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The viscous-and-thermal properties of naphtene and polyglycol oils and compositions on their basis have
been studied. The investigate lubricants for high-pressure ethylene compressors have estimated according to a
complex criterion which is included the co-relation of viscosity of oils for two temperatures; relative and
interval temperature coefficient of viscosity and three coefficients of an adeguate equation of approximation
of dependence the |ogarithm of viscosity on the logarithm of temperature. A comprehensive assessment made

it possible to complite the lubrication efficiency rows.
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I ntr oduction

It is known, that viscous-and-thermal characterigtic
of ails, which are used in high-pressure compressors, is
one of the important operating properties of lubricant [1-
6]. This determines by such basic reasons:

For oils of one chemical group antiwear and
antiseizure characteristics increase when viscosity
increases. And also viscosity increases when pressure
increases. For naphtene oils when pressure increases
from 0.1 to 100 MPa, viscosity increases by 10-20 times.

When temperature increases viscosity decreases,
pressure influence on viscosity becomes less noticeable.

Thus, value of viscosity change when pressure
changes depends on composition, structure of molecule
and temperature.

I. Experimental

Testing of viscosity-and-thermal characteristic were
carried out on the viscosmeter BIDK-4 using standard
methods.

Viscous-and-thermal  properties of  machines,
naphtene, polybutene, polyglycol and others oils for
ethylene high-pressure compressors were eval uated by:

indexes of dynamic n; and kinematic v;
viscosities in the diapason of the temperature 20-100°C
with the viscosimeter VPZh-4 (Tahl. 1);

therma  coefficients

corrlations  of
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viscosities at t; and ty:
C, = I «y
t2
where v, - kinematic viscosity at 45°C (C1) or a 50°C
(C);
v,,- Kinematic viscosity at 90°C (C,) or at 100°C (Cy);
(*for polybutenes C; = v,50/v,400);
thermal coefficient of viscosity

Tev, =2t o ey, = Tatwk ()
Vi, vt3
for instance: for oils with low viscosity and medium
viscosity
— Y09 V1000
TCV, - ©)
for oilswith high viscosity
TCV, = -0 ) o5 (4)
V500
in thiswork was used coefficient
TCV, = 20290 gng C=1; (5)
V600
interval coefficient of viscosity
AT = 2a™Vt2 (6)
ta—ty
in thiswork was used coefficient
AT — v300_v900. (7)
t900_t300,

parametersa and B of curvelg v = a + 6 Ig
t,where 8 — tangent of obtuse angle of incline of straight
linelg v = ¢ (Ig t), to the axis of abscissas; in the work
were used more convenient dependences of viscosity on
inverse temperature for finding the acute angle:

lgv; =a; +b; lg%,

(8)
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Tablel
Comparable viscous-and-thermal characteristics of oils and lubricating compositions
) . Kinematic viscosity at t°C, cs
Oil, additive 20 30 40 45 50 60 90 100
Risdla-33 126 68.5 49 424 27.7 10.4 8.8
Risdla-17 18.9 13.9 12.3 10.5 7.8 4.1 4.02
Vitorex 334 132 78.9 497 42.9 26.3 11.3 9.13
Esso-CHristo 121 68.9 53.8 47.9 28.2 10.6 10.3
5350 131 69.2 425 39.3 29.0 11.9 8.7
Vasdine ol 78 50.4 446 349 23.8 9.9 7.74
NKM-40 80.2 56.6 47.8 39.3 26.8 10.6 9.79
NKM-70 148.4 83.2 65.07 | 5272 | 3626 | 159 12.82
Polybutene for 16321 | 7422 | 5830 | 3683 | 1961 | 374 288
succynimide additives
Polybutene Tredkat-99 1799 1475 1074 759 464 146 53.7
Lowmolecular 61404 | 13842 | 12851 | 7277 | 1968 172 93.6
polybutene
Risalla-33+ | 39 630 300 220 182 | 108 | 365 | 302
Polybutene for
succynimide | 5o 826 405 275 233 | 139 | 429 | 348
additives
KPL 201 420 258.2 115 89 68 42.8 15.4 11.8
Witco CL 1000 824 378 194 143 104 61.86 23 20.6
Witco CL 1200 880 430 225 184 120 71 26 23
Witco CL 1500 1190 612 300.4 215 158 90 295 25
Orites 210 DS 650 462 280 237 186 135 59 46.8
Polyol LG 56 362 224 175 143 98 41.8 36.9
Orites (regen.) 443 226 177.2 130 60.3 497
Syntheso D201 800 461 300 245 200 140 62 52
Syntheso D20IN 865 615 310 262.4 210 1442 | 622 50
Syntheso D202 890 634.9 307 264.7 208 1389 | 579 46
Breox CL 1300 409.9 250 205.4 171 1258 | 63.2 52.8
Breox 1400 485 272 2217 181 1276 | 582 474
KSM 443 232 176.4 138 61 50.86
Laprol 202 a4.1 25.8 19.8 16.5 10.7 43 3.9
Laprol 602 63.6 437 35.3 27.7 19.6 8.4 7.77
Laprol 2002 298 198 163 135 93.1 405 38.9
Laprol 503 209 110 76.6 59.6 36.6 12.3 10
Laprol 3003 295 176 143 119 86.2 41.8 35.1
Laprol 2502 417 269 230 182 137 60 53.96
Laprol 3503-2-70 574.6 338 275 228 162 76.7 64.47
Laprol 3503-2-55 374 2305 190 159 115 58.9 49.29
PVBE+Risdla, %
100 - 12227 | 5799 4239 3021 | 1970 720
50 50 970 483 360.5 304 197 68.7
- 100 126 68.5 49 424 27 10.4 8.8
i 6) mean quadratic deviation
2

whereb; =

(9)

As criterions of assessment of viscous-and-thermal
properties were chosen:

1) ba for t1 =30°C, t2 = 90°C;

2) b2 t1 = 30°C, t2 = 60°C,;

3) bz t1 = 60°C, t2 = 90°C;

4) mean arithmetical B = 2= (10)
5) mean quadratic b, = E n ., b? (1)
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from the mean arithmetical

Spo1 = ’ﬁz?ﬂ(bi - E)Z (12)

Oils with less value of indexes C;, TCV and AT
havegood viscous-and-thermal properties.

Declivity of viscous-and-thermal characterigtic of ail
was found by the tangent of acute angle of incline of

dtraight linelgn = f (lg%) to the axis of abscissas: less
value of coefficient b, less changes viscosity from

temperature. This parameter was used as substitution to
less definable index of viscosity.
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Table?2
Viscous-and-thermal characteristics of naphtene and polyglycol oils[7] and polibutene [8] for lubrication
of ethylene high-pressure compressors

Oils Viscous-and-thermal coefficients
C, TCV, AT b b, bs
Naphtene:
Risdla-33 4.72 3.32 186 | 2,245 1,861 2,903
Risdla-17 293 1.89 025 | 1,279 1,274 1,555
NKM-70 5.23 3.74 3.07 | 2,303 2,022 1,783
NKM-40 4.47 2.60 116 | 1,838 1,581 2,278
Esso-Christo 5.08 3.19 183 | 2,215 2,099 2,414
Vitorex-334 4.40 457 200 | 2,233 2,322 2,081
5350 4.41 411 199 | 2,187 2,176 1,997
Polybutene:
Polybutene for succynimide additives
(M=860) 20.27 8.18 265.8 | 3,443 3,065 4,070
Polybutene Tredkat-99(M=460) 20.0° 3.56 2755 | 2,283 1,956 2,844
Risella-33+50% of polybutene (M=860) 7.02 5.64 13.05 | 2,693 2,572 2,900
Risalla-33+30% of polybutene (M=860) 4.87 5.05 199 | 2214 2,468 1,781
Polyglycal:
KSM 3.80 2.77 6.37 | 1,804 1,681 2,014
Orites-210 DS 4.02 2.60 3.72 | 1,873 1,574 2,384
Laprol-2502-2-70 3.83 2.61 595 | 1,765 1,610 2,030
Glicerin 8.27 6.61 6.25 | 2,931 2,783 3,190
Mineral:
Compresorna 12(M) 5.67 3.68 355 | 2,255 2,004 2,702
Vasdine 4.47 2.86 113 | 1,872 1,715 2,140
Indusrtrial-20 3.53 2.57 0.83 | 1,686 1,607 1,821
AviacijnaM$S-20 6.44 3.75 149 | 2,448 2,009 3,197
Oils Viscous-and-thermal coefficients
E b_q Sn—l
Naphtene:
Risdla-33 2.336 2.376 0.5270
Risdla-17 1.403 1.407 0.1420
NKM-70 2.369 2.3899 0.3848
NKM-40 1.899 1.921 0.352
Esso-Christo 2.243 2.247 0.1593
Vitorex-334 2212 2214 0.1219
5350 212 2.122 0.1067
Polybutene:
Polybutene for succynimide additives (M=860) 3.526 3.549 0.5076
Polybutene Tredkat-99(M=460) 2.361 2.389 0.5447
Risalla-33+50% of polybutene (M=860) 2722 2725 0.1659
Risalla-33+30% of polybutene (M=860) 2154 2.1729 0.3474
Polyglycal:
KSM 1.833 1.838 0.1684
Orites-210 DS 1.944 1.972 0.4096
Laprol-2502-2-70 1.802 1.809 0.2124
Glicerin 2.968 2.973 0.2060
Mineral:
Compresorna 12(M) 2.320 2.338 0.3536
Vasdine 1.909 1.917 0.2149
Indusrtrial-20 1.705 1.707 0.1082
AviacijnaM$S-20 2.551 2.598 0.6007

Results of calculations of coefficients C;, TCV,, Coefficients C;, TCV,, AT are conditional and are used
AT and by, by, bs, b, by, Sy for naphtene, polyglycol and  for estimation and comparison of viscous-and-thermal
polybutene oils and glycerin are adduced in Tabl.2.  properties of one level viscosity ails, for coefficients by,
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by, bs, b, by, S this estimations can be used for more
wide diapason of viscosity.

Il. Result and discussion

1. Analyss of results, which are adduced in Tabl.
1 and Tabl. 2 shows, that for naphtene oils Vitorex-334,
Esso-Christo, 5350, Risdla-33, NKM-40 with smilar
viscosity kinematic viscosity equals at 90°C 10,4-11,3 cs
and at 45°C 47,8-53,8 cs coefficient C, variesfrom 4,4 to
5,08, TCV, — from 2,6 to 4,57; AT — from 1,16 to 2,0
cg/°C; b, — from 1,838 to 2,245; b, — from 1,581 to
2,322: by — from 1,997 to 2,903; b, — from 1,899 to
2,243, b_q from 1,921 to 2,247, S,, from 0,1219 to
0,5270.

Decreasing of viscosity of oil Risella (comp.
Risdlla-33 and Risdla-17) from 10,4 to 4,2 cs (at ~60%)
at 90°C and from 49,1 to 12,3 cs ( at ~75%) at 45°C
leads to decreasing of coefficients: C, from 4,72 to 2,93
(at~62%); TCV, — from 3,32 to 1,89 (at~43%); AT —
from 1,86 to 0,25 cg/°C (at~87%); b; — from 2,245 to
1,379 (at~35%); b, — from 1,861 to 1,274 (at~32%); bs —
from 2,903 to 1,555 (at~46%); b - from 2,336 to 1,403
(at~40%); bg- from 2,376 to 1,407 (at~41%); S..1 from
0,5270to 0,1420 (at~70%).

Decreasing of viscosity of oil NKM (comp. NKM-
70 and NKM-40) at ~33% at 90°C and a ~43% at 45°C
leads to decreasing of coefficients. C; at ~15%; TCV, a
~31%; AT at ~62%; b, at~20%; b, at ~22%; b at ~18%;
b— from 2,369 to 1,899 (at~20%); b_q- from 2,3899 to
1,9210 (at~20%); S..1 from 0,3848 to 0,3520 (at~8,5%).

For the statistic copolymer of propylene and ethylene
oxides of oils KSM, Orites-210 DS and Laprol-2502-2-
70 with smilar viscosity these coefficients change little.

For polybutene and mineral oils coefficients C,,
TCV,, AT vary in wide bounds, coefficients by, b,, bs
are comparable with naphtene and polyglycal ails.

Thus we can introduce mean sum of each coefficient
for generalized assessment of viscous-and-thermal
characteristic of ails (Tabl. 2).

By this estimation we have arow of oils by viscous-
and-thermal properties

effectiveness increases

a) by C; polybutene > glycerin > minera > naphtene
> polyglycol;

b) by TCV, glycerin > polybutene> naphtene >
minera > polyglycol;

c) by AT polybutene > polyglycol> glycerirT >
minera > naphtene;

d) by b; glycerin > polybutene > minera > naphtgne
> polyglycol;

€) by b, glycerin > polybutene > naphtene > mingral
> polyglycol;

f) by bsglycerin > polybutene > mineral > napht'ene

> polyglycol;
g) by average of sum of C;, TCV,, AT
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polybutene > glycerin > minera > polyglycol >
naphtene.

Assessment of viscous-and-thermal properties of oils
by mean sum of coefficients by, b, bs (that is by b and
b_q), which takes account of declivity of dependencev =
f(T) a different temperature sections (parts) gives
another row of oils by viscous-and-thermal properties (in
order of high estimation):

effectiveness increases

»
»

a) by b glycerin > polybutene > mineral> naphtene
> polyglycol;

b) by b_q glycerin > polybutene > minera > naphtene
> polyglycol;

c) by S,; polybutene > mineral > polyglycol>

naphtene > glycerin;

d) by mean sum of coefficients b, by, St

glycerin > polybutene > mineral > naphtene >

polyglycol.

Dependences of viscosity from temperature and
pressure which are represented in Fig. 1- Fig. 3 [4; 7],
confirm preferences of polyglycol oils. In Fig 1
dependence of dynamic viscosity x (cp) for initia
naphtene (1) and glycol (3) oils and these oils in
saturation state (2 i 4 accordingly) from temperature is

represented.
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Fig. 1. Dependence of dynamic viscosity of initial oil
(1,3) and of ail in saturation state by ethylene (2,4) on the
temperature:

1,2-naphtene oil SAE-40 (Risdla-33);

3,4-polyglycal ail Orites 125 DS (Crites 88 DS) [4; 7]

Infig. 2 and fig.3 relation of dynamic viscosity from
pressure of naphtene oil Codex H23, polyglycol Orites
88DS (modern Crites 125 DS), Ucon 75H 1400, Orites
210 DS (modern Orites 270DS) and polybutene Orites
L66 (modern Crites 125 MS) and Orites L100 (modern
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Orites 270 MS) oils (t= 50° 80°C) are shown.
Polybutenes have enough high temperatures of flashing
(t4)[8], which increase when molecular mass increases
(M):

M 660 700 780 940 1410 1520

tq,°C 280 325 360 >500 >500 >500
1, cp
1000 e -
| ] & f
ns AR
/1/
3000 ‘ ; — i{ ," /
TN
N /7
; T / A
2000 : /E 3
i i :
? L2
: i it/ yd v Vs
g / / ,/'/
1000 - - _!/[ /// W i
: boid b A 1
;L R 4 P A L
L LA L
T
0 T R ! 200 ‘ Jop B M1

Fig. 2. Relation of viscosity of oils from pressure (at
t=50°C):

1 — naphtene oil Codex H23; 2 — polyglycal oil Orites
125 DS (Orites 88DS); 3 — polyglycal oil Ucon 75H
1400; 4 — polyglycol ail Orites 270 DS (Crites 210 DS);
5 — polybutene oil Orites 125MS (Orites L 66); 6 —

polybutene Orites 270 MS (Orites L 100) [4; 7]
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Fig. 3. Relation of dynamic viscosity of polyglycol ail
with pressure at 50°C (1,3) and 80°C (2,4):

1,2 — Orites 125 DS (Orites 88 DS); 3, 4 — Orites 270 DS
(Orites210DS) [4; 7]

In Fig. 3 dependences of dynamic viscosity on
pressure for polyglycol oils Orites 125 DS (Orites 88 DS)
and Orites 270 DS (Orites 210 DS) at t=50 i 80 °C are
represented.

Comparing of naphtene oils by viscosity shows that
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oils with low viscosity have more acute viscous-and-
therma characteristic than oils with high viscosity.
(Fig.4).
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Fig.4. Viscous-and-therma characteristic of naphtene
oil:

1 — Risdla -33 + 50% of polybutene “Tredkat-99"; 2 —
Risdla 33 +30% of polybutene for succynimide
additives, 3—NKM-70; 4 — Risella33; 5— X (Japan); 6 —
Vitorex-334; 7 — NKM-40; 8 —5350; 9 — Risdla-17.

Viscous-and-thermal characteristic of polyglycols:
Laprol-202; Laprol-602; Laprol-1002; Laprol-2002;
Laprol-503; Laprol-3003; Polyol LG-56; Laprol-5003;
Laprol-1503; Laprol-2502; Syntheso-D 201; Orites-270
DS (regenerative); Syntheso-D 201 N; Laprol-3503-2-70;
Laprol-3503-2-65 are represented in the Fig. 5.

This information is adduced in Tabl. 1 and
coefficients of viscous-and- therma characterigic are
calculated.

Viscous-and-thermal  characteristic  of  datigtic
copolymer of propylene and ethylene oxides of oails
KSM, Orites-210 DS and Laprol-2502-2-70 with similar
viscosity isrepresented in Fig. 6.

Conclusions

1. Sudying of viscousandthermd properties of naphtene
and payglyed ails and choosing characteridtics that the mogt
complete charadterizethese properties

2. For the fird time an esimaion of the visoous-and-
thermd properties of lubricating dils and compaositions on their
bess was made for the lutrication of surfaces of sdlids of
dynamic contact of fricion units designed for high and high-
pressure ethylene compressors, according to acomplex ariterion:

theratio of viscosty of ailsfor two temperatures,

relative temperature coefficient of viscogty;

interva temperature coefficient of visoosty;,

three coeffidents of an adequate equaion of
approximation of the logarithm of viscosty dependence on the
logarithm of temperature for three temperaure intervas on 30°
t090°C, on 30° to 60°C, on 60° to 90°C.
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3. The comprehensve assessment of the viscodty and 10— Lapral-2502; 11 — Syntheso-D 201; 12 — Orites-
temperature properties of these lubricating dils and compositions 270 DS (regenerative);
of lubricating ails behind the root-mean-square and aithmetic 13 — Syntheso-D 201 N; 14 — Laprol-3503-2-70; 15 —

mean of these coeffidients and the root-mean-sguare devidions  Laprol-3503-2-B5.
from the arithmetic mean of these coeffidents was represanted.

which mede it possble to compile 11 rows of the efficency of V10w
thelubricating ails
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Fig. 6. Viscous-and-thermal characteristic of synthetic
oils:

1-0Orites-210 DS; 2—KSM; 3 —Laprol 2502-2-70; 4
— Glycerin; 5 — Esso-Christo
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Fig. 5. Viscous-and-thermal characteristic of
polyglycols:

1 - Laprol-202; 2 — Laprol-602; 3 — Laprol-1002;

4 — Laprol-2002; 5 — Laprol-503; 6 — Laprol-3003;

7 —Polyol LG-56; 8 —Laprol-5003; 9 — Laprol-1503;
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IIpoGemu BHOOPY MACTHJI VISl €TUJIEHOBUX KOMIIPECOPIB
BHCOKOT0 THCKY. 3. JlocjiizkeHHsI B’ I3KO-TeMIepaTypHHUX
BJIACTHUBOCTEH MACTHJI

1 o« . o« . . .
TIpuxapnamcokuil HayionanvHull yHieepcumem imeni Bacunisi Cmeganuka,
eyn. [lleguenxa, 57, m. Isano-@panxiscok, 76018, Vkpaina

BuBueHOo B'si3KO-TEMIlepaTypHi BIIACTUBOCTI HA(PTOBHX Ta TMONIIVIIKOJIEBUX OJUB Ta
KOMITO3MILIIM Ha iX ocHOBI. JlocimimKkeHi MacTHiIa s €THICHOBUX KOMIIPECOPIB BUCOKOTO THUCKY
OLIIHIOIOTHCS 32 CKJIaJHAM KpPUTEPieM, IO BKIIOYAE CITIBBIJHOIIEHHS BSI3KOCTEH OJHMB 3a JIBOX
TEMIIepaTyp; BIJHOCHMH 1 IHTEpBaJbHUHA TEMIEPATYpHUH KOe(ilieHTH B'SI3KOCTI Ta TPH
Koe(iLliEHTH aJeKBATHOTO PIBHSHHS alpoOKCHMaIll 3aJIeXHOCTI Jiorapudmy B'S3KOCTI BiX
norapupmy Temneparypu. KoMmriekcHa OIiHKa J03BOJIMIIA CKJIACTH PSIU e()EeKTUBHOCTI OJIHB.

Karou4ogi ciioBa: MacTuiio, eTUIIEHOBI KOMIIPECOPH, BiHOCHHUH TeMIIEpaTypHHI KOe(illieHT,
IHTEepBaJILHUI TeMIlepaTypHU Koe]ilieHT, jorapiudM B’ S3KOCTi.
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