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Field related tests for developing rotary screw air compressor 
lubricants 

Dr. rer. not. W. Held, Abingdon 

SUMMARY 

This paper discusses the lubrication of rotary screw air 

compressors. The v arious requirements for the 1 ubricants and 

lab test methods are listed. The main attention is focussed on 

the evaluation of the thermal/oxidation stability of the 

lubricant . A form of coalescer blocking tendency test (CBT) is 

also described . It is shown that well formulated mineral oil 

based products ca n ac hiev e similar life -times as sy ntheti c 

based products. Detergent containing lubricants seem to offer 

no benefits compared to a non - detergent type. 

l.INTRODUCTION 

Rotary screw compressors are becoming i ncreasingly popular in 

industry. Their benefits compared with conventional 

reci pro cating piston compressors are: 

- co mp act size 

- lower initial and maintenanc e costs 

- lower operational no ise 

- pulsation free air delivery 

The oil i n such a co mpressor has to lubricate the screws, 

bearings and gears and has to seal the clearance between the 

screws /1/ /2/. Further it has to re mov e the heat of 

compressio n . The lubricating oil i n an oil flooded rotary screw 

compressor is i ntimately mixe d with the air . The separation of 

the oil/air mi xt ure takes place in an oil separator unit 

(coalescer). Most of the oil falls out as large droplets and is 
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separated from the air simply due to gravity. Smaller oil 

droplets are separated in the coalescer filter which can have a 

pore size less than 2 micrometers. The oi l is then cooled in an 

oil coo l er, filtered and returned to the compressor. 

Attempts to reduce the level of oil carry - over , in order to 

minimize the oil consumption and to improve the quality/purity 

of the compressed air, has lead to the development and use of 

finer coalescer filters. Tagether with the tendency to reduce 

the oil volume and to extend oil change intervals these 

developments put increasing pressure on the use of more 

oxidation stable and less sludge forming lubricants to avoid 

filter blockages. 

Simple lab tests often have only limited correlation with field 

performance /3/ . The purpose of this study was thus to identify 

suitable lab tests, and to examine the potential of the 

coalescer blocking tendency test as a useful tool to screen 

various lubricants under field related conditions. 

2. SPECIFICATIONS 

The current German DIN 51506 VD-L specification gives the 

minimum requirements for mineral oil based compressor 

lubricants with lubricated compression chambers, not provided 

with cooling by injection. It is dubious whether the VD-L 

ageing requirements are suitable to specify an oil for rotary 

screw applications. However, they give at least an indication 

of the carbon forming tendency of the compressor lubricant. 

The new ISO 6743 - 3A or British Standard BS 6413 Sec. 3.1 (1988) 

differentiates between the various types of air compressors and 

their application severity, i .e. ISO - L DAA, DAB, DAC for light, 

medium and heavy duty reciprocating or vane compressors and 

DAG, DAH, DAJ for oil flooded rotary vane and screw 

compressors. 
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3. LUBRICANT REQUIREMENTS 

The most important properties required for the lubricant in an 

oil flooded rotary screw compressor are: 

- Oxidation and Thermal Stability 

- Demul sibility with Water 

- Rust and Copper Corrosion Prevention 

- Foam Inhibition and Air Release Control 

- Material Compatibility (i.e . seals, paint, 

metals) 

- High Flash Point, Low Evaporation Loss 

The last above mentioned properties are mainly dependent on the 

type and quality of the basestock and can hardly be influenced 

by additives. 

In this paper the primary concern is focussed on the oxidation 

stability of the lubricant. This will be discussed in detail in 

the next section. 

Condensed water from the compressed air can emulsify with the 

lubricant and decrea se the performance of the oil. Good water 

separatio n is therefore necess ary to avoid darnage to the 

compressor. Deterge nt type oils such as Automotive Transmission 

Fluids, e ng i ne oils or specially developed detergent containing 

compressor oils seem to be questionable in this respect. 

Suitable bench tests include the ASTM 0 1401 emulsification 

test (DIN 51599). 

The rust prevention and the protection of copper parts can be 

che cked with the ASTM 0 665 (OIN 51585) a nd ASTM 0 130 (OIN 

51759) tests. 

Suita ble methods to evaluate foam and air entrainment 

properties are the ASTM 0 892 (OIN 51566) and the ASTM 0 3427 

(OIN 51381) tests respectively. 

Wear protection is required for satisfactory operation 

specia lly during the start-up period. The FZG (OIN 51354 part 

407 



408 VDI BERICHTE 

2) is a suitable test to get an indication of the antiwear 

properties. 

4. THERMAL AND OXIDATION STABILITY 

One of the most i mportant requirements of a rotary screw 

compressor oil is its thermal and oxidation stability. Th e 

environment for such a lubricant is one of the most severely 

oxidizing i n which any oil is required to work /4/. The 

reaction between the oil, additives and oxygen leads to the 

formation of both soluble and insoluble acids and polymer s 

(sludge) which, apart from their aggressivity towards met al 

parts, ca n block the coalescer filter. The thermal breakdown of 

the basestock itself can also lead to the formation of carbon 

deposits which can also block the filter. The oxidation/thermal 

stability given i n the OIN 51506 VD -L specification 

investigates the carbon forming tendency of a lubricant after 

ageing with air in the presence of an iron oxide catalyst. The 

carbon residue after distillation of 80 % of the lubricant is 

also evaluated, and the viscosity increase of the remaining 20 

% gives an indication of the boiling range of the oil . 

The Gonradsan Garbon Residue (GGR) after the oxidation can be 

influenced by additives whereas the GCR after distillation is 

dependant on the basestock quality and cannot be reduced by the 

use of additives as shown in Table 1. Table 2 gives some 

typical GGR - figures for different base fluids and a fully 

formulated compressor lubricant . 

It is thus questionable whether the oxidat ion/thermal stability 

demands specified by the DIN 51506 VD - L are relevant to rotary 

screw air compressor lubricants. A number of basestocks were 

therefore examined using the following oxidation/thermal 

stability tests: 

- ASTM 0 943 (TOST) 

- Rotary 8omb Oxidation Test ( ASTM 0 2272) 

- Differential Sca nning Galorimetrie (OSG) 
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Table .!.:._ Conradson Carbon Residue (CCR) of various 
lubr1cants after the DIN 51352 part 2 oxidation 
test and after DIN 51356 dist illation. 

FLUID DIN 51532;(26 20% DISTILLATION RES. CCR, m% EV P R. 
LOSS, % 

CCR, m% KV40,mm2/s 

A 4.6 9.3 0.26 152.4 Al 5.6 7.2 0.23 167.5 A2 1.0 8.5 0.23 167.3 
VD-L 2.5 20.0 0.30 230.0 

A: highly refined min~ral oil, I$0 VG 46 Al: A plus 0.3% phenol1c type ant1-oxida nt 
A2: A plus 0.5% aminie type anti-oxidant 

Table .?....:_ Typical DIN 51352 part 2 (PNEUROP) oxidation 
test results for var1ous compressor base fluids 

FLUID DIN 51352 PART 2 ~PNEUROP) 
CCR, m% EVAPO . LOSS, % 

B 6.2 17.3 c 2.6 18.0 
D 7.7 15.9 
E 1.9 19.8 

B: mineral oil w~o additive~ 
C: synth. base (P 0) wjo add1tives 
D: d1-ester, w{o additives 
E: fully formu ated product with B 

ASTM D 943 (TOST) Test 

The ASTM 0 943 thermal oxidation stability test is considered 

to be particular applicable to lubricant s whi c h may suffer 

water contamination . The evaluation involv es adding 60 ml of 

water and a n iro n - co pper catalyst to the oil which is 

maintained at 95 deg C whilst blown with 3 1 of air per hour. 

The oxidation life is usually quoted as the time it take until 

a certai n total acid number (i.e. 2mg KOH /g acc. DIN 51524 part 

2) is achieved. Same typical figures are given i n Table 3. 
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Table I:_ ASTM 0 943 results 

lubricants (ISO VG 46) 

for some typical compressor 

tillle, ha.1rs TAN' nq .KJ:::iVg 

~~i~iksoo) >4000 2.0 

Hydraulic Oil 2200 2.0 

Tw:bine Oil 
4000 2.0 pn.ineral oil based) 

PAO based) 9000 2.0 

The obvious disadvantage of this method is its lang duration. 

No evaluation of the sludge formation is carried out. It is 

advisable to check also the viscosity on a regular basis and to 

monitor the change of the total acid number. Nevertheless, this 

technique ranked the tested oils in a similar order compared to 
their field performance. 

Rotary Bomb Oxidation Test (ROBOT) 

The Rotary 8omb Oxidation Test (ASTM 0 2272) is also a suitable 

test to evaluate the oxidation resistance of a lubricant 

especially when the test is run in parallel with a used or 

artificially aged oil sample. The oils tested in this paper 

wer e aged in an open beaker for 7 days at 120 degC. The ROBOT 

Test itself involves placing 50 g of oil plus 5 ml of water and 

a Copper catalyst coil inside a bomb equipped with a pressure 

gauge. The bomb is then charged with oxygen to a pressure of 

620 kPa and maintained at 150 deg C whilst rotated at 100 rpm. 

Th e oxidation stability is related to the bomb life which is 

the number of minutes required to observe a pressure drop of 

more than 175 kPa . The results are shown in Table 4. 

These results lead to the following ranking in terms of 

Oxidation stability: poly-alpha olefin ~ mineral oil based 

Compressor Oil > Turbine Oil > Hydraulic Oil. 
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Tabl e 4: ROBOT Test Res ul ts 

Sample Corrlition 

Premium Compressor 
Oil, mineral oil based 

Synth. O::?nPressor Oil 
PAo based 

Hydraulic Oil 

'I\.lrbine Oil 

fresh 
aged 

fresh 
aged 

fresh 
aged 

fresh 
aged 

Diff erent i al Scanning Calorimetry (OSC) 

Life, rnin 

> 540 
400 

> 540 
480 

310 
290 

350 
305 

DSC is also a hel pful met hod for obtaini ng some i ndication of 

t h e oxi datio n life of v a r io us lub rica nts /5/ . It in volves 

heati ng a t hi n fil m of t he oil samp le on a n al um i ni um pa n i n an 

at mosp here of ox yge n a nd meas uring t he exot herm corres pondi ng 

to Oxi dati on . Th e sa me oil sa mples as i n t he ROBOT test were 

ru n un der t hese co nd itio ns a nd t he res ults were fairly similar 

as s hown i n Ta ble 5. 

Table 5: DSC Res ul ts of various Co mp ress or Lu brica nts 
------- (Heat rate : l OK/m i n, l bar oxy gen) 

Sanple Degn*, deg c IDI'** deg c 

a;mpressor Oil 233.2 254 . 6 
rni.neral oil based 

<:::c::rrpressor Oil 233.8 256.8 
PAO based 

Hydraulic Oil 229.4 249.6 

'I\.lrbine Oil 230 . 6 241.2 

* ~ = First signs of d:ridation 
** = Extrapolated onse Terrperature 

411 



412 VDI BERICHTE 

5. COALESCER BLOCKING TENDENCY TEST 

The coalescer filter clea ns the co mpr essed air by removing the 

fine oil dropl ets carried o ver by the air. In t he fi ne pores of 

t he filter s ma ll oil droplets are combined a nd for m b igger 

droplets ( "co alescere " (latin) = " to melt together"). These 

are t he n a bl e to flow back into t he oil s ump du e to gravity. 

Finer coales cer filters place greater demands an t he lubricant 

to red uce the amount of oil carried over in t he compressed air 

/6/. Howev er, once an oil has exceede d its useful life, 

degradation products are for med whic h adhere to a nd block the 

coalescer filter. Thi s produces a differe nt ial press ur e across 

t he filter which may res ul t i n mec h a n ical failure . Th e 

coalescer blocking te nd e n cy (C8T) thus pr ovid es a v al u a b le 

i nd icatio n o f t he us eful life of t he lubricant in a rotary 

screw co mpr essor. Figure 4 i n App e ndi x A shows sc h e matically 

the arrangeme nt of t he compress or rig. The detailed test 

co nd itions are summar ized in Table 6 (Appendix A) . 

The whole rig is fully computer controlled and ru n s in a 

te mp erature c on trolled test chamber. The bloc ki ng of the 

coalescer is accelerate d by the use of a 1.2 micro meter 

se parater filter which ha s 85 % of its s urface masked off with 

oil resista r1 t paint a nd a s pecially made stai n less steel 

shroud. Furthermore, 50 ppm of both a so lubl e copper a nd iro n 

naphtenate catalyst are added to t he oil which is held at 120 

deg C during t h e test . The pressure increase across the 

coalescer is mon itared against ti me. The test is stopped once 

t h e filter has been blockedas indicated by a pressure 

differential of 138 kPa (20 p si) . Our i ng eac h ru n oil sa mp les 

were take n (usually at t h e beginning, after a pp rox. 100 h a nd 

when t he test was fi nis hed) a nd t heir viscosity a nd total acid 

number (T AN ) evaluated. 

The test results are shown in Fig ur es 1, 2 a nd 3. 

The Oils A, 8, C and F are mineral oil based compressor oils 

(ISO VG 68) passsing the VO-L specification . Graph E s hows the 
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FI GU RE S 1 + 2: CBT- Tes t Resulls of vari ou s Oil s 
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FIG. 3 : Influe n ce o f d e t e r ge nts on the CBT 
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behaviour of a typical hydraulic oil whereas oil D represents a 

dete r gent type compressor oil (ISO VG 46). The first 

differential pressure measurements which were taken for this 

graph were recorded after 3 hours in order to allow the system 

to stabilize. The oils A,B and C exhibit similar performance . 

Oil E seems to be slightly better for preventing the formation 

of filter blocking substances. In Oil D the typical effect of a 

detergent can be seen. Once the detergent has been consumed the 

oil fails very rapidly (see also Fig.3). Oil F does not show 

any tendency to block the filter even after 475 hours. This 

behaviour had previously only been seen with PAO based 

lubricants /6/. 

In all tests TAN and KV40 measurements were carried out. Figure 

2 shows that the TAN increases when the differential pressure 

rises. However, this example demonstrates that a routine check 

would not have predicted the sudden failure of the oil, and 

therefore darnage to the compressor could not have been avoided. 

The effect of a detergent can also be seen in Figure 3 . The 

addition of a detergent to Oll A (mineral oil based compressor 

oil) caused a rapid failure after approx. 60 hours , whereas 

the "base oil" (Oll A) only slowly blocked the filter. The 

viscosity increase and the increase of the total acid number 

was also much less "dramatic" in this case. 

6. CONCLUSIONS 

The performance requirements and specifications for rotary 

screw a i r compr es sors were reviewed . 

Test methods for the evaluation of thermal and ox i dation 

stability were discussed. 

The Coalescer Blocking Tendency test was described as a method 

to evaluate compressor lubricants under field related 

conditions. It was demonstrated that it was possible to 

differentiate between the performance of various oils. 
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Well formulated mineral based compressor oils have shown 

extended life - times comparable to synthetic (PAO - ) base d 

products. 

Oetergent type oils appear to offer no benefits in terms of th e 

prevention of a filter blockage due to sludge formation. 
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APPENDIX A 

FIGURE 4: Test Set-Up Coalescer Blocking Te nde n cy 

___ ____ _.,._ ____ _ 
Oil /Air flow 

Oll COOLER 

FLOW METE R 
Oll FILTE R 

WATER IN WATER OUT 

I- ... -..-_._ 
(1) (6) (2) (0) AIR OUT 

~ 

Otl DRAIN 

J.lllWIDß.Ell.EL'&MlliRS 

(I) DIFFEflENTII>J.. PRESSUR[ 

(2) AIR FlOW 

(3) Oll FLOW 

( 4) MOTOR POWER 

(5) AJR PRESSURE 

(6) AJR TEMPERATURE 

.... Represents flow of oil 

(7) COOL ING WATER lEMP 

(8) Oll MIST TEMPERATUR[ 

(9) Oll TEMPERATUR[ 

The numbe r s i nd icate t he po siti on s of t he pri mary comp uter 

co ntrolled e l eme nts. Th e i nf or mati on is transferred to an IBM 

PC whic h co ntrols and monitors t he whol e test r un . 

Table 6: Details of t he CBT Conditions 

PARAMEI'ER 

Rotary Screw tr.mnressor 
Eleetrical ~r-'t' <Xltp.lt 
f+ee Air DelJ.very Fressure 
Air Flow Rate 
Coalescer Fil~ Size 
Coalescer Mask:il'g 
Air Di~e 'I'e:!Tperature 
catalyst 

~~~ 
for blocked F~ 

CcmvJair Broarrwade 6007E 
5SkW (7.5 hp) 
965 kPa (140 p;i ) 
0 . 4 llqjmin 
1-2 mJ.cron 
85% 
114 deg c 
Fe/01-na~tenate 

ff8 FI ~cnt 
138 kPa (20 p;i ) 
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