
HYDRAULIC FLUIDS FOR 
MILITARY AND AEROSPACE 
APPLICATIONS 

Military and aerospace applications utilize a broad spectrum of 
hydraulic fluids, ranging from simple straight mineral oils to highly 
specialized synthetic fluids. Understandably enough, this area of 
application is dominated by a high degree of interest in fire-resistant 
media with widespan temperature capabilities. Products of this nature 
are increasingly specified for use in military aircraft, naval vessels, 
combat vehicles and weapon systems. 

A selection of the most well-known military specifications are listed 
in Table 14.1. 

14.1 Aircraft and aerospace 
Significant advances in system and component design within the aero- 
space industry have been accompanied by correspondingly exacting 
demands on hydraulic fluids required to operate in these systems. 
Manual controls have been replaced by hydraulics and the number 
of hydraulically operated functions has increased rapidly, as has the 
complexity of the circuits. Operating parameters have also become 
more critical; high altitudes require improved low temperature fluid- 
ity whilst higher pressures (= 20 MPa) and reduced fluid volumes 
necessitate better lubrication properties, and thermal and oxidation 
stability. 

Although the use of phosphate ester fluids in commercial aircraft 
has heen well established since their introduction during the 19509, it 
is only in the course of the past decade that the widespread use of 
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mineral hydraulic oils (Nato code H-515) in military aircraft has 
noticeably decreased. On account of the comprehensive system mod- 
ifications required, and the operational temperature limitation 
(=llO°C), NATO aircraft were not converted to use phosphate ester 
products. 

However, the search for suitable fire-resistant fluids has continued, 
and a silicate ester fluid was finally defined by the new specification 
MIL-H-8446, characterized by extreme temperature capabilities 
(-54°C to +204"C), high thermal stability and good fire resistance. 
This fluid was based on alkyl silicate esters with the addition of 
ethylmethyl siloxane to improve the viscosity index and regulate 
seal swell. Unfortunately, relatively poor hydrolytic stability 
detracted somewhat from the otherwise excellent performance prop- 
erties, and MIL-H-8446 is now obsolete. Nevertheless, a similar type of 
silicate ester fluid is still utilized in the central hydraulic system of 
the supersonic Concorde aircraft. 

The high incidence of hydraulic fluid fires in US helicopters hit by 
enemy gunfire in the Korean war highlighted the need for a more fire- 
resistant fluid. In 1974 a replacement for the mineral oil-based MIL-H- 
5606 (H-515) products was developed in the form of a synthetic hydro- 
carbon fluid, later designated MIL-H-83282 (H-537). One of the pri- 
mary advantages of this fluid over phosphate esters is complete 
compatibility and interchangeability with conventional mineral oil- 
based MIL-H-5606 fluids, thus permitting use in aircraft systems 
designed for these media. The new fluid is slightly inferior to the 
original mineral oil with respect to low temperature fluidity, but 
offers considerably improved high temperature properties and lower 
flammability (see Table 14.2). 

No single flammability test correlates fully with the many and varied 
conditions prevailing in real situations, and it is therefore usual to 
examine candidate fluids by several test methods to form a reliable 
assessment of their fire-resistant potential. In Table 14.2, it will be 
noted that although the synthetic hydrocarbon fluid displays signifi- 
cantly higher test values with respect to flash point, fire point and 
autoignition temperature, this is not the case for the hot plate ignition 
test. This apparently anomolous result is due to the higher volatility of 
the MIL-H-5606 fluid and shorter residence time at the hot surface. 

The new synthetic hydrocarbon fluid was initially utilized by US 
Navy and Army helicopters. Subsequent experience revealed that the 
low temperature limitation of the new MIL-H-83282 fluids was essen- 
tially a ground-level cold-soak problem, and many types of military 
aircraft have since been successfully converted to the synthetic hydro- 
carbon fluid. 

Despite the improved performance characteristics of MIL-H-83282 
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Table 14.2 Relative flammability characteristics of petroleum- and synthetic 
hydrocarbon-based aviation hydraulic fluid (typical data) 

Property MIL-H-5606 MIL-H-83282 

Base oil type Mineral Polyalphaolefin 

Fire point (COC) (“C) 115 254 
Hot plate ignition test (“C) 590 540 
Autoignition temperature (“C) 232 371 

number of fires 

Flash point (COC) (“C) 103 220 

Incendiary gunfire test, (50 calibre/ 4 shots) 5 1 

fluids, the principal deficiency associated with this fluid and phos- 
phate esters is that under many operational conditions, both media 
may still ignite and burn, thus only providing a degree of improvement 
with respect to the frequency and intensity of hydraulic system fires. 

Silicone oils, modified by use of appropriate additives, have also 
shown promise as fire-resistant aircraft hydraulic fluids. Other inher- 
ent properties such as excellent low temperature flow properties, 
extremely high viscosity indices, low volatility, good hydrolytic stabi- 
lity and high oxidation stability would seem ideal for this application. 
However, these advantages are somewhat overshadowed by poor 
boundary lubrication properties for steel-on-steel and relatively high 
compressibility compared to mineral oil and synthetic hydrocarbon- 
based fluids. Nevertheless, a fluid based on chlorophenylmethylsilox- 
ane, was tested in BAC TSR2 and Hawker Hunter FGA Mk6 aircraft, 
modified with respect to seal materials. The trials were reasonably 
satisfactory, but as further modifications involving servo-valve design 
were considered desirable, adoption of silicone fluids was not pursued. 

Silicones, phosphate esters and a variety of halogenated compounds 
have all been rejected by military research laboratories in the search 
for the ultimate fire-resistant hydraulic fluid. Among the most promis- 
ing base materials mentioned to date are chlorotrifluoroethylene, 
fluoroalkylether, perfluoroalkylether and perfluoroalkylether triazine. 

14.2 Combat vehicles and artillery 
Earlier hydraulic fluids utilized by NATO forces were almost exclu- 
sively mineral oil products, e.g. H-540 or (3-635 for vehicles and 
artillery. During the Israeli-Arab conflict in 1973, considerable 
losses were experienced due to fires when the hydraulic systems of 
combat vehicles were hit by enemy gunfire. Consequently, the US 
Army intensified research on fire-resistant media and developed a 
corrosion-inhibited version of the synthetic hydrocarbon MIL-H-83282 
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fluid. The new fluid is standardized in accordance with MIL-H-46170 
(Nato-code H-544), and is now widely applied within NATO, princi- 
pally for the hydraulic systems of combat vehicles. 

For many years military vehicles utilized brake fluids based on 
polyglycols and glycolethers, different products being specified for 
various climatic conditions and storage purposes. The water sensitiv- 
ity of these products is recognized as a major factor in brake system 
failures following ingress of moisture into the system via rubber seals 
and hoses. The absorbed water lowers the boiling point and vapour 
lock point of these fluids, and significantly increases low temperature 
viscosity, thus adversely affecting their performance. In order to avert 
these problems, non-hydroscopic silicone fluids have been developed. 
These fluids possess high boiling point, high viscosity indices and 
favourable low temperature viscosity. On account of the inherent 
low surface tension of these fluids, they display excellent wetting 
ability for metal surfaces, thereby hindering penetration of moisture 
and subsequent corrosion. On account of the insensitivity of silicone 
brake fluids to moisture, and their good chemical stability, the pre- 
vious requirement for periodical replacement of the fluid has been 
largely eliminated. 

14.3 Naval vessels 
Hydraulic fluids used in naval vessels are at present mainly based on 
conventional mineral oil fluids, e.g. Nato codes H-572, H-573 and H- 
576. There is naturally also here a distinct requirement for fluids 
offering improved fire resistance. During the 1960s a fluid based on 
tertiary-butyl triphenyl phosphate had already been developed by the 
US Navy for use in catapult launching systems and flight-deck eleva- 
tors on board aircraft carriers. This fluid is standardized in accor- 
dance with MIL-H-19457 (H-580). 

Following experience during the Falklands war, the Royal Navy 
increased efforts to develop more suitable hydraulic fluids, culminat- 
ing in a new water-glycol fluid with, among other things, improved 
low temperature properties compared to H-579 (MIL-H-22072). 

A significant problem associated with hydraulic system fires is the 
formation of toxic gases, which represents a very serious danger 
where some of the otherwise effective fire-resistant products are 
concerned, e.g. phosphate esters and halogenated compounds. This 
problem is particularly acute on board submarines. Another impor- 
tant requirement with respect to submarine operations is the pre- 
ferred use of hydraulic fluids miscible with sea water, thus ensuring 
leakages do not reveal the position of the vessel by local fluid con- 
centrations on the surface. 


