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Air in Aircraft Hydraulic Systems

RATIONALE
This Aerospace Information Report is prepared to aid engineers and technicians in the understanding of the forms and
sources of air in hydraulic systems and discusses design and maintenance alternatives for reduction or elimination of the
effects of air on hydraulic system performance.

AIR5829 has been reaffirmed to comply with the SAE Five-Year Review policy.

TABLE OF CONTENTS

1. T O 0 S ESP 3
2. REFERENGES. ...ttt ettt ettt e e sttt e e sttt e e e e ste e e e e antaeeeeaataeeeeanseeee e s seeeeeasteeaestaeaesanteeeeesnseneaeans 3
2.1 APPIICable DOCUMENTS ...ttt aee e e e e e e e e e e e e e e e e aaaees 3
211 T =l ][ T= (o] oI OSSP 3
21.2 U.S. Government PUDIICAtIONS ..........c.uuiiiiiiiie ettt e e et e e e s st e e e s sntaeeestaeeeesnraeaeeans 3
2.2 D= ] 71 o) o USRS 4
3. TECHNICAL DISCUSSION ...ttt ettt et e e e sttt e e e st e e e sstee e e s atteeeesseeeeeasteeeeaasteeaeaanseeeaanseneeennees 4
3.1 Forms of Air in Closed HydrauliC SYSIEMS ........cuuiiiiiiiiee et st e e s st e e e sraeeeeans 4
3.11 [T V=T N | SR PPRR 4
3.1.2 = a1 (=T 1= To [ PP 4
3.1.3 L (ST N PRSP 4
3.2 Sources of Air in HydrauliC SYSIEMIS........coiiiiiiiiiiiiie ettt e e e st e e e ssaaeesssaeeesnnneeeas 5
3.21 =T gL =Y = Lo SRR 5
3.2.2 (O] 1=T =1 110} o IO OSSO OPRR 5
3.2.3 N [o] g EoT o 1=T = 1110 o NP PSPPI 6
3.24 [T e Vo [ SRR 6
4, EFFECTS OF AIR IN HYDRAULIC SYSTEMS ..ottt ettt ettt e e s s e e snsaeesanneeaean 6
4.1 Reduced stiffness Of @CIUALOIS. ........ocuiiii e e st e e e st e s ste e e e e sraeaeeans 6
4.2 Reduced PUMP EffiICIENCY ......oiiiiiii ittt e ettt e e e en et e e s st e e e s snbaeessteeeeearaeeeeans 8
4.3 Heat Generation @t PUMIPS ... e et e e e e e e et e e e e e e e eanbaaeeeaaeas 8
4.4 Failure of PUMPS t0 ProdUCE PreSSUIE............uuiiiiiiiii et e e e e e e e e e as 8
4.5 Excessive or Erratic Volume Change in RESEIVOIIS .........ccuiiiiiiiiiii ettt e e snnee e 8
4.6 (@7 171 - 1T o [P 8
5. DETERMINATION OF AIR CONTENT IN HYDRAULIC SYSTEMS......cooiiiiieiieee e 9
5.1 RESEIVOIr VOIUME CRANGE .....ciiiiiiiii ittt e e sttt e e e ettt e e e satae e e e sntaeeeesntaeeessnbeeeesanseeesantaeeessseeeaeans 9
5.2 Commercial Air MEASUNNG DEVICES.........uiiiiiiiii ittt ettt e e st e e e st e e sneeeesassaeeesssaeeesssseeesanseeeas 9
6. DESIGN FOR AIR IN HYDRAULIC SYSTEMS ..ottt ettt ettt e e st e e s s e e e snnsaeesannaeaean 9
6.1 RESEIVOINr PreSSUIZAtION. ......cooii ettt e e e e e e sttt e e e e e e e e s bae e e e e e e e aannrneeeeaaens 9
6.2 Orientation of Fittings and HOSE iN INIEE LINES ........oviiiiiiiiiiie et 9
6.3 Elevation of Pumps Relative to Reservoirs or Inlet Fluid Columns ............ccccciiiiiiiieiiiiiiieeeee e, 12
6.4 RCTS] (T3 (o gl =T T | o SRR 12
6.5 Manual or Automatic Bleed VaIVES .........oo et e e e e e e eeeeeens 12
6.6 Self-SEAIING COUPIINGS ....eeieiiiiiiie ittt ettt e e e et e e e st e e e s e bt e e e ansteeesansbeeeeassaeee e nsseeasseeaeannseeeesanses 13
6.7 INstallation Of ACCUMUIBTONS .........viiii i e et e e e s e e e e st e e e ente e e e enneeeesanneeas 13
6.8 INSTAllAtION Of RESEIVOIIS. ... .eiiiiiiiiiie ettt e st e e e sttt e e st e e e e e steaeeesassaeeesasseeeassaeeesansaeeesannseeas 13

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2025 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, or used for text and data mining, Al training, or similar technologies, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: ~ Tel:  877-606-7323 (inside USA and Canada) AY A
Tel: = +1724-776-4970 (outside USA) For more information on inis stahdardpvisit Sharing [Hub
Fax:  724-776-0790 )
Email: CustomerService@sae.org https://www.sae.org/standards/content/AIR5829/

SAE WEB ADDRESS: http://www.sae.org

Full document details: SAE AIR5829


http://standards.sae.org/
http://www.avadocuments.com/doc/sae-air5829
http://www.avadocuments.com/doc/sae-air5829

SAE INTERNATIONAL AIR5829™ Page 2 of 14

6.9 RNTS T Yo T D =T T | o SRR 13
6.9.1 ST oF= =1 (Yo I 1Y/ o1 YRS 13
6.9.2 N [o T EE=T=Y o =T =1 (=Y O PPPPPPPPPPPPOS 13
6.10 Filter Bowl Removal Shut-0ff VAIVES........ccooiiiiiie ettt et 13
6.11 PUMP INIEE PIESSUIE ...ttt e et e e e et st st ats et s tets b s tstsba b st assssssssssssssssssesessssenesssnssnnnnnns 14
6.12 Maintenance Practice Related tO Al ... .ot e e e e e e e 14
6.12.1 Prevent LOSS Of FIUI ......oooiiiiieiiie ettt ettt e e e e e ettt e e et e e e s s e e e e ansteeeannteeeeenteeeeennsees 14
6.12.2 Filling After Component or Tube ReplacemMeNt...........c.uiiiiiiiiii i 14
6.12.3 Operation of Ground Cart in Open LOOP MOE..........ooiiiiiiiiiiiiieiie et e e e e eaaees 14
6.12.4 Use Hydraulic FIUIA PUFIfIEFS..........eiiiiiiiee ettt sttt e e e et e e s e e e e snte e e e enteeeeeannes 14
7. N[ I PRSP RR 14
FIGURE 1 AIR SOLUBILITY OF HYDRAULIC FLUIDS .....ooiiiiiiiiee ettt sttt e e st ee e s smtaeeaesneeeasnseeaeeanes 5
FIGURE 2A ADIABATIC SECANT BULK MODULUS FOR MIL-PRF-83282 WITH FREE AIR ........cccociiiviiiee e 7
FIGURE 2B ADIABATIC SECANT BULK MODULUS FOR MIL-PRF-83282 WITH FREE AIR (ISO)........cccccveviiiiieeens 8
FIGURE 3 PRESSURE MAINTAINING BOOTSTRAP PRESSURE CIRCUITS ......cooiiiiieiee e 10
FIGURE 4 PUMP INLET INSTALLATIONS ..ottt ittt ettt e sttt s st e e e st e e e et eeaeansaeeeaansteeesaneeeeenteeaeennsees 11

Documents

Document Sharing Hub

Full document details: SAE AIR5829


http://www.avadocuments.com/doc/sae-air5829
http://www.avadocuments.com/doc/sae-air5829

SAE INTERNATIONAL AIR5829™ Page 3 of 14

1. SCOPE

This SAE Aerospace Information Report (AIR) discusses the forms that air may take in aircraft hydraulic systems. Further,
the effects of the various air forms on system operation are addressed. Recommended system design to prevent air
effects and maintenance procedures to prevent and remove air are provided. Nitrogen leakage from accumulators is also
a source of gas in hydraulic systems and may compose a portion of the “air” in the hydraulic system. The term “air” in this
report does not differentiate between a gas composed strictly of normal atmospheric air or one that includes a mixture of
additional nitrogen as well. The discussions of the report apply equally with any proportions of atmospheric air and
nitrogen in the system.

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.

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 724-776-4970 (outside USA), www.sae.org.

AS1241 Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft

AIR1362 Aerospace Hydraulic Fluids Physical Properties

AIR1922 System Integration Factors That Affect Hydraulic Pump Life

ARP4752 Aerospace - Design and Installation of Commercial Transport Aircraft Hydraulic Systems
AS5440 Hydraulic Systems, Aircraft, Design and Installation Requirements for

AIR5451 A Guide to Landing Gear System Integration

2.1.2 U.S. Government Publications

Available from the Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-
5094. Tel: 215-697-2179. http://assist.daps.dla.mil/quicksearch/.

MIL-PRF-5606 Military Specification Hydraulic Fluid, Petroleum Base; Aircraft, Missile and Ordnance, NATO Code
Number H-515 (Inactive for New Design)

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

MIL-PRF-87257 Military Specification Hydraulic Fluid, Fire Resistant; Low Temperature, Synthetic Hydrocarbon Base,
Aircraft and Missile, NATO Code Number H-538
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2.2 Definitions
AIR: Normal earth atmosphere composed of 79% nitrogen and 21% oxygen with other gasses in minor (<1%) amounts.
HENRY’S LAW: The weight of gas absorbed is directly proportional at equilibrium to the gas pressure above the fluid.

OPEN-LOOP: This term refers to the use of a hydraulic ground cart attached to the aircraft hydraulic system with the
control valve on the cart set to operate the aircraft system using the ground cart reservoir as a fluid source.

CLOSED-LOORP: This term refers to the use of a hydraulic ground cart attached to the aircraft hydraulic system with
ground cart valves set to use the aircraft reservoir as a fluid source.

3. TECHNICAL DISCUSSION
3.1 Forms of Air in Closed Hydraulic Systems
3.1.1 Dissolved Air

Air is dissolved in hydraulic fluids proportional to the pressure. Henry’s Law applies to the solution of air in hydraulic fluids
in relation to pressure. Dissolved gas content as a function of temperature is less predictable, increasing at lower
temperatures and decreasing at higher temperatures. At one atmosphere and 68 °F (20 °), a phosphate ester hydraulic
fluid, AS1241, can have 9.0 percent of air dissolved by volume at 100 percent saturation. Hydrocarbon hydraulic fluids,
MIL-PRF-5606, MIL-PRF-83282 and MIL-PRF-87257, can have 11.8 percent of air under the same conditions. As an
example, a regional commercial jet hydraulic system may contain 24 gallons of phosphate ester fluid. If this fluid were
saturated at one atmosphere, there would be approximately 2.2 gallons by volume of air dissolved in the fluid. At one
atmosphere and above, the air in the fluid remains dissolved and does not affect system operation. If the local pressure at
any point drops below one atmosphere, the air within that local area will proportionately come out of solution. Figure 1
shows the air solubility of several hydraulic fluids at low pressure. Air in solution is not considered to affect performance of
hydraulic components.

3.1.2 Entrained Air

Entrained air appears in fluid as froth, foam or bubbles. This is the first state of air when it comes out of solution. For
example, in a sealed container containing hydraulic fluid at one atmosphere, reducing the pressure will cause air to come
out of solution. This air will appear as microscopic bubbles. If the container is maintained at the lower pressure condition
for a sufficient time, the bubbles will join into larger bubbles and eventually rise to the top of the container. If the pressure
is increased sufficiently, the air will begin to dissolve back into the fluid at any air to fluid interface. Entrained air in
sufficient quantity will affect hydraulic system performance.

3.1.3 Free Air
Free air is the accumulation of air bubbles at the local highest point in a component or tube. Free air will only be present if
the container is left undisturbed, without fluid motion, for a sufficient time to allow entrained air to coalesce into a visible

volume of air. Free air in sufficient quantity will affect hydraulic system performance. Free air can exist in the form of foam,
consisting of thousands of minute bubbles adhering together.
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Air Solubility of Hydraulic Fluids
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FIGURE 1 - AIR SOLUBILITY OF HYDRAULIC FLUIDS
3.2 Sources of Air in Hydraulic Systems
3.2.1 Maintenance

When the hydraulic system is disassembled at any point, the fluid in the component or tube drains by gravity unless
means are taken to prevent fluid loss. The volume created by the loss of fluid is replaced by air. When the system is
reassembled the air will remain in the closed system unless steps are taken to displace the air with hydraulic fluid, e.g.
bleed the system.

3.2.2 Operation

Throughout the hydraulic system, air is constantly going into solution and coming out of solution as the local pressure
increases and decreases and the local temperature decreases and increases. In portions of the system at maximum
system operating pressure, all the air may be dissolved in the fluid. As pressure decreases when flowing through a
component, the dissolved air will come out of solution and occur as entrained air until the local pressure increases again.
When the aircraft is shut down and the hydraulic system is depressurized, all of the air in the system comes out of
solution until the local pressure stabilizes. As a rule air will come out of solution much more quickly than it will return into
solution. In the presence of a vacuum, release of dissolved air is rapid. In a controlled test, about 75 percent of dissolved
air was released within two minutes; the remaining 25 percent required one-half up to one hour. A significant source of
entrained air in a system may be traced to restrictors that reduce the fluid pressure below the critical point. Results have
been reported of tests showing release of dissolved air with fluid flow through improperly designed restrictors.
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