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2.2 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-H-5606

MIL-H-8446

Military Specification Hydraulic Fluid, Petroleum Base; Aircraft, Missile and
Ordnance, NATO Code Number H-515 (Inactive for New Design)
Military Specification Hydraulic Fluid, Nonpetroleum Base; Aircraft (Canceled)

MIL-PRF-276(
MIL-PRF-832§
MIL-H-53119

MIL-PRF-8721

3. DESCRIPTION

3.1 Hydraulic fluid
of a hydraulic

1

2

-

Performance Specification Hydraulic Fluid, Fire Resistant, Hyflrogenated

Polyalphaolefin Base, High Temperature, Flight Vehicle, Metr{c

Performance Specification Hydraulic Fluid, Fire Resistant;, Synthetic

Hydrocarbon Base, Metric, NATO Code Number H-537
Performance Specification Hydraulic Fluid, Nonflammable,
Chlorotrifluoroethylene Base (Inactive for New Design)
Military Specification Hydraulic Fluid, Fire Resistant; Low Tern

perature,

Synthetic Hydrocarbon Base, Aircraft anduMissile, NATO Code Number H-538

OF PROPERTIES:

5 have many physical and chemical properties which must be considered in the design
system as follows:

TABLE 1
Property Effect
1. Bulk Modulus System stiffness
2. Viscosity Power losses
3. Density: System weight
4. Spegcific Heat Thermal characteristics
5./Thermal Conductivity Heat exchanger design
67~Thermal Expansion Reservoir design
7—Fire Resistance Safetyand-survivability
8. Chemical Stability Formation of breakdown products
9. Thermal Stability Deterioration of fluid properties
10. Shear Stability Loss of lubricity and viscosity
11. Hydrolytic Stability Corrosion
12. Lubricity Component wear
13. Compatibility System materials
14. Volatility Cavitation and evaporation
15. Toxicity Safety
16. Foaming Cavitation and system stiffness
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3.1 (Continued):

NOTE: The above listing sequence has no bearing on relative importance. Properties 1 through 7
have specific numerical values which are required in detail design and analysis work; data
covering these properties are given in the document. Properties 8 through 16 are important
considerations in the selection of a hydraulic fluid for a specific application, but numerical
values associated with these properties are not usually required in system design.

The types of hydraulic fluid considered to be most applicable to air vehicles are:

TABLE 2
Fluid Type Operating Temperature Specification
Petroleum base with -54 t0 135 °C MIL-H-5606
polymeric additives
Silicate ester -54 to 204 °C MIL-H-8446
(Canceled)

Symthetic hydrocarbon -40 to 288.3€ MIL-PRF-27601
firel resistant
Synthetic hydrocarbon, -40,t0 205 °C MIL-PRF-83282
firel resistant
Nopflammable, chloro= -54 t0 135 °C MIL-H-53119
trifluoroethylene base
Symthetic hydrocarbon, -54 t0 135 °C MIL-PRF-872%7
fire| resistant
Ph 1clr_\h:fn ester fire -54 tg 107 °C AS1241 TypellV,
resistant Classes 1 and 2

-54 t0 135 °C AS1241, Type V

NOTE: AS1241, Type IV phosphate ester fluid is used in two different versions, Class 1, a low
density (specific gravity 0.990 to 1.020), and Class 2, a high density (specific gravity 1.020 to
1.066). Type V phosphate ester is a higher temperature fluid, with specific gravity 0.97 to
1.02. Where available, data for both classes and types are provided.
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3.2 Operating conditions can cause changes in the physical properties of a hydraulic fluid. Temperature
andn pressure, in particular, have significant influences on fluid viscosity and bulk modulus. The
detail designer requires data for specific operating conditions, but these data are often not readily
available. This results in designers acquiring, through various means, a personal file of hydraulic
fluid properties. The intent of this document is to encourage the use of standardized design
information. Fluid specifications provide for variations in properties which can result from diferences
in manufacturing processes or base stocks used. The data presented herein are considered to be
nominal values.

4. HYDRAULIC FUJ

4.1 Bulk Modulus:
Bulk modulus
applied pressy
of fluid comprd
in hydraulic sy
approximately
measured as (

4.1.1 There are s€¢
function bein
out of the syj
oscillating sq
isothermal nj
excursion m
pumps and 1
guiescent le
is the reciprd
commonly u

UID PROPERTIES:

s a term used to denote the ability of a fluid to resist velumetric redu
re and is an important parameter in the design of hydraulic servo sys
ssibility with the mass of the mechanical parts and’load produces a
stems. This resonance is often the chief limitation to dynamic perfo
proportional to the square root of the fluid-bulk modulus. Pressure

auge pressure while all equations in this document use absolute pr

veral different types of bulk moduli;Selection of the proper modulus

iction caused by
tems. Interaction
natural frequency
rmance and is

s generally
bssure.

is based on the

g performed. Functions that oceur rapidly, with little chance for healt transfer into or

stem, require adiabatic moduli; examples include hydraulic pumps, n

otors, and rapidly

rvo actuators. Functions.that occur slowly or with constant fluid temperature require

oduli; this modulus has‘limited application to air vehicle hydraulic sy
hgnitude is also a factor in modulus selection. Large excursions, fof
notors, require the use of secant moduli; small pressure fluctuations
el, as in oscillating servo actuators, require the use of tangent mod
cal of fluid coempressibility and is generally expressed in Pascal (Pa
bed modulivare summarized below:

stems. Pressure
example in
around a

bli. Bulk modulus
. The most



https://saenorm.com/api/?name=35438799e4e953be751eba3b092e0fab

SAE AIR1362 Revision B

TABLE 3
Pressure Bulk
Function Excursion Modulus Application
Dynamic Smallt Adiabatic Design of servo systems
tangent and actuators
Dynamic Large2 Adiabatic Design of hydraulic
tangent pumps
$tatic Small Isothermal Limited use in ait
tangent vehicle systemdesign
$tatic Large Isothermal Limited™dse in air
secant vehicle’systems design

Less than 10% of system pressure (approximately).
More than 80% of system pressure (approximately).

4.1.2 Bulk modulug is defined by:

and,

where:

—Px
b = -V £0 (0]
s ° &y __Vo

b; = Adiabatic tangent bulk modulus, Pa

bs = Adiabatic sectant bulk modulus, Pa

P = Pressure, Pa

V = Volume at pressure P, m3

P, = Reference pressure, usually atmospheric, Pa
V, = Volume at pressure Py, m3

(Eq. 1)

(Eq. 2)
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4.1.2 (Continued):

Equation 1 is the thermodynamic definition of bulk modulus and represents the true rate of
volumetric change at the pressure of "interest". Equation 2 defines a "mean" bulk modulus and
represents the volumetric change with pressure from atmospheric to the pressure of "interest".
Both moduli can be determined under isothermal or adiabatic conditions.

Two methods used for measuring bulk modulus are the pressure-volume-temperature method,
which gives isothermal secant information and the sonic method which yields adiabatic tangent

data. Relatipnships between the moduli are:
b _
bit
b;; at pressure P is approximately equal to b, at pressure 2P
b, = rc’
where:
b4t =|Adiabatic tangent bulk modulus, Pa
b;; = Isothermal tangent bulk modulus, Pa
bis = lsothermal secant bulk modulus, Pa
q
- 1P
g d,
¢p = ppecific heat at constant pressure, J/(kg K)
¢, = Ppecific heat at constant volume, J/(kg K)

r = Aluid mass density, kg/m?3
¢ = Veelocity of sound in-the fluid, m/s

Bulk modulu
fluid. Dissol
dissolved in
to achieve e
when the op

5 can be substantially lowered by the presence of entrained air (free
ed air has_a-minor effect in reducing bulk modulus. The amount of
hydraulic-fluids is approximately proportional to the pressure level.

juilibfium conditions may prevent complete dissolution in some cast
brating pressure exceeds the saturation pressure, bulk modulus deg

(Eq. 3)

bubbles) in the
air which can be
The time required
bs. Generally,
radation due to air

is small.
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4.1.3 The bulk modulus data presented in this document cover temperatures from +38 to +149 °C at
pressure from 0 to 55 mega Pascal (MPa).

4.2

TABLE 4
Figure No. Bulk Modulus Hydraulic Fluid
1 adiabatic tangent MIL-H-5606
2 MIL-H-8446
3 MIL-PRF-27601
4 MIL-PRF-83282
5 MIL-H-53119
6 MIL-PRF-87257
7 AS1241, Type IV, Class 1
8 adiabatic secant MIL-H-5606
9 MIL-H-8446
10 MIL-PRF-27601
11 MIL-PRF-83282
12 MIL-PRF-87257
13 isothermal secant MIL-H-5606
14 MIL-H-8446
15 MIL-PRF-27601
16 MIL-PRF-83282
17 MIL-H-53119
18 MIL-PRF-87257
19 AS1241, Type IV, Class 1
Viscosity:
Viscosity causkes=a fluid to resist flow, varies with ambient candition and contributes

to characterizing

flow as laminar or turbulent. Fluid viscosity nearly always limits the lowest operating temperature of
a hydraulic system and often limits the highest operating temperature. Fluid systems and
components have conflicting viscosity requirements, i.e., good lubrication and low internal leakage
require a moderately high viscosity while low line losses and fast control response dictate a low
viscosity fluid. Good design requires a thorough consideration of the effects of operating conditions
on viscosity and the efect of viscosity variations on system performance.
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4.2.1

4.2.2

Fluid flow causes shear stresses within the fluid which vary with the velocity gradient across a
given sheared section. For Newtonian fluids the shear stress is proportional to the velocity
gradient across a given sheared section. For the non-Newtonian fluids the shear stress is not
proportional to the velocity gradient.

The shear equation for Newtonian fluids is as follows:

du
== Eq. 4
T (Eq. 4)
where:
t = Shear stress, Pa
K = Absolute viscosity, Pa s
% =|Velocity gradient across sheared section of thickness ds, st

Many models have been proposed for the shear equation-for non-Newtonian fluigs. In general
some of thege equations can be written as:

fu _t = gh —-1/n
%= nl &) (Fa-9)

where:

n depends on the model chosen
t, = Limiting-shear-strength of fluid, Pa

The ratio of absolute viscosity;to fluid mass density occurs frequently in flow analyses. This ratio
is, by definitipn, the kinematic viscosity of the fluid.

(Eq. 6)

=13

where:

u = Kinematic viscosity, mm?/s or centi-Stoke (cSt)
K = Absolute viscosity, mPa.s or cP (centi-Poise)
r = Mass density, g/cm?

Kinematic viscosity at atmospheric pressure is easily measured with commercially available
viscometers. Kinematic viscosity has units of cm?/s called Stokes. Because this unit is large, the
term centistoke (cSt) is often used.
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4.2.2

4.2.3

(Continued):

The viscosity of hydraulic fluids decreases significantly as temperature is increased. This

relationship can be plotted using ASTM viscosity graph paper resulting in a straight line plot or
approximated by:

where:

q4—=T
ne

Viscosity incfeases as pressure is increased. This relationship ¢an be approxim

equation:

where:

Hp =
Ho =

a = Hressure-viscosity coefficieht which varies with temperature, Pa’
P = Rressure, Pa

Hydraulic flujds employing viscosity-index improvers, i.e., MIL-H-5606 and AS12
permanent viscosity loss when the fluid is subjected to high shear rates. On the

fluids not co

Generally adceptediviscosity levels for air vehicle hydraulic systems are:

A temperature-viscosity coefficient which depends upon thefluid, 1/°
T

-1 (T-T
e (T-To)

(Eq. 7)

Absolute viscosity at Temperature T, Pa s
Viscosity at reference temperature T, Pa s

emperature, °C

Absolute viscosity at pressure.P)Pa s
Viscosity at atmospheric pressure, Pa s

Ntaining the-viscosity-index improvers do not exhibit this phenomeng

CJ

ated by the Barus

(Eq. 8)

41 undergo
other hand, the
n.

TABLE 5
Condition Viscosity, ¢St Remarks
Cold start 2500 maximum Operation at reduced rate permitted
Maximum operating viscosity 500 Rated system performance required
Optimum performance 1to 10 Maximum component efficiency and life
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4.2.3

4.3

bm weight and is
e losses and heat
ve moderate

(Continued):
The viscosity (mm?/s or cSt) in the document cover temperatures from -46 to 205 °C at pressures
from 0 to 55 MPa.
TABLE 6
Figure No. Plot Hydraulic Fluid
20 ViSCOSIty VETsUsS PTessure MTC-H-5606
21 MIL-H-8446
22 MIL-PRF;27601
23 MIL-PRFE-83282
24 MIL-H-53119
25 MIL-PRF-87257
26 AS1241, Type IV,
Class 1, Class 2
27 Viscosity versus Temperature MIL-H-5606
28 MIL-H-8446
29 MIL-PRF-27601
30 MIL-PRF-83282
31 MIL-H-53119
32 MIL-PRF-87257
33 AS1241, Type IV
Class 1, Class 2
Density:
Fluid density i$ an important factor in calculations made to estimate hydraulic syst
required in analysesnvolving Reynolds number, bulk modulus and orifice flow. Lin
generation arqg directly proportional to fluid density. Temperature and pressure hal
nnnnnnnnnnnnn $ v vralatad ~c fFallavao

effects on densiy—Huid-mass-density-and-speeificwet

where:

r = Mass density (mass per unit volume), kg/m3
w = Specific weight (weight per unit volume), N/m?3

I
Ql|=s

g = Acceleration due to gravity, m/s?

(Eq. 9)

-10 -
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4.3 (Continued):

The mass density (g/cm?) data in the document cover temperatures from 38 to 149 °C at pressures
from 0 to 55 MPa gauge.

4.4 Specific Heat:

Heat is geners
transmission i
devices. Fluid
cooling rates,

The specific hg
1° and is expré
temperature;
constant volun

The specific hg

generally decr

TABLE 7
Figure No. Hydraulic Fluid
3% MTC-H-5606
35 MIL-H-8446
36 MIL-PRF-27601
37 MIL-PRF-83282
38 MIL-H-53119
39 MIL-PRF-87257 (atmospheric pressure only)
40 AS1241, Type IV (atmospheric'pressure only)

Class 1, Class 2

he friction, pressure drops across orifices and internal leakage in v
specific heat is required inthermal analyses involving heat transfer
hnd temperature build-up.

pat of a liquid is thesamount of heat required to raise the temperature
bssed in cal/(gm°C). The specific heat at constant pressure (cp) inc
ressures from0 to 69 MPa gauge have little effect on Cp- The speq
ne is shown/as c,,.

€, . . .
pat ratio C_p is useful in calculations related to bulk modulus. The sp|

bases with increasing temperature; pressures in the range of 0 to 69

ted in hydraulic systems principally by fluid compression, pump inejﬁciencies,

Ives on output
heating and

of a unit mass by
eases with rise in
ific heat at

ecific heat ratio

MPa gauge have

little effect on the ratio.

Specific heat (J/kg °C) data in the document are at atmospheric pressure and cover temperatures
from -18 to 205 °C.

TABLE 8
Figure No. Property
41 Specific Heat of Hydraulic Fluids
42 Specific Heat Ratio of Hydraulic Fluids

-11 -
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4.5 Thermal Conductivity:

4.6

Fluid thermal conductivity is required in conduction-convection problems involving calculation of the
surface film coefficient for heat exchanger design. Thermal conductivity is a measure of the rate of
heat flow through the fluid. The thermal conductivity of most liquids decreases with increases in
temperature and changes only slightly with pressure. Thermal conductivity (watt/m °C) data in the
document are at atmospheric pressure and cover temperatures from -18 to +205 °C.

Coefficient of ]

Hydraulic fluid
operate over g
which must bej
temperatures.
pressure have
listed below af
are expressed

TABLE 9

Figure No. Plot

43 Thermal Conductivity of Hydraulic Fluids

[hermal Expansion:

wide temperature range. A low coefficient'af'expansion will minimi
added to accommodate increases in system fluid volume caused b
relatively small effects on the coeffigient. The coefficient of thermal

in cm®/(cm? °C).

expansion is of particular interest to the desigher of a closed systerpn which must

e the capacity
y rising

The coefficient of thermal expansion.is felated to fluid density. Temperature and

expansion values

e at atmospheric pressure and cover a temperature range from +38|to +300 °C and

TABLE 10
Hydraulic. Eluid Coefficient of Thermal Expansion

MIL-H-5606 8.6 x 107
MIL{PRF-27601 8.1 x 10
MIL‘PRF-83282 8.2 x 107
MIL-H-53119 9.0 x 107
MIL-PRF-87257 8.2 x 107
AS1241 Type IV

Class 1 9.2 x 10

Class 2 8.5 x 107

-12 -
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4.7 Fire Resistance:

There are several measures of fire resistance used to characterize fire resistance, the most
prevalent being flash point. Typical ASTM open cup values are shown below.

TABLE 11
Hydraulic Fluid Elash-Point
MIL-H-5606 102 °C
MIL-PRF-27601 205 °C
MIL-PRF-83282 220 °C
MIL-H-53119 None
MIL-PRF-87257 170 °€
AS1241 Type IV Class 1 1742C
AS1241 Type IV Class 2 182 °C
AS1241 Type V 158 °C

PREPARED UNDER THE JURISDICTION OF
SAE SUBCOMMITTEE A-6C, FLUID POWER DISTRIBUTION
OF COMMITTEE A-6, AEROSPACE FLUID POWER ACTUATION
AND CONTROL TECHNOLOGIES

-13 -
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Bulk Modulus, MPa
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FIGURE 1A - Adiabatic Tangent Bulk Modulus of MIL-H-5606
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FIGURE 1B - Adiabatic Tangent Bulk Modulus of MIL-H-5606
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Bulk Modulus, MPa
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FIGURE 2A - Adiabatic Tangent Bulk Modulus of MIL-H-8446
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FIGURE 2B - Adiabatic Tangent Bulk Modulus of MIL-H-8446
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Bulk Modulus, MPa

Temperature, °F
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FIGURE 3B - Adiabatic Tangent Bulk Modulus of MIL-PRF-27601
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Bulk Modulus, MPa
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FIGURE 4A - Adiabatic Tangent Bulk Modulus of MIL-PRF-8328
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FIGURE 4B - Adiabatic Tangent Bulk Modulus of MIL-PRF-83282
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Bulk Modulus, MPa
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FIGURE 5A - Adiabatic Tangent Bulk Modulus of MIL-H-53119
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FIGURE 5B - Adiabatic Tangent Bulk Modulus of MIL-H-53119
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Bulk Modulus, MPa
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FIGURE 7B - Adiabatic Tangent Bulk Modulus of AS1241, Type IV, Class 1
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FIGURE 8A - Adiabatic Secant Bulk Modulus of MIL-H-5606
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FIGURE 8B - Adiabatic Secant Bulk Modulus of MIL-H-5606
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FIGURE 9A - Adiabatic Secant Bulk Modulus of MIL-H-8446
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FIGURE 9B - Adiabatic Secant Bulk Modulus of MIL-H-8446
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FIGURE 10B - Adiabatic Secant Bulk Modulus of MIL-PRF-27601
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FIGURE 11A - Adiabatic Secant Bulk Modulus of MIL-PRF-8328
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FIGURE 11B - Adiabatic Secant Bulk Modulus of MIL-PRF-83282
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FIGURE 12B - Adiabatic Secant Bulk Modulus of MIL-PRF-87257
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FIGURE 13A - Isothermal Secant Bulk Modulus of MIL-H-5606
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FIGURE 13B - Isothermal Secant Bulk Modulus of MIL-H-5606
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FIGURE 14A - Isothermal Secant Bulk Modulus of MIL-H-8446
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FIGURE 14B - Isothermal Secant Bulk Modulus of MIL-H-8446
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FIGURE 15A - Isothermal Secant Bulk Modulus of MIL-PRF-276Q1

2.610°
2.4 10° o
\\\
g 2210 NN
N SN
g N N
2 2010 NN NG -
O N N SN
[e] N\ - e N
= 1810 NN :
i S \\ : o
Y b : T
2 1610° NN -8000 psig
S UR(06000 psig
\ I
1.4 10° 4000 psig
0 . 2000 psig
: _ "0 psig-
12 10° SV i 0 psigt

50 100 150 200 250 300 350
Temperature, °F

FIGURE 15B - Isothermal Secant Bulk Modulus of MIL-PRF-27601
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FIGURE 16B - Isothermal Secant Bulk Modulus of MIL-PRF-83282
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FIGURE 17A - Isothermal Secant Bulk Modulus of MIL-H-53119
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FIGURE 17B - Isothermal Secant Bulk Modulus of MIL-H-53119
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FIGURE 18A - Isothermal Secant Bulk Modulus of MIL-PRF-87257
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FIGURE 18B - Isothermal Secant Bulk Modulus of MIL-PRF-87257
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FIGURE 19B - Isothermal Secant Bulk Modulus of AS1241, Type IV, Class 1
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FIGURE 20B - Kinematic Viscosity of MIL-H-5606
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FIGURE 21B - Kinematic Viscosity of MIL-H-8446
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FIGURE 22A - KinematicViscosity of MIL-PRF-27601
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FIGURE 22B - Kinematic Viscosity of MIL-PRF-27601
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FIGURE 23B - Kinematic Viscosity of MIL-PRF-83282
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FIGURE 24B - Kinematic Viscosity of MIL-H-53119
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FIGURE 25B - Kinematic Viscosity of MIL-PRF-87257
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FIGURE 26A - Kinematic Viscosity of AS1241, Type IV, Class 1
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FIGURE 26B - Kinematic Viscosity of AS1241, Type IV, Class 1
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FIGURE 27B - Kinematic Viscosity of MIL-H-5606
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FIGURE 28B - Kinematic Viscosity of MIL-H-8446
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FIGURE 29B - Kinematic Viscosity of MIL-PRF-27601
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FIGURE 30B - Kinematic Viscosity of MIL-PRF-83282
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FIGURE 31B - Kinematic Viscosity of MIL-H-53119
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FIGURE 32A - Kinematic Viscosity of MIL-PRF-87257 at Atmospheric Fressure
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FIGURE 32B - Kinematic Viscosity of MIL-PRF-87257 at Atmospheric Pressure
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