity 2 L/hr. The ewployment of this vlporization.
method is stipulated by the basic specifications for jet oils [51, 52].
Usuallv TRD vils vaporize in 6.5 hr at 204.4°C.
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Footnotes

1. To p.63. The expansion of this abbreviation is unknown -- Tr.
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CHAPTER FIVE
VISCOSITY AND.LOW—TEHPERATURE PROPERTIES OF OILS

The Significance of Viscosity and Low-Temperature Properties

The viscosity and low-temperature properties of oils for TRD use
determine the possibility of starting the engines and the pumping quality of
the o1l to engine friction points at low temperatures. Not only the viscos-
ity of the oil employed, but also the smoothness of the curve of its change
with an increase in temperature are of particular significance.

At the initiation of TRD development abroac, petroleum oils of high
viscosity were used for ’.-es. ‘ubrication. In some of the first German TRD
models o1l was usec with a visco: ity at 50°C of 35 cs, and in others, oil
having a viscosity of 20-25 cs was : ployed (the YuMO engine). Subsequently,
however, the use of viscous oils in TRD applications was rejected. They
proviled for reliable engine lubrication, but at negative temperatures had
very high viscosity which impeded their flow in the éngine o1l system. Thus
ar -20°C ti:2 delivery of oil with an initial velocity at 50°C of the order of !
P 30 cs to fiiction points stopped completely.

S bt et 1
b s e . — ———

1 The pumping quality of oils in a TRD is characterized by critical
temperatures of disruption and cessation of the oil supply to rubbing parts.
According to practical data these temperatures for petroleum oils which have
an initial viacosity at S0°C of approximately 7 cs are approximately -43 and
=51°C, respectively.

Comparative bench tests mede in the USA {53] for petroleun oils with a
viscosity at S0°C of 10 and 5 cs revealed that at -54°C the pressure in the ’
01l system in tha case of oil with & viscosity of 10 cs decreased rapidly,
and after 10 min of engine operation had already approached zero at the
output of the oil filtar. In the case of o1l with a viscosity of 5 c¢s the
pressure vas reducad only at the input to the oil pump, and the pressure .
value remained 1.5 times greater than when the first oil was used. !
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At the present time synthetic and petroleum oils with viscosities at
50°C from 4.5 to 11 cs are employed for domestic and foreign TRD applice-
tions. Domestic petroleum oils of the ME-8 type have viscosities at -40°C of
7,000-8,000 cs; they provide for starting of the majority of TED install-
ations without prewarming only to smbient temperatures of -27, ~28°C. 1In
order to start a TRD at lower temperatures, hot oil is poured into the ugin
engine, the oil is diluted 10~15% with jet fuel, the engine is maintained in
a vars condition by periodic prewarming at low rpm, and the engine'h
prevarmed by hot air from airdrome starting assemblies of the APA-7ZM type.

The starting temperatures indicated are inadequate for ordinary TRD
operating conditions. Under arcti: condftions or in regions of severs low
temperatures, such engine starting temperatures are even mor: unacceptable.
This makes it necessary to employ lubricsnts with improved linr-temperature
characteristics. Such oils include the MK-6 and MS-6 domestic petroleum
oils and also synthetic oils based on diesters. The American type 1005

arctic oli with a viscosity at 50°C of 3-4 cs has improved starting proper—
ties.

The low-temperature properties of domestic TRD petroleum oils to a
certain extent are characterized by a pour point and a ratio of the values of
kinematic viscosity at -20 and 50°C, which 1s exprecsed by a flat oil
viscosity-temperature curve. These oil indicators are ir roduced into the
standards and specifications for TR) perroleum oils. Among oils of narrow
fractional composition, MK-6 and M3-6 have better viscosity ratios than MK-8,
and the ratio for MK~8 ia bette- thaa fo: transfurmer oil; therefore, at
reduced temparatures it is wmore idvintagecus tc esp.oy ME-6 and MS-6 ofls for
THD operation, and wheun they are not available, to employ MK-8 oil.

However, tle viscosity ratio, just as the porr point, does not fully
reflect oil efficiency in the engine at low temperatures. A more correct
esvaluation of the Lw-:towperacure oil piroperties for the TRD is based on the
viscosity leval at the m'nimm ‘emperacuze Jf the smployment, sinre it ie ofl
viscosity itself thrt deternires its a0dility and capsbility of flowing to
engine rubbing parts.

At a temperaturs of -40°C MK-8 cil viscosity has # valus of 7,000 cs
(Figure 25); therefore, T2D starting with this o1l at this tempersture is not
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Pigni:25. TID petrolews 01l viscusity ss a fumct ion of tesper- ]

atwre: 1, Tramsformer oil; 2, MK-8

Tramsformer o1l viscosity at —40°C is higher them for ME-8 o1l (the
difference is approximately 2500 cs), sad its viscosity-temperatere carve is

placed sbove the MK-8 ofl cmrve.

MX-6 and MS-6 oils (Tubles 20 sad 21) hsve {mproved low-tempersture
muq.de:hmmwmm
benting msy be lower with the ase of these ofls thmm with the wse of K-8
oil. Thus, in regious of severe low tewperstures, THD startisg withowt
prebeating of M3-6 o1l is poesible with temperatwxes from -36 to -W°C. The
viscosity characteristics of MK-6, MS—6 and MK-8 oils are showm im Figvae 26.

Table 20. Low-Temperature sad Startiag Properties

for THD Oils
our tic |Xinesatic | Tentative
011 inu eoaaty viscosity | minimm eng-
(4 -A0°C nsio at | 1ne starting
50°C temperature )
without pre-
ting at
o ‘
ME=8 ....ccveevcccccccane -55 5009500 54 -25
Transformer o1l ......... | -A5 8600-10000 68 -21
n“ seevsvevvsscscrenssans “60 25”“3”0 .3 -31
MB=6 ..cccevcccnnancncasns -55 1800-1500 30 -39

r'“
|
|
|




{ . ™
i Table 21. TRD 01l Viscosity at Various Temper:tures
ﬂ Kinematiec viscoslty,cs at temperature °c
A 0 5 |-19 -20 ] =25 L3g |-35 |.40
MK=- o
specimen l....000000q ~ -{210 586 - 1760 - {6300
[ specimen 2.......0...4 = -1211 | 666 - 2040 - |oh6l }
specimen 3........... 94.2[38]309 |528 934 1680 FOW 6913
Transformer
specimen l.....-00..+ = |- ]208 ;561 - 2056 | - 9564
specimen 2...........| 96. 601481191 |592 |1074 1950 B236 {8560
specimen 3......0..04 = QP27 - - 850 1500 - 18700
MK-6 :
specimen 1.......... {59.0 |- 133 }315 567 1060 p098 |3300
specimen 2...00000000 = - 199 |210 - 600 - 13096 ]
MSeB eveeccescossosnnnnsca - - 86 187 - 490 - 11360
i ...._.._‘
} synthetic diester oil ... |87 - [165 |341 517 ghs |1425{2598
. 1 .

Agide from an optimum viscosity level and a flat viscosity-femperature l
curve, TRD olls must be characterized by viscosity stability during extznded
engine opetatioﬁ. This indicator depends on oil vaporizability, which in
r , turn {8 determined by its fractional composition. As we have aiready pointed
out, MK-8 petroleum oils have a broad fractional composition and -~ontain
fractions which are easily vaporized during engine operation. Therefore at
incressed temperatures the viscosity of MK-8 oils increases and its poor
starting characteristics show even greater deterioration (Table 22).

i i Narrowing of the fractional composition of petvoleum oils reduces the
‘ ; vaporizability somewhat, but the main point is the viscosity is stabilized in
‘ the process of vaporization (Table 23).

It has been established that the higher the temperature of the oil in an
engine and the longer it operates, the more intensive the increase in
viscosity (Table 24). '
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Table 22. A Change in the Viscosity-Temperature Properties
of TR Petroleum Oils During Vapocization
Under Laboratory Conditions®

&1nematic viscosity at -40°C cs

011 Before vapor- After v.por-
ization 1zation

MK-8 ..... 6000 22 000

MK=6 .vu0s 2600 4 600

MS=b vuuna 1500 1 700

* 100 g of o1l was vaporized in accordance with Gost 10306-62 in a
glass test tube for 2 hr at 175°C with an air supply of 1.5 t/min,

Table 23. A Change in the Viscosity of MK-8 0il and
in Blends of Narrow Fractional Composition As a Function
of Vaporizability*

!
. kinematic viscosity, es
' At 57°: At -40%
Before After Before After
011 | vapori{ vapor- vapor- vapor- vapor-

{ zation | 1zation | 1zation | 1zation. |izatlon
Specimen 1 ....... 24,6 8.61 12.0 5210 14950
obtained fromospecimen H
blend 329-395°C ........ 18.2 8.39 9.61 3270 5329
specimen 2 ...... .o 26.3 8.61 11.0 £320 15710
obtained fromospec!men 2
blend 337-410"C ........{ 21.0 7.7¢ 7.76 3200 1720
obtained tromospecimen 3
blend 334-385°C ........ 25.1 6.50 7.20 2650 8280

* 100

at 175°C with an air supply of 1.5 &/min.

#8 In vaporizatilitv and viscositv-temperature properties, specimen 3 1s
similar to -pecimen 2.
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Figure 26. TRD petroleum oil viscosity as a function of temper-
ature: 1, MK-8; 2, MK-6; 3, MS-6

Table 24.

During TRD Operation

An Increase in the Viscosity of Type MK-8 01l

01l temperature| Duration of Kinematic viscosity, c¢s
at epngine out- oll opera- [¢] _u0°
put.Bc tlon pith. | At 50°C At -40°C
out change, | Fresh |Depleted | Fresh [Depleted
hr o1l o1l oil oll
\

ho - 80 56 8.7 8.9 6700 6900
80 - 120% 25 - - 9370 28200
85 - 115 20 8.6 10.3 6700 20200
80 - 120 51 8.2 10.3 6300 24000
& transforme= oifl

n

». .
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Simultaneously the pour point also changes —- it ircresses by 8-10°C.

The viscosity of MK-6 and MS-6 oils at 50°C is lowe~- t* - f~vr MF-8 o1l
and for transforuer oil by approximately 2-3 cs, which a:uo results in zn
improvement and in the stability of their low-temperature properties.

Therefore narrowing of the fractional composition facilitates the
stabilization of the viscosity-tempersature properties of oils. The viscoaity
of MK-6 and MS5-6 0ils remains sufficiently stable after 100 and even after
300 hr of TRD operation, snd therefore within these time limits replacement
of the o0il by fresh oil is not required (Table 25).

Table 25. A Change in the Viscosity of 0ils During Extended
TRD Oparation Under Bench Conditions (300 hr)*

\ Viscosity, cs, during engine operation
11 100 | 200 300
Presh 50 hr hr hr hr
'nx-a
specimen 1 o
viscosity at 50°¢ 8.9 11.6 13.5 - -
viscosity at =40°C 8600 30000 39000 - -
specimen 2 o
viscosity at 50 8 9.1 13.0 14.7 - -
viscosity at =40"C 8700 [35060 hyo000 = -
K-6
viscosity at 50°¢ 6.0 7.0 7.2 7.0 7.0
viccosity at -40°C 3096 ]3793 385 385 3589
viscosity at 50°g 6.0 6.7 7.0 7.0 7.0
viscosity at -k&n°C 1360 |2024 2248 2214 2441
MK-8 o011 was replaced after every 100 hr of engine operatfon. and MK-6

MS-~6 01ls overated with no change

During 100 hr of operation in a subsonic TRD with an incressed temper-
ature condition, the viscusity of MK-8 oil at -~40°C rose from 7000-7700 to

34,000-36,000 cs, snd MS-6 and MK~6 oils rose from 1400 and 3000, respect-
tvely, to 2000 and 5500 cs.
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The viscosity rise and the increased pour point during TRD operation was
caused not only by vaporization of the lighter part of the oil, but by
oxi{dation processes occurring in the oil, since such oxidation products as
’ reains remain in the oil in a dissolved state. Therefore the increase in

viscosity may serves as a criterion of the intensity of oxidation of TRD
petroleum oils.

The viscosity-Cemperature characteristics of several domestic and
fcreign olils are shown in Table 26.

i Table 26. The Viscosity-Temperature Properties of
; : Several Domestic and Foreign TRD Oils

011 Kinematic viscosity,cs, at temperaturd
-10%% -20% -30°% |-u0°
, ME=B8 ve'vvvevnvoeensennnnoeaess 210 585 2278 8511
; transformer oll .....c.c0uu...| 208 561 !2056 © |obcy
type 2450 (England) ..........| 21€ 544 1530 5734
type 1010 (USA) ...vvevevecaas| 132 314 | 8o 2001
domestic oil on a dlester base| 165 311 | Bue  26n

Viscosity stuoility during extended storage or maintenance under low-
; temperature conditions is an important TRD 0il quality indicator (this
. pertains particularly to synthetic oils). This indicator is provided for in
specifications for domestic TRD synthetic oils. This cortrol is required
because the viscosity of many chempical products employed as a base for
synthetic oils changes intansively. Such a difference in cil viscosity may
csuge starting characteristics to deteriorate at low temperatures.

Viscosity stability at low temperatures means the capebility of the oil
to raintain ire value at -54°C (sometises at -40°C) afrer conditiosning for
a spa-tified period of time at these temperatures.

A number of specificatious in the USA includes the oil viscosity
stability requirement. Thus, according to the requirements of MIL-i-7808D
specification, oil viscosity aiier its conditioning for 3 hr acd 30 mir at
=54°C sust not change by more thaa 6% of the initial value. In additionm, oil
viscosity must not exceed 17,000 cs at -54°C afier conditfoning it at thia
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temperature for 72 hr. A viscosity stability determination is included in
the specifications for dowestic TRD diester oils. A change in viscosity at
~54°C after oil conditioning at this temperature for 3 hr must not exceed 6%,
and the viscosity value must not be higher than 11,700 cs.’

Methods of Determining Viscosity
The viscosity of petroleum and synthetic TRD oils.is deternined in
capillary viscosimeters in accordance with GOST 33-66. The viscosiiy at
=40°C is deternined in a viscosimeter with a capillary diameter of not less

than 4-4.5 mm. For research purposes the determination of oil viscosities at
negative temperatures in rotary viscosiveters such as the Pavlov viscosimeter
is authorized.

In the development lnd.euployment of AGID oils, thickening additives or
thickening compounds such «4s polyisobutylene, polymethyimethacrylate,
et.. may be introduced into che oil. In these cases it is necessary to
consider the possibility of the mechanical dectruction of high-viscosity
components in engine gear assemblies, which lexds to s viscosity reduction
below authorized limits. The degree of mechanical destruction of the oil is
deternined nn the MD-ldevice [54], where the o1l is subjected to acuffing
in a gear pump. The operating principle of ihe device is quite simple and
consists of the following. Into a small oil tank of the device is placed :
750 mi of the oil being tested; the oil is drawa from there by a gear pump, ;
hested in a coil (in order to maintain the apecified 01l Lemperasture) snd ie

e - b s

returned to the tank through a reduction valve. The pressure in the system
which is regulated by the reduction valve is 50 ka/cnz. The cil tezperature
in the tank is aaintained at the specified level (60 : 3°C) as 2 result of
witer in the pump bsth and in the coil dath. The teut is conducted for

100 hr; contrnl samples of the oil are selecred every 5 sec, and then every
24, 50, 73 and 100 hr of tests.

The decrease in viscosity after 100 hr of tests in relation to oil
viscosity after 5 sec of operation in the device is taken as an indicator of
oil viscosity stability under meachanical scuffing conditions.
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CHAPTER SIX
THE THERMAI. OXIDATION STABILITY OF PETROLEUM OILS FOR TURBOJET ENGINES

The Characteristics of Thermal Oxidation Stability

Exparience in the use of MK~8 01l in a number of TRD series reveals
that insofar as thermal oxidation stability is concerned it is quite effi-
cient with an mu.u output temperaturs of 80-100°C. For exam='e, the
average oil tempersture in the VK-1 engiae in practice does not exceed 80°C
and the 01l properties do not change during operation for 200 hr and more.

The stability of the o1l is reduced (but still remains satisfactory)
with increased 01l temperatures at the engine output up to 120°C. Oxidation
of the o1l becoames noticeable if it is subjected to the aztion of thess
temperatures for an extended period of time. Table 27 gzhcws data concerning
stability deterioration of MK-8, MK-6 and MS-6 petroleum oils during extended
operation in engines uncer bench-test conditions. During 300 hr of operation
in 'a TRD subjected to less thermal stress, rhe gquantity of deposits after
oxidation in MK-6 and MS-6 oils attained values of 0.15 and 0.21%, respect-
ively, and the acid number was 0.30 and 0.73 mg XKOH/g.

With an increase in oi{l temperature at the engine output tec 130-135°C,
the thermal oxidation atability of the oil may detericrate sharply; in thia
connection a partial oil change and & cleaning of the oil system filtera with
gssoline or jet fuel are required. Higher temperatures in fact have an

effect on the oil in this case, since in individual friction points the oil
1s hegted to 150-175°C.

The efficiency of MK~-8 oil at high temperatures may be evaluated
according to the regults of laboratory investigations, which are shown in
Table 28. It follows from the data in Table 28 that MK-J oil shows insignif-
icant oxidation up to 100°C; it maintains sufficient stability after oxida-
tion at 120°C even Zor 100 hr, during which time deposits in the oil after
oxidation do not axceed 0.1X and the scid nusber is 0.18 mg KOH/g. At an

incressed temperature of up to 150°C, the number of deposits after 10 hr of
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oxidation incresses by threes times, and at 175°C after 2.5 hr of oxidstion

the deposits increase almost eight times in comparison with the quantity of
deposits after oxidation at 120°C after 40 hr.

Table 27. The Thermal Oxidation Stability in Accordance with
GOST 981-56 of TRD Petroleum Oils As 8 Punction of
Duration of Engine Operation

Duration of operation of oil
Indicator in_engine, hr
0 25 50 75 100
MK-6 0i1 '
acid number, mg KCH/g 0.02 0.08 0.12 {0.112 |0.13
stability after oxidetion
auantity of devosits, % 0.1 - 0.27 - 0.27
arid number, me KNH/p 0.35 - 0 .43 - 0.32
MS-4 011
acid number,mg KNH/g 0.01 0.02 0.04 0.04 |0.04
stability after oxidation
juarttv cf derosits, % none - 0.11 - 10.12
aci? number mg KNH/g 0.0€ - 0.33 - |0.42
MK-R ni1
acld numt-r, me ¥OH/g n.01 0.12 | 0.15 0.18{0.23
ctabilitv after oxidation
quant it of depocits, % 0.07 - 0.13 - 0.20
acid number, mg KOH/g 0.28 - 0.90° - 1.28

In practice it is considered that if the quantity cf depcsits in the
oil after oxidation comprise more than 0.86~0.60% and the acid number of the )
0il is worc than 1 mg KOH/g, then this causes contamination of the filtering

surface of the oi)l filters and may lead to contamination of the engine by
deposits of products of oll oxidation.

Therefore, the temperature limit of tha operating capability of the MX-8
oil and other oils of this type, from the point of view of thermal oxidation
stability, may be constdered to be 120°C during extended operation with no
change for up to 100 hr.

The standard method acceptad (GOST 981-56) of evalusting therwmal
oxidation stability for TRD petroleum oils (oxidation in a VTI device with
oxygen at 120°C for 14 hr) does not permit a complete evaluation of the high-
temperature proparties of the oil since the conditions of this method are not
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sufficiently strict. ¥Yor this reason, for example, it is not possible to

detect Jifferences in the thermal oxidation capability of various commercial
barches of MK~8 ofil.

Table 28. The Infiuence of Temperature on the Oxidizability
of MK-8 01l In Accordance with GOST 981-56

0xidation [Duration Analysis of oxidized oil Condition of
temperature of 3c1d number {quantity of device after
> oc. oxidation mg KOH/g deDOS 1its a S oxidation
100 40 0.04 0,02 Clean
120 40 0.09 0.04 Clean
120 100 0.18 0.11 Clean
150 2.5 0.10 0.07 Clean
150 5 0.20 0.10 Clean
150 10 0.28 0.13 small resinous de-
vosit
150 25 1.02 0.62 dense deposit on thd
filter not soluble
in alcohol-benzene
. hmixture
175 2.5 0.75 0.3% abundant deposits
175 5 0.83 0.83 abundant deposits

This method of oxidation does not reproduce realistic operating condi-
tions for MK-8 type oils in a thermally stressed TRD; therefore, in order to
obtain 8 more correct evaluation of thermal oxidation stabllity, TRD
petroleum oils are oxidized in accordance with a more demanding method: at
175°C for 10 hr; in the presence of ball catalysts -~ copper and iron {these
catalysts vere also employed during oxidation in sccordance with
GOST 981-5€): 1in each test tube air is deliverad at the rate of 3 ¢/hr. This
is a basic method and is soployed in all cases when the evaluation of the
thermal oxidation stability of petrolewmn ofls, intended for TRD operation
under incressed temperature conditions, is required.

It is apparent from Table 29 that oil oxidation using this method ocrurs
much more intensively than oxidation in accordance with GOST 981-56; this
wakes it possible to distinguish, insofar as oxidation stability is




concerned, different commercial batches of MK-8 oil which appear to be 3
identical according to the standard method of oxidation. '

Prequently the following instances of contamination of thermally
stressed TRD installations by the products of intensive oil oxidation are
encountered:

the appearance of a varnish film along the operating surface of the
bearings;

the clogging of the filtering surface of oil filters by solid and
semigolid products of o1l oxidation -~ by blackish-brown particles
approximately 1-2 mm in size. The screen of the filtéring elements
of engines during operation from 40 to 70 hr with insufficiently
stable o0il are clogged with deposits over 30-60% of the surface;

the deposit of a hard, abrasive residue (from 2 to 4 mm in thickness)
on the turbine bearing shell in the form of "fringes";

the appearance of the same hard deposits in the breathing pipe and in
tﬁe pipes of the fuel-oil radiator;

the formation of deposits in the jets of the oil supply injectors,
which reduces oil delivery through the injectors and causes oil =x=
starvation of the bearings;

coking of the channels which deliver oil to the second stage turbine
bearing;

the accumulation of soft salvelike products of oil oxidation 3-4 mm

in thickness in the oil collector bushing of the turbine second stage
bearing shaft;

deposits in the form of hard pieces (such as resins) with s mass up
to 5-10 g in the oil tanks of the engines.

Engine cuntamination by productz of intensive oil oxidation is, as

pointed out previously, a serious danger and may be a reason for an aircraft
accident.

The composition and nature of deposits which form at various places in
the lubrication system of thermally stressed TRD installations during their
operstion were studied by Yu. V. Stupishin {55). The analysis which he
conducted of deposits in accordance with GOST 2862-47 and the determinstion
of the content in these deposits of microelements (by means of spectrographic
analysi{s on the ISP-28 spectrograph) revesled that the deposits vhich form

78




have a different nature and composition, depending on the operating condi-
tions of the 01l in the lubrication syatem of the engine (Table 30) [55].

Table 29, The Thermal Oxidation Stability of Petroleum O1ls
Deternined by Different Methods

Acid number Quantit, ' of
011 mg KOH/g deposic,
%
Qxidagion in accordance with GOST 981-5¢
(120"C, 14 hr. oxygen delivery 12 &/hr)

MK-8 .
specimen 1 ......vvvenrnnnnnen 0.18 0.08
specimen 2 ..civiieveccreneannnn 0.15 0.05
specimen 3 .....iiiieninrnnnns 0.20 0.04
- LI N EE I B R N X e % 0eoass 0 s e 0-21 Olo7
MS-6 (without Ionol).....orevvenn. 3.3 0.1%

Oxidation inoaccordance with more stringent method
(175°C, 10 hr, air delivery 3 £/hr)
MK-8

specimen 1 .....c.vieivrencnnes 1.58 1.34
specimen 2 .....ihiviiinnnnnn.. 1.75 1.66
specimen 3 ... iiieieennannns 3.04 1.55
specimen 4§ ............. ..., 1.67 1.53
SpeCimen § .eviireennirencanes 2.00 0.96
Vo e v ss v s ers0 00000 venassean 2-30 1-”8
MBeb vt enenvecneooaoennsoncnnosnos 1.26 1.4%9
synthetic oil based on diesters... 0.90 0.34

Thus the resin which forms in the oil tank under moderate temperature
conditions consists msinly of meutral resins and asphaltenes (in various
proportions), which coatain & significant quantity of oxygen (11.4-20.4%).
The melting point of resin is 70~90°C. The products of intensive oil oxids-
tion such as carbenes and carboids were not detected in the resin.

Depoeits on the oil filter screen and in the oil collector bushings
already contain inorganic substsnces as a result of engine wear or the result
of dust particles with sir scriking chese surfaces. Inorganic substances are
greater in deposits taken frow oil collactor bushings since a process of




centrifugal separation occurs here which is accompanied by the release from
the o1l of the hesvier products of engine part wear.

Table 30. Composition of Daposits (in %) in TRD Lubricstion
N Assexbly Systems During Operation with MK-8 011
011 collector bushings
Deposits 011 011 101l with no 011 with
tank filter jadditive additive '
Nature
organir sub~
stances....... 100.0 81.4-85.6] 64.9-68.4 10.2-19.6
nonorganic
substances... none [14.4-18.6] 31.6-35.1 80.4-89.8
oil and
neutrsl resinsp3.5-63,6 55.2-59.2] 18.5-25.3 21.4-22.5
ispraltenes, . B6.4-56.2] 2.6-7.7 | 2.12-2.15 0.65-0.83
carbenes and -
carboids......| none 19.5-30.6]| 13.15-14.06 2.24-4.80
-7 | Y 0-0.3 6.5-18.7] 59.43-65.29 72.97-74.21
Elementary com-
position
carbon ...... | 72-80 72.2=~74.2] 30.0-33.5 18.0-24.6
hydrogen..... | 6-8 8.2-9.1 2.5-3.5 3.7-4.7
oxygen ...... 1.4-20.4] 6.4-9.2 8-9.0 8.6-10.5
sulfur .......}] 06.5-0.6 - - 0.2-0.5
ash...... seee J0=2.1 9.5-11.2} 55.5-57.7 62.9~66.3
With the introduction into MK-8 oil of 0.62 lonol {(MK-Bp o1l) the

content of asphaltenes in the deposit decreases from 2 to 0.8%, of carbenes

and carboids from 13-14 to 2.2-4.8%, and of organic compounds by 3-6 times.

Table 31 shows data concerning the quantity of deposits in labyrinth

seals and on engine bearings as well as the influence of Ionol on deposit

composition.

It is aspparent from these data that when an antioxidation

additive is present, fractions of the deposits formed by organic compounds,

as vell as carbenes, carboids and asphaltenes sre reduced.

The most effective influence of Ionol is on the composition of deposits
formed on the rear labyrinth and on the roller bearing, vhich are thermally
stressed to a greater degree than the front labyrinth and the engine ball

bearing.

It is characteristic that deposits on parts operating at higher

temperatures contain a greater quantity of tarbenes, attaining a value of

63.6X by weight (see Table 31), than deposits on parts with a lower

operating temperature (30.6X, see Table 30).
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Table 31. The Composition of Deposits (in %) on TRD Parts
During Operstion with MK-8 0il

) With Ionol
Nature of With no . additive
deposlt - 1 - e
ontjBall[Rear jRoller|Front | Ball|Rear labfroller
laby |[bear]laby |vear- | laby-| bear|yrinth bearing
rinthling | rintHing rinth{ ing
rganic substances [93.1 191.1}94.0}92.0 [87.7 [85.9 | 84u.1 82.9
norganic substancd 6.9 | 8.9f 6.0] 7.4 |12.3 {14.1 | 1%5.9 17.1
ils and neutral
e8ing ...........428.3 }20.8} 28.5]19.9 22.9 }19.2 25.3 17.6
sphaltenes ......4 1.4 | 1.6] 1.8} 2.0 1.2 ] 1.4 1.6 1.9
arbenes and
arboidsS..........456.9 |54, 6} 60.8)63.6 50.8 {49.7 51.5 53.4
SRR & I A -i23.0 8.9114.5 25.1 {29.7 21.6 17.1

‘See p. I
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It is obviously possible to form an indirect judgment concerning the
temperature conditions of sn engine, with respect to the intensity of oil

oxidation and changes in its hydrocarbon content from the condition of oil
deposits formed within the engine.

011 oxidlf.:lon in an angine at high temperatures is accelerated as a
result of the presence in the engines of various metals which act as oxida-
tion catalysts. The author's investigations have resulted in an .nalysis of
the catalyzing capability of various metals! (Table 32).

Copper and to a lesser extent steel are the most effective catalysts
in the oxidation of petroleum oils under the conditions previously indicated.
The remaining metals are relatively passive and are approximately equal-
valued. In order to evaluate the influence of the area of the metal on
oxidation, low-viscosity petroleum oil was oxidized at 140°C, with an air
delivery of 3 t/hr to each test tube with copper plates of differing areas.
The most !ntensive oxidation was observed in tubes with plates having an area
of 7 clz after 7 hr. The oxidation equaled 0.06X, and the acid number was
0.5 mg KOH/g. In tubes with plates having an area of 1.7 uz after 10 hr of
oxidation there were no deposits in the oil, and the acid anucber wvas
0.38 ng KOH/g.




Table 32. The Catalytic Influence of Metals
on 011 Oxidation at 150°C*

Stauility after |Number of
011 viscosity oxidation oxidation
Catalyst At At |quantity [ Ac 13(0;3 Jtests
- |m
50° | -uo% [of. depg [M® NG
MK-8 011
(100 ¢ o011, 10 hr, air delive-y 10 2/hr)
with no catalyst ..... | 9.14 6960 0.006 0.56 y
COPPer ., . vt cannsen .o 9.87 7970 0.348 0.62 8
steel....oiiieenennn oal 9.39 7189 0.056 0.10 4
aluminum........... cees] 9.29 6861 0.017 0.08 6
agnesium ......... veeof 9.23 7595 0.013 0.09 2
silver ...... veessssseel 9.23 7640 0.021 0.09 2
b 5 < S 9.15 7610 0,034 0.07 2
zine .......c0eann o] 9.20 7454 0.03% 0.09 2
ChIrome .....ccoeveeenns 9.80 7307 0.024 0.09 2
ickel ......... eresess] 9.17 7452 0.015 0.09 2
ftanium ........ ceeest G9.13 7400 none 0.11 2
011 based on diesters
(30 g o011, SO hr, alr delivery 3 L/hr)
aluminum ......... ceeeed = - 0.028 0.32 2
COPPEr ..veev-ees ceoeen - - 0.134 1.57 2
lead ..cceecennane R, - - 0.032 0.56 2

® The area of the metal plates was 10 cma;during the oxidation of
vnthetic diester oll, three plates of the metal specified were
laced in each test tube.

During TRD operation oil basically oxidizes in s thin film (and not in
volume), since it is sprayed on the metzllic surfaces of parts in the form of
a mist or as a fine oil spray. Oil is also sprayed into the drive housings
of toothed gesrs rotating at high speeds. C[he o1l spray vhich forms oxidizes
vhile in contsct with air in the hot engine parts, i.e. ir. thesca cases
oxidation of oil occurs in & liquid drop state. Strikins the hot engine
parts, the oil oxidizes while in s thin film state. In flowing from the
engine parts and from the oil sumps, the o1l enters the evacuation ofl pump
and is again directed toward the lubrication of hot friction points and
engine parts. During this process its partial vaporiaation occurs.
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A film of oxidized oil (varnish) is usually observed along the operating
surfaces of roller bearings; these are denser, more abrasive products of
intensive oil oxidation and accumulate in the jets of the fnjectors, on the
‘transmission housing, they are concentrated on the screening elements of
fine-cleaning filters and in a number of other places. The products of
intensive lubricating oil oxidation often are deposited on shaft spline
couplings, and also on the turbostarter friction disks, and in places where
the centrifugal separation of oil occurs, for example in the area of a
secondary shafr belring.

One of the Lasic requirements in the selection of a lubricant for an
engine is compliance of the thermal oxidation stability of the oil with
engine operating conditions. From this point of view the method of evalu-
atiug the thermal oxidation stabilicy of TRD oills has a great deal of
significance. .

Laboratory Evaluation Methods for Thermal Oxidation Stability
There are a number of laboratory methods for making a preliminary
evaluation of the thermal oxidation stability ol lubricants. The main ounes
will be examined below.

Notwithetanding the fact that oil oiidntion in a8 TRD occurs basically in
a thin film or in a sprayed conditfoa, both i{n the USSR and abroad up until
the present time methods of evaluating oil oxidation in volume have been
employed. Among these is the method of evaluation o. thermal oxidation
stability widely enployed in the Soviet Union developed for transformer oil
in the All-Union Heat Engineering Institute more than 25 years ago.
Recently the stability of TRD oils has been evaluated by this method. This
wethod is based on the oxidation of a specific volume of oil by bubbled
oxygen in the presence of the oxidation of catalyzing metals, ordinarily
copper and iron balls (GOST 981-36).

After a number of changes this method vas placed into practice to
investigate TRD oils.

However, due to the different operating conditions of TRD lubricancs of
various modifications and non-identical stability of the oils themselves
during the employment of this wethod, different temperatures, sir quantities,
etc have been employed.
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Available generalized experience in the employment of various modifica-
tions of this method in the USSR indicates that currently an evaluation of
the thermal oxidation stability of TRD oils for research purposes is
accoaplished under the following conditions: the temperature is 140-220°C;
the quantity of air for oxidation is 50 to 250 mt/min; oxidation duration is
5 to 72 hr; and the catalysts are plates of 2 to 7 metals.

As we have already pointed out, the volume method of oil oxidetion
unsatisfactorily reflects the oxidation process in an engine. In order to
judge correctly ti;e tendency of an oil toward deposit and cocke formation
during TRD oparation, it is necessary to determine its thermal oxidation
stability not only in volume, but also in a thin film.

Mathods previously developed in the USSR for the investigation of the
oxidizability of oils in a thin film [56] were intended for the evaluation of
the stability of oils employed in piston engines, although some of these, in
principle, miy be successfully employed in the ares of low-viscosity TRD
oils. Receritly a number of methcds of evaluating the stability of jat oils
in a thin films have been developed and applied; among these are the Shmelev
method, the Papok sand Zuseva method of thin-film oxidation, and others
(57-60].

In accordance with Shaelev's method, a thin 51l film is oxidized on a
heated metal surface. 01l ‘at a specified rate of drop formation is
delivered to a metal plate, heated to an established temperature, which is
located in a special chamber. The oil flows along the inclined plate, is
oxidized by atmospheric oxygen in the presence of the catalytic effect of
matal and forms a carbonaceous deposit on the plate. The quantity of air in
the oxidation chamber is maintained at a specified level. Thin-film oil
stability i{s judged mainly by the quantity of deposits on the plate (iun mg),
by the change in the physicochemical proparties of the oil after oxidation
and by the composition of the deposits (GOST 2862-47). Simultaneocusly
vaporizability of the oil is evalusted from the difference between the
quantity of oil subject to oxidation and the quantity remaining in the device
after oxidation.

The design of the device ie¢ shown in Figure Z7. The device consists of
resction chambar (8), in vhich sotallic plate (12) 1s placed on the heater at
a 45° mngle; the tempersture of the plate is xept constant during the test.
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011 from small tank (1), vhich is equipped with a heater, drops to the plate
through measuring valve (4) at a specific rate, flows from the plate and is
collected at the bottom of the chamber. The air which enters the hermetic-
ally sealed reaction chamber is regulated by means of flowmeter (15), and the

air which is evacuated from the chamber is regulated by a vacuam pump.
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Figure 27. The design of a device for thin-film oil oxidation on

a panel: 1, Small tank for oil; 2, Thermometer; 3, Valve;

4, Regulating valve; 5, Small tank heater; 6, Galvanometer;

7, Glass pipe; 8, Reaction chamber; 9, Thermocouple; 10, Heater;

11, Clamp; 12, Test plate; 13, Gasket; 14, Drealn valve; 15, Flow-

meter; 16, Receiver; 17-19, Refrigeracors; 20, Air valve

The test conditions are as follows: the quantity of oil poured into the
small tank, 50 m2; duration of pumping of air through the chamber, 3 i/hr;

race of oil drop formation 0.5 m2/min; duration of experiment 100 * 3 min.

It 1is possible to oxidize oil on plates of various zetals at different
temperatures. Figure 28 shows the relationship batween the quantity of the
deposits and the tewperature of the plate, which permits us to compare the
thermal oxidation stability of different oils.

In order to evaluste a chauge in oil stebility during multiple oxidatioca
in a thin layer (vhich more closely reflects oil oxidation conditions in an
engine) it is advantageous to pass the ssme oil through the device several
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times, while comparing the thermal oxidation stability of fresh oii and oil

vhich has been subject to wmultiple oxidation (Figure 29), as weli as with oil
after extended operstion in a TRD.
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Figure 28. The thermal oxidation stability characteristic of
petraleum oils In & thin film

Table 33 shows the results of investigations of TRD petroleum oils in
accordance with the method described. MS-20 oil is characterized by a small
tendency toward the formation of a varnish film,

Table 33. Tendency of TRD Petroleum Oils Toward Formation of a Varnish Film

uantity of deposits on aluminum plate at temperature OQ
011 180 200 220 240 260
MK-8 0.0030 0.0096 0.0201 0.0258 0.0232
MS-6 0.0012 0.0055 0.0075 0.0042 0.0038
MK-6 0.0007 0.0013 0.0025 0.0037 0.0021
M5-20 0.0103 0.0159 0.0416 0.0694 -
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Pigure 29. The convergeuce of the rasults of multiple thin-film
oxidation of oils with the results of their oxidation in a TRD:
1, 011 A, fresh; 2, 011 A, after 300 hr of engine operation;

3, 011 A after four—-stage oxidation in a test device; 4, 0il C,
fresh; S, 011 C, after 300 hr of engine operation; 6y 011l C
after four-stage oxidation in a test device

The most oxidation-resistant oils proved to be those of narrow

fractional composition.

The Pratt-Whitney method is used ‘-~ the United States, which permits
evaluating the tendency of oils toward the formation of carbon deposits on
engine parts at high temperatures. The oil is oxidized in a thin layer using
a special device. The oil in this device is located in a :pcci;l inclined
tray. An electric heater with an aluminum plate is located above the tray.
011 1s sprayed on the hot aluminum plate by means of a rotating shaft with a
toothed comb-like structure, where it is oxidized. Tests are conducted for
aight hours; the thermal oxidation stability of the oil is evaluated in
accordance with the mass of the coke formed on ths plate. Not more than
100 g of deposits are suthorized. )

The most promising of these methods for evaluating TRD oils are those in
vhich it is possible to determine not only the thermal oxidation stability,
but also a number of other oil characteristics associated with this
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characteristic. For exsample, in the USA a method is employed for evaluating
the petroleum oils Turboil-l end Turboil-2 (specification MIL-0-6081B),
which permits the simultaneous determination of corrosion properties and
stability after oxidation for 168 hr at 121°C by means of plates of copper,
steel, aluminum alloy, magnesium alloy and cadmium steel.

The corrosion activity and thermal oxidation stehility of the oil 1s

.avaluated by three indicators: these include the corrosion of the metals

indicated (not more than 0.2 ng/cnz); a change in viscosity, determined at
37.8°C (within the limits from -5 to 20X), and an increase in the acid number
(not move than 0.2 mg KOH/g).

Bvaluating the Thermal Oxidation Stability on Special Devices
Of the special devices employed abroad for the evaluation of thermal
oxidation stability of oils, the devicss of Nepir and Wright [61] deserve
attention.

In Nepir's device oil 1s oxidized at 280°C in ball bearings, rotating at
a rate of 21,000 rpm; 1.7 t/hr of oil is circulsted through each bearing.
The test is conductad in cycles until the appearsnce of significant deposits
or until the bearings are damsged. The test cycle includes an increase in

01l tewperature for 45 min to 280°C and operation at this temperature for
6.5 hr.

In Wright's device o1l is oxidized for 7 hr at a rotating bearing speed
of 8300 rpm; the temperature of the external bearing yoke is 382°C. o011l
flows through each bearing at a rate of 0.3 t/hr.

Most promising is the domestic P2Z device [58] which was previously
euployed mainly to check the quality of motor oils. With this device it is
possible in a short period of time to determing fully the stability, vapor-
i{zability and corrosion propartias of TRD oils.

The P2Z device (Figure 30) 1s a circulation svstea conslisting of oil
tank (2) with electricsl heater (3), special casserte (7) in which eight
wmetal plateas are located and oil pump (5) which is rotated by electric
motor (6).

The test oil (250 mt), heated to the required temperature (usually
150°C), is delivered by the oil pump st the rate of 125 t/ir from the feed
tank to the cassectte with plates; the oil vashes the plates, then flows
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through the pipe to the upper part of the tank and is sprayed on the heated
sides of the tank; after this the o1l flows downward and again circulates
The pressure pump of the device delivers air (50 %/hr)

through the device.
for two hours.

Figure 30. A PZZ device for the evaluation of the operating
properties of jet oils: 1, Flowmeter; 2, Small tank; 3, Electric
heater; 4, 0il; S, Pump; 6, Electric motor; 7, Cassette with

plates
Thermal oxidation stability of the oil is judged by the acidity,
viscosity and quantity of deposits in that part of the oil remaining after

oxidation. O1il vaporizability is determined by the quantity difference

before and after testing.

The PZZ device permits determining in two hours the thermal oxidation
stability of TRD oils (Table 34) ani the effectiveness of the introduction
into these oila of antioxidation additives.

Methods of Improving the Thermal Oxidation Stability
Domestic TRD petrolevm oils which contain no antioxidation additives

resemble each other in thermal oxidation stability but MS-6 oil is somewhat
inferior in this respect to MK-6 oils (Table 35) and MK-8 oils (see

Table 29).
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Table 34. The Stability of TRD Petroleum Oils,
Determined on the PZZ#* Device

Acid no. ng Quantity o
KOH/g _of Viscosity at 50°C, cs
011 Before |After ggggiits Before After
testing | testing test . % testing testing
)]
‘At 150%
MK-€ .....4 0.03 6.49 3.6 6.1 ) 9.2
MK"G +1 . 7
£ Icnol 0.03 0.03 0.4 6.1 6.3
at 175°%
MK-8 0.04 2.50 0.35 - - i
MK-8 +1% :
Tonol 0.04 0.18 0.20 - - {
At 200°C |
MK-8 0.04 2.89 1.1 8.1 13.1
MK-8 + 1
£ Yonol 0.0k 1.57 0.6 8.1 10.4 i .
® The data were obtained by A. P. Zarubin

The thermal oxidation stability of petroleum oils is a result of their
different chemical grcup composition, i.e. the presence and pecrliarities of
the structural composition of their component hydrocarbons. The chemical
group composition of TRD petroleum oils and its influence on the basic
operating properties of oils is discussed in more detail in Chapter Rlaven.
Yere we shall point out only that MS-6 oil from Tuymazy crude contains an
{insufficisnt number of natural antioxidants, i.e., aromatic hydrocarbons of a
specific structure.

The thermal oxidation stability of MS-6 oil is increased to the level of
this indicator for MK-8 oil by the introduction of the antioxidation sdditive
Tonol (GOST 10894~64) during plant production.

It is apparent from the data in Table 35 that MS-6 oil has good Iomnol
susceptibility. Thus after the addition to the oil of 0.2 lonol, deposits
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after oxidation of the oil at 120°C were lacking and the acid number was only
0.15-0.17 mg KOH/g, which exceeds the requirements of GOST 6457-66. The
introduction of larger quantities of Iomol gives less effect and is therefore
not advantageous since the cost of the oil increases. MS-6 oil oxidation at
increased temperatures by a more stringenmt mgthod (see Table 35) also
confirms the high Ionol susceptibility of MS-6 oil.

Table 35. The Thermal Oxidation Stability of MS-56 and MK-6 Oils

Tonol Stability after Oxidation
Content Acid No. mg Quantity of
011 4 KOH/g deposits,%
= .
Oxidation in accordance with GOST 981-56
MS-6
- 0.46 0.12
specimen 1
specimen 1 0.2 0.15 none
specimen 2 - 0.32 0.09
specimen 2 0.2 0.17 none
MK-6
specimen 1 - 0.33 0.08
specimen 2 - 0.34 0.05
specimen 3 - 0.34 0.03
Oxidation at 175°C
(the stringent method)
-6
MS - 1-70 1.82
0-5 0.26 " 0072
0.75 0.13 0.42
1.00 0.03 0.28
1.50 0.01 0.1
MK-G - 2-30 2-68
0.5 2.27 2.61
0.75 1.86 1.89
1.00 1.80 1.8%
1.50 0.19 0.€1
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MK-6 o1l satisfies the stability requirements of GOST 6457-66 without
the addition of Iomol.

The thersal oxidation stability of MK-8 oil, intended for thermally
stressed TRD applications, is improved somevhat by the introduction of '
0.6X Ionol. The oil operates satisfactorily in thermally stressed TRD

" installations when it is changed snd the ofl filter cleaned after each SO hr
of engine operation. The quantity of deposits is less than in the case of
the use of MK-8 oil without an additive.

For the overvhelming majority of commercial batches of MK-8p oil, with
the correct choice of s base {Balakhany petroleum ofl), the introduction into
MK-8 oil of 0.62 of the additive Iomol juarantees that in compliance with
GOST 6457-66 the quantity of deposits after oxidation will not be more than
0.15% and the acid pumber will not be more thap 0.6 mg KOH/g (Table 36).

The thermal oxidation stability of MK-8 oil msy be increased by adding
to it other antioxidation additives, for exwaple, paradiphenylamine oxide,
the AsNII-levin additive, etc. [62].
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Table 36. The Thermal Ox{dation Stability of MK-8 01l with the
Addition of Iomol*

Specimen |Ionolj Stabllity after

U

con- ‘ggzgggigp
b No. tent [Acid No. | Amount of
] bg KOH/g depgsits )
011 Requirements which satisfy the
3 : GOST 6U457-66
Specimen 1| -~ 1.58 1.34 p
" 0.5 0.56 0.15
" 0.6 0.12 0.004
" 0.7 0.07 0.007
Specimen 2| =~ 1.75 1.66
; " 0.6 0.60 0.14
i Specimen 3| - 1.67 1.58 |
: " 0.6 0.11 0.02
: Specimen &4 - 2.00 0.96
: " 0.5 0.17 None
Specimen 5| -~ 0.83 0.86
! " 0.6 | 0.19 0.02 1
; Specimen 6 - 0.75 1.00
" 0.6 0.42 0.10
Specimen 7| - 0.87 0.82
" 0.6 0.19 0.01
Specimen § - 1.67 1.58
" 0.6 | 0.30 0.05 /
Specimen 9| - 0.87 0.82
. " 0.6 0.18 0.03
P Specimen 1q - 0.93 1.08
" 0.6 0.50 0.28
| Specimen 11| - 0.87 0.82
v 0.6 0.19 0.01

5 011 specimens which do not satisfy
the GOST 6457-66

: Specimen 1§y -~ 0.93 1.0¢
[ " 0.6 0.64 0.28
' Specimen 2| - 0.96 1.10 4
| " 0.6 0.64 0.36
| Specimen 3| - 1.67 1.66
! . 0.6 0.80 0.45 4
| Specimen U4| - 0.91 0.98
" 0.6] 0.76 0.61
! Specimen 5| - 0.96 1.10
- " 0.6] 0.64 0.36
Specimen 6| - 1.67 1.66
| " 0.6 0.80 0.45

® Oxidation was accomplished at:

175°C for 10 hi, and the rate of
air delivery was 3 L/ hr.
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Footnotes

To p.82. The laboratory work was conducted by G. i. Xrylova and others.
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CHAPTER SEVEN
THE LUBRICATING AND ANTI-WEAR PROPERTIES OF OILS FOR TURBOJET ENGINES

The Significance of Lubricating and Anti-wear Progertiei

Lubricants employed in a TRD must protect antifriction bearings and gear
transmissions from 1ncreu'od wear, must prevent the jamming of rubbing parts,
and must provide for reliability and longevity in engine operation during the
period of service of the resource.

The nature and degree of wear of rubbing parts is determined by their
design and operating conditions (loads, the rates of rotation of ruboing
couples, temperature, etc.), and also by lubricant properties.

The use of antifriction bearings in the main TRD operating assemblies
permits us to employ low-viscosity lubricants in these engines; the gear
drive transmissions of various assemblies transmit relatively low power
(200-600 hp), bear loads up to 40-50 kg per | va of tooth width and therefore
do not determine the choice of lubricant type and quality. However, due to
small dimensions and low weight, theué friction points are stressed to a
degree which requires lubricants of high quality.

The lubricant supplied to the antifriction bearings reduces the friction
betwaen rolling bodies and the rings, between rolling bodies and the cages,
and also between the cages and the ring tlanges. In filling the gaps between
bearing parts, the oil provides for greater elasticity in bearing load
acceptance, removes heat from the bearing and protects it from corrosion.

It must be considered that the lubricating (anti-wear) properties of oil
are determined by its load-carrying capacity (the capacity of an oil film to
accept and withstand a load without being forced from the gaps between
rubbing parts) and its lubricity which provides for the creation of s firm
film on the surface of the rubbing pairs.

The load-carrying capacity of the oil is determined by its viscosity
{63]. In agresment with the hydrodynsmic theory of lubrication (64] the
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load~carrying capacity of an ofl film is determined Ly the viscosity of the
oil and by the rate of relstive displacement (sliding) of the rubbing
surfaces. The higher the viscoaity of the ofl and the sliding rite. the
higher ¢1'e load-carrying capacity of the ofl layer.

Based on these statements, oila with high viscosity are preferred;
however, as a rule, they are characterized by poor low-temperature and
starting properties. In addition a reduction in the viscosity of oils
employed in the TRD is permissible only to a specific limit, since low-
viscosity oils cause an increase in pox-like wear (pitting), which is
charascteristic for toothed wheels and antifriction bearings. The most
probable hypothesis for the formation of pitting states thnt'durin; high
temperatures and high cyclic contact loads, fatigue cracks form as a result
of shaking with slippage on rubbing surfaces. Subsequently, due to the
vedging effect of the oil [65], these cracks are transformed into pitted
ulcers on the metal surface. 0il having low viscosity penetrates easily
under pressure into the microcracks in the metal. The work of a number of
researchers {66-68] has revealed that pitting is reduced with the use of
high-viscosity oils.

Therefore in choosing oils with optimum lubricating characteristics
their viscosity properties must be taken into consideration, as well as the
design peculiarities of the mechanisms for which the oils are intended.

The viscosity of petroleum and synthetic oils employed in the TRD falls
mainly within the range 5-10 cs st 50°C, although in some cases petrol:=um
oils vith a viscosity of 4-4.5 cs are employed.

Abroad it is considered that reliable lubrication of the TRD in the

range of high temperatures is provided by means of a lubricating oil with
a viscosity of not less than 3.0-3.5 cs at 100°C.

1f the rubbing surface 1is not fully coated with a layer cf oil, J.e.,
the 1iquid ludbricatioo is zot comwplate, which is characteristic for gear
trains and antifriction bearings, wear and sticking of the surfaces no lomger
depend on o1l viscosity, but on the lubricating properties or ludbricity of
the oil, vhich is deteruinad by the capacity of the oil to form fira cross-
linked layers with the correct distribution of oriented molecules on the
surface of the matal.
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This high orientation capacity on the surface of the metal is possessed
by surface-active substances contained in the oil. Such substances are
naphthenic and carboxylic acids, resins, asphalt-resin products, sulfur
compounds, atc. Here we must also consider oxygen-containing compounds which
form during the oxidation of oil, and also the various additives introduced

into petroleur and synthetic oils [69-70].

The lubricating properties of petroleum oils which show little.diffet-

ence in viscosity sre quite clese, which has been confirmed by investiga-
tions.

The extended operation of subsonfc mass-produced TRD's with such
petroleum oils as MK-8 and transformer oil reveals that these oils provide
reliable lubrication of emgines during the entire period of their service.
In connection with the 1ncrea-ed'operl*1ng tenperlfutes in supersonic TRD's,
it is necessary to enhance the lubricating capacity of oils. Recently,
therefore, a great deal of work has been accomplished in investigating and
selecting anti-wear additives for petroleum and synthetic TRD oils.

Tﬁ? lubricating properties of TRD oils both in the Soviet Union and
sbroad are evaluated according to various methods with the use of diverse
laboratory friction machines, including special devices and stands.

Methods of Evaluating Lubricating Properties

The Four-Ball Friction Machine
In the USSR and abroad the anti-wear properties of TRD cils are
prelimirarily evaluated on a four-ball friction machine.

In different design versions of the four-ball friction machine a pyramid
of rhree fixed balls in one movable upper ball serve as the main operating
friction point. By means of the four-ball friction machine, as demonatrated
by V. A. Listov, the comparative charscteristics of the anti-wear properties
of oils may be obtained by the so-called step loading method (usually the
one-minute -o:ﬁod). by tests for film longevity at constsnt load and by
other methods [71-72].

Usually the lubricating properties of TRD cils are investigated on the
four-ball friction machine under room temperature conditions by means of th
the one-minute method, employing steel halls with a diamater of 9.5 or 19 mm;
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the rate of rotation of the machine rotar is 1400 rpm. As a result the
critical oil film breakdown loac! (Pk) and the diameter of the wear trace (in
ma) at P, sre determined. Since dry friction is not permissible in & TRD and
the oil must provide for the operation of rubbing parts with minimum wear
without sticking, the results of investigation on the four-ball friction
machine, obtained in the region of subcritical loads, are of great interest.

Table 37 shows the results of an investigation of the anti-wear proper-
ties of TRD petroleum oils on a four-ball machine at usual temperatures in
accordance with the one-minute method with balls having a diameter of 9.5 mm.

Table 37. The Anti-wear Properties of TRD Petroleum 0Oils

011 Anti-wear properties
Maximum load for | Wear trace BRatio of M5-20 oil
disruption of the| diameter at Pk' Pk to Pk of
oil fila Pk' kg . remaining oils
IR-B 28 0 . 39 1 . 79
HK—6 33 0 . 36 1 . 53
MS-6 30 0.37 1.67
transformer 30 2.36 1.67
MS-20 50 0.38 1.0

A Stand with a2 Free Overrunning Shaft
In accomplishing investigations, the lubricating properties of oils are
evaluated on a stand proposed by I. G. Shmelev. The basic operating part of
the stand is a shaft, installed in ball bearings. The speed of shaft rota-
tion is increased to a specific number of rpm, then the drive 1s disconnected
and the ghaft rotates to a complete stup. Tasts are conducted with a load on

the shaft and without a load. Data concerning the lubricating capabilities
of oils, determined by this method, are ghown in Table 38.

The greater the lubricating capacity of the test oil, the higher *“e
oumber of ravolutions the shaft will make before sseizing, or the higher
will be the ratioc of the number of shaft revolutions with a load to the
number of shaft revolutions with no load. It {s considered that the stand
vith a free overrunning shaft permite deterwining the lubricating capacity or
the lubricity of the lubricating material tested.

98




&5!\”;;313&‘&{»&.\'., e

Table 38. The Lubricating Capability of TRD Petroleum Oils Determined
in Accordance with the Free (Bearing) Shaft Overrun Method*

Indicators Total number of of shaft
revolutions from 3000 rpm
to & stop
MK-6 MK-8
At 20°C
with no load (a) ,J 23,320 18,190
with 200-kg load on '
the bearings (b) 7,118 6,445
ratio a:b 3.3 3.8
At 100°C
with no load (a) 30,756 33,005
with bearing load of
200 kg (b) 3,324 7,995
ratio asb 3.7 4.1

* These data were obtained by 1. G. Shmelev.

The Priction Machine of Klimov and Vilenkin (KV-1) [73]

'n;. KV-1 friction machine is employed in order to evaluate the anti-wear
properties of jet oils. It is conaidered that according to surface friction
conditions the machine approximates a number of actual mechanisms, for
example, gear trains. Irn this machine (Pigure 31) the friction pair is
formed by roller (1) (which is sZationary or which is rotated by an independ-
ent drive) and coil (2) of special wire, which f{s wound along a spiral
channel of rotating disk (3). Since the coil is wound on disk (3) in a
spiral, the place of contact of the coil and roller (1) during disk rotation
constantly changes and aach point of the combined friction surfaces comes
into contact one time in one revolution of the disk.

The load at the friction point is created by hydraulic loader (6) aud is
controlled in accordance vith manomater (8). The machine has a device (7)
for rapid load application and removal. Replaceable disks (3) have diameters
from 34 to 210 mm; the oil in bath (9) and the friction pair submerged in it
may be heated to 200°C; disk rpm is controlled with the aid of strobo-
scope (4). The speed of rotation of disk (3) may be adjusted within the
limits of 100-2800 rpm.
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Pigurs 31. Diegram of the KV-1 friction sechine: 1, Roller;

2, Coil; 3, Disk; &, Stroboscops; 5, Neon lamp; 6, 7, Loaders;

8, Msnometer; 9, Bath; 10, Clamping chuck

The design characteristics of the machine permit evaluating the anti-
wvear proparties of petrolewum products at friction psir sliding rates of

0.2-30 n/sac, at specific pressures up to 50,000 lr.g/c:-2 and at temperatures
to 200°C (Table 39).

Table 39. The Anti-wear Properties of TRD Petroleum Oils Determined on the
KV-1 Machine

011 Crictical seizing load Pk st

friction pair sliding rates
2 m/sec | 5 m/sec | 10 m/sec

M-8 17.0 5.0 3.0
MK-6 15.0 4.1 2.4
MS-6 16.7 4.7 2.3

The tests are conductad in the folloving manner: the temperature is
established in bath (9) and the rate of rotation of disk (3) is established
up to specified values and a step load 1s applied to the friction pair (sach
step 1s not more than 10X of the seizing load Pk); the dur-~ton of the load
application and intervals batween loads are 10 sec. The 0il ie tested umeil
galling appears om the friction surfaces.

The seizing load is determined at different disk rotstion speeds and
then curves are plotted showing the stalling load as & function of sliding
rate or temparature.

100

-




The maln shortcoming of all laboratory type friction machines consists

of the fact that they do not 1eproduce the actual operating conditions of
lubricating oils in mechanicms. Therefore, the comparative indicators of
anti-vear propevties of oils obtained on these machines are preliminary
evaluatfons and do not solve the problem of the possibility of employing the
oils in engines.

¥or a conclusive selection, the oils are tested on highly stressed
spacial installations or in the engines themselves.

Closed Circui: Gear Devices

Domes tic installstions of this type (Sh-3, Sh-15, etc.) consist cf a

gear stand, two isolated oil systems and a control panel. The stand operates
on the closed circuit system, and includes a front housing with a pair of
test gears agnd 2 separate cil system, and a rear housing (closing gears) with

its oil system.

The oil aystem of the stand includes oil pumps, coarse- and fine-
cleaning filters, flowmeters, themocouples, manometers and other equipment.
The gears are manufacturvd in accordance with the sirth precision class-
ification.

The gears are loaded py rotating the shafts with the loading coupling by
means of levers and weights. The gears in which the oil is tested
(11,600 rpm) have diamters of 55 and 116 mm; the peripheral velocity of the
small gear with respect to the initial circumference is 33.4 m/set. Ten
liters of oil are used for the test; the pumping radius 2~2.5 i/min; the oil
temperature at the imput of the gear assembly is 75 : 5°C.

The testiug begins after washing of the stand, rolling of the gears and
preparatory work. The oil is tested for 30 hr with a load on the gears
(tcrque) of 8.8 kg/m and a contact stress on the face of the gear engagement
tooch of 16,700 kg/cmz. Depcnding on the purpose of the test oil, its

temperati'te and the gear load may be changed.

The test consists cf five stages of 10 hr each (50 hr in all): aftet

H each stage the ,car teeth are examined without disassembly of tha housing.

o

“y

The anti-wear properties uf the oil are evaluated in accordance with the

external appearance of the gears (scratches, graduation lines, galling

damage, etc.), and in some installations also by meauns of cowmparing
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profilograms or involutes of the teeth before and after testing. The results
-of experimental TRD oil tests are compared with the results of tests for MX-8
oil, the anti-vear properties of which are accepted a8 a standard.

During tests in installations of this type, the quality of oils changes
noticeably (Table 40). Therefore an analysis of the physicochemical proper-
ties of oil before and afte, . test pzrmitas judging the thermal oxidation
stability, vaporizability an. the ckange in viscosity peroperties.

Table 40, A Change in the Quality of MK-6 011 During the Test Process

_ _ in an Sh-3 Device
Specimen Kinematic viscosity, lAcid No. uant‘ty of
. S8, at mg KOH/g Kdeposits
50°C -40°¢C insoluble in
Hieooctane, I
fresh o1l 6.01 2108 0.01 -
after 10 min operation 65.15 - 0.02 -
after 10 hr operation 6.27 - 2.07 0.0079
after 20 br operation 6.51 - 0.13 0.0086
after 30 hr operation 6.69 - 0.26 0.0225%
after 49 hr operation 7.08 - 0.57 0.0693
after 50 hr operation 7.6€3 3583 1.10 0.3781
condensate
from refrigerator of
device h.yg - 1.23 -
from device pipelines 4.57 - 1.77 -

The results of oil tests in gear installations of the type described
coincide satisfactorily with the resulrs of bench tests of these oils in 3
>TRD. In order to obtain repeatable results during parallel oil tests in
these devices, it is necessary to employ gears for these tests which are
identical ingofar as the quality of the metal {s concerned, and also ingofar
4s gaps and tolerances are concerned. Otherwise an incorrect result may be
obrained. To s certain extent this may be considered as a shortcoming of
8ear installations.

The Fvaluation Abroad of Anti-wear Properties

The Rider Machine
In the USA the anti-wear properties of AGTD oils are evaluated on the
Rider machine of the Prart and Whitney " firm [74]. The gears of a TRD
(Figure 32), which have an identical number of reett (28 each), serve as the
opersting friction point of the machine. Therefore, during operation of the
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gears, engagement occurs along the surface of the same matching teeth, which

may also be observed in several domestic devices of this type. The test oil

is delivered at a rate 0f 270 £ 5 mt/min to the gears at the point of their
disengagement. The gear rate of rotation is 10,000 : 100 rpm, but this may

be increased to 16,000 rpm; the temperature of the oil tested is 74 * 3°C;

the total quantity is 500 mf. The load on the gears is increased in steps

after each 10 min of operation of the stand. The tests are made up of

several 1l0-min cycles; after each cycle the number of scratches or galling
narks which appear on each tooth are counted.

Figure 32. The Rlder machine for the determination of anti-wesr
properties of oils: 1, Electric motor shaft; 2, Testing gears

011 quality is evaluated by critical load (load-carrying capacity) at
which scratches and galling damage appear on one~third of the surface of
662 of the teeth.

The critical load is expressed in kg per.l cm of tooth
widch,

The Rider machine does not give reproducible results, since it is

difficult to s=lect gears of identical quality. Each oil is tested several

times and then the results are compared with the test results of
1100 standard oil, type V (the critical load value is 480-570 kg/cm).
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According to the MIL-L-7808D specification, a critical load value
comprising 68% of the critical load of the standard oil is authovized
establighed according to the results of eight tests. However, it 1is
considered that the requiremants of the specification indicated ara not very
strict, Therefore, for example, in the MIL-L-25336 specification (1956) the
oil anti-wear properiy requirements for TRD reducers have been raised. 1In
agreement with the MIL-L-23699 specification, the critical oil load tested on
a Rider machine at 74°C, must be 418-581 kg/cm. These same requirements lor
oil are imposed by the English specification DERD~2497.

It has been experimentally established that oils which withstand a load
on the Rider machine of not less than 300 kg/cm may be successfully employed
in a TRD. 0Oils are recommended for TVD use which have withstood & critical
load of approximately 450 kg/cm on the Rider machine.

The IAE Test Stand

This test stand was developed in England and is intended for testing the
anticorrosion properties of TVD oils. In technical and design configuration,
it differs from the Rider machine only in that the driving and driven gears
have a different number of teeth -- 15 and 16, respectively; therefore, the
order of tooth engagement during gesr operation changes.

Tests are conducted at s temperature of 110°C, and the pumping oil rate
is 235 mi/min, and the rate of rotation of the driven gear is 2000 to
6000 rpm. The gears operate with an increasing load, five minutes for each
step, until the onset of gslling, which is established by a reduction in the
speed of the gears. This installation, just as the Rider machine, does not
give good reproducible results; tharefore, the tests are repested several
tines and the results are compared with the data from a standard oil.

A Tesc Stand vith Truncated Priction Cones
Unsatisfactory reproducibility of the results of snti-wear properties

of oils determined on gear friction machines is explained by the difference
in quality of the groups of gears employed. The Englizh firm "Bristol
Siddley" employs s test stand in which the friction gears are replaced by
truncated steel cones which have an average dismeter of 150 mm, an inclin-
ation angle of 90° and a contact surface 18 ms in width. The friction

surfacas of the cones are polished to a smoothness of 1.0—1.25010-‘ m= and
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are case hardened. The speed of rotation of the cones may be changed from
2400 to 9000 rpm, and the sliding rate may be changed from 4.1 to 18.4 m/sec.
During operation the cones come into contact along the surface face so that
the sliding rate along their width chaenges. The capacity of the oil system
is 16 ¢, the oil flow rate is 118 2/hr. After each 15-min period, the

load on the cones is increased until the oil film is disrupted, which is

determined by a temperature increase in the contact line zone of the cones.

According to the DERD-2487 specification, the oil temperature at the
input to the cones is maintained at 110°C, and according to the DERD-2497
specification, at 200°C for synthetic oils.

Reduction Test Stands

The anti-wear and anti-galling properties of AGTD oils are evaluated
abroad in a number of cases in special reduction devices. Thus the "Rolls
Royce” company tests oils on the Dart reducer with a power of 2400 hp for
150 hr and with a reduction gear rotation speed of 1500 rpm and an oil
temperature at the input of 135°C. Similar tests are accomplished in the
Tine reficer. 01l test conditions in reducer installations are more

stringent than in the Rider machine and correspond to the operating condi-

.tions of oils in TRD's. In addition to load-carrying capacity, the tendency

of oils toward scalg.and precipitation formation is also determined on these
devices,

An Investigation of Lubricating Properties

No.withstanding the significant difference in the viscosities of
oils for jet engines and oils for aviation piston engines, in lubricating
capability MK-8 oil is not far inferior to MS-20 oil, for which this
indicator is relatively high. Thus, the ratio of critical oil film breakdown
loads (Pk) (determined by the one-minute method on a four-ball friction
machine with balls 19 mm in diameter) for MS-20 and MK-8 oils is 1.5
(Table 41).

The differetce in critical loads is also preserved during a temperature
incresse from 20 te 100°C. The higher ratio of critical loads (1.8),
determined on s friction machine with balls having a diameter of 9.5 mm
(see Table 37), is explained by another quality of the oils selected for
testing.
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Table 41. The Anti-wear Properties of Oils* at Various Temperatures
Deternined on a Four-Ball Priction Machine

Indicator ME-8 oil MS-20 oil
At 20°C
critical oil film breakdown
load P, kg 41 -45 62 - 68
width of wear of the balls,
| .tpk’n' 0.66-0.67 [0.60 -0.72
Pk ratfo of MS20 and MK-8 oils 1.5 1
At 100°C
' critical oil film breakdown
load P, kg 39 58
width of wear of the ballg
at P, mm 0.50 n.98
Pk ratio of MS-20 and MK-8 oils 1.5 1

* The kinematic viscosity of MK-8 oil at 50°C was 8.4 cs, at 100°C
. the viscosity was 2.97 cs, and for MS-20 oil the values are 157

and 20.3 es, respectively.

Investigations of the anti-wear properties of oils on a test stand with
a free overrunning shaft and on the KV-1 machine reveal (see Tables 38 and
and 39) that MK-8 oil and oils of narrow fractional composition have
identical anti-wear properties; therefore a certain reduction in the

viscosity of the latter oils does not reflect on their lubricating cap-
abilicy.

Domestic synthetic oils based on diesters or on pentaerythritol esters,
in comparison with petroleum oils, are characterized by higher anti-wvear

properties. The Pk ratio of these oils and the MK-8 o0il fluctuates within
l the limits of 1.4 to 2.0.

Anti-vear Addivites

The lubricating capability of TRD oils is improved by the introduction
of anti-vear and snti-galling additives. The mechanism of the effects of
additives is reduced to the formation of films on the metal surfaces.

Compounds containing sulfur, chlorine and phosphorus are employ:? as
additives in TRD oils.
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The active elements in the additives indicated are adsorbed on the
metallic surfaces, and entering into compounds with these surfaces at

r increased temparatures and pressures form sulfide, chloride and phosphite
films [75~77]. The films prevent the appearance of a dry friction condition
and reduce wear of rubbing parts. The functions of such elements as anti-
vear agents have been widely investigated and are described in de-ail in
[78].

In introducing into petroleum oils such additives as tricrysyl phos-
phate, diphenyl pentachloride (sovol) and those containing sulfur (such as
the LNM2-25k additive, which is a butyl ether of xanthic acids), the critical
oil film disruptive load is increased by 1.5-1.7 times.

Phosphorus additives increase the critical oil film breakdown load, but
after breakdown the film is poorly restored, which may lead to galling or
even to welding of metallic surfaces. This shortcoming is well compensated
for by additives vhich contain sulfur. Sulfide films are less durable, but
on the other hand are more elastic and prevent welding well. Also desirable
is a combinstion in additives of sulfur and chlorine. In additiom to
improving the anti-wear properties of oils (the fitting of metallic parts),
b sulfur catalyzes the process of the formation of a fiim by the additives
3 which contain chlorine. In this connection the coupled employment of these
additives is more effective; however, the best results are obtained [79]
vith the utilization of a complex of anti-wear additives, containing
4 chlorine, sulfur and phosphorus (Table 42).

The introduction into a petroleum lubricant of a complex of the addi-
4 tives indicated (3%) improves its anti-wear properties by 1.5-2 times.

N o

The lubricating properties of petroleum oils during extended operation
in a TRD are usually sosmewhat improved as a result of the accumulation of
resinous oxidation products, snd also as & result of a signifiomm: increase

in viscosity assuciated with oil vaporizatiorn.

T NI

Tricryayl phosphate is widely employed abroad as an additiws in order to
improve the lubricating properties of synthetic ¢.ls; it is introduced in
quantities of 3-5Z.
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Table 42. The Anti-wear Properties of MS-6 0il for the TRD
Prior to and After Introduction of Additives

23:‘ Critical |Diameter p, | Diameter of wear

conte load of wear trace, mm, at loads, kg
Additive

nt, Pk kg trace, mn

t 3 25 |35 fus |ss | 6s
ﬁith no
additive ....| - 30 0.37 0.3510.56] - | - |«
Sovol ....... 1 40 0.37 0.32/0.35/0.66| - | -
TKP o vvnnnn. 1| wo 0.35 0.30[0.320.62| ~ | -
LZ-25K ...... 1 4o 0.35 0.32[0.35[0.69] - | -
Sovol ......o ] 1 ) g5 0.35 0.29] 0.32{0.34 | 0.35/0.70
TKF * e . L] 1
Sovol ..... . 2 '

0. 0.30{0.31}0.33] 0.35/0.65

kP . i 1 % 55 35 3 3 3
Sovel........| 1 } 55 0.36 0.31}0.32[0.33] 6.35/0.68
TKP ...... . 3
Sovol....... 3 K } 55 0.35 0.29]0.32{0.34 | 0.35]0.70
le-?Sk LI I S ) 1
TKE cooeeene 2 ss 0.36 0.300.31/0.32 c.360.69
1,2-25k ..... 0 ‘
S0V0l +.eevas 1
L2-25K ... ... 2 60 0.37 0.30[0.32{0.33] 0.37]0.67
TKF 1 60 0.37 0.29]0.30{0.34 | 0.35]0.75
L.Z=25K ..... 2
$ovol ....... 1
KR @ovennn.. 1 70 0.37 0.29/0.30{0.34} 0.350.70
L.2-25K ...... 1
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CHAPTER EIGHT

THE CORROSION PROPERTIES OF OILS FOR TURBOJET ENGINES

In 8 TRD the lubricant is in contact with metals and their alloys. The
most often encountered are steel, copper, aluminum, lead {lead-coated
surfaces), lead and phosphor bronze, brass, magnesium and aluminum alloys,
etc. The wide assortment of metals employed in jet engines requires that a

careful study be made of the corrosion properties of lubricants developed and
exployed.

The corrosion properties of lubricants are important indicators which
characterize their behavior in a TRD at high temperatures.

i A lubricant must protect engine parts and assemblies from corrosion not
’ only during the operating process, but also during extended standing of
aircraft under usual temperature conditions. The l.sic method of combating
torrosion (aside from the application of protective films on fhe metallic
surfaces, obtained by anodizing oi oxidation, etc.) is the use of lubricants
with high anticorrosion properties.

:
i
[}
[}
{
1

-The corroaive activity of TRD lubricants is determined by the chemical
comrosition of the oils and also by the properties of the productr formed
during their oxidation.

Various carboxylic acids are contained in petroleum oils, and largely
in the products of their oxidacion. Notwithstanding the fact that some acids
(naphithenic) display weak acidic propertiea, thay are active causes of metal
corrosion, especially of nonforroui metals. In destroying metals, the
naphthenic acids form soap with them, which may remain in solution in tne oil
or vhich may be precipitated. The naphthenic acid content in oil is usually
fnsignificant, and therefore the acid number of fresh petroleum oils falls
wvithia the range 0.03-0.04 mg KOH/g. At temperatures of 30-50°C, oile of
this acidity do not corrode metals; however, with an increases ia operating
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temperatures and an increase in acid product content, the corrosive sctivity
of the oils increases.

At high temperatures, metals which are in contact with oil in turn have
a catalytic effect on the process of oil oxidation; the most active metal is
copper.

An o1l sample (10 g) was oxidized in a glass beaker for three hours with
s constant quantity of air (the ratio of 0il and air volumes was approx-
imately 1:1.5). The quantity of deposits was determined by filtration of the
011 through a spccialvmicrofilter. The results of the tests are shown iun
Table 43.

Table 43. The Catalytic Influence of Metals During the Oxidation of
TRD Petroleum Oils*

[ o011 |[oxidation’  Catalyst Quantity of| Acid No., Viscosity at
i temper- t deposits, I| mg KUH/g 50°C
ture, °C
MS-6 - - 0.017 0.01 6.15
17¢ steel 0.033 0.17 6.17
175 | copper 0.046 0.32 6.25
200 | steel 0.030 .33 6.28
200 copper 0.300 0.56 6.32
MK-8 - - 0.007 0.01 7.2
175 steel 0.005 0.41 9.31
175 copper 0.06 0.43 9.36
200 steel 0.0U40 - -
200 | copper 0.10 - -

* The tests were conducted accerding to the method of Papok and
Zuseva.

The load on the engine parts exerts a significant influence on corrosion
intensity. It is pointed out [60] that the higher the operating load, the
greater the bearing corrosion. At high TRD turbine shaft rates of rotation
(up to 20,000 rpm), even insignificant defects on the rolling bodies of the
baarings, vhich cause corrosion, may lead to their breakage [70].

1a commsction with the corrosive action of TRD lubricants, it 1s
necsesary to smesrciss control during their producrion and employment.

-
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The corrosive propecties of TRD oils are determined in a Pinkevich
spparatus (GOST 5162-49) on plates of lead and several other metals. This
mathod consists of the effect on metallic pletes of heated oil, a thin film
of wvhich is periodically brought to the contasct with atmospheric oxygen. The
corrosive activity of the oil 1is established by a change in the weight of the
plate after 50 hr of tests in o0il heated to 140°C, and is expressed in g/mz.
Sometimas the oil is tested at higher temperatures.

At temperatures above 150-160°C, the method of determining the corrosive
activity in accordance with GOST 5162-49 1s not suitable for low-viscosity
petroleun oils dus to significant vaporization during the time of the tast
(50-602). Therefore during resesrch work the corrosion properties of jet
engine oils at temperatures above 160°C are determined by means of the
resction of metal plates with oil in special hermetically sealed containers
of stainleas steel, and also in a special device proposed by Ye. P. Eel'chi-
kova and 0. I. Zapol'ska. The latter method differs fundamentally from the
GOSY 5162-49 mathod in that the metals are subjected to the corrosive effect
of oils at high temperstures with the return of condeusing oil vapors.
Corrosion 12 determined by this method in a device which consists of a glass
flask having a volume of 0.75-1.0 ¢ with a reflux condenser. The plates of
the test metals are hung on glass hooks in the flask at various levels (in
the liquid, in the vapor phases or at the interface of these phases). The
test temperature corresponds to the temperature at which the oil is employed
in an engine; the duraticn of the teat is 200-300 hr, which is approximately
equal to the period of service of the ¢il ir a TRD without & change. To a
great extant this method reflects oil operating conditions in a TRD, although
this wethod, just as the method according to GOST 5162-49, is cumbersome and
requires an extended period of time.

011 corrosion may be determined in a shorter pertiod of time (approx-
imately 2 hr) on the PZZ device.

Domestic TRD petroleum oils at initiasl acidity values of 0.02-0.04 ng
KOH/g are charscterized by insignificant corrosion activity; usually they
cause no corrosion to operating ergina parts. The indicstors of corrosion
proparties of these oils (GOST 5162-49), determined at 100°C on lead plates,

2
are shown helov (in g/m"):
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MK-8 10-17*
MK~6, maximum 30
MS-6, maximum 5

% Practical data.

In the employment of MK-6 oils, creeping of lead coatings in th: engines
is not observed. For comparison it must be pointed out that during more
irsensive cleaning type MK-6 o0il, obtained from Anastas'yevka crude (502
sulfuric acid) 1s deprived of natural oxidation inhibitors and therefore
causes lead corrosion of approximately 50 g/nz. The least corrosive actfivity
insofar as lead is concerned is possezsed by MS-6 0il; this is explained by
the content in the oil of 0.2Z lonol and 0.72 sulfur, which is capsble of
forming a protective film of lead sulfide on the lead plates. The different
corrosive properties of various batches of XMX-8 oil occur as s result of the
different composition of tha initial crude. For the ssme rea=on separate
batches of MK-8 oil also differ significantly from epch other insofar as
thermal oxidation stability is concerned.

An evaluation of the corrosive activity of oils on lead plates in
accordance wvith GOST 5162-49 is not sufficient, since various matals and
. alloys, many of which are wmore sensitive to corrssion than lead are used in
TRD's. Therefore in determining the corrosive activity of oils developed and
investigatead, aspecially synthetic oils, three-five metals are employed,
depending on the chemical composition or the origin of the oil.

At ordinary temperaturss, petroleum oils, even if in contact for an
axctended pariod of time with ponferrous metals, do not cause corrosiom;
therefore during scorage of the engines petroleum oils do not have to be
removed. Thus, tests accomplished in sccordance : - the condensate return
sethod have revealed that MK-8 snd MS-6 oils st .oow temperaturas cause no
corrosion to steel, copper, aluminum or thefr alloys for a period of 100 hr
to 130 days. At increased tempesratures corrusion incrsasus to some extant:
at 150°C for 100 hr corrosion on copper and lead bronze in MS-6 0il mmounted
to 2 g/-z. and corrosion to aluminum D-16 and steel 45 did not exceed
1 g/m".
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According to the avthor's data at 150°C (determined in accordance with
GOST 5162-42) M-8 and ML--6 oils cause no corrocion to copper, aluminum,
steel, brass and lead bronze; with M5-6 o0il on copper plates the increase in

weight was 0.2 g/mz, and on lead bronze plates the corrosion amounted to
2
0.3 g/m".

The corrosion activity of olls may be evaluated on the PZZ device, where
the *-sis ave ccnducted for t¢wo hours at 150°C, the rate of oil circulation
in the system is 125 &/hr and the quantity of air supplied is 50 £/hr. 1In
this case the corrosion indication on lead plates is 4-7 times higher than
the determinatioa in accirdance with GOST 5162-49, which psrmits a clearer
differentiation of TRP petrcleum lubricants insofar as thelr corrosion
activiLy is concerned (Tabie 44).

Table 44. The Results of 011 Corrosion Activity Tests with the
P%ZZ Device®

' — -
011 Finematic viscosity Acid No., mg KOH/g |[Corrosion <Quantity of
' at 36°C, cs on lead, Ideposits, %
Beiore After Before After
testing testing testing teating

g!mz

i

ME-8 ....d 8.5 |12.0 £.01 3.26 136 .2,
experi- :
mental
MK-8
from
Anastas'-
yevka
i:u:e 8.5 |16.9 0.03 5.98 224 14.0
experi- i
mental ‘
MK-8 cf i
Anastas’-
yevke
crude + !
+ 0.5%
Ionol
MK~6
MK~6 +
+ 1.7%
Ionol 3 13 |
MS-6 i 26
sour crude ‘ '

trans- '
former oll 8-5 10.8 v 0.02 26 6.8

% pata vf k. ¥. Papok, A. P. Zarubius and G. V. i kharova.
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The corrosive properties of petroleum oils, as noted above, are directly
associated with their acidity, which increases during oxidation. Therefore
the introduciion into petroleum oils of antioxidant additives ahrply
reduces their corrosive activity since it inhibits the development in the
oils of oxidaiion processes (see Tabie 44).

Even during tests of MK-8 oil on the PZZ device under stricter condi-
tions ( Yhr at 175°C), the introdu-*lon of Ionol provides sufficient anti-
corrosion effect: thus, 12 of lonol reduces the oil acid number after
oxidation from 4.86 to 0.22 mg KOH/g and the corrosive activicty insofar as
lead is concerned from 177 to 14 glmz.

Corrosion indicators for TRD petroleum lubricants in the USA are of the
samc order as those for domestic petroleum oils. Thus American petroleum
oils nf the 1005 and 1010 types (MIL-0~6081B specification) cause practically
no corrosicn cf copper plates at .00°C. After tests for 168 hr at 121°C, the
corrosion of copper, steel, alumirum and magnesium alloys and of cadmium-

plated steel arounted to not more than :2 g/mz.

The corrosive activity of synthetic oils empioyed in the USA on the
basis of various diesters at 170-260°C is higher than for petroleum oils. It
has been pointed out in the literature [80] that the formation of moncesters
of dibasic acids having only one free acid group is the reason for the
corrosive effect of diester 2i{ls, as a result of hydrolysis. Under oil
storage conditions this reaction occurs slowly, but with an increase in
temperature the rate increases rapidly. Thus at 175°C diisoctyl azelate

causes rapid corrosion of copper, magnesium and iron (Table 45).

Synthetic oils based on pentaerythritol esters display even more corro-
sive activity with respect to copper and its alloys.

In the USA tests for corrosion are vsually combined with oil thermal
oxidation stability determiratfons. Wi{th this combined method the metals

simultaneocusly serve as oxidation catalysts.

Depending on specification requirements or on the chemical composition
of the cil, corrosion-oxidation test cmiitions may differ. Thus according
tc the MIL-L-7808 specification the oxidation-corrosion ctest for oils based
on diigoctyl sebacate are conducted at 175°C for 72 hr with an afir delivery
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of 5 £/hr. Corrosion on copper must not exceed 0.6 g/mz, and on magnesiunm,
iron, aluminum and silver, not more than 0,3 g/mz. Viscosity during

ozidation may change within the limits from -5 to 15% (viscosity is deter-

mined at 37.8°C). In agreement with the requirements of the MIL-L-9236B

specification, oxidstion corrusion is determined at 260°C for 46 hr with an

air delivery of 5 L/hx. The corrosion on plates of copper, titanium, iron,
aluminum and silver must not exceed 5 glmz. )

Tadle 45. The Corrosion Activity of Synthetic 0il Based on

—Rijgoctyl Azelate -
Metal Corrosion, g/m2
With no additive Specified requirements for
oils with additives '
copper -56 .. maximm * & ‘
magnesium -204 { |
iron -12 i
aluminum not available maximum * 2 l
gilver " " ,
In order to evaluate the corrosive activity of oils which they have
acquired under storege conditions, the American research center "Wright
Field" developed an accelerated method for testing oils [81]. This method

consists of storing oil in three-liter metal cans with plates of various
metels at B5°C: the results obtained by this method satisfactorily coincide
with the results of the extended storage of oils under field conditionms.
This method of accelerated oil damage during storage in accordance with the
VVS [Military Air Force] requirement is includ2d in the MIL-L-7808D specifi-
cation. Maximum lead corrosion after oil storage with lead plates at 85°C
for 14 and 45 days must not exceed 4.0 and 230 3/-2, respect Lvely.

Special anticorrosion additives are introduced into several foreign TRD

syathetic oils. These include benzothiazole, mercaptoberlzothiazole and and

several other similar products.
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CHAPTER NINE

THE EFFECT OF OILS FOR TURBOJET ENGINES ON AVIATICN RUBBER

The influence of lubricants on parts manufactured from rubber (cuffs,
rings, gaskets), must be minimal, since these parts cannot fulfill the
sealing functions assigned to them 1f a change occurs in rubber quality.

The process of cheamical reaction between oil and rubber depends mainly
on their nature; however, temperature and the duration of their contact also
exert a significant influence. 1t a lubricant is corrosive with respect to
rubber, then in addition to s change in weight and volume associasted with
washing-out of the ingredients of the rubber or with rubber swelling, the
folloving qualitative changes in 1 ‘bber articles also occur:

q reduction in the tensile strength, brittleness temperature range and
decreased relative expansion;

an increase in hardness and residual compression deformation;

a deterioration in resistance to frost.

As a result of high temperatures and the chemical reaction of oil,
rubber cuffs and gaskets lose elasticity, become hard, brittle and may crack
and disintegrate, which causes o1l leakage through scaling devices.

Laboratory investigations of rubber rezctions to cil are rather
prolonged ~- in suse cases they require 400-500 hr. In foreign practice
similar tests are also juite lengthy. Thus, according to the requirements of
the NIL-1-7808 specification, rubber swelling tests in oil are conducted at
70°C for 168 hr!. Quick methods for an accelerated determination of the
influence of lubricants on aviation rubber in the srea of jet oils under
considaration have thus far not been widely utilized.

Synthetic oils, for example, those based on diesters, pentaerythritol
esters, etc. (lables 46 end 47) have the most intensive effect on rubber; for

'See p. 220
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such oils special types of rubber are usually developed which are resistant
to these olls. Type 38252 (see Table 47) rubber is especially resistant to
syuthetic diester oil. Petroleum oils such as MK-8, MS-6, etc., show

sppreciable effect on rubber only at high temperatures and with an extended
contact of 150~200 hr. Of the rubbers investigated, types 4410 and 9831 are

quite resistant to petroleum oils; at 120-150°C no washing-out of ingredients

is obmerved.

Insofar as the effect on rubber is concerned MK-8 and MS-6 petroleum
oils are approximately identical. MS-~6 oil gives satisfactory results in
contact with type 3825, 3826, 4410 and 9381 types of rubber at 125-150°C for
more than 200 hr (continuous effect under laboratory conditions), and also up
to 500 hr with rubbers of the V-14, IRP-1078, 4410, 9831 types at 100-120°C.
TRD tests have shown that domestic petroleum oils have practically no
destructive effect on articles of the various types of rubber utilized in

these engines.

In order to avoid oil vaporization during laboratory investigations
under high-temperature conditioms, the oil and rubber specimens tested are
placed in hermetically sealu:d containers. The containers are maintained in

oil thermostats.

“See p.120.
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Table 46.

Results of the Action of Petroleum and Synthetic 0Oils on Rubbar

for Periods of 24 aund 48 hr

011

Type 4327 rubber [Type 3825 rubber

Swelling, wt %, during testing for

period of
24 hr 48 ny 24 hr 48 hr
at 70°¢
MK-8 ....... ceeresres et iisaaeess] =1.56 - -2.92 -3.73
MK=6 . vriervernnns teecsceorasseann 5.51 ~1.68

MS-6 .....

srnthintic dleacte

MK-8 .......

MK-€ ...,
MS-6 ......

LRCIR RS

i <3070 }-3.m -3.86 | -4.59

............ 21.3 1.1
at 100°¢
seqes v e eq "0«]1 G.lO “3..’?3- eG..Q'S
cereeennee.e]| 127 ~1.29 1.0 -
e veseen L l=b8.16 ~4,60 -4 .85 =0, 74

Table 47. Results of the Effect of Petroleum and Synthetic 0ils on Rubber
for a Period of 240 hr at 200°C
Weight change, %
Time, . T
ype 4327 rubber Type 3825 rubb:r n
hp ‘oSynthetlc MK-8 nynthetlc
MK-8 diester diester
24 -..07 3.38 -0.49 -0.07
72 ~1.56 7.62 -0.62 ~-0.20
€ ~1.9%€ 8.€2 - -
1on -2.11 11.40 - -
144 -2.27 12.78 -1.80 ~0.19
168 -2.29 - - -~0.18
192 -2.39 15.%0 - -
216 -2.41 15.b0 - -
240 -2.4% 16.17 -2.10 ~0.19
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Footnotes

1. To p.117. Swelling of synthetic rubber must not exceed 12-35%.

2. To p.118. All rubber discussed in this chapter is manufactured under
MRTU ({Interrepublic Technical Specification] 5-38-1166-64.
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CHAPTER TEN
TRE FOAMABILITY OF OILS FOR TURBOJET ENGINES
The Causes of Fosming

The high circulation multiplicity factor of a lubricant in a TRD oil
systen leads to the intensive mixture of oil with air. 011 flowing from
lubrication points contains up to 30-402 air. Therefore during the spraying
of oil in gear drive housings, foam is formed: foaming of oil occurs also at
the oil exit from oil knjector jets. Corresponding conditions for foam
formation are alsc formed in the oil tank, where the pressure is alvays lower
than in the entire engine oil system,

011 fosming causes the operation of the engine 01l system to deterior-
ate: tho heat capacity and the thermal conductivity of the oil decresse;
here cooling of rubbing engine parts also deteriorates; the quantity of oil
delivered to lubrication points decreases in connection with the increase in
0il volume due to foaming. Due to the high volume of fomming oil at the
output of lubrication points, the output of TRD evacuating pumps must be
higher than the pumps which deliver ol1l after the air sepsrastor to the oil
system pressure line. Simultaneously with the reduction in the output of oil
P pumps, oil consumption is incresaed as a result of throwing off foam with air
through the engine breathing system.

011 fomming during TRD operation is unavoidable; in this connection the
01l wust be characterized by a minimal capability for fosm formation.

The fomming of oil depends on its chemical nsture. Of the physical
characteristics of a lubricant, the most influential on foam formation are
density, surface tension and the viscosity-elastic properties of the surface
layers.

It is believed that with an increase in temperature the fcoaming of oile
has a tendency to fall; but for sevaral oils foaming first increases with an
increase in temperature, and then falls due to a decresse in oil viscosity




and foam stability, since the durability of the oil films is reduced. A
reduction in the pressure of the surrounding air leads to an increase in
foam formation in oils. The foaming of oils is also influenced by the
additives introduced into the oils, which in a number of cases are surface~
active gubstances and are adsorbed on the o0il films. There are indications
in literature that in a number of cases the foamability of oils is caused by
the addition of anti-wear additives [82], viscosity additives [83}, etc.

Traces of water usually increase sharply the tendency of oils toward foam
formatiou

The Methods of Evaluating Foamability
The foamability of oils is evaluated by a number of methcds. The mmxh
methods and device suggested by L. V. Zhirnova are the most widely employed.
Foam is formed in this device during the free fall of a jet of oil in a zone
of reduced pressure. According to this method 100 mi of test oil is placed
in flask (1) (Figure 32) and is heated to 8 specified temperature. The

required vacuum i¢ created in calibrated cylinder (2) by mesns of a vacuum

pump; the vacuum corresponds to a height above sea level of 10,000 o (a
residual‘preusure of 198 mm Hg). Oil from the atmospheric pressure zone
(flask (1)) is delivered through an open valve to the zone of reduced
pressure (cylinder (2)), where it falls freely in a thin jet, which forms
foam., The foamability of oils according to this method is characterized by a
foam coefficient -- the ratio of the height of a layer of foamy oil to the
height of a layer of oil after the foam has been destroyed. The foamahility
of the oil and the durability of the foam is also judged by the duration of
foam existence in cylinder (2).

The foamability of oils for TRD's may also be determined in

Yu. Mamedaleyev's device, where the oil is subject to foaming in a measuring
cylinder bv means of bubbling air through the oil. The followirg design for
this device is provided in accordance with an improved mcdification for this
method. A glass cylinder with a volume cf one liter is placed !u a water
thermostat, in which a quantity of test oil (130 mi) is placed; a bubbler is
then introduced in order te deliver 2ir to the oil. The hubbler is a glass
tube with filter SP-2 sealed at the end of the tube in order to disperse the
air. The quantity of dehumidified air which passes from the blower to the

cylinder 1s mcasured by a flowmeter. The foamabilicy of the oll is
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determined in five minutas at an air delivery rate of 40 £/hr and at temper-
atures of 20 and 80°C. These specially selected conditions are the optimum
ones for an evaluation of the foamability of synthetic and petroleum TRD
d'mestic oils and sust be strictly maintained. The foaaing teudency of the
oils is evalusted just as in the preceding method, in accordance with the

height of the foam layer formed and {n accordance with its duration after air
delivery has ceased.

A

Figure 33. Diagram of a device for the determination of oil

foamability: 1, Flask; 2, Cylinder; 3, Pipe for oil delivery to
cylinder; 4, Pipe to vacuum pump

Investigations of the Foam-Forming Capability by Laboratory Methods
The basic externsl factors which influence the foamatility of oil in an

engine are oil temperature and pressure on the surface (the flight level cof
the aircraft). Investigations of the fosmadility of MK-8 oil, conducted by
L. V. Zhirnova in accordance with the oil jet delivery mathod, revealed that
that vith an increase in temperature the tendency of oil toward the form-
ation of foam is reduced (Figure 34); simultaneously the period of existence
of the foam, or its durability, is reduced.

With & reduction in the pressure on the oil, foamability increases;
aovever, the life of the foam 1s curtailed, which is apparent from the
following data (in seconds):
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Pressure on the o1l Fosm duration at
ms Hg 100°C, sec
198 600
90 90
40 90
19 60

At 200°C the duration of foam existence, independent of pressure, does
not exceed several seccnds.

According to the data of L. 1. Saranchuk and N. P. Ronzhina [4), with
an increased vacuum over the oil to a value corresponding to an aircraft
altitude o_f 20 km, the foam coefficient of the MK-8 o1l reaches 2.2
{Table 48).
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Figure 34. The foamability of K-8 oil at various temperatures

as a function of air pressure

When the temparature is increased from 100 to 200°C, fosm life is
reduced from 20-2% to 1-5 sec [4].

These same regularities were also confirmed by the author during a study
of 0il foamability by means of bubbling atr through the oil in a measuring
cylinder (Table 49)1.

It is spparent from the data in Table 49 that MK-3, MK-6 and MS-6
petroleum oiia are characterized by relatively low foamability; the durabil-
ity of the foam at a temperature near the application temperature in an
engine (80°C) 1is not significant. With extended operation of these oils in &

'See p. 4 30
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TRD, oo disruption in the operation of the oil system due to 0il foaming
occurs. A certain increase in the tendency toward foam formation of MK-6 oil
at 20°C is explained by the content in this oil of a significant quantity of

sromatic hydrocarbons; however, at 80°C they no longer have sny influence on
oil foex formation.

Table 48. The Influence of Temperature and Pressure Over the Surface on
the Foamability of MK-8 01l

Residual Height abovel

pressure in sea level 011 Foam

device mm hg correspond-

. 1“8 to this tempel“ltu’re coefficient
pressure, km bc

198 10 100 1.5
198 10 200 i.%
90 15 100 .
90 15 200 1.5
41 20 100 2.6
41 20 200 2.2

Synthetic oils based oun diesters and pentaerythritol esters do not
foam under test conditicns at temperatures up to 80°C.

Investigations of the foam-producing tendencies of TRD vils, accom-iix
plished by the suthor at various temperatures and pressures and in accordance
with the oil jet delivery method?, have revealad a rather complex dependence
of oil fosmability on temperature (Table 50).

Thus for petroleua oils the fosming capability increases with an
incresse in temperatu~a, and resches a maximum at 50°C. During a subsequent
increase in temperature, the foamability of petroleum oils is reduced and at
a temperature of approximately 150°C it has the smme value as at 25°C.

For the synthetic oils investigated, the maximum foaming is observed at
100°C; this 1s rveduced with a subsequent increase in temperature. It is

7?.. | 2 130
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apparent that foaming of synthetic oils is insignificant and has practically
no influence on the operation of the TRD oil system.

Table 49, The Foamability of TRD Oils Determined iu Accordance with the
Method of Bubbling Air Through the 0il

| : Helght of Duration of
011 layer mm existence
At t At At
20% | 80% | 20° |go°C
min sec
MK-8 .. iieeveerivoveoecrentsarcnenneasl 5O 25 [ 4e
ME=f tiiiiieeerenvncasornoasescoansnaa{ll8 26 32 28
MSwb tiercareerracnaansanssenennsessssl 20 10 ] i5
Synthetic o1l based on diesters ...... did not - -
form
Synthetic o021 based on pentaerythri-
tol eSters ...iisisiiteintnssncsesesess.dld not form - -

. The tendency toward foaming of MK-6 oil (just as during investigations
in accordance with the air bubbling method) is somewhat greater than MK-8 and
MS-6 oils.

The ‘petroleum oils investigated have viscosities which are quite close
together; therefore it i3 impossible to establish a relationship between
their viscosity and foaming capacity, although this would present some
3 interest in connection with the tendencies to employ in the future higher
viscogity oils at high temperatures. On this problem there is no single
opinion among researchers. Shteynbakh [82, 83] believes that the lower the
viscosity the higher the tendency toward foaming. Kele [84] expresses the
opposite point of view. Kichkin [85) investigated oils? with viscosities
from 17.5 to 3250 cs at 20°C and came to the conclusion that there is a

complex relationship between the foam-producing tendency of oil and its
viscosity. Initially the tendency toward foaming decreases with an increase
in viscosity, then it increases and attains a maxioum at a viscosity of
300 cs, and with a subsequent 1ncréase in viscosity again decreases. With an
increase ir viscosity the life span of the foam increases, and with a temper-

ature increase, it decreases.

During tests of MS-6 and MK-8 oils in accordance with Kichkin's method,
f the height of the foam layer was 40 and 50 mm, respectively, and the life of

ISee p. 130
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the foam was 1 and 2.5 min. With an increase in temperature to 100°C, the
foam formation of petroleum oils increased. Thus with an increase in
temperature from 20 to 100°C, the foamability of MK-8 o1l (the height of the
foanm layer) increasz=d from 50 to 300 mm or by six times, which contradicts
the data cited previously on this problem.

Table 50. The Foaming Capability of TRD 0ils, Determined in Accordance with
Jet Delivery Method

011 pressure 01). foam coefficient
8"9’1‘ oil 1n MK-8 | MK-6 MS-6 | Based on |Based on
HZV ce, mm alesters gggzggrythritol
At 25°C ,
1.98 1.05 1.10 1.09 1.00 1.03
90 1.09 1.20 1.21 1.01 1.97
18 1.52 1.46 1.70 1.02 1.08
At 50°C ‘
198 1.12 1.32 1.13 1.02 1.05
90 1.26 1.52 1.27 1.03 1.02
18 1.87 2.02 1.74 1.05 1.11
At 100°c
198 1.14 1.30 1.15 1.05 1.07
90 1.41 1.41 1.27 1.07 1.09
18 1.49 1.49 1.k0 1.09 1.14
At 150
198 1.11 1.14 1.10 1.05 1.06
90 - 1.21 1.18 1.08 1.08
18 1.37 1.27 1.23 1.09 1.10
At 200°C
198 1.07 1.09 1.08 1.05% 1.05
g0 1.14 1.12 1.10 1.06 1.07
18 1.16 1.13 1.11 1.08 1.12

In the USA and England, the foamsbility of TRD oils is determined in
accordance with the AST™ D-892 method (which corresponds to the Engiish
IP146/55 wethod), which in technicsl content is close to the method described

above of determining oil foamubility in a cylinder by the air bubbling
wcthod,

According to the ASTM D-892 method, 190 mt of 0il is placed in s
cylinder having a volume of 1 £, of strictly determined geometric dimensions

126




Sohais gaie g |

and a’; is passed through the oil at the rate of 94 * 5 mf/min at 23.9, then

at 99.3 and again at 23.9°C; for each of these temperatures a fresh portion

of o1l is taken and air is delivered each time for 5 min. After this the

Laight of the foam layer and the duration of {~= disintegratior arn

ectablished.

The evaluition of oil foamability in accordance with this method 1is
the MIL-1-9236 (A and B); the MIL-L-27502;

Thus ia the MIL~L-7808E specification

>

in:luded in the MIL-L-7808(A-E):

Aliison-359 and other specifications.
for Castrol~98 synthetic oil, the following oil foamability indicatots are

——

.

N
w
.
o
(=N .O
wn

showm:
. L

Foam height, mm, maximum Duration of foam existence,

Temperature
min, maximum,

40

99.3 10
50

For a number of foreign synthetic oils the following requirements have
been introduced: the height of the foam according to the ASTM D-892 method
at 99,3°C must not exceed 25 sm, and at 23.9°C, not more than 100 mm" (86,
87). The most effective method of combating oil foaming during engine
operation is the introduction into the oil of special antifoaming addi-iwws
tives -~ orgenosilicon compounds, including several alkyl siloxanes and

Silicones are characterized by the fact that they possess low ) )
It has been

R

silicones. .
surface tension and display insignificant solubility in oils.

shown [88] that with a low concentrution of substances havingg lower surface

F L
tension than oil, foam formation is noticeably reduced in a case when the
solution is in the form of two phases and the solute is thinly dispersed in

the oil. The quenching of foan by means of silicones makes use of this

; ‘ effect.
A Since with ar increas~ of the solubility of silicones in oils their

P antifoaming effect decresses, silicones are usually employed as antifosaing
additives which have comparatively high viscosities -~ from 1000 to 6000 cs {
at 25°C and molecular weights from 20,000 to 50,000.

4

' 1»: TSee p. 130
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Antifoaming additives are introduced into oils in small quantities, not
more than 0.001-0.0001%, which also depends on their poor solubility in
vetroleun oils. The silicone liquid PMS-200-A {s mos® ~ften employed as a
defoamer for petvolesum oils.

With the introduction of G.001X of the antifoaming silicon adlitive S to
MK-8 011 (wccording to data furnished by G. I. Kichkin), the height of the
foam layer at 20°C is reduced from 50 to 20 mm, which indicates the high
effectiveness of additives of this type.
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Footnotea

1. To p.124. Phe work was accomplished jointly with I. V. Golovistikov and
V. A. Nikolayeva.

L oty g YD S

2. To p.125. The work was accomplished jointly with G. I. Krylova.

3. To p.126. o011 foamability is determined in a glass cylinder with the
delivery of nitrogen at the rate of 4 %/min through 100 mf of oil.

4. To p.128., Duration of foam existence must not exceed 5, 3 and 5 min.
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CHAPTER ELEVEN

THLC CHEMICAL GROUP COMPOSITION OF PETROLEUM OILS FOR TURBOJET ENGINES

Many important operating properties of TRD petroleum oils, cuch as
thermal oxidation stability, viscosity-temperature characteristics, etc.,
are determined by the chemical group composition and also by the structural
group composition of the oils. This is clearly seen in a comwparison, for
example, of the physicochemical indicators for MK-8 oil (GIST 6457-66) from
Balakhany crude with experimental MK-8 oil (apecimen 1) frow Troitsko-
Anastas'yevka crude (Table 51).

These oils which have similar boiling ranges (300-400°C), are obtained
at the usual cleaning depth of distillates by sulfuric acid (6-9%) and have
identical viscosities at S0°C. Nevertheless MK-8 oil (specimen 1) from
Troitsko-Anastas'yevka crude in comparison with MK-8 o1l in accordance with
GOST 6457-56 has a higher viscosity at -40°C, a poorer viscosity ratio and
increased density. 1Its vigcosity at -40°C increases sharply after vapor-
ization. Such a significaat difference in physicochemical properties of
these oils is caused by their dissimfilar chemical group composition.

Having changed the chemical group composition of petroleum o0ils by
means of an appropriate cleaning of th :ir distillates, we may obtain
significant changes in the basic physicochemical properties of the oils.
Therefore a study of the chemical group composition of petroleum oils and its
relationship to the physicochemical characteristics of the oils presents
considerable interest.

The cheaical group composition of petroleum oils for TRD's is determined
by the use of separation by an adsorbent. A single, unified technique for
this determination does not exist; the most widely employed methos is as
follows. A sample of tast oi]l is digsnlved in isooctane (at s ratio of 1:3,
respectively), and the solutiom is poured into an adsorption colummn, filled
vith coarse-grained, activated silica gel of the ASK type. The quantity of
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4
silics gel chosen is based on a calculation of 30 g for each 50 g; of oil ?
being separated. After a 12-hr holding time in the column, the methane-
naphthenic and light aromatic hydrocarbons are succesaively desorbed from the : A
silica gel by the iscoctane, snd the remaining aromatic hydrocarbons by : «Z: 1
bentene, and thc resins, by an alcohol-benzene mixture. The clearness of the Loy

separation of sethane-naphthenic hydrocarbons from the aromatic hydrocarbons
is controlled by means of a formalith reaction.

The groups of hydrccarbons desorbed from silica gel are arbitrarily

sorted into the following ranges of refractive index values:

msthane-naphthenic hydrocarbons 1.46-1.49
light aromatic hydrocarbons 1.49-1.52
medium aromatic hydrocarboas 1.52 and sbowve

Oils obtained from different petroleus bases differ sharply among
themselves in chemical group composition (Table 52) [89).

Distillates and oils obtained from highly aromatized Troitsko-
Anastas’yevka crude (specimens 2, 5-7) especially are seperated out by
aromsatic hydrocarbon conteant. Thus in an MK-8 04l distillate bssed on this
crude (specimen 5) aromatic hrdrocarbons are twice as high as in the MK-8
oil, based on Balakhany crude (specimen 1), After the cleaning of specimen $
by sulfuric acid (62), the chemical group composition of this specimen showved
1ittle change (specimen 6), since here mainl; the basic <esins are extracted,
and the aromatic hydrocarbons are only partially affected. For this reason
the oil (specimen 6) has a very high aromatic hydrocarbon content (37.5%) in
comparison with all of the oils obtained from other crude. Only with very
deep cleaning of specimen 5 with sulfuric scid does the content of aromatic
hydrocarbons decrease to 262 (specimen 7) and thus become coaparable with the
content in oils from other crudes.

The aromatic hydrocarbons exert a very significant influence on the
flatness of the viscosity-temperature curve, on the thermal oxidation
stability and on sevaral other important operating properties of oils. The
-influence of the aromatic hydrocarbon coutent on the properties of the oils
indicated is seen very clearly in cowparison with the gquality of oil
specimens 6 sand 7, obtained from Troiteko-Anastas'yevka cruds. MK-8 oil
(specimen 1) from Troitsko-Anastas'yevka crude, which contains the largest
quantity of aromatic hyZrocarbons, has the worst viscosity-temperature
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indicators (the viscosity at -40°C, viscosity ratio) and the highest
refractive index (see Tables 51 and 33). These indicators improve and
attain levels established for MK-8 o0il from Balakhany crude (GOST 6457-66)

in proportion to the sulfuric-acid cleaning of the MK-8 distillate from
Troitsko-Anastas'yevka crude.

Tabie 52. The Chem{cal Group Com osition (in %) of Type MK-8 Oils
Obiained fror Various Crudes

ethane
kpec_ Faphtne.WRMm ans

133

men 011 nic hy- Resins |Losses
Num- drocarb-f.1ght Medivm Heavy Motal
bers ons
1 MK~-8 from Balak-
hany c¢rude ......| 75.3 8.1 8,1 7.0 3.2 | G.9 0.6
2 MK-6 from Troit-
sko-anastas'yevk
crude ........., | 62.5 8.8 |i7.2 9.8 Bs5.8 0.9 0.8
3 [MS-6 from
Tuymazy crude 61.4 12,11 2.3 3.6 n8.o |o.u 0.2
] Transformer oil
from Tuymazy
J crude ..... ceeeell 760 13.7| 3.6 3.9 p1.2 0.6 2.2
Experdmental Joils
5 MK-8 distillate
from Troitsko-
Anastas'yevka
crude .......... 51.6 12.6 ]25.2 6.4 Ppy,2 3.5 0.7
6 MK-8 from a dis-
tillate cleaned
with 6% sulfuric - i .
acld ... 0.l | 99,5 12.0 |18.7 6.2 BR7.5 2.4 0.6
7 MK-8 from a dis-
til]ate’cleaned
with 50% sulfur-
ic acid ........ 72.6 10.2 1.3 4.6 p6.1 |o.4 10.9
8 [MS-8 from Chir-
novsk crude ..... 84.9 12.1§ =~ 1.7 }3.8 - 0.3
9 |MS-6 from Zhir-
novsk crude .....| 88.5 7.6 « 1.5 9.1 0.5 1.9
10 MK-6 from Balak- 0.4 0.1
hany crude ..... | 76.1 5.419,0 9.0 §23.8
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In oi{ls from Tumazy, Balakhany and Zhirnovsk crudes (see table 52), the
content of aromatic hydrocarbons is significantly less (9-241) than in oils
from Troitsko-Anastas'yevka crude. Basically their physicochemical
indicators satisfy the requirements of GOST 6457~66 for MK-8 oil.

For oils obtained from Tuymazy snd Zhirnovsk crudes by means of solvent
refining (see Table 52, specimens 3, 4, 8 gnd 9), a high methane-naphthenic
hydrocarbon content 1is :haracteristic; therefore these oils are distinguished
from oils based on Troitsko-Anastas'yevka and Balakhany crudes by better

viscosity-temperature properties, much lower reiractive indexes and densi-
ties.

Oils from various crudes Jdiffer from each other not only by the total
content of light, medium and heavy aromatic hydrocarbons, but also in their
quantitstive proportion. The structural charactiristics of aromatic and
methane-naphthenic hydrocarbons contained in oils are a significant factor.
The structure of hydrocarbon molecules determines their physicochemical
properties. The content of the individual scructural hydrocarbon molecular
elements is determined by the ring analysis method.

The thslcocheﬁicai and Ring Analysis of Methane-Naphthenic and
Aromatic Hydrocarbons

The extremely widely amployed Van Ness and Van Westen method [90]

permits us to characterize the so-called average molecule of the hydrocarbon
under investigation in accordance with the refractive index ngo, the
molecular weight M and density ozo. It is possible by means of this method
to determine the number of aromatic and naphthenic +ings in an average hydro-
carbon molecule, and also the carbon content in the ring structures and side
chains. In conjunction with the results of the determination of the

chemical group composition, the data obtained during investigations using the
Van Ness and Van Westen method mske it possible to evaluate qualitatively the

gtructure of average molecules which make up the groups of h :drocarbons under
investigation.
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Table 53. The Physicochemical Properties and Ring Analysis Data of
Hydrocarbons Fractlions Separated from Type MR-8 Oils

Speciflc Sul-
Rerrict- ensity |M-iecular | disyersion |fur
ive nde S con-
120 DEO weight . tent
D _3__22_ g
011s and Fractions P
MK-8 distillate from
Troitsko~Anastas'yevka
crude
methane-naphthenic.....| 1.4723 ]0.8625 297 104 -
aromatic isooctane 1.4948 ]0.8986 281 116 -
" 1.5028 0.9097 269 125 -
n 1.5169 0.9286 258 138 -
" 1.5286 0.9441 259 151 -
" 1.5360 0.9559 252 159 -
" 1.5460 0.9671 243 171 -
" 1.551] 0.9761 237 183 -
n 1.5650 0.9873 235 197 -
" 1.5750 | 0.9940 222 214 -
" 1.5862 1.0067 221 22t -
" 1.5954 1.0156 216 245 -
" 1.6130 1.0377 209 258 -
aromatic benzene
fractiong ........ Lee.e]1.61b0 1.0455 228 256 -
MK-8 fromTroitsko-
Anastas'yevka crude,
cleaned by 50% stou
methane-naphtheniec 1.4709 10.8592 276 98 -
aromatic 1sooctane
£ractions «..ocecssvse 1.4910 }o0.8921 277 136 -
" 1.5050 }0.9107 274 130 -
" 1.5258 [0.9424 256 147 -
" 1.5365 0.9549 255 159 -
" 1.5459 0.9682 258 169 -
" 1.5831 0.9825 247 199 -
MK-6 from Troitsko-
Arastas'yevka crude
rethane-naphthenic 1.4681 ] 0.8532 261 98 -
arcmatic isooctane
Practions ..ccesesssne .11.4958 |n.8957 267 123
re " 1.5124 | v.9199 248 138 -
" 1.5230 0.9360 237 147 -
" 1.5350 0.9513 239 158 -
" 1.544% ] 0.9626 238 179 -
" 1.570% 0.9862 218 215 -
135




J U T IR R

) .
L

Co

QOO (N IO MWD =T I~
NS MM O

8.1

N= OO U~

.......
M=\ ¢ O\
N T MO

19-5

cccccc

n

A NDO -NO W N0 O
------------
KNt~ OoO oNt-arvm
NAUNMNNOOMAN NN NG

M T TN
.......
VOO
NONNNNNN

O ANMD AN~

M~ ONST =100 W\OW® NN
NN MM OISE ST T INN\O D

.......
NWVWOTOO
NN ar

WN-HO OVt uy
L'Eaaliat 2T)Y

ic%

MEOMITITMNOUNO O
ArAAAAAA~~NMOO

1.1 |66.0 p5.9

NN T NS

l.4]53.0 27.5

-78012“56890
........ .
001111111122

2.3

2.2

T
#m
K

1
[~ [~}
b4 Ky ot
o &~ O
Yk A &
o
[
o el
£ ol8e0
g 10 el
O o NlWCoO
o thi
® e »
.ﬁm m £ @
N i PO
o @ L[
= T
2 |58
<]
0 -
[~
i 1
T M Bo
& Jo O« o
[o] = M
Ok ni<ad
O Jo o
< 2 f
g o

OCOAMUNO =D NN

NONANNNNNNNGNNM

3.4

~HONNANNNN

AN

OO NHONSO I~ VD

........
T N OW T VD e OO O
N TN NN N

23.1

153.3

VNNV O OO

O NN O D N

L] L] L] » * .
F~NAHRNO
FoOMmnNO

cCn

MM -NO T NS .
.......... ot
NN B M MO N

H6 .7

2282967

285619“
MM MNMN

7.0 B35.9 |3.6

MO ==y C

IFFMmMOiol
OO OMMO N

............
O T OO NW I~ MDD
OOV T WO I -0

()

OMOO~NIM
.......
NC NNV OM
~ NN SN

0.9 |45.5 k3.6

lec Cn Ca

099766.“206 -21
. .
2111111110 (o} <]

0.3 |82.5 | -

1

(<3 Xl ol Tal Va¥a )

Mt O

0.9 |64.1

1.7

0!)68013“68113

000111111222

ST OV M-

.......

2.2

......

Table 53. Continued

[}
= @ o
L4 fo ol
» o &
0 S W py &
k Q
-
c v |
£ jo olax
o jC &R Q
= le g5
- |5 cﬁWH
0 3 18 o
N ke & [Ow
0 1a o ke
P ojlca
= [}
§|  [55
> LE
e
o
o [}
E o
[ (] O~ «
=] Fe 804
- N ni<a
o o W
5k Sf
(3] mp.t Q
© O d

o= 5567766“13“

NN NNNNNNNNNNNN

2.7 2.4

l.9

.......

NNV NN

3.1

136

.




e A AT Koty ey o

T

ﬂw’!n’?“""? £

AL for, 3 4 SIS TR W, Wy S 5 SR 3 s R AN RBER ey v i

» ]
Table 53. continued
lRefract- | Density Specific Sul-
ive index p20 Molecular{dispersions |fur
011 and Fractions ngo 4 weight " con-
N3 e tent
o s
romatic fsoocctane
ractions 1.5398 |1.0164 213 219 -
romatic benzens
ractions 1.5993 1.0268 207 245 -
K-8 from Balakhany
rude
ethane-naphthenic 1.4596 |G.8586 288 100 -
romatic 1soccetane
ractions ............ [ 1.5013 0.9031 278 130 -
" 1.5150 0.9271 277 139 -
" 1.5277 |0.9484 257 149 -
" 1.5399 0.9655 247 159 -
" 1.5451 0.9713 247 168 -
i 1.5600 0.9823 239 195 -
romatic benzene
ractions............. ] 1.6051 1.0299 236 257 -
S-6 from Tuymazy
rude )
ethane-naphthenic 1.4626 10.8384 286 98 none
romatic isooctane 1.4951 !0.8872 269 127 0.5
ractions .
" 1.5055 0.9932 266 139 0.7
! 1.5161 0.9217 257 1b40 1.4
v 1.5371 G.9519 241 173 3.1
hromatic benzene
Fractions : 1.5522 }0.9872 230 185 6.0
Lransformer o1l from
fuy.azy crude
methane-naphthenie 1.4650 |0.8435 322 98 none
aromatic isooctane 19867 0.8306 321 122 0.4
fractions
" 1.4908 0.8906 316 128 0.5
" 1.5039 0.9007 308 135 0.78
" 1.5161 0.9232 289 142 1.55
" 1.52128 0.5374 285 150 2.33
" 1.5135 0.9628 267 177 3.1
aromatic benzene
fractions 1.5425 0.9711 284 167 6.0
137
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Notwithstanding a certain srbitrariness in this method, developed in

conformity with oil concentrates, it does permit us to obtain fully compar-

able results. However, in an alaysis of aromatic fractions it is less

accurate, and .n this case the Hazelwood {91] method is additionally

employed, by means of vhich we may obtain good results for aromatic hydro-
carbons.

e

Naturally, the better the adsorption separation of hydrocarbon fractions
by silica gel, the more accurate the results of their ring analysis.
Therefore the aromatic hydrocarbons, having undergone adsorption separation,
were again subjected to chromatographic separation by silica gel in small
columns. The aromatic fractions were desorbed froue silica gel in such a

manner that the refractive index of each successive fraction differed from
the preceding fraction by not more than 0.01.

On the basis of the results of physticochemical and ring aualyses of
groups of hydrocarbons (Table 53) released from petroleum oils by the

sdsorption separation method, it is possible to make the following conclu-
sions, which are of particular interest.

é All of the methane-naphthenic hydrccarbons, released from oils of

B different origins, have similar physicochemical properties: density,

i rz2’ractive index, molecular weight and specific dispersion. They are also
2 similar in ring composition: their average molecule contains from 1.7 to
% 2.0 naphthenic rings. Methane-naphthenic hydrocarbons from sour crude are an
; exception; here lower refractive. indexes and densities are characteristic.
,* Their average molecule contains only 1.4 naphthene rings and has long

{ paraffin side chains, which contains up to 652 of the hydrocarbon of the

-L‘ entire molecule (and 542 for methane-naphthenes from other raw matericl).

& The structural characteristics indicated for methane-naphthenic hydrocarbons
'4} contained in oils from sour crude exert a positive influence on the flatness
% of the viscosity-temperature curve of these oils. '

g The first aromatic fractions of all oils desorbed by isooctane are

" characterized by low density, high molecular weight aud low specific disper-
t sion. 4in average molecule of these aromatic hydrocarbons contains the least
* number of rings, in comparison with all other aromstic hydrocarbons; here

| naphthenic rings and long paraffin side chains predominate. On the basis of
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these data it is possible to conclude that structurally the first aromatic
fractions are transient ones from the methane-naphthenic to the aromatic
hydrocarbons. For all successive gromatic fractions, an increase in the
refractive index is accompanied by an increase in density and specific
di{spersion, but the molecular weight decreases. The value of these indica-

tors for the same fractions, separated from different crudes, in practically
the same. '

In proportion to the selection of fractions, the number of rings which
characterize the average molecule increases aud the length of the paraffin
chains decresses. The ratio between the aromxtic and naphthenic rings
changes toward the aromatic, and their nuuber increases. In the aromatic
fractions having a refractive index greater than 1.54, the aromati- rings
slready predominate in the average molecule. It follows from this that as
the density, specific dispersion and refractive index of auorbed aromsatic
fractions increase, the degree of their aromatization is also increased.

Acoordipg to the refractive index (more than 1.54) and the specific
dispersion (more than 160) it is possible to conclude that mono- and
bicyclic arosatic hydrocarbons are contained in the oils under investigation.
The content of these hydrocarbons in oils is not identical. Dicyclic
hydrocarbons are contained most of all in oil from Troitsko-Anastass'yevka
crude and lesst of all in oil from sour crudes. Tricyclic uronndc hydro~-
carbons (having a specific dispersion above 250 and s refractive index sbove
1.59) are contaiaed only in a distillate of Troitsko-Anistu'yevh crude., It
is the high content of dicyclic aromatic hydrocarbons and the presence of
tricyclic aromatic hydrocarbons in the oil from Troitsko-Anastas'yevka crude
wvhich is responsible for its poor low-temperature properties.

The ayomatic fractio~ ' .sorbed by benzene for all crudes axcept sour sxms
ones is characterized in comparison with other arcmatic fractions by the
highest refractive index (1.59-1.61) and specific dispersion (to 258), by &
density above unity and by the lowest moleculsr weight. The average molecule )
of these aromatic hydrocarbons has the largest number of rings, wmainly
aromatic, and short side chains. .

The aromatic hydrocarbons contained in oils from sour crude, in
comparison with the aromatic hydrocarbons from other raw materizl, have an
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improved nature, i.e. a relatively low refractive index, low density (not
more than 0.9872) and a specific dispersion of 167-185, In the average

aromatic hydrocari.on molecule of sour crude, naphthenic rings with long side
chains predominate.

In agreement with the concepts concerning the atructure of hydrocarbons
with a high viscosity index, it is the properties indicated of the aromatic
hydrocarbons, separated from sour crude, which provide the adrantages of

these oils in comparison with oils obtained from another raw material.

The Influence of the Group-Structural and Chemical Cemposition of

Petroleum Oils on Their Operating Properties

There is a specific relationship between the group-structural and
chemical composition of TRD vetroleum oils, on the one hand, and their
operating properties, on the other. First of all this pertsins to the
viscosity-temperature properties, the thermal oxidation stability and the
corrosive activity of the oils.

The content of significant quantities of aromatic hydrocarbons in oil
from Troitsko-Anastas'yevka crude, mainly dicyclic with short side chains,
causes a steep viscosity-temperature curve and poor low-temperature oil
properties; according to these indicators this oil is inferfor tc oiis from
other crudes. During the removal of part of the aromatic hydiocarbons by
means of deep cleaning with sulfuric acid, the low-temperature and viscosity
characteristics of oils are noticeably improved, but their thermal oxidation
stability simultaneously deteriorates (see Table 51, specimens 1 and 2 of
MK-8 oil).

0ils from sour crudes such as MS-6 and transformer olls contain rela-
tively few aromatic hydrocarbo .3 (18-21%), while aromatic hydrocarbons
desorbed by isocctane contain few rings; naphthenic rings with long paraffin
chains pradominais in the aromstic hydrocarbons desorbed by benzene.
Aromatic hydrocarbons of this type have a high viscosity index, in connection
with which oils from sour Tuymazy crude are diatinguished by good viacosicy-
temperature properties. This must ba taken i{rto consideration during the
choice of a raw material for the manufactur: “f oils, if their low-

temperature characteristics are of decisive import.
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0ils of diverse origin and depth of cleaning possess different themmai
oxidatior stabilities (see Tables 29 and 51), which factor is also influenced
by their group-structural and chemical composition. Oils prepared from
Tuyrazy and Zhirnovsk crudes by means of solvent refining are inferior
insofar as thermal oxidation stability is concerned to oils prepared from
Troitsko-Anastas'yevks and Balakhany crudes by sulfuric acid cleaning. 0ils
from Tuymazy and Zhirnovsk crude:s are more easily oxidized, which is
explained by the insufficient content in these oils of natural oxidation
inhibitora. The hydrocarbons contained in these oils of naphthene-aromatic
structure (not more than 21%) have weak antioxidaticn properties and durinmg
oxidation are themselves capable of producing acid products. Oils prepared
from Troitsko-Anastas'yevka and Balakhany crudes ure more oxidation-
resistant, since they contain a sufficient quantity of natural oxidation
inhibitors, mainly consisting of heavy condensed aromatic hydrocarbons with
short side chains. A study of the influence of adding to MK-8 oil, prepared
from Balakhany crude (GOST 6457-66), various aromatic hydrocarbons separated
from the same oil revealed that the best antioxidstion properties are
possessed by heavy aromatic hydrocarbons with a refractive index of 1.6051
and a specific dispersion of 257. These hydrocarbons were obtained by their
desorption from silica gel with benzene. The foregoing confirms that the

specified aromatic hydrocarbons are sufficiertly active oxidation iuhib-
itors.

It is characteristic that if type MK-8 o0il is obtained from Troitsko-
Anastas'yevka crude by means of distillate cleaning, during which the
aromatic hydrocarbons of the oil are not touched at all (see Chapter Three),
then such oils have improved sxidation stability. And, on the other hand, in
all cases when the content of heavy arcmatic hydrocarbons is reduced, the
thermal oxidation stability of petroleum oils falls. Thus the thermal
oxidation stability of MK-6 oil of narrow fractional composition prepared
from Troitsko-Anastas'yevka crude is, in practice, on the borderline of
GOST requirements (residue 0.1% and acidity 0.35 mg KOH/g) , since a part of
the heavy aromatic hydrocarbons remains in the tail fractions of the
distillate, which does not enter into the composition of MK-6 oil. The
stability of MK-8 experimental oil, prepared from Troitsko-Anastas'yevka
crude, after deep cleaning by sulfuric acid also falls (see Table 51),
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although the content in the oil of aromatic hydrocarbons remains relatively
high (26.1X). This is caused first of all by the removal from the 0il during
sulfuric acid cleaning of condensed aromatic hydrocarbons, which are weakly
shielded by paraffin chains or naphthenic rings. Thus the acid pumber of
MK-8 oil (specimen 2), obtained by means of dist{llate cleaning by 502
sulfuric acid, amounts to 1.2 mg/g, while the acid number for MK-8 oil
(specimen 1), obtained by cleaning with the usual 6% sulfuric acid, does not
exceed 0.2 mg/g. The introduction of quite insignificant qdantitic of

Ionol into deeply cleaned oils causes their oxidation stability to increase
sharply. Thus in adding 0.5% Iomol to MK-8 oil (specimen 2), prepared from
Troitsko-Anastas'yevka crude, the acid number after oxidation is reduced from
1.2 to 0.02 ng KOH/g. Simultaneously lead plate corrosion (determined in

2 hr on the PZZ device) is reduced from 224 to 3 g/nz. vhich emphasizes the
close relationship between the corrosive properties of petroleum oils and
their thermal oxidation stability.

Due to the insufficient content of natural oxidation inhibitors in the
MS-6 oil, prepared from Tuymazy sour crude, 0.2% Ionol was introduced into
the 011’ during preparation. This increased the thermal oxidatfon stability
to the required standards, since MS-6 has a high Ionol susceptibility. MK-6
vepared from Troitsko-Anastas'yevka crude, and containing up to 36% of
aromatic livdrocarbons displays the lowest Ionol susceptibility.

The thermal oxidation stabilities of varlous batches of MK-8 oil
prepared from Balakhany crude and from a mixture of Baku crudes are not
identical. Thcy'di.fier among themselves and in their Ioaol susceptibility
(see Chapter Three). This is csused by variations in the compomition of the
initial crudes.

A Change in the Chemical Group Composition During Extended TRD Operation
The chemical group composition of petroleum oils, ss a rule, doer not

undergo intensive changes duing extended operation in TRD's. Thus the
chemical group composition of MK-8 and MS-6 oils after 100 and 300 hr of

_engins cperation shows insignificant changee (Table 54). The composition of

MX-6 c11 shovs a more noticeable change, consisting mainly oi an 1acrease in
renin content in the oil (apparently as a result of heavy aromatic hydro-
cazbons) and a fall in the methane-naphthenic hydrocarton content. ’
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Table 54. A Change in the Chemical Group Composition of Petrcleum Oils
During TRD Operation (in X)
N
Duration |Meth- Aromatic hydrocarbo
of 011 |ane- §n
011 operation|naph- ol 7%
then “joag
hr ic hydre- wlnvg
carbons jLight| Medium] Heavy| @ jox
, vnoa )
MK-8 from
Balakhany crude - 75.3 8.1 8.2 7.0 }0.9 -
" 10° 76.5 7.5 7.5 6.8 1.6 - -
MK-6 from )
Troitsko-
Anastas'yevks
crude - 62.5 8.8 | 17.2 9.8 |0.9 -
» 100 62.5 8.0 16.8 8.8 3.1 -
nn 300 60.0 0.9 17.3 8.0 2.9 -
HIS-G from
Tuymazy crude - 81.4 21 2.3 3.5 0.4 -
" 100 82.0 9.4 2.4 b2 0.9 -
d 300 8100 9-9 2.5 3.9 1.” -
MK-8 from
Troitsko-
Anastas'yevka '
crude {deep
cleaning) - 72.6 pho.2 | 11.3 4.6 |0.4 -
" 100 62.4 no.b 11.0 7.4 |7.0 1.6
. 306 65.3 |9.9 | 13.8 6.5 |u.1] -
® Cleaned with 5C % sulfuric acid 4

Deeply cleaned MK-8 oil, prepared from Troitsko-Anastas'yevka crude,
shows the most charge in chemical group cowmposition; the quantity of methane-
naphthenic hydrocarbons is reduced by 8-10% with a certair increase in the
quantity of heavy hydrocarbon and a significant increase in the resin

content.

to a greater extent than the engine in which the oil operated for 300 hr,

After 100 hr of operation in an engine which was thermally stressed

solid products of intensive oxidation were detected.

1. 1is spparent that in cils with a lov content of natural antioxidants,
the methane-naphthenic hydrocarbons oxidize; in oils with good antioxidation
properties it is basically the content of aromatic hydrocarbons, from which

resins are spparently formed, vhich undergo changes.
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Investigations of MX-6 oil prepared from Tioitsko-Anastas'yevka crude,
conducted by I. G. Shmelev, have revealed that the group structural compo-

sition of petroleunm oils during extended TRD operation remain practically
constant (Table 55),

Table 55. A Change in the Group~Structural Composition of MK-6 01l
During Extended TRD Operation
Duration of Group structural composition
ggir?:1°“ ° Hydrocarbon content, % | Average No. of rings in
engine hydrocarbon molecule
romatic |Naphthenic Paraffin
hr ings riggs chains Aromatic Naphthenic
fresh olil - 21.0 32.7 6.3 0.69 1.34
100 20.8 38.0 41.2 0.62 1.48
200 21.4 36.4 41.4 0.62 1.99
300 22.4 36.2 4i.4- 0.62 1.80

* The group-structural composition was calculated by the n-d-M method.
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CHAPTER TWELVE

LUBRICANTS FOR TURBOPROP ENGINES

Petroleun and synthetic oils are employed for the lubrication of TVD's.

The presence iu TVD's of reducers makes it necessary to employ oils
vith an incressed lubricating capacity; therefore in these engines oiis wi t-

a higher viscosity are used (4-13 cs at 100°C or approximately 15-70 cs at
50°C) than in the TRC (2.5-3 cs at 100°C).

The designs of domestic TVD's differ radically, therefore the operating
conditions for their lubricants are also not ideatical (Table 56); there are
therefore different requirements for lubricants.

In the more powerful TVD's, the number of revolutions of the turbine
shaft is less, however the contact stress on the gear teeth is higher snd
the o1l flov in the engine in connection with increased oil heat removal is
greater than in low-power engines. The oil temperature at the input and at
the output of engines of both types is approximately identical.

Due to the high load ou the reducer gear teeth in high-power engines,
oils are emplcyed with an initial viscosity of 10-13 cs at 100°C, whereas

oil viscosity, employed in low-viscosity engines, is 4-6 cs.

The starting temperature of various domeatic engines without preheating
at lov temperaturens is approximately -5 and -25°C, which is governed by the
viscosity of the oils employed in these engines and by the power of their
starter assemblies.

Types of 0ils
Fetroleum Ofils
Low-viscosity petroleum olls of the transformer or MX-8 type have
insufficient lubricating properties and msy not be employed in TVD's. 1In
piston engine aviation for a number of years low-viscosity residual oils of
the MX-22 type have been successfully employed; these are distinguished by
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g0od lubricating properties but their low-temperature properties do not
comply with TVD requirements. Therefore a blend of low-viscosity and high-
viscosity petroleum oils, in addition to special .ynthetic lubricarts, are

employed in domestic TVD's.

Table 56. Operating Conditions for Lubricants in Domestic TVD's

Engine and load operating conditions

Engine power, hp

-

average oil consumption, kg/hr

heat absorbed by oil un’ :r normal conditions
at recommended oil temgecrature at input,

kcal/min

ainisum engine starting temperature without
preteating, °C

850
-25

No more than

No more than

4,000 Abcve 7,000
velocity of turbocompressor shaft r;ntion .
under all conditions, rpm ................} 12300 + 90 8300 + 50
mexirium stress (according to Hertz) ongear
reducer teeth, kg/mz 95 -~ .00 114 - 124
cil teaperscure, °C
at engine input
recommended 70 -~ 8n 70 - 80
ainimum permissible 4o 4o
nx:l.-n permissibvle 90 85
at engine cutput (maximum permissible) 115 Not above 115
cil pressure in engine oil system, kg/m2 3 - 4.5 4
pumped 01l flow under normal conditions at
recommended oil temperature at input, kg/min 100 - 135 17¢ + 15

No more than
2.8

No more than
1850

| -5

For the lubrication of type AI-20 engines a so-called low-viscosity oil
blend consisting of 25X MS-20 oil (or MK-22) and 752 MK-8 oil (or trans-
former oil) iv employed; and for high-power engines, a high-viscosity blend
is employed, containing 752 of the high~viscosity oils indicated and 25 of

low-viscosity oils.
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The difference in oil composition determines their operating proper-

ties.

The specifications for petroleum lubricants for TVD's and their
fundamentsl quality indicators according to analytical data are showu in

Table 57.
Table 57. Specifications for Blends of Petroleum Lubricants for TVD's and
Average Quality Indicators
Low viscosity mixture High-viscosity mixture
Test
Test results results
. 75% 75% 4| 75%
Indicat Specifl transformer [transformer Specifl MS-20
8
néleator cations [o11 (MK-8) lo11 (MK-8) [cations P71 *

+ 25% MK-22 [+ 25¢ MS-20 trans
former
b1l

density 020 0.8-0.9| 0.88-0.89 [0.88-0.89 [0.8-0.9| -
inematic viscosity ¢
at 100° 7 4.6 §.40-4.60 |b.15-4.25 |10-13 9.5-11.0
at 50° 15-20 |16.60-16.98}15.16-15.69 |55-71 -
at 20°% - [1636-1685 |1600-1615 - 50000
Temperature (at-25"C)
lash point in open
essel, meximum...... | 138 160 155 150 A 40-164
our point ,maximum .. | =40 =41 ~i5 -20 -20
=42 ~-46 -22
cid No. mg KOH/g max | 0.05 0.01 0.01 0.1 D.05-0.09
sh content, % max .. 0.005 Trdces 0.005 0.005
okability, ¥ max.... | 0.15 0.16-0.17 10.08-0.09 0.03 0.03
ontent
Bter ...ccccrenrssnnn Not available
ater-soluable acids
4 alkalis ......00.d "
echanical impurities "
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In connection with the difference (authorized by standards) in the
properties of commercial oils used for blends, the quality of the b.ends
* ) fluctuates considerably, which must be taken into consideration.

The use of oils of narrow fractional composition such as MK-6 and MS-6
with improved low-temperature characteristics permits the preparatiuvn of oil
blends wich good starting properties, not inferior to the ordinary oil
[ blends with respect to other operating properties (Tables 58 and 59).

Table 58. Physicochemical Properties of Low-Viscosity Blends Prepared from
Oils of Narrow Fractional Composition

358 MK-22 35% MS-20

65% MK-6 €5% M2-6
- S-6
65% MK-6 €5% M '

Samp- | Samp- | Samp Samp—Eamp» Samn~Samr- | Samp-
le le le le L~ ie e 1 le

1 2 1 2 1 2 1

Indicators

ny

Density o4C..........10.882|0.865 p.869 0.866 [0.59F [o.09 i %6e [ 33
inematic viscosity, .

ﬁsnt 100° ......,..ofue2 s fu.y {ue Luo fuw |u2 [un
At 50°C cegreeesees [1ULT |IWH B5.0 06.8 14U B5.6 [14.6 fe.F

{ : Temperature, C.
flash point in open
: ve:selp.........?..< 171 ]159% 170 | 160%] 156 150* | 170 1654
pour point.........4 -37 |-36 -33 |-35 | -42 |-40 |-39 |-b2
self ignition ,.... - - - - - 360 - 3951
Acid No. mg KOH/g 0.03| none [0.02 | none| 0.02 |10.01{ 0.05 | 0.0
jAsh content, % 0.005| none | none | none | 0.002] none 10.005 | none

Cokability, % .......] 0.13| 0.16 | C 21 |2.2:1 0.06 {0.00 0 €CE {=.~"
tabllity by VTI

ethod .,
meEn oo o - - feaw| - Jom
' acid No. mg KOH/g - - - - - 0.40 - ¢.1%

® Flash point was determined in a closed vessel.
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Table 59. Physicochemical Properties of High-Viscosity Blends Prepared from
0Oil< of Narrow Fractional Composition

Petroleum oils for TVD's are prepared by blending distillates and
residua) oils (in the required volumetric ratios) at the aircraft operating
locations. In order to prepare oil blends, reservoirs or tanks are used
which nave mixing facilities (oil fillers, oil and water heaters, devices
¢nr 0il regenerstion or special mixers). After the oil is poured into a
container, it is agitated for 20-30 min at 20-25°C and the correctness of
blend composition is checked according to the viscosity et 100°C, which must
correspond to the requirements established by the specifications for a given
oil blend.
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65% MK-22 44 70% 65% MS-20 | 70% MsS-20
K-22 + 30%
Indicators 35% 35% M3-§ 35% | 35% 308} 30%
MK-6 MS-6 MK-6 -6 MK--6 {MS~6
Density oaC......J0.891 [0.886 | 0.885 - Jo.878]0.894 [0.883
Kinematic viscos-
ity, cs8
at 100°c...... 9.1 9.3 3.5 6.5 | .8 { 9.3 | 9.3
; At €072 ... .. 47.? u7.U 54,5 43,3 f4i.6 |40.7 |u49.6
Temperature,oc
flash p~'nt in
an open veszsel.| 179 187 173 166 1 185 | 1=8 | 172
pour peint ....| =23 =21 - =30 | -29 - -
self ferition o= - - - - e 90
|Ac 4 No. mg KOH/g 0.02 0.0 rone 0.0 0.0 | nore | none
Ash content, % ..| 0.005 0.002 none C.005% P.005 | none | none
cokability, %...., 0.55 0.50 0.44 0.2990.28} 0.25] 0.18




The use in domestic TVD's of two blends which -differ in quality is not
advantageous. In this connection storage is more complex, the technical
servicing of eircraft is made more difficult, and duplicate facilities are
required. When improperly prepared blends are made at the points of
consumption, their quality frequently does not agree with established
requirements. Therefore it is advantageous to employ lubricants of the same
type, prepared at oil refiaeries, for the lubrication of all domestic TVD's.

An Investigation of 0il Quality
In the specifications for TVD oil blends, in contrast to the specifica-

tions for TRD oils, the viscosity at low temperatures and also the thermal
oa. jation stability are not regulated. Nevertheless these indicators are of
particular importance in oi. usage fn TVD's.

The temperature opersting conditions of lubricunts in domestic TVD's
(85-90°C at the input and 115-120°C at the engine output) cause a cercain
amount of oxidation of petroleum oils, but this circumstance does not limit
the possibility of their application. However, in the future in connection
with the development of TVD designs and the development of imprcved ofls for
these, serious sttention must be devoted to the thermal oxidation stability

" of these oils; it will also be necessary to consider more gtringent require-
ments for their low-temperature properties.

The quality of petroleum oils for TVD's ie evaluated using fundament-
ally the game laboratory methods that are used for TRD oils. However, in
connection with TVD oil characteristics, zeveral methods were changed.
Among these methods are the determination of thermal oxidation stability of
oils (determined in the VTI device at 50°C for 50 hr), the flash point (an

upen vessel), etc.

Viacosity and Low-Temperature Properties

One iwportant problem is the improvement of starting conditions for
domestic TVD's at low tempsratures. While not considering here methods
1nvolv1h; design changes, we shall note that starting at lov temperatures
msy ba facilitated by dilution of the lubricant with fuel, by preheating of
the oil or the engine with special airdrome preheating devices, and also by
the employment of oils with improved low-temperature charactaristics.
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The use of lubricants with good starting properties 1ia most sdvantage-
ous. Such properties are to a large exten: possessad by oil blends obtained
by using MS-20 oil; these blends have a flatter viscosity-temperature curve
than blends containing MK-22 oil (Tgble 60).

Table 60. The Viscosity-Teampersturs Characteristics of TVD 01l Blends

Blend composition Kinematic viscosity, cs, at temper-
aturce,

C .
100 150 J20 ] 0 [-30 [ -40

“High-viscosity bleuds
4

757 MS-20 + 257 MX-8 11.3 |68.1 [383 [2320 15.10) -
75% MX-22 + 25% MX-8 12.3 {75.4 {325 {3357 |18.10]| -
752 MS-20 + 252 transformer oil 10.6 63.0 396 2400 3.10 -

Lovw-viscosity oils

752 transformer ofl + 25% MS-20 5,2 j1{.0 62.9 243 6127 -
752 transformer oil + 25% MX-22 4.4 16.1 3.6 25¢ 111195 -
752 MK-8 + 2,2 MS-20 4.4 17.8 .66.1 281 |5923 1500
757 MK-8 + V5% MK-22 b4 116.7 Veéu.2? 247 110590 RB4500

This circumstance must be considered during the operation of atrcraft
with TVD's in regions of steady low temperatures. With the same high-
viscosity base, blends containing MK-8 oil have better lov-fapcrntura
properties than those containing transformer oil (see Table 60). With
respect to the remaining physicochemical indicators, such as viscosity at

positive temperatures, acid mmber, ash content, etc., these bleands shov no
essentisl differences.

The viscosity of lubricants which provide for reliable engine atarting
with electrical starters, for rhe msjority of foreign and domestic engines,
falls within the limits of 3600-4600 cs. Such viscosities for a low-
viscosity blend is achieved at a temperature of approximately -25°C, and for
® high-viscosity blend, at -3°C. These temperatures are also considered to
be the limit of TVD starting during the utilization of oil blends without
preheating, although sometimes in the case of high-visccsity blends the
engine is successfully started at -10°C.

At higher temp~. stures the engine is supplied with hot oil or is heated
with hot sir (100-120°C), which is delivered from special airdroma pre-
heating devicas of the MP-85 type.
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Therefore the fundemental shortcoming of o1l blende in use is reflected
in thei:r unsatisfactory starting characteristics. Therefore the most
promigsing vil blends, prepared from iow-viacosity components of narrow
fractional composition are MK-6 and MS5-6 oils. The significant advantages
of these oil blends from the point of view of their low-temperature proper-
ties may be seen in Table 61 (the other physicochemical characteristics were
shown in Tables 58 and 59).

The best among high-viscosity blends is the blend consisting of
70% MS-20 and 30% MS-6, having a viscosity at -20°C of 13,000 cs, while the
viscosity of a corresponding standard blend consisting of 751 MS-20 and
25% MK-8 is 25,000 cs. The viscosity of both oil blends at 100°C complies
with specification standards and the dnti-wear properties are similar in
accordance with an evaluation made on a four-ball friction macnine.

Among low-viscosity oil blends, a blend consistiug »f 35% MS-20 and
652 MS-6 with & viscosity at -40°C ~f 14,000 cs is of great interest. The
viscosity at ~40°C of a corresponding standard blend is 21,000 cs.

In employing oil blends obtained by using oils of narrow fr.~~ional
compositlun, the reliable starting temperature (without preheating) of
domestic TVD's is reduced: for AI-20 type engines the reduction is to -30°C
(with a standard blend, from -23 to -25°C), and for high-power engines, from
-15 to -17°C. Viscosity-temperature curves which permit evaluating and
selecting the required viscosity level for TVD oil blends at specified
temperatures are shown in Figure 35. '

VNII NP-7 and VNII NP-4u-2 synthetic oils, authorized for use in TVD's,

have better low-temperature characteristics than petroleum oil blends.

In addition to unsatisfactory starting properties, a shortcoming of
standard oil blends is their quality deterioration in extended TVD oper-
ation.

A typicsl qualitative change (n an 01l blend within an operating engine
1s an increase in oil viscosity as a result of vaporization of 1light fruc-
tions of distillate components. Laboratory investigations reveal ths' the
vaporizability of a blend of 75X transformer o4l and 251 MS-20 (after vapor-
ization of 100 g o1l in 5 hr at 145°C, with air delivery of 1.5 t/hr and a
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reaidual pressure of 198 mm Hg) is almost twice as high as the vaporiz-
ability of a blend in which the component ratio is reversed (Figure 36).
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Figure 35. The viscosity of oil blends for TVD's as a function

of temperature: 1, MS-20 oil; 2, 757 MS-20 + 257 transformer

oil; 3, 25% M5-20 + 75X transforme- oil; 4, Transformer oil

During operstion in an AI-20 engine under bench-test conditions,
the viscosity of a low-viscosity blend (75% transformer o1l and 25X MS-20
oil) during 100 hr of operatiou increased on the average from 4.5 te

© 4.9~5 cs.
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Figure 36. The vaporizability of oil blends under lashoratory
conditions: 1, 752 MS~20 + 25Y transformer oil: 2, 25%
M5-20 + 75 transformer oil
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Figure 37. & change in the fractionsl composition of oil blends
during operstion under bench-test conditions: 1, 75X MS-20 +

4+ 25X transformer oil, fresh blend; 2, 75 MS-20 + 25X transformer
oil after operation in a TVD
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Under summer condicions the viscosity of oil blends increases more
intensively than during bench-test conditions, as a result of high vapor-
izability of the oil while the aircraft is gaining altitude. Data xmmzwxn
concerning the change in viscosity, pour point and other physicochemical
indicators for a low-viscosity blend (752 MK-8 and 25% MS-20) during oper-
ation in the AI-20 engine during summer conditions are shown in Table 62.

Table 62. A Change in the Basic Physicochemical Properties of a Low-

Viscosity 01l Blend (252 MS-20 + 75X MK-8) During Operation in the
AI-20 Engine Installed in the IL-18 Aircraft

Duration of oil operation, hr
Indicators -
0 50 - 100 -00
Density 020
b . ieiiiitienes...10.888 0.88s5 0.887 0.887
hinematic viscos&ty, €S .....
At temparature C
100 ..iiievenunraanse o] BB 5.2 5.8 6.1
B0 titeviavecnrsansenos |16.H 21.1 2l .6 26.2
O tivnivennnananeeanea]| 262 38¢€ 520 608
=10 .ttt 619 982 1344 17a
=20 ticeiiaeccnanaasaaes | 1940 3540 4815 6020
“25 tiitieicrcesssanssss | 3850 7950 10260 13770%
Temperature,°c
flash point in open vessel 16¢C 167 165 174
pour point ......cccicenenn -35 -35 =31 -28
cid No. mg KOH/g ...ve000.. | 0.060 |0.065 0.046 | 0.090
Eokability, 2 B X 0.122 0.143 .218
echanical impurity content %1 none o0.03 0.10 0.05

#* In a number of cases the viscosity of low-viscosity blends after 150-
200 hr of opesation in the AI-20 engine increases under summer cond-
itions at -25°C from 20,000 to 23,000 ecs.

The properties of a high-viscosity blend (752 MS-20 and 252 transformer
0il) show similar changes during extended operation in a TVD (Figure 37 and
Table 63).

Thermal Oxidation Stability
The thermal oxidation stability for TVD oils is not regulated by
specification requirements; nevertheless this indicator has a great deal of

significcance for the evaluation of oil efficiency within an engine.

Table 64 shows data concerning the thermal oxidation stability of various
and their components obtained after oxidation according to GOST 981-56 for
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for 50 hr at 120°C with the application of air to the tcst tube for oxida-

tion purposes.

Table 63.

Under Bench-Test Conditions

Change in the Physicochemical Propurties of a High-Viscosity 011
Blend (75X MS-20 and 252 Transformer 01i1) During Operation in an Engine

r Calculated in Accordance with a nomgram (GOST 2878-48).

and the acid number was 0.42-0.48 mg KOR/g.

Duration Acid _
of o1l No. |CoKe
nginepperation Kinematic viscosity, cs at temperaturc | mg
h KoH/g | P11~
No. T oc < i1ty %
100 50 -35¢
1 initia?
oll 4
blend 17.5 60.4 3“'1°h 0.0F .19
ho 11.8 69.2 37.10 0.08 |o.27
80 12.6 69.3 -y 0.1n c.27
16 12.8 71.6 42.10 0.:0 0.26
2 init al 3
o11 blend 10.1 £2.7 115.105 0.05 |o0.12
'le 15.8 5€.5 ]5.10u 0.06 0.15
17:¢ 12.5 60.8 18.10 0.07 G.l6
160 12.7 61.6 -y c.07 0.2¢C
200 12.8 63.0 18.10 0.09 0.12
3 i.1ttal
oil »lend 10,6 52.5 -y 0.04 .20
80 11.5 55.7 5.5 .10,  f0.04 ] 0.16
120 11.8 63.4 18'10h 0.12 0.22
180 12.0 65.7 32.10. 0.13 0.25
200 12.9 68.6 3.10~° 0.18 0.22

After oxidation in all oils tested, deposits did not exceed C.15-0.16%X,

concerned to standard oil blends.

Apparently these oils,
obtained by using MK-6 and MS-6 oils are comparsble insofar as stability is

Recently thermal oxidation stability of petroleum and synthetic oils

for TVD's have been determined bv a stringent mathod, the conditions of

which are similar to oil operational conditions in cngines.

According to

this method, a quantity of o1l consisting of 30 g is oxidized in a VT1

device for 50 hr at 150°C in the presence of copper and iron spherical

catalysts with an air delivery at the rate of 3 L/hr to each test tube for
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oxidation. Under these conditions depnsits after oxidation consisted on the

average of not more than 0.32-0.135%, and the acid numbe:r was not more than
0.12-0.15 mg KOH/g.

Table 64. The Thermal Oxidation Stability of Petroleum Oils and Their
Blends (GOST 981-56)

oS AT S

e

Blen¢ Composition Indicators after oxidation
: Quantity of Acid No.
- Deposits, % mg KOH/g
4
g 758 MS«20 + 258 MK-8 ......civevrevne-d 0.15 0.37
] PS% MS-20 + 758 MK~8 .....ccvveiianansd 0.1? 0.3
708 MS=20 ¢ 30% MS=6 .....cvvvevnnnenn J.00 N.32
70% MS-20 + 30% MK-6 .................j 0.9 ~.35
0% MK-22 + 30% MS-6 ETETEP R 0.04 0.2%
;. 5% MS=20 + 65% MS=6 ..c.ivvevnnnnnunnd 0.01 S
= 5% MS-20 + 65% MK=6 ...oveveevncneeasd J.1¢€ 3.48
¥ 5% MK-22 4+ 658 MS=6 ...covovevnnnnacad 0.03 J3.2¢
E. 0% MK-22 + T0% MS-6 ..vvvnncvconronaed 0 06 0.42
£ 0% MK~22 4 808 MS=6 ....vcvevencaraned ¢.07 3.3%
i K8 trvrvverinrenaeanesnoncronanen.nnd 0.0 9.3¢
e P 0.01 0.22
. K6 v itiivetnvecsanesonssnncncsnsnassd 7.u” 0.31
gat The lubricsnt in a TVD is oxidized mainly ir a thin layer on hot engine
g{: parts; however in the Soviet Union thermal oxidation stabilicy of oils is

evaluated by means of the thin layer oxidation method only during research
work. VFevertheless the method of determining the thermal oxidation
stabllity of TVD oils in a thin layer on a hot panel (see Chapter Six)
reveals the clear dependence of.the quant ity of depnsits on temperatnure and
permits comparing the oxidizability of various IVD o.. blends. For 2ll otls
tested the quantity of panel deposits at 180°C fell within the range of
0.0011-0.0046 g, and at 260°C these values converged and amounted to
0.0839-90.102 g.

Anti-wear Properties

The anti-wear properties of TVD oils are determined under laboratory
conditions on a four-ball friction machine at the usual teaperatures in

accordance with the one-minute technique.
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Typicsl indicators for the anti-wear properties of standard petroleum

0i1 biends and their components are shown in Table 65.

Table 65.

The Asti-wear Properties of 0il Blends and Their Components

Blends gﬁ;ica ia.t;ef_-ter Diameter of wear trace, mm at h
and break k loads, kg 0
Components down ear S
race at <
load P > = I
k |P, ,rm 15 25 35 ks | 55 | 65 ~
kg <
75% MK~22 + 25% MK-8 55 0.38 - 0.32 €.33]0.36]0.38} - 0
DAY MS-2C + 75% MK.® 40 c.u7 0.26}0.28 0.3311.08} - - -
MPa22 tiiiennee-a. 4 60 5.44 0.28}0.32 0.6} - 0.41}3.02 "
MS<20 ...........-.q4 50 0.26 - lo0.36 jo.40j0.43)1.24] - o
MS=h .iiiivnveceanad 30 0.37 0.30]0.35 0.56| - - - A
MK-8 ..............d 29 L. 48 c.30]0.34 0.50
ynthetts (VNII N
(Y T T ere 70 0.42 - 0.39 0.35]0.37}0.48|1.25 >

In accorde-ce with the value of the critical oil film breakdown load
(Pk) o0il bleuds are approximately equal to or are sowewhat inferior to the
residual oils M5-2C and MK-22 and surpass low-viscosity distillate oils
MK-8, transformer oils, etc.

In comparing the Pk indicators of o1l biends

and their components, it is apparent that the lubricsting capsbility of

petroleum oil blends is an additive property.

The lubricating property of TVD oils may be evaluated on a special

hearing stand by the number of shatt overrun rpm without a load and with

a load (200 kg) and by the ratio of the shaft overrun rpm without a load to

the number of shaft overrun rpm with a load. By this mathod the number of

shaft overrun rpm during the util.zation of oil blends falls within the

range 29,000-36,000, and the ratio of the number of rpm without a load and

with a load varies frow 3.3 to 3.9.

la tubricating property all of the vil Ytlends tested are similar, which

.
3
o

corresponds to the results of the evaluation of the anti-wear properties of

these oils on a four-ball friction machine.
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With the aim of bringing the conditions of the evaluation method for
anti-wear properties of TVD oil closer to operating conditions in reducers,
special closed-circuit heavily loaded gear stands were developed in the USSR
(for example, the Sh-3 stand) in vwhich the o0i] is tested under high load and
temperature conditions. The anti-wear properties of oils are evaluated b:
the condition of the operating surface of the gear teeth and By a change in
the qualities of the oil (see Chapter Seven).

The qomplex of methods of investigating oils containing thickeners,
high molecular weight additives and also synthetic oils usually includes
evaluation of viscosity change as a result of mechanical destruction, an
indicator of thermal destruction, etc.

In connection with quality deterioration of vil blends during their
extended operation in TVD's, limits are established for the change in
physicochemical indicators of o1l blends (techni.al standardsi, at which the
further use of these oils in engines is authorized, and also qualitv
indicators for the recovery of oil blends (Table 66).

The materials presented above releav that the basic shortcorings o
domestic petroleum oils for TVD's are their unsatisfactory starting (low-
temperature) properties, and a tendency toward vaperization and oxidation.
To a certain extent these shortcomings are not present in domestic synthetic
oils for TVD's, and also in oils prepared by the addition of synthetic
components and additives to the basic crude. )

Blends of domestic petroleum oils utilized for TVD lubrication mcy be
replaced by blends corresponding in viscosity to American or English
petroleun oils. Insofar as viscosity and other properties are concerned,
the following oils are aimilar:

_Q}ln i ] ﬁi;ﬁ ;iscoaity ) . Low viscosity
donaiticA] Ms~20 or MK-22 ; transformer or MK-8
foreign l DERD-2472, type B/C (Ensland)4 DERD-2490 (England) and
' and MIL-L~6028B, type 1100 + MIL-0-6081B, type 1010 (USA)
c..usa)y - . —— e et
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Table 66. Technical Standards for Used and Reclaimed 01l Blends for TVD's

-——
Technical Standards
Indicators Used Reclaimed
Blend Blend
¢ 20
bensity 047 maximum 0.900 0.900
Kinematic vsséosity, cs .
at 100" C, MBX .civeocnnnoanss 16 16
" 59%C ) suiiueeniiaeieneenod 52 = 8O 52 - 80
Temperature, C
fla-» peint in ~ren vessel, min 150 150 .
POUP Pint, MAX +vve-veeanons-ane | =20 -20 i
Acid rumcer, mg KOH/g maz ........ 0.25 c.20 i
Ash content, ¥ max ......... .... 0.015 9.015 :
Cokarility, T max .....ce00enune-. 0.55% 0.55
ater none none
|:afer solubie acids and alkaiils none none
Me~hanical impurlties .....c. 000, traces® none ;
® viciple mechariral impurities are assumed, exce for metallic i
s-avicge and zani, In quantity up five pleces ogn a watch glass 100 4
mm n diam-ter. The quantity cf mecianical impuriities determinei Ly
the welght metiiod is authorized to jnot more than J.015%.

Synthetic Oils
One of the fundamental requirements in the development of domestic

synthet{c TVD oils includes the fact that insofar as possiblec the same oil
must be employed in all types of engines. In this connection synthetic oils
VNII NP-4u-2! (COST 10817-64) and VNII NP-7 (GOST 12246-66) have been i
developed ‘n the USSR.

The VNII NP-4u-2 511 is preparea on % crude base, into which synthetic
components and a complex of various sddit{ves have been introduced.
Synthetic lubricants significantly surpass peticleum oils in all basic
quality indicators, including low-temperature, anti-wear, lubricating and

other properties (Table 67).

TSee p. 171
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Table 67. Basic Properties of Svnthetic Domestic TVD Oils

VNII NP-4u-2 oil |VNII NP-7 oil
Indicators 308T  |factual |cosT factual
0817-64 |date 12246-66 | data
inematic viscosity, cs
8t 1000C ......euii..nns 9.0 19.0-9.6 17.5-9.0  17.6-7.8
at -35C ...coiiinninnnnn 450014100-4300 Imax 7500 k390-705:
at -40°C ... iiiniinnnnn 6R60-8040 - 12500
inematic viscosity at 100
after stability determin-
n a orda: e with G0ST
04a7.€3, "B eeereenaes h,6 {6,.5-t ~ mtry ", ALnaT
emperature, C
©PCUr point ........s.e..Jmax =56 [-£7;-€2 max; -60 -€.
fiash point in open
Ve33Ol .iiveesacan.nnas «Jnin 2135 |.35=1u4. min 219 Je- 2l
cid 1o. mg KOH/g .........Jmax 0.1 }0.05-0.96 [max c.3 C.lT-1
tabllity after air oxida-
ion at 15¢¥C for 50 hr
quantity of deposits, $ max 0.1 Ju.01-..08 [nax 2.9¢ Nth
acld nn mg KOH/g ..... . F;x 0.2 Jc.04-0.12 [max ¢.¢ J.Pue af
Antiwear properties on four-
pall friction machine
critical oil f1lm break-
down load P, , kg ........nin 90 90-95 - -
Pk ratio of 01l to Pk’
of MS-20 oil o - - min 1.3 1.3-1.5
Tlate sorrosion test at 150
F, &/m
of ShKh-15 steel and of
AL~} aluminum alloy none - none -
Of brass ............ oee 5 - 1
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VNII NP-4u=-2 n1! has the best low-temperature properties, which peraita
engine starting without prehest.uyg down to temp: vatures of the order of
=25 to =40°C.

The high quality of synthetic oils provides for axtended operating
capadb{lity in TVD's without changing to fresh oil. Nctwithstanding the fact
that synthetic oils are more expensive than patroleum oils, the effectiveness
of their emplovment causes no doubts. Thu: according to calculated data the
use of synthetic oil, which requires no engine praheating at temperacureg down
to =35 -~ =40°C, permit~ saving up to 300 rubles per year for each IL-18
aircraft with four TVD's. The higher cost of synthetic oil is balancad by 2a
increase ir -ngine life during the enployment of this o1l as & result »f

reduced weat.

We must ote the corrusiveness of seversl synthetic oils (for exampyle,
VXTI NP-7)  th resnect tc rubber; in *his connection the employment cof
spec:iil oil-resistant aviation rubber s required. These oils also have a
specific toxicity, therefore contacts with the skin or ingestion into the body

mus’ we avoided.

The quality of synthetir oils during TVD operation shows no significant
change. Some oils show a reduction in viscosity as s result of the mechanical
destruction of viscosity additives contrined in the oils. Thus the
VNII NP-4u-2 oil in thr process of operation in the AI-20 engine for 100 hr
shows a viscosity decrease at 100°C fiom 9 to 6 cs, 1.e. by approximately 28%.
However, this reduction is balanced hy a certain viscosity increase as a
result of oil vaporization. V

Poreign Lubricants
Leading fims of the USA and Englaand are actively occupied in the
development of nev high-quality TVD oils, while paying particular attention to
their thermal oxidation stability, load-carrying capacity and starting char-
acteristics. A lubricant for contemporary TVD's must pump through and provide
starting of engines at cemperatures down to -60°C, and insofar as stability is
concerned it must be capable of operation down to temperatures of 200-250°C.
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Both petroleum and synthetic oils are employed for TVD lubrication
abroad; however, a tendency is now observed toward the limitation nf the use
of petroleun oils and their replacement with synthetic oils which satisfy the
requirements of contemporary TVD's to 1 greater extent.

The types and basic quality indicators for foreign TVD oils are shown in

Tables 68-70.

Table 69. The Types and Basic Properties of TVD Petroleum Oils in the USA
»
Specification
, IL-L-  [MIL- MIL-L-  [MIL-L-
Indicators £081B 0-6082a | 6282B P533F4
Type Type Type _
1010 1100 1100
Turboil jAviation |Aviation
2 oil 1065 |o11 1100 -
!nematic viscosity, cs
ar ‘7.80C minimum...... veeod 0.0 - - 11.0
" e e T e . 2.5 20.5 19 3.3
o MAXimum ......000 - - 21 -
at -40-¢C ..................J 2600 - - 1300
Femperaturs, °C
flas' point in open vessel 132 252 243 204
peur polnt ......cviianenn -57 -18 -12 ~60
cid no.,mg KOH/g ........... 0.1 0.1 0.1 -
Viscosity index - 100 95 -

* This oll has improved load-~carrying capaclity.

The majority of TVD lubricants are manufactured by firms {n the USA aud
England, thev deliver *ese 5ils to countries with vhich they have econoeic
and military ties. Synthetic oil produced by the Shell firm according to the
DERD-2487 specification) under the name Turboil-750 is widely employed in
civil and wilitary turboprop aviation; sometimes these oils are marketed as
type $5H. The oil 1s emplived in civil aviation for such TVD's as
Rolle Royce, Avon, Dert, Spey and Tyne, Bristol Siddley, etc.
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Table 70. Typee and Basic Properties uvf English TVD Petroleum 0ils

Specification
DERD DERD DERD DERD
Indicators 2h72  |2879/0  2479/1 | koo
Type B
Aviation [urboll-g [furboli- | Turboil-
o1l 1089 9B 3
ensity pa’ - 0.870 |0.870 c.876
Kinematig viscosity, cs 1120
at 37.8C minimum ........ - - - .9
at 98.9°C minimum .........| 18.8 ©.7 Q.7 7.7
maximum ......... 21.¢2 9.3 9.3 -
at -40°C .......eiiiann - Solid 7200
o
emperature, C
flash poiﬁt in open vessel 243 210 210 143
pour point ......cesese0seo) =12.2 -29 -29 -u§
aponification no. mg KCH/g 0.5 - 1.0 1.:
cid no., mg KOH/g ......... 0.1 2.3 0.3 o1
iscosity index ....... 0000 95 115 hS1 71
sh content, £ ...ccveecvvecs - 0.01 0.01 5.01

# The flash point wasAdetermined in a clo-ed vessel.

The Esso firm, wvhich wvas one of the first to manufacture Turboil-35
according to the DERD-2487 gpecification, placed on the market a synthetic oil
of a nev type -- Turboil-724 Extra, which is distinguished by high thermal
oxidation stability. After tests in three "Vanguard” aircraft with three

Rolls Royce Tyne engines for approximateiy 1300 hr, friction points and parts
of the engines vere in good conditien.

Since the starting properties of Turboil-750 synthetic oil are not high

enough, Turboil-15 oil has enjoyed widespread application, as well as

petroleum oils Turboil-2 and Turboil-3, which have besn employed for a long
time in turboprop aviation. It should be noted that in the USA several
aviation petroleum oils intended for piston-engine aviation (type 1100) are

employed for TVD lubricstiom.
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Anti-wear, antioxidstion, depressant and anticorrosion additives sra
introduced into foreign TVD oils. Usually these additives are multifunctionsl
ones. 1In the USA frequently tricresyl phosphate (up to 51) 1s frequently
used as an anti-tear sddicive, snd phenyl-a~phenylamine and phenthiazine
(up to 0.52) sre used as antioxidation additives. Compounds containing

chlorine, phosphorus and sulfur are introduced into oils which operate under
extremely high-pressure conditions.

An attempt is being made abroad to obtain oils suitable for the simul-
taneous lubrication of gear reducers and turbocompressor assembly burin‘ge by
the introduction of highly effective sdditives into low-viscosity petroleum
oils in order to improve their lubricating properties and their load-carrying
capacity. However, this 18 nor always succeasful. This may also be said
concerning synthetic I'VD oils. ‘or example, the synthetic oil Turboil- 35,
vith all its positive qualities, frequently does not provide for the lubrica-
tion of hignly stressed propeller reducers. Sometimes, therefore, diffterent
oils are employed, which 1is accosplished by mesus of different lubrication
svatens, In order to lubricate the propeller and the engine, on the one hand.
and tne reducer on the other. Turboil-35 is used in the Allison T-56 engine
for raducer lubricat’o>n, but the turbocomprecsor and the propeller sre

lubricated with the low-viscosity petroleum oil Turboil-2, type 1010
(specification MIL-0-6081 B).

One of the best reducer lubricants in the USA is the MIL~0-6082A
type 1100 oil. This is a high-viscosity petroleum oil similar in viscosity
to our residual oils MK-22 and MS-20. However, due to high-viscosity, the
delivery of oil into friction points is already impeded at -1'C, and st -15°C
the flow ceases altogether. Therefore, in engines where this oil is eaployed

for reducecs, low-viscusity petroleum o1} MIL-0-6081B, type 1010, ia employed
to lubricate the turbocompressor.

Petroleum ofls of several types are used in England for TVD lubrication.
011 prepared in accordsnce with specification DERD-2479/0 of the "Shell" firm
is marufactured with nc additive and in accordance with the sama opocxflcitton
(2479/1) with a 12 anti-wvear additive, vhich contains sulfur and phosphorus.
It operates successfully in highly stressed reducers. The low-viscostty
petvroleun oil DERD-2490 is also manufactured in two versions: with no
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additive and with 0.1%1 of stearic acid in order to improve the lubricating
properties.

Frow the data presented in Tables 68-70, it is apparent that English TVD
oils are inferior to American oils inscfar as low-temperature properties are
concerned, This fact is asgociated with the more moderate climate .t England.
0ils manufactured in England according to the DERD-2472 specification, type B,
and in the USA in accordance with specification MIL-L-6282 B, tvpe 1110, are
identical in quality.

Mainly English petroleum oils are used in French turboprop aviation;
however, the Prench petroleum oil Air-3512 is used in many TVD's.

In Canada and in the FRG [Federal Republic of Germanv], in addition to
English aynthetic o0il Turboil-35, the American petroleum 0il Turbeil-2 is also
employed for TVD's.
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Footnotes

To p. 163. In composition, VNII NP~4u-2 is a semisynthetic o1.
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CHAPTER THIRTEEN

LUBRICANTS FOR TURBOJET ENGINES ABROAD
Petroleum 01l

In the first TRD's abroad, petroleum lubricants which fully satisfied

requirements insofar as lubricating, starting and antioxidation character-

istics were concerned were employed. In connection with the modernization of

the TRD and the shift in recent years of jet aircraft to supersonic speeds

(more than 1100~1200 km/hr), these aircraft employ mainly synthetic lubric-

ants. Table 71 shcws data concerning the use of various oils in TRD's abroad

in relation to the speed of flight of the sircraft.

Petroleum oils are employed abroad mainly for the TRD's of subsonic
aircraft, where the oil vj=avrating temperature usually does not exceed
115-120°C. Thus in the USA for the engines of aircraft operating at a flight
speed of 960-1100 km/hr, petroleum oils are employed which comply with the
specification MIL-0-6081B; in England under the same speed conditions oil is

employed which complies with the specifications DERD-2479, DERD~2490. etc.

Petroleum lubricants, as a rule, are not employed abroad at the present
time for the engines of supersonic aircraft {92-94] due to the increased
operating oil temperatures in friction assemblies of the engines up to
250-260°C. Under these conditions the quality of perroleum oils deteriorates
significantly (they display insufficient stability, they have increased
vaporizability and corrosive activity with respect to metals) and therefore

such oils canant provide engine lubrication for the period of time required.

An exception is the French TRD Atar, installed in the French supersonic
fighter d'Assault, i{n which Frerch and English petroleum oils are employed.

Most of the petroleum oils are produced by firms of the USA and England,
which provide these to Euiopean countries, as well as to Canada and Australia.
In conjunctivn with this, petroleum oils of local manufacture are also used in
France and Csnada (for exsmple, Air-3512 in France and 3~GR-38 in Canada).
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Table 71. The Use of Lubricants in the Jet Aviation of Foreign Countries
in Relatior to Adrcraft Speed of Flight

~ =
Country *light speed 011 Specification
: ka/hr
UsA 967 petroleuns MIL-0-6081B
950 synthetic MIL~L-7808B
1100 petroleum MIL-1L-7808B
1100 synthetic MIL-0-6081B and later
1200 " mnodifications to this
specification
synthetic MIL-0-6081B and later
modifications to this
specification
1.5% ) svuthetic MIL-0-6081B and later
modifications to this
specification
. synthetic MIL-0~6081B and later
2.0 modifications to this
specification
2.5% synthetic MIL-0-6081B and later
modifications to this
specification
England 960 petroleunm DERD-2479
100 petroleun DERD-2490
nAan petroleun DERD~2479
110" synthetic DERD-2487
1.0 ¢ synthetic DERD-2497
2.0 synthetic DERD-2497
France 1100 petroleum Adir-3512
1120 petroleun DERD-2479
1130 petroleum DERD-~2490
1.3% petroleun Air-3512 and DERD-2479
! Canada 1100 petroleum 3-GR-38
1100 petroleunm MIL-0-60818
1100 synthetic DERD-2487 and DERD-2497
Svitzerland 1150 synthetic DERD-2487 and DERD-2497
! 1.3¢ synthetic DERD-2487 and DERD-2497
| Iealy | 1050 synthet{c DERD-2487 and DERD-2497
. Austria ; 1150 synthetic DERD-2487 and DERD-2497

* Aiarcraft speed is given in Mach numbers.

Foreign Specifications

In the USA and England, the main countries which determine the direction
and tempo of the production development of lubricants for TRD's, specifica-
tions have been established for these oils (petroleum and synthetic), which
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define their physicochemical indicators and test methods; in addition, the
establishment of specifications permits maintaining uniformity in the
delivery of batches of a given type of oil.

Specifications are not unchangeable standards since corrections are
systematically introduced, as are new methods of evaluating the qualitv or the
directions for the application of oils. The latest specifications include
stricter quality indicators for lubricants, which reflect the ever increasing
requirements imposed upon them. Usually in the USA [95], military organiza-
tions establish specifications for lubricants for all branches of tne
services, and tha civil governmental organs usually accept these specifica-
tions without changes.

In the USA each specification for materials intended for use in militarv
technology is designated by the letters MIL, after which follow letters
characterizing the type of lubricant. For example, MIL-L pertains to all
lubricating materials, mostly liquid oils, authorized for use in the Army;
MIL~O pertains only to lubricating oils; MIL-G pertains to plastic lubricants
of milizary type, etc. In the USA jet oil types are designated by the
viscosity value of the oil at 100°F [37.8°C) with the addition of the number
1000.

The majority >f lubricants for TRD's are produced by the "Shell™ firm.
These oils are known as Aeroshell lubricants and have their own marking. For
petroleum oils after the name Aeroshell (or Turboil) a number is placed which
indicates the viscosity in cs at 98.9°C; for synthetic oils this same number
is multiplied by 100.

Since jet oils also have international desigrations, and in addition, a
single NATO system marking, their complete marking is quite complex. Examples
of the marking of American and English oils for TRD's are shown in Table 72
(951.

Types of Jet Petroleum Oils
Two types of petroleum oils are used for the lubrication of subsonic
TRD's in the USA and England, which differ significantly from each other in
operating prOpertlos'.

Tsee p. 203
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Table 72. The Classification of Oi{ls for TRD's Abroad

- ~-
p o
o £ ]
£ » 0 o
“ 3 &0 > b c 1
Specification «“ o 8 c o o @
o i < c o &
E < X * &0 T « O
H ] |9 Z hk [ - @ O -
t 5 ~ « Pt [ S 0 ®
~ E S O § O <
i = [ ° O W ©
I
i USA petroleum oils .
1MIL-0-6081B, type 1005 Aeroshell-1| (132 - 36P-900
(Turbofl-1}
WIL-7 5081B, type 1010 Aeroshell-2 | 0133 OM-10 3GP-901
i England
nla=0432 Aeroshell-3 0135 OM-11 -
~ERD-248C Aeroshell-5§ - - -
DERD-2u7Q/0 Aeroshell-9 0138 OM-71 3GP-433
DERD-2L73/1 Aerosshell-9B 0136 OM-71 -
1ISA synthetic olls
MIL-1-7808C Aeroshell-
300 0148 - -
kng aru
DERD-2487 Aeroshell-
750 0149 0Xx-38 -

From Tables 73 and 74, where the specifications and some factual data
concerning the properties of foreign petroleum oils are shown, it is apparent
that types 1010 and 1005 oils are employed in the USA in accordance with the
MIL-0-6081 specification, and in England oils are employed in accordance with
the DERD-2490 and DERD-2479 specifications [52, 96, 97].

All these oils may be regarded as low-viscosity products, since their
kinematic viscosity at 38°C does not exceed 5-10 cs; they are similar to
domestic petroleum oils (GOST 6457-66).

Maxvell [98] enumerates the main TRD's in which petroleun oils are
esployed (Table 75) and points out that in England such petroleum oil is also
employed in accordance with specifications DERD-24802 for oils intended for
operation under Arctic conditions.

‘See p.
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Table 73.
for TRD's

Specifications in Basic Properties of American Petroleum Lubricsnts

% Determined at 50°C.
3

Determined at 100°cC.
# % Factual data.
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MIL-N-6081B,type
.1005(Turtoil-1)
- MIL-0-6081B,{ Require- |Factual
Indicators type 1005 |ments of | data
(Turboil-1) | specifi-
cation
jDensity 050 Sheietsiietietresaaaneenns - - 0.843
Kinematic viscosity, ecs
at 37.8°C mindmum ................ .. 5.0 10.0 | 6.8%
at 98.9%, o eetreseereaena. - 2.5 2,48
at -40°C, maximum ....... ceeteeanies]  HOOHRS <100 -
at -54%c, " Creeereenas ceeee.d| 2600 - 400073
Temperature,oc
flash point in open vessel, minimum 107 132 132
pour point, maximum .....cec00000-0. -60nu -87 -6
Acid No. mg KOH/Z ... .iceevvecercenrees 0.1 0.1 0.C1
Viscosity change after holding time of
3 hr., % o
at -S4"C,maximum ....... cesiassannns 3 - 2
at -40°% v Ceesieseiasaiiaean - 1 1
Oxldation-corrosion tests at 121°C for
168 hr.
Chang2 in mass of plates of copper,
teel,aluminum alloy, magneiium alloy, :
cadmium-plated steel, mg/cmo, maximum + 0.02 +0.2 -
viscosity change at 37.8°C,% ...... Jfrom -5 to+20 from -5
: to+20 -
iscosity index, minlgum ............. 80 70 -
aporizability at 100°C for 22 hr, % ~ 20 a8 -
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The pour point of English TRD petroleum oils is 10-20°C higher than for

American oils, which is explained by the different cperating conditions for
oils in these countries.

In the Alaskan area of the USA, the air temperature
extends to -55°C, wheress in England the climate is relatively mild ~- a pour
point for TRD nils from -30 to -40°C is fully authorized.
DERD-2479 type are already a solid mass at -40°C.

English oils of the

Typical viscosity-temperaturc curves for foreign TRD petroleum oils are
shown in Figure 38. It is apparent that the American petroleum oils possess
the best viscosity-temperature characteristics and that the svnthetic oils

(Turbo11~300 and Turboil-750) have the best viscosity indices, compared to all
petroleum oils.

Type 1010 petroleum oil is most frequently employed in the USA tor'mass-
produced subsonic TRD's, where the oil operating temperature falls within the
range 50~70°C and the bearing temperatures are approximstely 150°C. Type 1005
oil i a special arctic oil and is employed in speclal cases; it contains a

depressor and an antioxidation additive. Both of these oils solidify at

temperatures of approximately -60°C, and their viscosity at-4N°T is not more
than 3000 cs and therefore they are characterized by good low-temperature
properties. Multifunctional additives are¢ introduced into American petroleum

oils in order to improve their low-temperature and other characteristics.

The viscosity-temperature characteristics for domestic and foreign

petroleum oils, as 5511 as for several synthetic oils, are shown in Table 76.

In engines operating under increased temperature conditions, type 1010
0il is overwhelmingly used; this oil has a flash point 20°C higher and a
vaporizability at 100°C 2.5 times greater then type 1005 oil.

In England a great deal of attention has been devoted t« the high-

temperature and lubricating properties of petroleum oils so that they may be
used in TVD's, having highly stressed reducers. In this connection two tvpes
of oils are pioduced in accordance with the DERD~2479 specifi.ation: the
type 2479/0 without an additive for TRD's, snd type 2479/]1 with s 1X additive
(for high pressures), vhich contains sulfur and phosphorus for TVD's. Two
types of oils are aslso manufactured in accordance with the DERD-2490
specification: without an addicive and with & 0.1X addition of stearic acid,

which improves lubricating properr.es of the oil at i{ncreased temperaturss.
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rigure 38. Typical viscusity-temperature curves for lubricants of
the "Shell” firm: i, Turboil-1l; 2, Turboil-2; 3, Turboil-3;
¢, Turboil-5; 5, Turboil-9; 6, Turboil-300; 7, Turboil-750

Table 75. Classification and Use of Petroleum TRD Lubricants Abroad
According to Maxwell

" "Shell” firm; Specification ! Fngine type 1
oils | England =~ =~ USA - -
Turboil-1 | i MIL-0-6081B, type | Boeing 502 (T-50) ‘
| 1005 General Electric J-47
Turbo{l-2 i MIL-0-6081B, type Allison J-33; Allison
i 1010 J-35; Continental
' J-69 G-29; General
Electric J-47
' Turboil~3 : DERD~2490 Rolis Royce; Dervent;
Turbofl~5 DERD-2480 Hevilland; Goblin
Turboi1-9(98)! DERD-2479/0; Bristol 705;
DERD-2479/1 ' Hsvilland 105 [

In France, in addition to the Air-3512 petroleum o0il slready indicated,
petroleuns ofls of the Air-3516 type with s viscosity of 10 cs at 38°C (which
‘orresponds in properties to the type 1010 American oil) and Afr-3515, with a
vis.onity of 3 cs at 100°C (corresponding to the English DERD2479/0 English
oil) are employed.

In Canada, in addition to American oils, petroleum oils are used for
TRD's in accordance with the 3-GR-38 specification (which corresponds to the
American type 1010 oil). In connection with the fact that in Europe the
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production of pq;rolcun vils for TRD's is concentrated mainly in plants of the
Esso anl Shell firms (lurboil-l, 2, 3, 5 und 9), these oils are widely
employed in such countries as Italy, Sweden, Belgium, Austrslia, etc. The ~

basic properties of foreign and domestic petroleum oils are shown in Table 77
[97].

Table 76. The Viscoaity-Temperature Characteristics of Petroleum and

Synthetic 0ils for TRD's

Kinematic viscosity, cs

o Pour
at temperatures, C

o
Specification Type point. C

-10 | =20 [:50 ~40 ~50

Petroleum olls
011 by GOST 6457-66

(USSR) .vvveveveveaan-es | = 1210 | 585 [2278 {8500 - =55
DERD-2490 (England) -=--=| - 12.5 | 544 [1330 [ 5800 [kOkue -b6
MIL-0-6081B (USA) ......{1010131 | 314 806 3000 |15420 | =57

Synthetic 0Oils

DERD-2487 (England) ....J| - 502 11911 3400 11530
Diester oil (USSR) .... - }165 | 341 845 260¢

- -€0

TRy petroleum oils used in the USSR, USA and England are similar in basic

properties and may be interchanged. In servicing domestic ai-craft equipped

with TRD's at airports abroad (TU-104), it is permissible to use petroleun

lubricants of the following types [20]: Turboil-3 in accordance with the

DERD~2490 specification (England); Turboil-2 in agreement with the MIL-0-6081
specification, type 1010 (USA).

Due to incompatibility and the possibility of iestroying rubber gasket
materials, servicing the oil systems of Soviet aircraft equipped with TRD's
with DERD-2487 and MIL-L-7808 oils is not permitted.

Bench and flight ctests of petroleum oils in the USA and England in a
number of supersonic TRD's, where the operating temperature of the oil at:eins
valuea of the order of 230-240°C, have revealed that under these conditions a
significant quantity of deposits is formed in the friction points of the
engines and oil consumption increases as s result of vaporization; in addi-

tion, at iccreased temperatures petroleum oils display insufficient lubri-
cating (anti-wear) properties.
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Table 77. Basic Properties of Foreign and Domestic Petroleum Oils
for TRD's (Factusl Data)

e —e . e ———— Cm e e e ey

e — - o =+ gt

Physicochemical Specifications or standards
DERD-2490 | MIL-O- GOST GOST
properties Turbotl-3 | 60818 6457-66 |10323-65
type _ -
1050 MK-8 MS-6
Turboil-2
England USA USSB USSR
Kinematic viscosity, cs -
at 100°C ....iiviininnnin..| 2.81 2.43 2.80 2.23
at 50° ..................| 7.56 6.82 8.30 6.10
at -40° ... ..............01 8000 300~ | 8500 1400
Temperature ( |
flash point in a closed
vessel ... ......... cereen 4253 132 135 143
pour point ......... ceeeensd =50 -60 ~56 -57
20 4
Demsity o) . ....coe.e...] 0.870 0.893 |0.884 0.851
Acid No. mg XOH/g ......... { 0.12 0.01 0.9%4 0.02 !

Stability dyring air oxida-
tion at 175 C for 10 hr. 3
Quantity of deposits, § .... 2.10 0.12 2.69 1.26
Acid No. mg KOH/E .c.vvenen. 3.46 0.69 3.66 1.49

The maximum permissible temperatures for the use of petroleun oils in
TRD's are considered to be not greater than 120-130°C. Synthetic lubricants
nust be used at higher TRD temperatures. The poseibility has been demon-
strated recently of employing high-viscosity petroleum oils in highly stressed

supersonic TRD's; these oils are obtained by special raw material refining and
cleaning methods.

Synthetic Oils
Light patroleus oils were used successfully in foreign early-model TRD's

(F-86, B-47, etc.); the operating temperatures of oils in these engines did
oot exceed 90-93°C. In domestic TRD's, where the maximum oil temperature at
the engine output did not exceed 95~115°C, petroleum oils were slso employed;
the area of the application of these oils was limited to operating temper-
atures below 110-130°C.
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As a result of the recent shift of jet aircraft to sonic and supersonic
speeds, the temperatures and operating loads in TRD friction points have
increased. The maximum temperature of the bearings in supersonic TRD's may
reach 315-370°C, and the average oil temperature at the bearing output may
reach 175-250°C [93]. 1In this connection the quality requirement for
lubricatipg oils grew, and in supercharged foreign TRD's (B-58 and F-104
types), which provided for aircraft speeds up to Mach 2, it was already
necessary to employ synthetic lubricants.

When compared to petroleum oils, synthetic oils, as a rule, are char-
acterized by less carbon formation in the engine, are less subject to vapor-
ization and possess improved lubricating properties, particularly after the
introduction of the required additives.

In connection with the rapid deveiopment of turbojer aviation {n foreigp
countries after the end of the Seccnd World War, the necessity arose to
develop high~quality synthetic Jet oils {99). The basi. requirements in the
development of synthetic oils were the improvement in their high-temperature
Ciaswrteristics in conjunction with low vaporizability, good pumping jval-~
ities at low temperatures and high lubricating capabilicy.

Broad research in the development of synthetic oils for TRD's has been
~=:ducted in the USA and England since 1947. Synthetic oils developed in
recent years have undergone careful checking by means of bench and operating
tests. The regular use of synthetic lubricants in jet afrcraft began in the
USA and England in 1952; subsequently, synthetic oils almost completely

supplanted petroleum oils. By 1960 the demand for synthetic lubricants in the
USA exceeded 8000 tons per year.

Based on a study of the quality of synthetic jet ofls and the require-
ments imposed on them by the engines, oils used and developed for TRD's may be
divided [100] into three basi: groups in conjunction with their operating
capabilities st high temperatures.

First Group
To the first group of oils belong syntheti{c oils obtained on the basis of
diesters of aliphatic monohydric alcohols and dibasic acids. Representatives
of this group are the first synthetic oils of the USA {(the MIL-L-7808
specification with varfous letters) and of England (the DERD-2487
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specification). These are the basic synthetic oils emwployed since 1952 in
military and civil aircraft flying at subsonic and predominsutly at supersonic
speeds. Diester oilr are obtained by means of the introduction into the
svnthetic base (mostlv into di-2-ethylhexyl sebacate) of antioxidation and

anti-wear additives.

The typical diester oil based on diisoctyl sebacate complies with the
requirements of the MIL-L-7808 specification and has the following composition
(in percent by weight) [101}:

diisoctyl sebacate 94.5 *
tricresyl phosphate
phenthiazine _0.5

Total 100

To this oii is added 0.0012 by weight of siloxane as an antifoaming additive.

A large nusber of oils of this type [99-102] satisfies the requirenents
of the MIL-L-7808 specification. They represent the various diesters ard
aliphatic alcohols cs-CIO' Usually phenthiazine is employed as an anti-
oxidation additive, tricresvl -hosphate as an anti-wear additive, and
silicones as antifoaming agents. It is also possible to employe other
additives fo1r the purpose indicated. Sometimes additives are employed which
fmprove the viscosity index {101].

Recently the widely employed sebacates (diisoctyl sebacate) have mostly
been replaced with azelates pelargonates and even by adipates as a result of
the cost rduction, although these esters are inferior to sebacates insofar as

thermal stability and thermal oxidatioun stability are concermed.

We note [103] that octyl esters of ~==..'c acid complies fully with the
requirements of the MIL-[-78C80 specific::ion, and pelargonic esters of
trimethylcl propane complies with the MIL-L-7808E specification.

Esters of dicarboxylic acids and aliphatic monohydric alcohols are among
the best compounds which possess the complex of properties requircd as the
bases for synthetic jet oils. They display satisfactory thermal oxidation
stabilitv, a high vigcosity index, re;atively low vaporizability and fnsignif-
fcant corrosive activity with respect to the majority of metals employed in
TRD's. The self-ignition point of diesters is relatively high. when {t is
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necegsary to improve the load-carrying capacity of these compounds (at ihe
expense of an increase in viscosity), complex esters of aliphatic and
dihydric alcohols with dibasic acids or pclyalkylene oxides are added [103].

The consumption of diester oils in TRD'« 1s not great; during operation
at temperatures up tv 175-177°C, seals of special types of resistant aviation
rubber are not destroyed. Among the shor%comings of oils based on diesters
we must include their corrosive activity coward lzed during an extended
storage period, which appears, apparently, as a result of partial diester
hydrolysis. However, this shortcoming may be partially removed by the intro-
duction of additives of the eliphatic amine type type (for example, the
Zuaitive Z.€AC), which ave compatible with the oils.

The properties of oils of the first group are shown in Tahie 78 [104].

Table 78. Properties of Synthetic Lubricants Employed ABroad (First

Group)
Kinematic wiscosu:yLI o
£ : 0 emperature " | &
fountry and g:_‘ o at temperature,®C - E
- our -~ o
b tio pall] ot o | = ‘
Specification % E‘E% | otnt | g€ c i ¥
e O] I
ﬁggm 98.8‘?7.8 -4 f-5&~ c-gg.g z %
USA Tuar- 1 [3.5 J13.6 1900112200 60 215 0.17
MIL-L-7808 beild 2 [3.48) - [1885( - -60} 219 c.22
300% | 3 3.6 14,0 1900 - -61 2.23221 0.12
England Tur- 1 §7.8 139.0NRz0001000CY -57 ! -
Dggpfgua7 boil< 2%% 7. 421 ~ po6oQ - . ~-54} 239 0.17
750 ke | 7243 23401590 - |-50 puksswe|ol1g

b sly designated as!Turboil-1% and Turboil-35, pespectively.
"Pigzzsuaii oxidgzion in the VTI device (%0 hr at lF?SC) the acid
number was 0.26 mg, quantity of depositc of 0.04%. .
"2 "  +w-al and mechanical destruction data at Sooand 1J0 nr are no!
& .lahle; the viscosity was Zctermined at S0°C.
#38% Determined in ar open vessel,




Work is continuing abroad in the improvement of the thermal oxidation
stabllicv ard anti-wear properties of diester oils.

Sinthetic oils based on dicarboxylic esters may opeiate in engines at
temperatures of 150-175°C ard temporarily up to 260°C [93, 94, 105]. At
higher temperatures the thermal oxidation stability of oils based on diisoctyl
sebacate galls (Figure 39), which is assoctated with its ability to absord
oxygen (Figure 40) at increased temperatures. Thus, at 250°C, the diesters
absorb 22X oxygen, and ac¢ 370°C, four times as much., Therefore, oils based on
dicarboxylic esters cannot provide for the operation of power-boosted Tﬁb's.
irtended for aircraft flights with speeds of Mach 2, since in these engines
oil operating remperatures reach 200°C and above.

stabllity, hr

w2
'empqrature,oc

Figure 39. Temperature influence on the thermal oxidation stabil-
ity of di-2-ethylhexyl sebacate (with 0.5 phenthiazine)

,.. —
s

-~ ”

B B

P

Ex

o »e 20 m

temperature,oc

Figure 40. The influence of temperature on the ability of di-2-
ethylhexy! sebacate (with 0.5% phenthiazine) to absord oxygen

Foreign epecialists point out that synthetic oils of the first group (the
MIL-1-7803, DERD-2487 and other specifications) are capable of operation at
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the present time up to temperatures of 150°C and in some cases to 175-180°C
{92, 106}.

Judging by data from the latest literature and reference books,
Turbo11-300 oil, which corresponds to the MIL-L-7808 specification, is no
longer employed in military aircraft of the highest type.

It is still widely employed and will be.employed for a long time to cowe
in the engines of subsonic passenger and transport aircraft, since it provides
for reliable starting and lubrication.

0il temperature increases during aircraft flight at supersonic speeds
not only as a result of design characteristics of the TRD, but also as a
result of the increase in flight speed. Thus, [107] at flight speeds of
Mach 2, 3 and 4, the oil temperature may reach values of 210, 315 and 420°C,
respectively (Figure 41). This is explained by significant heating of the
aircraft skin in flight as a result of air friction. Heat from the skin is
transmitted to the frame of the aircraft, and from there to the fuel and oil
tanks, to the engine and to various aircraft assemblies. According to
calculated data [108], at supersonic flight speeds of Mach 2.7 the »il
temperature in the tank of a transport aircraft will be 90°C, and the
temperature at the combustion chamber injectors will reach a value of 20°°C.
This in turn will be reflected as an increase in lubricant temperature. At
Mach 3 speeds the oil temperature in the tank and at the injectors ié
increased to 150 and 260°C, respectively.

it 1s assumed that in the engine of the supersonic transport aircraft
Concord [105), developed by the English and the French, the average oil
temperature will be approximately 180°C, and that the tempzrature of the oil
delivered from several engine lubrication points in the pumping svstém will be
of the order of 285°C. It is believed that in power-boosted TRD's of the

future, oil will be in contact with air having a temperature up to 350°C.

This indicates the neccssity of developing and employing a synthetic
lubricant which is significantly more stable than the oils describea above.

Second Group
0ils of this type are prepared mainly or the basic of polyglycol esters

which have a more thermally stable structure than dicarboxylic esters.
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Polyglycol esters are characterized by low volatility, superior viscosity-
temperature properties and the capability of preventing wear in engine parts.
Their thermal oxidation stability may be improved by the introduction of
appropriate additives. folyglycol esters have no active influence on metals,
end insofar as cost is concerned they are less expensive than diester oils.
The thermal oxidation srability of synthetic oils prepared on this base 1s
15-20% higher than for diester oils based on dicarboxylic acids.

© i .
°© - L o . l‘
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Figure 41. Incoming air and oil temperature as a function of

aircraft apeed

Among the move stable are also the esters which characterize the presence
of the neopentyl grouping. In this structure, the carbon atoms, which are
located in the 2 position to che ester group, are lacking in hydrogen. O0Oils
on this base are known as neopentyl olls. Synthetic oils of improved thermal
oxidatis stability are also prepared on the basis of esters of trimethylol

propane (neopentyl esters) and sedacic and azelaic acids.

0115 of the second group represent a wide selection of synthetic oils.
the quality of which is provided for in the increased requirements of the
MIL-L-23699, DERD-2497 and MIL-L-9236B specifications. These oils are
employed fnr power-boosted (including bypass) TRD's for military and civil
purposes. Thus in the engines of the American supersonic 5-70 bomber, which
attatns speeds of up to Mach 3, oil ts employed which is processed in accord-
ance with the MIL-L-9236B specification. No significant oxidation cf chis oval
is obse:ved down to temperatures of approximately 210°C; the oil provides

engine starting at temperatures down to ~53°C.
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711s of the second group are intended for operation within the range of
200 to 260°C; they have been produced in commercial quantities since 1963.
However, the upper limit of their temperature operating capabilities has not

yet heen attained. These oils are promising only for the first supersonic
transport aircraft of the future.

At the present time the aviation industry of foreign countries has begun
to replace rapidly oils of the first group with oils of the second group.

Third Group

0ils of this group must be manufactured on the basis of new, promising
chemical compounds {93]. The base of this o1l may consist of pentacyclic
polyphenyl esters (5P4E), the thermal stability of which ia approximatelv
150°C higher than for the estrrs or oils f the second group. However, pnlv-
phenyl esters have a high pour point (4-5°C); therefore, at the oresent time
the possibility of obtaining estera of this type in combination with other
compounds is being investigated. In additiun, halo derivatives of hvdro-
carbons, silicon compounds, chlorine-containing polyorganosiloxanes are being
actively investigated. as well as high-boiling petroleum oil: after supple-
mental processing and cleaning [109].°

0Oils of the third group are intended for applications at temperatures
above 260°C in TRD's of supersonic military and civil aviation, which are

installed in aircraft with speeds of Mach 3 and above in the USA, England and
FPrance.

The new specification MIL-L-27502 was issued in the United States in 1965
for an oil of the third group, the opersting temperature of which attains a
value of 260°C. According to this specification the requirements for low-
temperature properties of these oils are reduced (the viscesitv at -34°C is
establigshed at 13,000 cs); nevertheless, il which satisfies the requirerments
of this specification has not yet been successfully manufactured (Figure 42).

Synthetic 0ils based on the specifications MIL-I-7808 with various
letters, DERD-2487, DERD-2497 and M1L-1.-9236B, etc., are manufactured and

delivered to consumers in the quantities required by the Shell fimm.

Syatheti: oil Air-3513, which is of local manufacture, is also employed
in Prance; it corresponds to the American oil of the MIL-L-7808C specification.
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¥igure 4.. The temperature-range requirements of American specif-

ications for the operating capability of synthetic TRD oils

It has neen reported that the first supersoni. transport aircraft will
appear in 1969: 1in the USA with a speed of Mach 3, and in England with a
speed of Mach 2. These aircraft will be equipped with power-boosted TRD's,
for which ofils of extremely high quulity will be required. Since there are
st1l]l no oils in the third group, the problem of the possibility of employing
oils of the second group in afrcraft of this type is being deteruined.

In general, liquid lubricants will not be suitable for TRD's of second-
generation supersonic aircraft. It is believed that gaseous and solid.
lubricants will be employed for the lubrication of the thermally stressed

bearings of these engines.

As a result of intensive investigations abroad in recent years, the
selection and formulation of synthetic lubricants and additives for them has
increased constantly. The basic tendencies in the development of synthetic
oils of the second group abroad has been the use of so~cslled complex esters,
or a blend of verious esters and polyalkylene esters as a base for these oils,
as well as efforts towvard increasing the stability of oils by means of ant|-

oxication additives. The latter is achieved by the simultanecus use of
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several additives which in a number of cases increases their effectiveness as

a result of synergism,

Specifications
Specifications for Applicable Oils

There are two very important specifications for synthetic lubricants:
these are the American MIL-L-7808 and the English DERD-2487 specifications.
Not only the physicochemical oil specifications, but also the methods te be

employed for laboratory and operaticnal tests (the evaluation of anti-wear

properties, etc.) are included in the specifications.

Two groups of oils were developed in conformity with the minimum TRD
starting temperature in the USA of -54°C ard of ~40°C in England: the
go-called "light oils" in the USA, having a viscosity at 98.9°C of 3~4 us ard
13,000 cs at ~54°C (MIL-1-7808) and the "heavy oils" in England having a
vigcosity at 98.9°C of 7.5 cs and 13,000 cs at -40°" (DERD-?487).

Since the English oil with a viscosity of 7.5 cs at 98.9°C is also
intended for use in TVD's, the DERD-2487 specification provides for high
requirements for the lubricating and load-carrving capacitiez cf the il and
for properties to prevent bearing fatigue destruction [92]. All of these oil
properties are evaluated on the IAE special test stand, in connection with
whiéh the oil must provide for test stand operation at loads not less than
those imposed on a special standard petroleum oil. The load-carrying capacity
of the oils, in accordance with the MIL-L-7808 specificaticn, with a
viscosity of 3.5 ca at 98.9°C must be not less than 687 of the load-carrying
capacity of the standard oil.

The lubricating capacity of the oils usecd at the preseﬁc time falls at
the limit of the requirements for this specification.

A great deal of difficulty is encountered in using oil wicth a viscosity
of 7.5 ¢s at 98.9°C in TRD's.

Since English oils of the DERD-2487 specification. in addition to a
diester base, contain thickeners of the polymethylmethacrylate or polyester
type, then a determination of viscosity stability is requiréd: for oils whut
comply with the MIL-L-7808 specification, the Pechanicnl destruction indicator

is not required, since since they contain no thickeners.
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The use of English and American aircraft by many international aviation
lines has made it necessar: to use oils of different specifications, which has
created a number of technical difficulties. Therefore the demand arose fur a
aingle universal oil for all TRD's. With this purpose the MIL-L-25334
specification was developed which combined 1he requirements of the English and
American air forces. 'In practice, it differs from the MIL-L-7808 specifica-
tion only by an increase in oil load-carrying capacity {106]. In conformity
with the MIL-L-25336 specification, the maximum operational capacity of the
0il, determined on s Rider device, is 504 kg/cm in comparison with 306 kg/cm
for the MIL-L-7808 specification.

However, the attainment of such an oil load-carrying capacity proved to
e very Jditficult, since isually the additives which increase this indicator
{(anti-wear properties) impart to the oils increased corrosive properties or
cause their thermal oxidation stgbilltv to deteriorate.

Thus, of 27 oils presented for rests in 1958, only five gave satisfactory
results. in tne final analysis an oil was accepted with a viscosity of
3 s 4t 98.9°C which satfsfied the requirements oy the MIL-L-25336 specifica-
tion for high-temperature and anti-galling properties.

By 193§, 14 tvpes of MIL-1-7808 specification oils had been produced, and
by 1960 there were already 32 types [102]. The requirements of the MIL-L-7808
specification were changed -- six versions were developed (A, B, C, D, E and
F). The D version was described in literature in 1959, the E version in 1963,
and the F version in 1965 [103]. At the present time oils which are manu-
factured in accordance with different verions of the MIL-L-7808 specification
are widely employed. The requirements of the MIL-L-7808 apecification, which
compine a large group of ofls, are shown in Table 79 [110-113) and are

v«amined belw.

Data concerning the employment abroad of synthetic oils, corresponding to
the mcst widely distributed speciti.ations, are shown in Table 80 [98]).
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Table 79. Requirements of the MIL-L_7808 Specification

Index K
Indicator ,
B C 1955 D 1959 |E 1963
KInematlg vIscosIty, cs !
at 98.9°C minimum ......cc00uauss 3.3 3.9 3.0 3.0
at 37.8%Cminimum ........oeeiieinf - 11.0 11.0 |11.0
at -549C, mgximum ......ieienns -f13000 3000 13000  [13000
Temperature C
flash point in closed vessel, min 196 204 204 204
pour point, .MAXIMUM....veeerrense -59 =59 =50 -60
Acid No.,mg KOH/Z ..vvvevvenvcaens - - - 0.3
Lcad-carrying capacity on Rider
device, kg/cm, minirum® ......... 306 306 300 300
Quantity of dsposits during cokabil
ity test(315°C), mg, maximum .....] 100 80 - -
Corroséon tests on metal plates,
ng/em”
at 232°C for 50 hr ......... AP
coppe: plate, maximum ..........[ 0.47 n.47 3.0 O
silvgr plate, " ceriiaees o.u47 0.47 3.0 £.%
at 163°C, for 1 hr
lead plate, maximum ..,........ - 0.6 0.9 ;
Oxidation-corrosion tests at 1757
for 72 hr; air delivery 5 &/hr
Changs of mase of the plates,
mg/cm
copper plate ....cccacieicnnanns :O.h 0.k +J.- o4
plates of sliver, steel, mag-
rresium alloy, aluminum ajloy +0.2 +0.2 +0.2 +0.0
viscosity change at 37.8°C, % from -5 |from -5 From -5 fr-v -
to 15 to 15 to 15 to 15
acld no. increase, mg XOH/g, max] 2.0 2.9 2.7 2.0
Swelling of type H grade A rubber
after duration of 178 hr at 70°C & - max 12 from 12 ko 35
viscosity stability after hold
ing at -S4~C
viscosity increase after 3 hr
%, maximum - 6.0 6.0 6.0
viscosity, c¢s
after 3 hr maximum ....c000.0. - 13000 1300¢C 13000
after 72 hr " . ...t . - 17009 17000 17000
- passes passec DAL 3
aporizability at 204°C for 6.5 hr
maximum .....co000s0 Cerasecenesea - 2% 35 35
recipitation formation (sludgind)
maximum ...... csescssscanarrses e - - 5.0 3.5
tability during storgge- mass loss
of lead plates, mg/cm” ...........
after 14 hr maximum ............ - 3.6 4.0
after 4 nr maximum ....cc0c000n - 233 150
100 hr engine test by MIL-E-5009
specification - passes passes passes
®according to other data the load-carrying cepacity of oils in
compliance with the MIL-L-7808 specification must be not less than

68% of the standard oil.
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Table 80. Use of Synthetic Lubricants in TRD'a Abroad

;}i‘ls of Specificationa
ell Engine
firm
England USA

ITurbo11-300 - MIL-L-7808E [Continental 217; General Electric
CJ-805; Lycoming T-53; Pratt and
hitney J-75 and J-T3D; Rolls Roycs
Dart

Turto11-750 PERD-2487 - Allison 501, Blackbern; Bristol
Siddley; Hasvilland Nepir; Rolls
Royce Dart -

Designation

not

established bERD-2h97'MIL-L-9236B engine of the near future
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It is apparent from the data in Table 79 that the main differences in the
MIL-L-7808E specification frcm the preceding versions are the following:

an overall acid number indicator for fresh oil has been introduced, which
must not exceed 0.3 mg KOH/g of oil;

the oil is evaluated on the Rider device at a sustained load in kg/cm on

the width of the tooth (not less than 300 kg/cm) at an increased temperature.

In addition, the following changes have been made in t. e MIL~L-7808E
specification:

a compatibility indicator has been introduced for oils corresponding to
the MIL-L-7808, MIL-L-25336, MIL-L-9236 and MIL-L-6081 specifications. When
mixed with the indicated oils, the MIL-L-7808E specification oil must not
cause clouding, and deposits may not be greater than 0.005 m2/200 m: of oil
(the deposits are determined by centrifuging in accordance with the method
3104 of the Federal Standard 791, but with no dilution by a solvent);

storage stability (lead corrosion) is determined after 2 and 7 days
instead of 14 and 45 days;

an evaluation is made during the conduct of oxidation-currosion tests uof
the surface of plates under a microscope with a magnification of 20 times;
here there must be no pitting or visible corrosion or blackening;

the results of 100-hr motor tests are evaluated aécording to the faitwwing
following values: the motor indicator must not be m&re than 2.83; the
increase in filter weight must not be more than 9 g/hr; oil consumption musc
not exceed 570 g/hr;

an ASTM [American Standard Test Method) color indicator has been inmtro-
duced {maximum 3);

in place of the panel rarbon formation indicator at 315°C, a precipita-

tion formation indicator in % (sludge formation) has been intrcduced.

Special methods for evaluating the operating properties of oils specified
in the MIL-L-7808 specification are described briefly below.

Methods of Evaluating Quality

Load-carrying capscity. This is determined on a Rider gear machine wi!th
gear rotation at a rate of 10,000 rpm, for a period of 10 min at each load,
with a gesr irput oil temperature of 74°C. The gears must withstand a load of

not less than 306 kg/cm; here tha scored area on the operating surfaces of the
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teeth must not exceed 22.5%. DNuring acceptance tests eight determinations are
mgde; the average value must be not less than 687 of the load sustained by the
standard oil. It is assumed that if the 0il withstands the load on the Rider
device, then it will operate successfully in engines.

Tendency toward the deposit of residues. This indicator is determined by
the "coke formation on a panel" method by means of spraying oil from a shaft
equipped with a toothed rack on a panel which has a temperature of 315°C for
an 8-hr period. The quantity of coke must not exceed 80 mg. The results
obtained with this method agree poorly with the motor tests [110]; theré?ore,
a combined test aethod is moust promising -- a combination of testing for
cokability on a panel at 315°C with a test for sludge formation according to
the Wright Brothers Research Center method. According to this method 24 ¢ of
o1l are pumped through a gear box fcr 25 Lir and through a filter with an

aperture uf 100 . and a rubber hose of Buna N rubber at a rate of 2-3 g/min.

The results of these tests (the filter is weighed betore and after
pumping) are combined and the number of deposits is determined in g, which
characterizes cokability at 315°C on the panel and sludge formation on the
WADC test stand. This method was included in the MIL-L-7808B and E
specifications instesd of the method of determining cokability.

Corrosive properties. These are determined by means of conducting three
laboratory tests of the oll at various temperatures both with and without air
delivery:

1) lead plates are maintained in the oil at 163°C for a perind of 1 hr;

2) plates of five metals (copper, magnesfum, iron, gluminum and silver)
are maintained in 01l for 72 hr at 175°C in an air current (this test is
included in the oxidation-corrosion method);

3) copper and silver plates are submerged in oil for 50 hr at 232°C.

Under the conditions {ndicated, the oil must not cause corrosion of the

metals, and its physicochemical properties must undergo no changes.

Storage stability. According tc a stringent method of determining oil
stability during storage {92}, specimens of the o1l Leing tested (3.0 & each)
are held in cans in s thermostat at 85°C with lead plates; the corrosiv:

properties of the stored oil sasples are determined after each 7 daye of
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storage. Corrosiou on the lead plates must not exceed 3.8 mg/cm2 after

14 days, or 23.3 mg/cm2 after 45 days of storage. The results obtained by
this method agree very well with the resulte of changes in o1l during storage
under depot condi:ions.

Volatility or vaporizability. This indicator is determined indirectly by
the flast point (which must be not less than 204°C) and directly by means of
vaporizing and oil specimen for a period of 6.5 hr at 204°C in a special test 1

tube. Cils in which vapotization does not exceed 352 by weight are considered
to be acceptable.

Viscosity stabili-y. The oil is maintained for thiee hours at -54°C,
after which viscosity is deteimined at -54°C. The results of two determin-
ations sfter three hours holding time must not differ bv mor~ than 67 from the
initial viscosity value and in both cases must not exceed 13,000 cs. The
viscoaity of the specimen afte. a holding time of 72 hr at -Z4°C must not
exceed 17,000 cs.

Foamahility. Air is passed through oil at 24, 93 and 24°C for a period
of S min. Foam volume must be not more than 100, 25 and 100 m , respectively,

and the time required for foam disintegration, 5, 2 and 5 min, respectively.

Engine test. In addition to laboractory tests in accordance with the
MIL-L-7808 specificatfon, 100-hr operational capal.ility engine tests are
required (the MIL-E-5009 specification).

011 specimens are tested in J-57-19 and J-57-29 engines. The temperature
of the oil is maintained si a level of 149°C * 3°C; the test consists of
20 cycles, each of which is 5 hr in duration, under conditions stipulated in a
special chart (variable loads, stops, boost, etc.). Before each cycle a
clean, weighed filter is installed, and after each 5-hr period the change in

its weight and the oil consuuption are determined.
/
_ The performance number of the oil is determined in accordance with the

special scale shown below, by compaving the condition of various parts and the
nost characteristic friction points of the engine with their condition after

operation with a standard oil:




Performance number Condition of engine parts after oper-
ation with the oil tested in -ompar-
ison with operation with a

standard oil
congiderably better
somewhat better
identical

souevhat worse

Q - N oW o

consiterably woree . .

A list of standards for test methods, included in the MIL-L-7808
specification, is shown in inpendix 2.

Specifications for Prospective Oils
The M1L-L-9236 specification was published in the USA in 1952 for
synthetic high-temperature lubricants for TRD's of the near future [92].
These oils are characterized by high ancioxidation and santi-wear properties.

Basic factors in the evaluation of the quality of the high-temperature
oils during special tests are the temperature of the oil being tested in the
tank and the bearing temperature wvhere the oil is being tested. At first, the
MIL-L-9236 specification provided for 100-hr bench tests of the oil at a tank
temperature of 260°C and ot a bearing temperature of 40N°C. Since not one of
the oils developed past these conditions, in 1956 this specification was
replaced by the MIL-L~9236A specification, in which the oil temperature in the
tank was creduced to 204°C and the bearing temperature was not limited.

Since the oils did not pass these specifications as weil, the temporary
MIL-L-25968 specification was introduced in the USA with requirements that
vere reduced even further.

Oils were successfully obtained in 1959 which were similar in quality to
the MIL-L-9236A specification, since the specification hsd been accepted in a
somevhat changed form. A later version was published [92] in 1960 -- the
MIL-L-9236B (Table B1) specification, in agreement with which the oil was
required to have good low-temperature properties, relatively low viscosity,
satisfactory characteristics during engine tests and satisfactory character-
istics on the EDCO bearing test stand. Tests on this stand were conducted at
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a tank oil temperature 2t the input of 204°C »1d with & stable bearing
temperature below 260°C.

Table 81. Basic Properties of High-Temperature Synthetic 0ils According
to Specifications of the USA

S

ecifications

Indicators

cosity, cs
at 204°C,
minimum
at 98.9°C,
minimum
at 37.8°C,
ainimum
at -40°C, :
maximum
at -54°C,
maximum i
viscosity stabil- |
ity after
holding
-54°C: viscos-
ity increase
after 3 hr, 2,
maximam
temperature, °C
flash point,
minimum
pour point,
maximum
foamability test
vaporizability,
%, maximum
swelling of
rubber, %

i
M
kinematic vis- |

load-~arrying

capacity on a |

Rider device

with respect to !

standard oil,

Z, minimum
thermal oxidation
stability test
on bearing test

stand
compatibilicy
test with other
rils
3J0-hr engine test

* In kg/cm.

N e N T

3.5

13000

¢ m———— -

MIL~L~
32364A

3.0

Cptional

"

260

Pa. ses

147

MIL-L-
22368

{27502 27¢ o

MIL-T- YIL-L-

1.

(]

(24

F
)
>
o~ s e e
Z
£
"

Passes
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Table 82.
Vers.on) and DERD-2497 Specification for Synt

hetic Ofils

Basic Requirements of English DERND-2487 Specification (Third

|

Indicators ERD-2487 ERD--2497

Kinematic viscosity,es

at 2040C, MINIMUM  +oveveoneenennonrannenancs - 2.0

at 92.3°C,maximum. ...... tereeecseesessncsssesd T.5 8.5

at 37.8%, " AR I

a+ -Lc%, * e reee e eeexeeenees 13000 13000
Viscority stabllity sfter holding at -54%C; max *
viscosity incgease afcer 12 hr, § ...cieeeennnn 5 Optional
Temperature, C

flash point, minimum ........... Ceeeas veeeeesd 216 260

pour poeint, maximum ........ O N L -

celf-ignitic., mintmum  ........ v e cee - 385
Foamatility test ..... cereaen e eenase .o passes pasges
Carorizabllitv, $ ciei i Wese.eee.+. indicated at 200°C

Load~carrying capacitv*® on IAE friction machine
a* 2.7 and 6000 rpm ..... e
Sweliine of rutt=r at 70°C during 16% hr,% °

™.owmal ~tatilitv® viscosity change at 37.8°C,%

uxidation-cc “rosion tests®

ilver, steel, cadmium-plated steel, magnes
3llnv, aluminum alley, silver-plated steel,
titardum (..ol seseacen
viscosity change at 37.8°C, % .....

acid no. 1ncrea5e, mg KOH/g maximum ..........
Load tests at ' 280°C ....vvvevvn-. ..
Mechanical stability (shgaring stability) -

s s se s s e e

"
weight cha ,e of plates, g/cm”, of copper, uA
i

pil

R0

+0.2
35

0.5
passes

ntformity tect at temperatures from ~54 to 280

ee s a0 e e

from =54 to °99 Ceaee e Ceereaans

i7" hr englne test ...
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The load-csrrying capacity of the oil as measured on the Rider machine at
204°C, accerding to the MIL-L-9236B specificaticn, must be not less than 56%
of the load-carrying capacity of the standard sil. Ar this same temperature,
toothed gears must withetand a deformation fatigue test. The oil must also
pass tests on the Wright Brothera Research Center bearing test stand (50 hr,
tank oil temperature 218°C, and bearing temperature of 260°C).

The English DERD-2497 spacification for high-temperature oils of the near
future was published for the first time in 1959. The physicochemical property
requirements for oils in accordance with this specification are similar to the
requirements outlined in the DERD-2487 specification; however, the DERD-2497
apecificatipn provides for enhanced thermal and thermal oxidation stabilityv of
the oils (Table 82), and also for enhanced anti-weur properties [92}.

During tests of the anti-wear properties of tnese oils on the IAE test
stand whe. the load-carrying capacity of the oil tested is equal to 1007 of
the load-carrying capacity of the standard oil, it mav be equated to a load of
540 kg/cm un the Rider device, which permits comparing the results of the oil
tests on these two test stands.

The special methods for evaluating the qualities of high-temperature oils
for TRD's, specified in the MIL-L-27502, MIL-L-9236B and DERD-2497 specifica-
tions, are briefly described below.

Methods of Qualitv Evaluation According to U.S. Specifications
Viscosity stability. 01l viscosity after a holding time of 3 hr at
-54°C must not exceed 21,000 cs according to the MIL-L-9236B specification and
13,000 cs according to the MIL-L-27502 specification; after a holding time of

72 kr, the figures are 24,000 and 17,000 cs, respectively.

Rubber swelling. According to the MIL-L-92368 specification, rubber is
maintained in the oil for a period of 72 hr at 204.4°C, and in accordance with
the MIL-1.-27502 specification, for 72 hr at 260°C, and for 168 hr at 70°C in
accordance with the MIL-L-23699 specification.

Vaporizability. Vaporizability in accordance with the MIL-L-9236B
specification is determined as usual st 204.4°C, and in accordance with the
MIL-L-27502 specification, under more stringent conditions -- at 260°C.




Bearing stability tests. MIL-L-9234B specification oils withatand tests
at an ol) temperature of 2)4°C and » bearing tempergture of 274°C; the
duration of the test is 50 hr  MIL-L-17502 specification oils are tested for

a period of 100 hr at an oil temperature of 274°C and a bearing temperature of
329°c.

Load-carrying capacity. Tests for load-carryirg capacity of oils on the
Rider device for MIL-L-9236B specification oils are conducted at an oil
temperature of 204°C in stesd of 74°C.

Quality Evaluation Methods According to Fnglish Specifications
The fosmability. Foamability is determined at three temperatures, just
as in the MIL~L-7808 specification, and fosam volume uust not exceed 100, 25

and 100 i, respectively, and the period of existence of the foam must not

exceed 5, 3 and 5 min, respectively. There is an indication 52] that at the
present time high-viscosity DERD-2487 and DERD-2497 gpecification oils wil.
not be limited insofar as foamability is cuncermed.

Load-carrving capacity. This indicator on the IAE test stand for
DERD-2487 specification oils 1s determined at identical temperatures for the
standsrd and tested oils, equal to 110°C, ari in accordance with the DERD-2497
specification, at a standard oil temperature of 110°7, and a test oil temper-
ature of 200°C (increased requirements).

Thermal stability. The -1l is heated in a nitrogen atmosphere, and the
process of heating consists of four cycles of 6 hr each, The temperature is
raised to 280°C according to the DERD-2487 gpecification and 325°C according
to the DERD~2497 specification. After hcaiing. the viscosity 1s determined at
37.8°c.

Oxidation-corrosion tests. The oil i{s oxidized by means of a current of
air at a rate of 12 ©/hr according to the DERD-2487 specification for a period
of 22 hr at 140°C and for s period of 24 hr at 260°C in accordance with the
DERD-2497 specification.

Mechaaical destruction stability. The criterion for evaluating the
tendency towsrd mechanical destruction is the viscosity change (in X) at
37.8°C after oil destruction by means of a 250-cycle pasmage of the oil
through the jet o a diesel injector at & pressure of 145.7 kz/cnz and a
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temperature of 100°C. The oil 1s subjected on the test stand to the pump and

injector for a period of 168 hr., The viscosity at 98.9°C must not change uv
more than 2%,

Load test. According to the NERD-2497 specification,. the oil is

required to operate satisfaccorily in in a loaded high-speed bearing with an

outer race temperatite of 325°C and an oil input temperature to the bearing of
not less than 200°C.

Several companies which produce TRD's in the USA and England have their

own specifications for lubricants for these engines. Awmong these specifica-

tions, for example, are Allison EM5-359, Pratt and Whitney PWA-521A and
several others.

These fpecifications do not differ fundamentally from those examined
above and are, in essence, the compsnies' modifications which take into

consideration requirements for oil quality with respect to design peculiar-

ities of the TRD's of a given firu. Specifications of the firms include

original methods of determining the physicochemical properties of oils,
especially antioxidation and anti-wear properties,

The greatest differeuces are observed under conditions involving labor-

atory tests of oxldat.ion-corrosion oil tests (Appendices 3 and 4).
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Footnotes
1. To p. 174. Recently the employment of petroleur oils in Kngland has been
limited.

2. To p. 175. Turboil-5.




CHAPTER FOURTEEN

THE BASIC DIRECTIONS IN THE DEVFLOPMENY OF FOREIGN SYNTHETIC OILS FOR
TURBOJET ENGINES

It has already been noted that synthetic oils abroad are based on
products which are among the most diverse classes of organic compounds. Thus,
xknown TRD oils ere based on dibasic aci esters, polyglycol estors, neopentyl
alcohiol esters, polyphenyi esters, etc. As components for TRD oils, ortho-
si'icate acid esters, tetraalkylsilanes, ce’'rasubstituted carbamides, several
hetarocyclic compounds, etc., have been used. The preparation, overall
propertics and possible regions of application of the organic compounds
indicated have been described in literature [52].

A short survey is given below of the most interesting research in the
area of the development of foreign aynthetic TRD oils during recent vears,

compiled on the basis of the material in American and English patents,
published in the last 5-6 years.

01ls of the First anu Second Group

Methods of praparation, formulation and the properties of oils of these
two groups have much in common; therefore, these two groups will be examined
together.

The following synthetic TRD lubricants have been developed:

a mixture of methyl-2-ethylhexyl diesters of polyglycols, supplemented by
additives phenylnephthylamine, a mixture of alkylamino acid, alkylphosphate
with alkyldihydrophosphate, tricresylphosphste, quinizarin, and a dimethyl-
siloxane po.vmer [114]);

0il produced by means of introducing into a diester of dicarboxylic acid
(C‘-Cs) tricresyl phosphate, phenthiazine and dialkyl selenide and which
comply with the majority of the requirements of the MIL-L-7808A specifica-
tion (115];
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oils have been obtained from a diester base and with additives of two . ;7;
types: antioxidation (phenthiazine or dialkylselenide) and anticorrosion
tvpes (azimino-benzene or benzimidazole or pyrazole, stc.) [116]; i

oils with improved therncl oxidatior. stabillry and good viscosity- ?4
temperature chavacteristics, consisting of di~2-ethylhexyl sebacate, in which _
a polymer of an azelaic acid polyester and propanediol have been introduced in :%
order to improve the viscosity index. A diphenyl ester aay be used ac the y
synthetic base within the composition indicated. According to tests for '¥?
thermal oxidation stability in accordance with the OERD-2487 specification,® K-
the viscosity of the oil af%er 24 hr was reduced by 3% in all, wherees without
the polyester polymer additive the viscosity was reduced by 22-50X. The oil
also contains the antfoxidation additive phenthiazine (117);

a stable lubricant of pentaerythritol etraester with trimethyl acetic
acid. The oil contains diphenylamine and pkenthiazine (118]; 3

oil hased on a polyester (one of several trimethylpropane esters with .-
mono~ or polvcarboxylic acids), to which are added diphenylamine or itrs alkyl k=
(or aryl) substitutes {119]. The oil is intended for high-temperature TRD's;

a diester o1l which satisfies the requirements of the MIL-L-7408C -
specification, obtained by esterification of pelargonic acid by highly éi:
hranche! aliphatic or cyclic diatomic alcohols [120]; ' :

oil . m one or several trimethylpropane polyesters with diatomic
alcohols or their blends. The oil contains alkylphenthiazine and the number
of carbon atoms in the alkyl group is not more than 15 [121];

oil consisting of a blend of dicarboxylic acid eaters and polyaslkylene
glycol esters (dual-component) [121];

oil on a diester base, in which titanium-containing additives (to improve ﬁii
the load-carrying capacitv) and nitrogen-substituted para-aminophenol have .
been introduced [123); . ‘

o1l on s diester base, containing phenthiazine and aminopyridine in 35
various quantities, which 1n this ratio posvenses a synergistic effect. The X ;l'
oil is capable of operation up to 205-210°C [124]; ~:

oil on tha basis of diesters with an improved load-carrying capacity as a f;;

result of the iatroduction of an additive'containln; s1licon {125]), o~ a
substituted hydroxyethene halogen [126];

oil from a pentasrythritol ester (or from some other polyatomic alcohol)

with a sonodasic acid, containing not sore than five carbon atoms in a chain.
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Two antioxidation additives are introduced into the base: substituted a- or
B-phenyl amine and substituted phenthiazine. The oil 1s stable to 220°C
(1271;

oll on the basis of a diester of dicarboxylic acids and a polvester which
acts as a thickening component [128];

oii from an ester base (a mixture of diester 0il and complex essential
oil, obtained by the reaction of monoatomic or diatomic alcohol with a dibasic
acid); two antioxidation additives of the dephenylamine type are used, or one
additive of the dephenylamine type in the other of the naphthylamine type.
The oil is resistant to the effects of high temperatures [129];

0il based on a diester, into which three antioxidation additives are
introduced 1) phenthiazine or its derivatives; 2) a chlorinated phennl
compound C6-C18, for exsmple, chlorophenol; 3) an aliphatic amine C2-C30 or a
heterocyclic amide. The oil is resistant to the effects cf high temper-
atures (oxidation for a period of 45 hr at 175°C) [130);

o1l on the basis of a pentaerythritol ester and a monobasic acid supple-
mented with two synergistically effective antioxidation additives
(N-phenyl-1-nsphthylamine and a blend of dipyridine amine, aminoquinoiine and
aminopyridine), which jincrease the induction period of oil oxidation from
5 to 305 min [131];

cil on a diester basis, to which are added products which form as a
result of compound reactions, one of which ccntains a quinone group (benzo-
quinone), and the other is a thio- or dithiophosphoric or dithiophosphinic
acld. Upon the addition of 3% of this component to the oil, bearing wear is
reduced by ten times, and the increase in siscosity (which occurs as a result
of oxidation) is reduced from 58 to 26% [132].

The thermal oxidation stability of synthetic oil is improved by the
introduction of alkyl derivatives of phosphoric acid [133], of a barium salt
of a nitrogen-containing amide (cs-c72) hvdroxy acids {134], and by the intro-
duction of verious subatituted amines, diamines, phosphines, phenthiazines,

silines, amsinopyridines, ciphenyl compounds, etc. [135-142].

It ia spparent from foreign patents of the year 1965 which percain to the
development of synthetic oils for TRD's that investigators are devoting most
of their sttention to obtaining lubricants which are oxidation-resistant at
high temperatures. This tendency is being followed in the selection of oil
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bases and in the complex of additives which supplement these oils. Neopentyl
esters are widely employed as basis ror oils of this type, since diester oils

comply with the requiremenis of super.onic TRD's insofar as antioxidation
properties are concerned only for a short period of time.

01] based on triesters of trimethylol propane satisfies the requirements

of the MIL-L~9236 specification for high-temperature gas turbine oils, but

some of the indicators (viscosity at 260°C, flash point, etc.) do not agree
with the requirements of the Erglish DERD-2497 specification. Therefore an
o0il was proposed based on a complex ester obtained by the reaction in specizic
ratios of trimethylol propane, monobasic and dibasic acids (for example,

caprylic and sebaci:). A dual-component antioxidation additive of the amine

type [143] 1s introduced into the base.

In order to increase the viscosit:

£ 01l based on a diester of

dicarboxylic acid and monoatomic aicohol, a copolymer (with a molecular weight

of approximately 200,000) {s introcduced, cbta’'ned by the reaction of an

unsaturated nitrogen~-containirz mcnomer (for example,

one or several esters of acrylic or methacrylic acids.

the oil are polv-oxyalkylene glycol, a complex ester,
alkylphenthiazine (as antioxidatien additives) [144].
fies the recuirements of the DERD-2487 specification.

N-vinyl-pyrolidine) with
acids. Components of
and also phenthiazine or
This o1l fully satis-

The load-carrying capacity of synthetic oils is improved by the iutro-

duction as an additive of a partial ester (monoester or diester) of tricarb-

oxylic (for example, tricarboxyvlic propane) acid and moncatomic alcohol {145].

With the introduction of 1% of this additive into diisoctyl sebacate oil, the

load sustained by rhe 0/1 on a Rider device is incressed by 122.

A method was propused for improving the thermal stability and the

stability of che viscosity-temperature properties of 01l prepared on the base

of o complex ester of trimethylol propane and a mono~ or dibasic acid. The
ester is heated to 250-300°C for & period of 4 hr in an atmosphere of inert
gas and the volstile products which form are boiled off. Phenthiazine or

diphenyl phenthiazine is added to the ofl.

After testing for a period of 6 and 24 hr (according to the requirements
of the NDERD-2497 specification), the viscosity at 98.9°C for thermally
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processed oil was changed by 3 and 6%, respectively; for a fresh complex
uoster, the viscosity was changed by 25 and 292, respectively [146].

A synthetic lubricant which satiafies the requirements of the DERD-2487
vpecification with respect to thermal stability consists of a blend of
dissters and polyalkylene compounds (for example, polyalkylene glycols), to
which are added up to 1.5% thiophosphates or sulfonstad products of their
processing. The o0il contains antioxidation and anticorrosion additives and is
thermally stable up to 325°C {147].

A synthetic lubricant with good high-temperarure properties has been
developed which complies with the requirements of the MIL-1-7808C,
MIL-L~25336A and MIL-L-9236A specificaticus. The base of the oil is a
homogeneous hase compunent blend (selected in a specific ratio) which is @
neutral polyester obtained by the reaction of a saturated monoatom’c primary
alcohol and carboxylic acid, and a polymerized ester (molecular w:icht
100,000) cf zcrylfc or methacrylic acid with monocatomic saturated :lcohol. An
antiox{dant (alkylphenthiazine or alkylphenylaaine) and a copper corrosion
inhibitor [148].

An o0il has been proposed which 1s similar in purpose and in conpositior

to the preceding one [149], but a polyalkylene glycol is recommended for the
second component.

The Anglo-American fin' "Castrol Limited" has develcoped and supplird the
high-quality oil Castrol-98 and Castrol-3C, intended especially for the
lubrication of TRD and TVD main bearings and gear housings. At the present
time these oils are generally recognized, widely employed, and thereforc
deserve a detailled descriptiorn.

The high-viscosity oil Castrol-98 (viscosity ar 99°7 7.8 c¢s, at 38°C
36.1 cs, #* -40°C 11,700 ce) 1s prepared on 3 baze of 66% diisoctyl sebacate,
and 28X polyglycol ester; the remainder consists of additives, which improve
ite sntioxidation properties (diontyl phenylsmine, etc.), lubricating
capability (calciux sulfunate), and which reduce corrosive effect, etc. This
oil, which cowplies with :'a DERD-248 specitication, is capable of
operation up to a temperaturc of approuxiwnately 180°C. The combination of a
high-quility base with a complerx of effective additives provides (according to
firm's data) an extended period of service in engines (500 hr and above).
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Castrol-98 oil is widely employed in such gas turbine engines as the Dart (the
aircraft "Viscount,"” "Merald," "Comet,” "Fokker 27," "Fairchild 27"), the Avon
engine (the sircraft "Comet," "Caravelle"), the Tyne engine (the "Vanguard"”
aircraft), the Spey engine (the "Trident" aircraft), etc.

At the present time Castrol-98 oil is used by 15 airlines in Irance,
Austria, England, Canada, Nev Zealand, Morocco, the Sudan, Tunisia and other
countries. This oil is supplied with the designation 0X-38 to England,
France, the Federal Republic of Germany, India, Italy, Kuwait and the
Netherlands [150]. hd

Castrol-3C oil, according to the firm's data, is similar to Castrol-98,
but differs from it bv lower viscositv (at 99°C, 3.8 cs; at 38°C, 15.3 cs; and
at -40°C, 2140 cs}. The base is ditsoctyl sebacate (952); the additives are
the same as for Castrol-98 oil.

Cestrol=-3C oil is -.apable of operating up to 180-185°C and complies with
the requirements of the MIL-1-7808 specification. It is employed in the
engines Avon (the "Carsbelle" aircraft), Pract and Whitney JTID (the
"Boeing 720" and “Boeing 707" aircraft), Pratt and Whitney JT8D (the aircraft
"Boeing 727," "Douglas DC-8"), General Electric (the "Convair 990," "Coron-
aco") etc. According to reference data, this same firm also macufactutes
Castrol-205 (MIL-L-23699 specification), intended for operation at temper-
atures up o 200-210°C [150); this pertains to oils of the second group.

The quality of Castrol-98 and Castrol-3C oils is invescigated according
to the latest methods employed abroad for these purposes. The properties of
Castrol-98 and Castrol-3C oils and the testing mathods '.re shown in
Appendix 5.

Oils of the Third Group

The search is being carried out actively abroad for products which will
make it possible to obtain thermally stable oils which make up the third
group. We shsll note several of the most promising of these products.

In order to obtain thermally stable oils it has been proposed {151] to
employ esters of neopentyl polyols (esters of trimethylol propane, penta-
erythritol and other similar alcohcls). However, with good biscosity proper-
tie:, low pour points and satisfactory lubricating properties, the liuit of
the operating capability of these materials does not exceed 200-220°C.
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Therefore, oils based on neopentyl polyalcohols must be regarded as high-
quality oils of the second group, rather than as oils of the third group.

However, these 0ils have not yet been exhaustively investigated.

Polyphenyl esters have low volatility, low toxicity, cause no metal
corrosion and are highlv stable. Thus, during a test for oxidation corrosion
at 315°C, their viscosity did not increase by more than 7Z, and metal
corrosion was practically nonexistent. In lubricating properties, pnlypheny]
esters are somevhat better than petroleum oils, but are inferior to di-2-
ethylhexyl sebacate in the temperature range 100-200°C. However, at 316°C
they surpass diesters insofar as this characteristic is concerned [154]). The
first attempts to employ these as lubricants goes back to 1959. At the
present time the investigation of polyphenyl esters continues [155].

Righ molecular weight tatraalkylsilanes are being investigated as basis
for high-temperature lubricants. These silicones differ from known poly-
siloxanes in that their alkyl radicals repregsent a long hydrocarbon chain, and
therefore such compounds have the characteristics of paraffins.

The properties of dialkylsilane cyclohexanes [156]}, dialkvl-di-
dodecylsilanes and trialkyl-di-dodecylsilanes [157) have been carefully
studied in recent times.

Tetraalkylsilanes are characterized by satisfactory antil-wear properiics
and are thermally stable to approximétely 370°C, but they require that an
inhibitor be added, since at 260°C they oxidize sfter a period of 24 hr and
may leave deposits. '

High-temperature oils prepared on a base of silicone fluoroesters [158]
deserve attention. These oils are capable of withstanding high temperatures,
pressures and radiation. Silicone fluorcesters combine the merits of
silicones, which are characterized by resistance to high and low temperatures,
and to chemically corrosive products, and fluorchydrocarbon substances, which
are distinguished by their high iubricating properties. They are resistant to
oxidation up to 260°C and preserve fluidity down to -54°C. Oils prepared on a
base of these compounds satisfy the requirements of the MIL-L-923i8
specification. Fluorinated esters of pyromilitic and camphoric acids which
are stable up to 320 and 285°C, respactively, satisfy the same requirements,
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according to a report by Ballard and Sommers [159). How:ver, the pour point

of these esters is significantly higher (~32°C) than for sebacic acid diesters
(~60°C).

Various ferrocere derivatives, urea, heterocyclic compounds (derivatives
of borazene, phosphorus nitrile chloride, methylpyrazine), aromatic amines,
etc. [52].

The use of special petroleum oils as high~temperature TRD oils is quite
promising and described in detail below.

The high-temperature petrolsum oils of the near future present some
interest. Up until the oresent time it has beea believed that petroleum
lubricants in engine friction points and mechanisms at high temperatures
(300-350°C) were not suitable in connectlon with insufficient thermal
oxidation stability and high vaporizability. Research in recent years has
revealed the error of this view. Thus, it has been pointed out [108] that
together with polvphenyl esters, halo derivatives 6f carbens and silicons,
several hydrocarbons possess the highest thermal stability, in particular,
high-boiling petroleum vils after their supplementary processing and cleaning.

et e AT b i, - S

Data concerning the thermal stability of various organic compounds are
shown below [108]:

Decomposition
temperature, °C
hydrocarbons 340-370
oirganic esters 230-290
phosphoric acid esters 200~260
polyglycol esters 260-290
polysiloxanes 315-370
halo derivatives of hydrocarbons 315-400
polyphenyl esters 425-480
polybutylenes 230-260
polymethylcrylates 2C0~-230

Therefore, specific petroleum oils and their fractions may also be
employed rogether with petroleum oils in the lubrication of high-temperature
TRD's. A complete change in the structure of such oils and specisl cleaning
methods make it possible to obtain petroleum oils which in thermal oxidation
stability and in other properties surpass synthetic oils based oa diesters.
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The influence of deep cleaning of petroleum oils on their thermal

oxidation stability is shown in Figure 43. O0ils were tested for oxidation by

passing air through 100 mt of o1l at a rate of § i/hr at 175°C in the presence

of plates of copper, iron, aluminum and magnesium [108].

3

aid number
ng KOH/g
B~ e e, )

W W W we
test duration, h

Figure 43. The influence of the deep cleaning of petroleum oil
on oil oxidation stability: 1, Petroleum oil cleaned as usual
and with oxidation inhibitors; 2, Deeply cleaned oils with dithio-

urea; 3, Synthetic oil according to the MIL-L~7808 specification
with phenthiazine

Table 83 shows data concerning the tendency of synthetic ofls (MIL-1-7708
specification) and deeply cleaned petroleum oils toward coking.

Table 83. Cokability of Synthetic and Petroleum Gils at High Temperature

011 1 Cokabiliey, mg/g |
at 315°C at 370°C

3 synthetic (MIL-L-7808 specification) 30.0 2100

3 deep-cleaned petroleum oil 200.0 400
s From the data in Table 83 it is apparent that at 370°C, synthetic oils

X are significantly inferior to petroleum oils, insofar as this indicator is
b i concerned.

i

Tests for thermal oxidation stability and corrosive activity, accompiis
plished for a 24~hr period at 260°C (Table 84), revealed that intensively
cleansd petroleus oils are more resistant to the effect of high temperatures
than oil based on di-~2-ethylhexyl ester of sebacic acid.

As a result of deep c:.:ning, the substances containing nitrogen, oxygen,
sulfur, as well as low-stability compounds which have a tendency toward the
formation of deposits and other products of oxidation are remcved from
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petroleum oils. In addition, such cleaning permits obtaining oils with a high
viscosity index.

Table 84. Corrosive Activity and Acid Nuwaber of Deeply Cleaned Petroleum
011 at 260°C

Indicator 011

Synthetic Deeply clesned
MIL~-L-7808 petroleunm oil

corrosion, -g/nz, on metals

copper 0.6
magnesium 41.0 0 *
iron 1.5 41
aluminum : 0
acid number, mg XOH/g 6.1 1.7

Hydrogenatiou, acid cleaning, adsorption cleaning and a ccabination
of these processes are employed for the deep cleaning of pefrclcun olls. As a
result of such processing, the content of undesirable polar components,
insoluble and unstable compounds is changed.

Hydrogenated petroleun oils present a sreat deal of interest as & base
for the preparation of high-temperature oils. The process of hydrofining is
accomplished with catalysts which facilitate the saturation of aromatic
hydrogen rings, and the splitting of cyclic structural rings and isomeriza-
tion. During such hydrorefining, sulfur is removed from the thiophenic rings
and low-cyclic compounds of isomeric structure are formed with a high
viscesity index. Bydrot!finid oils differ from oils of ordinary solvent
refining by a higher content of noncondensed cycloalksnes and 8 lower
aromatic hydrocarbon content (1.5 instead of 11X). Therefore, hydrorefined
oils have tetter thermal oxidation stability and better compatibility with
antioxidation additives. Noninhibited hydrorefined oil is 2-3 times more
stable than noninhibited selectively refined oil. For example, the
cokaoility of hydrorefined oils after tests on a panel at 371°C for a period
of 8 hr was 40-50 mg, and for oil refined in the usual sannar, 90 mg.

In addition to hydrogenstion and hydrocracking, the manufacture of
high-tempersture petroleum oils also {nvolves the polymerization of olefins,
the alkylstion of sromatic hydrocarbons and the isomerization of paraffin
hydrocarbons vhich permits the manufacturse of oil with a high viscosity index
in a lov pour point [160].
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In connecticn with all of the methods described above for the chemical
processing of oils, various supplementary methods for their physicochemical
cleaning are also employed -- deep dewaxing, adsorption cleaaing and frac-
tional composition compressionm.

The viscosity-temperature properties of deeply cleaned petroleum oils are
shown in Table 85, and data concerning their compatibility with antioxidation
additives are shown in Table 86.

Table85. Viscosity-Temperature Properties of Oils Obtained by vérious
Methode of Deep Cleaning of the Petroleum Base

Method of manufacture or cleaning Viscosity, cs Viscosity
of oil at 98.9°C| at -40° index
paraffin hydroisomerization 3.31 1,590 1139
deeply cleaned and deeply dewaxed oil [4.05 6,870 1102
olefin polymerization 6.23 10,500 1129

Table 86. Relative Oxidation Stability of Deeply Cleaned Petroleum Oils
with an Additive (1% by weight)#

e

o1l Additive Stabiliev¥
paraffin phenyl-a-naphthylamine 100
paraffin dithiourea 305
naphthenic phenyl-a-naphthylamine 100
naphthenic dithiourea 350
hydrogenated polyolefin phenyl-a-naphthylamine 260
hydrogenated polyolefin dithiourea 240

* Oxidation was accomplished according to the method specified in the
MIL-L-7803 specification in the presence of copper, gteei, aluminum and
magnecium catalysts. The oil was considered to be stable up until the moment
of a slarp increase in the acid number.

Attention is directed to the high effectiveness cof the antioxidation
additive based on ditniocarbamate up to temperatures of the order uf 260°C.
At higher temperatures dithiocarbamate breaks down with the formation of metal
sulfide which is insoluble im oil.

Phenyl-a~naphthylamine is also racher effective in deeply cleaned oils,
but it is less stable under the influence of light; therefore, the oil may

shov traces of insoluble sludge, which is typical for a number of nitrogen-

containing additives.




A study of paraffins, polyolefins and petroleum oils {161-172] has
revealed that the basic influence on the compatibility of the base oil and the
antioxidation additives is the content in them of polar substances arnd
ungaturated compounds. The chemical group compcsition of petroleum oil. (the
content of paraffins, naphthenes and other hydrouarbqna) nas lesc influence on
the additive compatibility thtan the ccriounds indicated. The properties of
dewaxed and deeply cleaned oil (MLO-2557 or MLO-60-194 specifications)
are shown below:

kinematic viscosity, s v
at 98.9°C 3.2
at 37.8°C 14.4
at -~40°C 3,210
at -54°C 22.900

viscosity index 94

vaporizability at 204°C for 6.5 hr, % 59.2

tenperature, °C
flash point 199
pour point ’ -59

decomposition of the base oil without additive 357
self-ignition point 390

acid number, mg KOH/g 0.001

deposit formation, 2 0.01

molecular weight (calculated from boiling point) 328

thermal oxidation stzbility av 175°C according to
requirements of the MIL-1-7808 specification

change in weight of metals, mg/cm2 +0.05
viscosity increase, % 14
acid numter increase, mg KOH/g 1.2

anti-~wear properties, determined on four-tall
friction machine at 175°C for 1 hr on balls of
52-100 steel at & speed of 620 rpm
diameter of the wear spot, mm, at loads, in kg

1 0.16
10 0.22
40 0.50

Other zethods and processes are described in the foreign licerature
[173-187] for the processing of the petroleum base (hydrodesulfurization of

separate fractions, devolymerization of polyolefinic oils with subsequént
vacuum distillation, stc.).

The results of investigations have revealed that under high-temperature
operating conditions, not only may svnthetic lubricants be employed, but also
pstroleum oils may be used vhich have been subjected to intensive processing
and cleaning.
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_ Due to the plentiful supply and the relatively low cost of the petroleum
base, high-temperature lubricants for TRD's manufactured on this basis are
quite promising for the near future.

Prospective Lubricants for Turbojet Engines
With the high-temperature conditions prevailing in the friction points of
the TRD's of future supersonic aircraft (450-550°C), the use of ordinary
liquid lubricants of organic origin is not considered possible.

In this connection the possibility was pointed out a long time ago in the
literature of using, for the purposes indicated, solid lubricants, gases,
molten (liquid) metals and other substances. Raports concerning the develop-
ment and testing of similar lubricants have been published during the past
10-15 yesrs; however, there is no available published information concerning
their use in turbojet aviation.

The first active work in this area relates te cthe period 1950-1955.

Beginning in 1956 the laboratory of the "General Eleciric"” firm (in the
state of New York, USA), while working on thé design of bearings and lubric~
ants, undertook the study of "air" bearings, possessing extremely small
amounts of friction. Simultaneously the possibility was investigated of
employing molten metals and glass as bearing lubricants at aircraft speeds of

Mach 2.5 and at a temperature of 540°C. Bearings were designed which were
lubricated with liquid metals, acids, gasoline and ajir. A great deal of
attention was devoted to bearings with air lubrication (188].

R e

The large-scale laboratory of the “General Electric” firm will invest-
igate for a number of years the possibility of employing air bearings for

LA By

operation under very high and very luww temperature conditions, and also the

R

use of lubricants i{n the form of molten metals and glass for very high speeds
and pressures. The possibility is being studied of using glass, vhich has a
specific welting point, and which in the molten state acts in a manner gimilar
to other nonpolar liquids [189). vifferent grades of glass in the liquid

oagmg gl B

state may be employed as lubricants at temparatures up to 6C0°C under
conditions when the bearing material can withstand these temperatures.

In order to avoid metzl oxidstion, fual vapors sre delivered to the
bearings; hovever, in order to avoid vear it is better to spray oil into the

-
s, TR gy
A

bearings.
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Molten metals may be employed as lubricants at high temperatures [190].
For this purpose metals and their alloys with a low melting point are
suirable, for example, sodium and calcium alloys (which fuse at 12°C) or
calcium and cesium (fuse at 47°C). Gallium, indium and their slloys nave a
great deal of significance.

Liquid metals possess lov viscosity and a flat viscosity-temperature
curve. Alwost all of them oxidize in sir with the formation of & film or a

povider, and therefore must operate under inert medium conditions, for exsmple,
in a nitrogen atmosphere. *

A alloy of sodium and potassiium was tested in steel bearings at &
teaperature of 120°C and with a shaft speed of 1750 rpa in an atomic
electrical station in the USA. The bearings operated satisfactorily for a
period of 5000 hr with radial and axial loads up to 15 kg [191].

Work is being accomplished in the development of lubri:ants [192] which
are capable of operating in the temperature range of 550-650°C.

For a number of years highly effective dearings have been developed in

the USA [193]; the operating surfaces of the bearings are separated by air or
by other gases.

Dichlorodif luoromethane and other gases way be employed as lubricants for
engine bearings [194]., The reaction of dichlorodifluoromethane with the
turface of the steel forms s protective chloride film.

Investigations have revealed [195) that TRD bearings at temperatures up
to 650°C may be successfully lubricated with s mixture of halogen-containing
gases, for example, a mixture of CFZBR , CF3lr. SP6. These gases signif-
icantly reduce friction and wear of alloys based on cobalt and nickel, while
forming chloride and bronide films on their surfaces.

Significant attention is being devoted abroad to solid lubricants, such
as graphite, molybdenum sulfide and molybdemm disulfide [194]. GCraphite and
molybdenum sulfide gave the best results during investigations in the
laboratory. Both of these substances have high lubricating properties, are
stabir up to 600 and 400°C, respectively; and the graphite film has a
self-reatoring capabilicy.
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Molybdenun sulfide is the most :nterestirg and effective. It possesses a
low coefficient of friction, which decreases with un increase in the load, and
is stable in sir up to 450°C in a vacuwum up to 1000°C, and in an iner: gas
medium up to 1300°C, and is capable of operatirg dcun te -155°C.

Cases involving bearing corrosion and wear were observed during the uae
of molybdenum sulfide [196]. The corrosion arose as a result of the in.ec~
action of H092 wit.i water vapor; as a result, corrosion-promoting acids were
formed. '

It has been shown [197] that at 400-450°C molybdenum sulfide and graphite
are oxidized by atmospheric oxygen and lose their lubricating properties.

Beron nitride is also among the solid lubricating materials with high
lubricating properties. This substance has a laminar structure and provides
for a low coefficient of friction of rubbing surfaces at high temperatures and
pressures, high specific loads, in a vacuum, etc., [198].

It is believed thaet liead oxide is the best solid material for lubrication
at temperatures to S40°C [199]. Lead oxide tests at 600°C also gave good
results. The upper temperature limit of lead oxide is believed to be 870°C,

above which the oxide disintegrates.

Cadmium oxide, sodium sulfate and cadmium sulfide {199]) alsc possess good
lubricating properties up to 540°C.

It has been ncted [200] that titanium disulfide aud titanium trisulfide
may operate as lubricating mateifals in the form of powders up to 1000°C when
there are no conditions which generate corrosion. In the presence of such
conditions they may be employed in the form of l1iquid-dispersed phases up to
3N0°C, It is balieved that titanium trisulfide is mo:e effective than
graphite and molybdenum disulfide.

Notwithstanding the great promise of gaseous and solid lubricating
materials, they are still not exployed in jet aviation; this is caused by the
significant technical difficulties which arise in TRD design.

In the next few years apparently the most promising high-temperature
lubricants for supersonic TRD's of the future will be lubricants based on
fluorinated silicones of the alkylsilane type, the properties of whick have
been exzained sbove.
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