
AERATION PROBLEMS 

Solubility of air in a liquid is directly proportional to the absolute 
pressure above the liquid surface (Henry’s law), and normally 
decreases with rising temperature. The solubility is often quoted in 
the form of a ‘Bunsen coefficient’ (a), equivalent to parts by volume of 
gas in the liquid at 0°C and normal atmospheric pressure, i.e. 
760mm Hg. 

As shown in Fig. 11.1, the solubility of air in mineral oil is relatively 
high compared to other typical hydraulic media. Despite its high 
solubility, air is of minor significance as long as it remains dissolved 
in the hydraulic fluid (the Bunsen coefficient is as high as 0.08-0.09 for 
mineral oils, but only 0.02 for water). Pressure changes in the system 
may, however, lead to formation of free air bubbles, these resulting in a 
dramatic increase in compressibility of the fluid at low operating 
pressures. For instance, at a pressure of 30 bar the secant bulk 
modulus would be reduced by approximately 80% for a mineral oil 
containing 1% free air. The effect of aeration on compressibility 
decreases with higher operating pressures as the specific volume of 
undissolved air remaining in the oil progressively decreases. Thus at 
an operating pressure of 230bar the corresponding bulk modulus 
would be reduced to approximately 60% of the original air-free value. 

Undissolved air in a hydraulic fluid will of course reduce the den- 
sity of the fluid by an amount equivalent to the volume fraction of air 
present. Finely dispersed air bubbles have also been found to increase 
the viscosity of a hydraulic fluid slightly, though this effect is without 
practical significance. 

The practical consequences of excessive aeration in a hydraulic 
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Fig. 11.1 Solubility of air in various media. 

system become painfully obvious in the form of high noise levels, 
unreliable operation, and possible damage to pumps and other com- 
ponents. 

Undissolved air is a frequent cause of cavitation on the suction side 
of hydraulic pumps, and collapsing air bubbles on the pressure side 
may often give rise to damage resembling that associated with ordin- 
ary cavitation erosion. These phenomena occur at, or in the near 
vicinity of, pressure control valves and bearings lubricated by the 
hydraulic fluid. Undissolved air will normally also result in a certain 
pressure drop and a tendency for laminar flow to be replaced by 
turbulent conditions. 

Free air bubbles passing through a hydraulic pump are subjected to 
sudden compression under adiabatic conditions, thus raising the 
temperature of the compressed bubbles by several hundred degrees 
centigrade (see Fig. 11.2). Consequently, the film of liquid surrounding 
the hot bubble is prone to severe thermal degradation (‘cracking’) and 
oxidation. In the most serious cases hydrocarbon-based fluids assume 
a grey-black colour, significant viscosity reductions occur and the oil 
has a distinctly burnt odour. Examination of the oil under a micro- 
scope will frequently reveal a multitude of near-spherical carbon 
‘skeletons’ resulting from the thermal cracking. 

Frequent causes of foaming and circulation of undissolved air are 
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Fig. 11.2 Temperature of dispersed air following adiabatic compression. 

0 leakages in suction lines, pipe connections, glands, etc., 
0 return fluid (which often already contains free air) splashing freely 

down into the fluid reservoir, 
0 return fluid which is permitted to flow unhindered to the pump 

intake, 
0 low fluid level in reservoir, insufficient residence time, 
0 contaminants, finely divided particles and dissolved impurities. 

As is the case with many other types of contaminant, finely divided 
particles can display a stabilizing effect on air bubbles (and free water) 
in the fluid. 

Adverse effects may also result from contamination by other fluids 
containing additives which reduce the ability of the hydraulic med- 
ium to release undissolved air. For example, topping up with a 
detergent engine oil will often have an extremely undesirable effect 
on the air-release (and demulsifying) properties of a premium 
hydraulic oil. 

The ability of a hydraulic system to alleviate aeration problems is 
also largely dependent upon design and maintenance procedures. 
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Fig. 11.3 Useful design features of a fluid reservoir. 

Figure 11.3 illustrates a number of constructional details which 
should preferably be incorporated into the fluid reservoir. The low 
pressure return line to the reservoir should be positioned well below 
the fluid level. By this means unnecessary agitation of the fluid is 
avoided. Furthermore the tank should be designed such that the 
returned fluid has time to release air bubbles before again entering 
the suction line to the pump. This can pose problems in modern, 
compact systems, though sensible use of baffle plates to delay the 
fluid's arrival at the pump intake will allow more time to separate 
from contaminants. Incorporation of dividing baffles in the form of 
weirs can assist in localizing turbulence near the return line and 
trapping sedimenting mechanical contaminants before reaching the 
suction line. A wire gauze screen (stainless steel, approximately 20 
mesh/cm) placed at an angle of 530" between the return and suction 
lines, can effectively remove entrained air from the circulating fluid. 
It is, however, imperative that the screen be totally immersed in the 
fluid as surface foam is capable of penetrating even the finest of 
screens. 

Fluids of low viscosity release entrained air more rapidly than 
similar fluids of higher viscosity (Fig. 11.4). Some few parts per 
million of high molecular weight polysiloxanes ('silicone oil') are 
normally added to hydraulic oils to suppress the formation of surface 
foam in the oil reservoir. These additives are only effective against 
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Fig. 11.4 Effect of viscosity and temperature on air release. 

surface foam, and there is no purpose in adding further amounts of 
anti-foamant to counteract air entrainment in a system drawing in 
false air via faulty seals, pipe connections, etc. An excess of conven- 
tional surface-active defoamant additives will thus aggravate the 
situation by stabilizing the finely dispersed air bubbles and delay 
their ascent to the oil surface (Fig. 11.5). 

Accidental contamination by silicone materials may occasionally 
originate from certain sealing pastes or mould-release oils utilized 
during the manufacture of hydraulic hoses, etc. 

1 1.1 Diagnosis and treatment of aeration 
problems 

A correct assessment of the cause(s) is required in order to solve 
operational irregularities in a quick and economic manner. This is 
especially important in connection with foaming and air entrainment 
as incorrect remedies can, as indicated above, intensify the difficul- 
ties. 

The system should first be checked for possible mechanical defects, 
incorrect oil level, etc. If no obvious faults are detected, samples of 
the fluid should be be tested with respect to 
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Fig. 11.5 Effect of silicones on air release at 25°C. 

Table 11.1 Probable causes of aeration problems 

Analytical result 
Air release Foaming tendency 
(IP 313) (ASTM D892) Probable cause 

Rapid Low Mechanical fault 

Slow Low Contamination by silicones 

Slow High Contamination by basic materials, 
e.g. engine oils, detergents, etc. 

(a) air release by test method IP 313, 
(b) foaming properties by test method ASTM D892. 

A comparison of the test results wil indicate the probable cause of the 
operational problems (Table 11.1). Unfortunately no additive treat- 
ment or filtration can correct unsatisfactory air release due to dis- 
solved impurities. If, on the other hand, difficulties are caused by 
particulate contaminants, filtration by means of a suitable microfilter 
(e.g. 5-10 um absolute) should alleviate the problem. 


