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RATIONALE 

This document has been revised to correct references to obsolete test methods, update references to specifications, and to 
correct technical errors in Table 2. In addition, some editorial improvements have been made. 

FOREWORD 

The guidelines incorporated in this document are provided from knowledgeable professionals. However, the experience 
and judgment of engineers and operators responsible for the equipment should be relied upon to determine when hydraulic 
fluid is to be replaced. 

1. SCOPE 

This SAE Aerospace Information Report (AIR) presents data on normally accepted changes in physical properties and 
contamination levels for MIL-PRF-5606, MIL-PRF-83282, and MIL-PRF-87257 hydraulic fluids used in hydraulic test stands. 
This information is of importance to all users of hydraulic test stands to assure the performance data obtained on these test 
stands for specific components will not be adversely affected by excessive changes in fluid properties or contamination 
levels.  

1.1 Purpose 

The purpose of this report is to offer guidelines for deciding when the respective fluid has degraded to an extent that warrants 
replacement in hydraulic test stands. The most sensitive hydraulic components in systems using the subject fluids will 
dictate the limits of contamination or degradation permitted for each case. The guidelines incorporated in the AIR are the 
general concerns of knowledgeable professionals. However, the experience and judgment of engineers and operators 
responsible for the equipment must be relied upon to determine when hydraulic fluid is to be replaced. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 
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2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org. 

AS4059 Aerospace Fluid Power - Contamination Classification for Hydraulic Fluids 

2.1.2 ASTM Publications 

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, 
Tel: 610-832-9585, www.astm.org.  

ASTM D92 Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester 

ASTM D93 Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester 

ASTM D97 Standard Test Method for Pour Point of Petroleum Products  

ASTM D445 Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and Calculation 
of Dynamic Viscosity) 

ASTM D664 Standard Test Method for Acid Number of Petroleum Products by Potentiometric Titration 

ASTM D2709 Standard Test Method for Water and Sediment in Middle Distillate Fuels by Centrifuge 

ASTM D5185 Standard Test Method for Multielement Determination of Used and Unused Lubricating Oils and Base 
Oils by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)   

ASTM D6304 Standard Test Method for Determination of Water in Petroleum Products, Lubricating Oils, and 
Additives by Coulometric Karl Fischer Titration 

ASTM D6443 Test Method for Determination of Calcium, Chlorine, Copper, Magnesium, Phosphorus, Sulfur, and 
Zinc in Unused Lubricating Oils and Additives by Wavelength Dispersive X-ray Fluorescence 
Spectrometry (Mathematical Correction Procedure) 

2.1.3 U.S. Government Publications 

Copies of these documents are available online at https://quicksearch.dla.mil. 

MIL-PRF-5606 Performance Specification Hydraulic Fluid, Petroleum Base; Aircraft, Missile, and Ordnance 

MIL-PRF-83282 Performance Specification Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base, Metric, Nato 
Code Number H-537 

MIL-PRF-87257 Performance Specification Hydraulic Fluid, Fire Resistant; Low Temperature Synthetic Hydrocarbon 
Base, Aircraft and Missile 

MIL-PRF-6083 Performance Specification Hydraulic Fluid, Petroleum Base; For Preservation and Operation 

MIL-PRF-46170 Performance Specification Hydraulic Fluid, Rust Inhibited; Fire Resistant, Synthetic Hydrocarbon 
Base, NATO Code No. H-544 

2.1.4 STLE Publications 

Available from Society of Tribologists and Lubrication Engineers, 840 Busse Highway, Park Ridge, IL 60068-2302, 
Tel: 847-825-5536, www.stle.org.  

Lipp, L. C., "Halogenated Solvent-Induced Corrosion in Hydraulic Systems," Preprint No. 78-AM- 42A, American Society of 
Lubrication Engineering, Order of Precedence. 
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2.2 Related Publications 

The following publications are provided for information purposes only and are not a required part of this SAE Technical 
Report. 

2.2.1 ASTM Publications 

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, 
Tel: 610-832-9585, www.astm.org.  

STP 382 The Effects of Polymer Degradation on Flow Properties of Fluids and Lubricants 

3. MIL-PRF-5606 FLUID CHARACTERISTICS 

Although hydraulic fluid manufacturers are reluctant to reveal the exact formulas of their products, the approximate 
compositions of these fluids are well known, and numerous details can be found within the actual specifications.  

MIL-PRF-5606 is based on a low-viscosity naphthenic petroleum base stock with a flash point of around 82 °C (closed cup). 
This base stock is thickened to the required viscosities by the addition of polyacrylate viscosity index improver. The fluids 
must supply a certain degree of anti-wear protection, which is achieved by the addition of up to 3% by weight of an anti-
wear agent. Up to 2% by weight antioxidant may be present. Originally, no pour point depressants could be used; however, 
the E-revision, and subsequent revisions, of MIL-PRF-5606 permit them. The fluid must meet limits on the amount of 
particulate contamination present. 

Some of the required properties for new MIL-PRF-5606 fluid are summarized in Table 1: 

Table 1 - Properties of MIL-PRF-5606  

 MIL-PRF-5606 
Viscosities (ASTM D445)   

100 °C 4.90 cSt minimum 
  40 °C 13.2 cSt minimum 
 -40 °C        600 cSt maximum 
-54 °C 2500 cSt maximum 

Flash Point (ASTM D93) 82 °C minimum 
Acid Number (ASTM D664) 0.2 mgKOH/g maximum 

Water (ASTM D6304) 100 ppm maximum 

Along with the degree of particulate contamination, these are properties likely to be monitored by the hydraulic fluid user. 

3.1 Change in Fluid Properties of MIL-PRF-5606 During Use 

3.1.1 Viscosity 

The use of polyacrylate viscosity index improvers in these fluids is necessary in order to achieve the desired viscosities, but 
their presence creates the problem known as shear instability. Under conditions of high shear, such as are normally found 
in a high pressure aircraft hydraulic system pump, the acrylate polymer is gradually sheared down into lower molecular 
weight fragments, with a resulting loss in fluid viscosity at operating temperature. Actually, both temporary (reversible) and 
permanent losses in viscosity occur. In the region of high shear, there is often a temporary loss with the result that the pump 
or component does not see the same fluid viscosity that would be observed in the laboratory. Since a loss in fluid viscosity 
may adversely affect the lubricating properties of the fluid, this form of shear instability must be considered by design 
engineers; however, since it is only temporary, it would not be observed by personnel monitoring the fluid viscosity. The 
permanent viscosity loss, on the other hand, must definitely be considered in deciding when the fluid is to be changed out.  

In one study, samples of used MIL-PRF-5606, drained from an operational McDonnel-Douglas F-4 aircraft by 
Wright-Patterson Air Force Base personnel, were found to have 40 °C viscosities ranging from 13.76 to 12.12 cSt. In many 
cases, the viscosity loss is even worse and 40 °C viscosities as low as 10 cSt are not uncommon. Some hydraulic systems 
are designed in such a way that the effects of such a viscosity change are minimal; others, however, are more sensitive. 
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Other factors can also affect the viscosity of these fluids. A slight degree of fluid oxidation may result in a viscosity increase; 
an excessive degree of oxidation may result in polymer degradation, with a viscosity loss similar to that caused by 
mechanical shear. If the system is open or vented to the atmosphere, some of the napthenic base oil, which is relatively low 
boiling, may evaporate, and the remaining fluid, which contains the entire polymer content, will increase in viscosity. 
Occasionally, a "hot spot" in the system may cause enough of the base oil to evaporate so that the polymer is actually 
deposited in a solid or semisolid state, causing plugging of filters and freeze-up of valves and servos.  

Finely dispersed metal particles in hydraulic fluids may act as a catalyst to oxidize the fluid. 

3.1.2 Acid Number 

Fluid degradation is often accompanied by an increase in the acid number. Oxidation, for example, converts susceptible 
hydrocarbon components of the base oil into carboxylic acids, which may cause corrosion of susceptible metal components. 
How much acidity can be tolerated will again depend upon the configuration and metallurgy of the individual system. A 
build-up of acid number would not be expected during use in typical test stands. A high acid number in MIL-PRF-5606 could 
indicate the presence of contaminants or unusually high temperatures (>135 °C) somewhere in the test stand.  

3.1.3 Flash and Fire Point 

One of the major drawbacks of MIL-PRF-5606 is the low flash point of the base stock. A further drop in flash point during 
use would obviously be undesirable, and would probably reflect contamination by some low-boiling flammable solvent.  

An increase in the flash point could indicate evaporative loss of base oil, or possible excessive contamination with 
nonflammable solvents such as trichlorotrifluorethane or trichloroethylene. 

3.1.4 Water Content 

MIL-PRF-5606 controls water content for new fluids to <100 ppm by weight. MIL-PRF-5606 is not particularly hygroscopic, 
but inasmuch as it is not a rust-inhibited fluid, an increase in moisture content beyond the saturation limits could be more 
serious. The water saturation concentration, the concentration at which free water is present in the fluid, for MIL-PRF-5606 
varies slightly, but is generally around 250 ppm by weight.  

Gross amounts of water in hydrocarbon hydraulic fluids are usually undesirable and should be removed by a fluid purifier 
or by draining the contaminated fluid from the system and flushing with new fluid. 

4. MIL-PRF-83282 AND MIL-PRF-87257 FLUID CHARACTERISTICS 

Although MIL-PRF-83282 and MIL-PRF-87257 were designed for hydraulic systems that previously used MIL-PRF-5606, 
these fluids are significantly different from the petroleum-based fluid discussed in Section 3. MIL-PRF-83282 and 
MIL-PRF-87257 are formulated with a polyalphaolefin synthetic hydrocarbon base stock. These specifications require that 
these base stocks have flash points of 205 °C and 160 °C (open cup) respectively and fire points of 245 °C and 170 °C 
(open cup) respectively. Thus, these fluids are significantly less flammable than MIL-PRF-5606 and are often referred to as 
"fire resistant."   

In order to meet the seal swell and the low temperature viscosity requirements, the specifications permit the addition of 
blending fluids such as diesters in concentrations up to 33% by weight in MIL-PRF-83282 and up to 35% by weight in 
MIL-PRF-87257. The use of anti-wear agents is recommended to meet the antiwear requirements, and oxidation inhibitors 
of the phenolic type are specified not to exceed 2% by weight. Viscosity index improvers and pour point depressants are 
not permitted in either fluid.  

The fluids must meet limits on the amount of particulate contamination present. 
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Some of the required properties for MIL-PRF-83282 and MIL-PRF-87257 fluids are summarized in Table 2: 

Table 2 - Properties of MIL-PRF-83282 and MIL-PRF-87257 

 MIL-PRF-83282 MIL-PRF-87257 
Viscosities  

(ASTM D445) 
  

100 °C   3.45 cSt minimum 2.0 cSt minimum 
  40 °C 14.0 cSt minimum 6.7 cSt minimum 
 -40 °C 2200 cSt maximum 550 maximum 

Flash/Fire Points (ASTM D92) 205 °C/245 °C minimum 160 °C/170 °C minimum 
Water (ASTM D6304) 100 ppm maximum 100 ppm maximum 

Pour Point (ASTM D97) -55 °C maximum -60 °C maximum 
Acid Number(ASTM D664) 0.10 maximum  0.20 maximum  

4.1 Change in Fluid Properties of MIL-PRF-83282 and MIL-PRF-87257 During Use 

4.1.1 Viscosity 

Neither of these fluids contains a viscosity index improver and, as a consequence, neither is subject to the shear instability 
and viscosity loss observed in MIL-PRF-5606. Oxidation of MIL-PRF-83282 and MIL-PRF-87257 normally leads to an 
increase in viscosity, although under ordinary operating conditions the increase will be low. Finely dispersed metal particles 
may act as a catalyst to oxidize the fluid. A decrease in viscosity usually indicates the presence of some low-viscosity 
contaminant such as fuel or solvent. 

4.1.2 Acid Number 

Degradation of the two synthetic hydrocarbon fluids may be accompanied by an increase in acid number. Oxidation is one 
cause; but, with MIL-PRF-83282 and MIL-PRF-87257, the possibility of acid generation through hydrolysis must be taken 
into account. Both fluids conventionally contain substantial amounts of lubricant diesters in order to achieve the desired low 
temperature and seal swell characteristics. Esters are manufactured by the reaction of alcohols and acids, with water being 
formed as a byproduct. However, at high temperatures, the reverse reaction can also occur; esters can react with water to 
form alcohols and acids, with a resultant increase in acid number. This reaction, called hydrolysis, is extremely slow, and 
rarely presents a problem except where gross contamination by water is a factor. 

4.1.3 Flash and Fire Points 

The relatively high flash and fire points of MIL-PRF-83282 and MIL-PRF-87257 compared to those of MIL-PRF-5606 have 
been a major reason for the increased use of synthetic hydrocarbon fluids. In the field, the changeover of aircraft hydraulic 
systems from MIL-PRF-5606 to MIL-PRF-83282 and MIL-PRF-87257 was most frequently carried out by simple attrition, 
with the synthetic base fluid being added as make-up when the level of MIL-PRF-5606 became low. Conversion of aircraft 
from MIL-PRF-83282 to MIL-PRF-87257 or vice versa by attrition is also recommended to save waste fluid and maintenance 
hours. Thus, there are many aircraft flying with mixtures of MIL-PRF-83282 or MIL-PRF-87257 and MIL-PRF-5606 having 
flash and fire points intermediate between the two. When MIL-PRF-83282 or MIL-PRF-87257 are the only fluids in the 
system, lower flash points would reflect contamination by low-boiling solvents, fuel, or MIL-PRF-5606.  

Appendix A describes a test method for quantifying the amount of MIL-PRF-5606 fluids in either MIL-PRF-83282 or 
MIL-PRF-87257. 

4.1.4 Water Content 

The water content of the two fluids is controlled by the specifications at 100 ppm maximum for MIL-PRF-83282 and 
MIL-PRF-87257. Diesters are slightly hygroscopic, and tend to pick up moisture if drums or containers are allowed to remain 
open for extended periods of time prior to filling a system. Compressed air if used for reservoir super charge may also be a 
source of moisture. Since neither MIL-PRF-83282 nor MIL-PRF-87257 contain rust inhibitors, the presence of excess 
moisture could present a problem for susceptible metal parts. Over long periods of time, the possibility of hydrolysis must 
also be considered. At low temperatures, ice crystals can clog small orifices and filter elements in hydraulic systems.  
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