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The quality problem of turbine fuel supplies was further complicated by other factors. A large piston engine required 90 to
120 gal of aviation gasoline per hour, while the turbine engine used at least 500 to 800 gal of fuel per hour. Assuming the
same level of contamination, the turbine engine was required to handle five times as much solid contamination and water
per hour as the piston engine.

The nature of jet fuel also contributed to the problem. High viscosity, wide cut distillation, high density and the low
interfacial tension of turbine fuel complicated the problem of sediment and water removal. Filter separators rated at 225
GPM with gasoline had to be operated at 160 to 180 gpm to perform satisfactorily with JP-4. Since turbine fuels had a
much greater affinity for water than aviation gasoline, filter separators often failed to remove all excess water. In storage
tanks, a 5 ym solid particle that settled approximately 1.5 ft per hour in aviation gasoline, would settle only 4 in per hour in
JP-4 fuel, and only 2 in per hour in JP-8 (Jet-A). Jet fuels also tended to loosen more rust from the walls of storage tanks

than gasoline.
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1. SCOPE

1.1 Evolution

This document discusses the history and development of endurance requirements, provides an analysis of test
contaminant material and includes a discussion of future requirements.

1.2  Field of Application

This document provides the reader with a background of aircraft turbine engine fuel system component endurance test
requirements needed by engineers working on component design evaluation.

2. APPLICABLE DOC

IMENTS

The following publicatio
shall apply. The applica
event of conflict betwe
precedence. Nothing in
has been obtained.

2.1 SAE Publications

s form a part of this document to the extent specified herein. The latest is
ble issue of other publications shall be the issue in effect on the date of th

this document, however, supersedes applicable laws and regudlations unle

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Te

USA and Canada) or 72

MAP749 Aircraft
Contani

AIR790

AIR4246 Contani

2.2 Military Publicatio

Available from the Dq
Philadelphia, PA 19111

JSSG-2009

MIL-E-005007E(AS)

4-776-4970 (outside USA), www.sae.org.

Turbine Engine Fuel System Component Endurance Test Procedur
inated Fuel)

Considerations on Ice Formation in Aircraft’Fuel Systems

inants for Aircraft TurbineEngine Fuel System Component Testing
ns

cument Automation and Production Service (DAPS), Building 4/D,
5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

Air Vehicles Subsystems

Engines, Aircraft, Turbojet and Turbofan, General Specification for

sue of SAE publications
e purchase order. In the

en the text of this document and references cited herein,- the text ¢f this document takes

ss a specific exemption

: 877-606-7323 (inside

e (Room Temperature

700 Robbins Avenue,

MIL-E-5007

MIL-E-5009

MIL-E-5007A

MIL-E-5007B

MIL-E-5007C

MIL-E-5007D

MIL-E-5009A

MIL-E-5009B

Engines, Aircraft, Turbojet and Turbofan, General Specification for
Engines, Aircraft, Turbojet and Turbofan, Tests for

Engines, Aircraft, Turbojet and Turbofan, General Specification for
Engines, Aircraft, Turbojet and Turbofan, General Specification for
Engines, Aircraft, Turbojet and Turbofan, General Specification for
Engines, Aircraft, Turbojet and Turbofan, General Specification for
Engines, Aircraft, Turbojet and Turbofan, Tests for

Engines, Aircraft, Turbojet and Turbofan, Tests for
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MIL-E-5009C Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-5009D Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-8593 Engines, Aircraft, Turboprop, General Specification for

MIL-E-8595 Engines, Aircraft, Turboprop, Qualification Tests for

MIL-E-5009A AMENDMENT-1

MIL-E-8593A Engines, Aircraft, Turboshaft and Turboprop, General Specification for

MIL-E-87231 Engines, Aircraft, Turbojet and Turbofan

MIL-F-8615D Fuel System Components, General Specification For (ASG)

MIL-DTL-5624U
MIL-DTL-83133E
NOTE: MIL-E-5007 (all
2.3 1SO Publications

Available from Internatiq
Switzerland, Tel: +41-24

ISO 12103-1 Road v¢
2.4 ASTM Publication

Available from ASTM |
610-832-9585,

www.as
ASTM D 1655-06d
ASTM D 6615-06

2.5 Other Publication

bhicles - Test dust for filter evaluatien; Part 1: Arizona test dust
S:

m;ernational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocke|
.org.

XPP-36C

NAMC-AEL-1670

EN 4106

63-AHGT-42

EN 4106 Supp |

NAEC-AEL-1791

Turbine Fuel, Aviation, Grades JP-4 and JP-5
Turbine Fuels, Aviation, Kerosene Types, Nato F-34 (JP-8),)Nato F-35, Apd JP-8 + 100

revisions) is inactive for new engine designs.

nal Organization for Standardization, 1, rue:de Varembe, Case postale 56, CH-1211 Geneva 20,

-749-01-11, www.iso.org.

n, PA 19428-2959, Tel:

Standard Spegification for Aviation Turbine Fuels

Standard-Specification for Jet B Wide-Cut Aviation Turbine Fuel

Naval Air Engineering Center, Proposed Optimum Method of Conducting Contaminated Fuel
Tests on Engine Components Per Specifications MIL-E-5007B and MIL-E-5009B

Woodward Governor Company, Contaminated Fuel Test Method to MIL-E-5007B and MIL-E-
5009B

American Society of Mechanical Engineers, Contaminated Fuel Testing of Engine Controls to
MIL-E-5009B Using the USN Aeronautical Engine Laboratory Technique

Woodward Governor Company, Improved Method for Testing Components per MIL-E-5007B and
MIL-E-5009B

Naval Air Engineering Center, Proposed Revision to MIL-E-5007B and MIL-E-5009B
Standardized Method of Conducting Contaminated Fuel Tests
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Nov/Dec 1972
Volume XXXIV
AFLRL No. 90
Letter Report

Report #266

NAPC-P-79002

Filtration & Separation, Fuel Filters for Aero Gas Turbine Engines

Douglas Service

Definition of Aviation Turbine Fuel Contamination Under Simulated Combat Conditions

Majac Division, Donaldson Corporation, Analysis of SAE Test Samples, MIL-E-5007

Scientific and Laboratory Services Dept., Pall Corporation, Evaluation
Contaminant

Engines, Aircraft, Turbojet and Turbofan, General Specification for

of MIL-E-05007D Test

AS/AV-E-8593C-2
3. HISTORY AND DIS

3.1 Events That Influd

3.1.1  1940s

Two F-80s crashed bedq
contaminating the engin
3.1.2  1950-51
Engine failures led to a
and silica sand with cor
were generated for M
8 gm/1000 gal and the
50 min saltwater slug te
3.1.3 1959
A USN study of 126 JP|
range. The result of this
41 gm/1000 gal for an
cotton linters, and saltw

3.1.4 1965

Engines, Aircraft, Turboshaft and Turboprop, General Specification for
CUSSION

nced Early Turbine Engine Specifications

ause of contamination that plugged the fuel filterssand caused dirty fuel {

USAF study of turbine fuel supplies.~€ontamination consisting of iron o
centrations of 1.7 to 34.5 gm/1000-US gal were found during the study. B
| -E-5007A and MIL-E-5009A that called for 150 h of contaminated en
ast 2 h at 80 gm/1000 gal. .The test contaminant was silica (fine Arizona
5t and 72 h soak was included.

-4 and JP-5 fuel 'samples found contaminants of iron oxide, silica, and lir
and the previous USAF study, was MIL-E-5007B and MIL-E-5009B, whic
entire 300-h{endurance test. Contaminants were iron oxides, silica (coz
hter. The séparate salt water slug and soak test was eliminated.

0 bypass the filter, thus

e fuel system. A need was created for testing requirements to address the¢se problems.

ides, aluminum oxides,
Endurance requirements
durance, with 148 h at
road dust). A separate

ters in the 0 to 200 uym
h introduced the level of
rse Arizona road dust),

A USAF study of fuel samples from receiving, storage, refuelers, and aircraft at SAC bases revealed contamination levels
of 1.0 to 7.2 gm/1000 gal. This resulted in revisions MIL-E-5007C and MIL-E-5009C, which reduced the cotton linter
quantity to one tenth that of MIL-E-5007B and introduced the term "micron" rather than "mesh size" for describing large

particles.

3.1.5 1973

Specifications MIL-E-5007C, MIL-E-5009C, and MIL-E-5009D were combined into MIL-E-5007D. The total quantity of
contaminants was increased because they were increased from 40.1 to 42.6 gm/1000 gal and the iron oxides were

erroneously split 50/50

into 14.5 gm Fe30, magnetite and 14.5 gm Fe,O3; hematite. Three

controlled-environment

shutdowns were added to the engine control system test. The reason they were added could not be determined.
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3.1.6 1977

A joint industry and military conference held at Wright-Patterson AFB, Ohio to review the component endurance testing
requirements in MIL-E-5007D concluded the following:

the iron oxides should have been 1.5 gm magnetite and 27 gm hematite.

The 420- to 1500-uym crushed quartz should be moved to a "to be created" slug test.

"difficult” to obtain in graded form.

rpqnirpmpnt shaould bhe eliminated in tests where service fuel is used

The crushed quartz was intended to represent aluminum chips frequently found in fuel samples and supposedly

a. The correct split for

b.

c.

d. The naphthenic aci

e.

f.

g. The three 120 h en
of two overnight shy

h. The military should

3.2 Test Contaminant

3.2.1 Contaminant Re
The following pages ta
fuel system component
specifications), a more
water in fuel, and prope

1. MIL-E-5007A, 27 J4

2. MIL-E-8593, 3 Sept

Test cycles should e the same for all components and should be mission-oriented.

A dirt slug test and @ low-lubricity-fuel endurance test should be added as separate requireme

pgine control system shutdowns, introduced in MIL-E-500712;)should be re
tdowns. This requirement should be applied to all fuel-System component

Continue to review and refine endurance requirements based on field expe
S
bquirements

pulate significant fuel-contamination-material requirements that were imp

. While the emphasis of this AIR\S on solid contamination (in conjunctior]
comprehensive background.on;water contamination and icing in aircraft f

nts.

placed with a maximum
s including fuel nozzles.

rience.

osed on turbine engine
with salt water in many
uel systems due to free

[ simulation of aircraft fuel Systems in icing tests of fuel systems, is discusged in AIR790.

ly 1951 and

ember 1954

TABLE 1 - FINE ARIZONA ROAD DUST
Particle Size-Microns Percent of Total

0-0 39+ 2 by weigit
5 10 .................................................................. 18i3 by VVC;HIIt
T0-20 s 16 £ 3 by weight
20-40 18 £ 3 by weight
OVEIr 40 oo 9+3 by weight
Through a 200-mesh screen .........ccceccveeiiiieeeennee, 100 by weight
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3. XPP-36C, 3 June 1957

TABLE 2 - PARAGRAPH 4.1.1 - FUEL CONTAMINATION

Contaminant Particle Size Quantity

Iron Oxide 0-10 MiCronS ......cccvveeeiiiieee e 36 gm/1000 gal
James H. Rhodes & Co.

#340 London Red Rouge, or

equivalent

Road Dust e 3.0 gm/1000 gal
AC Div., GMC, Coarse Grade test
dust, or equivalent

Organic Fibers.............. 1.0.gm/1000 gal
James H. Herron Co.
#7 cotton linters or equiyalent

Crude NaphtheniC @Cid.]......ccciiiiiiiiiis it eeeees 0.03 % 'by‘volume
Standard salt water soldtion L To saturate the test fluid at 60 °F and
paragraph 4lb of QQ-M{151a to provide 0.01f% entrained salt water

Amendment 3

4. MIL-E-5007B, 22 Jgnuary 1959

TABLE 3 - FUEL CONTAMINATION IN Mik-E-5007B, TABLE |

Contaminant Particle Size Quarttity
Iron Oxide | i, 0-5 Microns =S ..o 28.5 gm/1000 gal
Iron Oxide | i, 5-10 MIiCIrORS  ...ccoiciieeeiiiie e, 1.5 gm/1000 gal
Sharp silica sand ...........cccceeeeiiienenns 40-50 Mesh  ..ooeiviiieeee e 1.0 gm/1000 gal
Sharp silicasand .......ccccoceeieeiiiineenns 50-100°Mesh .....cccoovveviiiiiieiiiee e, 1.0 gm/1000 gal
Prepared dirt ¢onforming to AC Mixture as follows. 8.0 gm/1000 gal
Spark Plug Pgrt No. 1543637 (coarse ( 0-5 Microns (12%)
Arizona road qust) 5-10 Microns (12%)

10-20 Microns (14%)

20-40 Microns (23%)

40-80 Microns (30%)

80-200 Microns (9%)
US Standard $taple Nos 7 As ground in a No. 4 Wiley mill and 1.0 gm/1000 gal
Prime cotton linters screened through a 4 mm screen
Crude NaphtheniC 8CIa........cooiiiiiiiis i 0.03% by volume
Salt water in gceordance with salt Lo 0.01% entrained
spray solutionlperMHIL-E-5272

5. In 1959, an internal Navy memo advocated using the following contamination requirements for satisfactory maximum
severity advanced application testing:

1. Silica - 8.37 gm per 1000 gal of test fluid Standardized Coarse Air Cleaner Test Dust (AC Spark Plug Div.)

2. Iron Oxide - 12.02 gm per 1000 gal of test fluid Ferric Oxide (Fisher I-116)

3. Cotton Linters - 0.34 gm per 1000 gal #7 Cotton Linters (Air Maze Co.)

4. Free Synthetic Sea Water - 632 cm® per 1000 gal of test fluid. Test fluid must be water saturated at test

temperature prior to addition of free synthetic sea water. Synthetic sea water defined is Federal Test Method Std.
No. 791, Method 4011.3 Procedure B.
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5. MIL-E-5007C, 30 December 1965

TABLE 4 - FUEL CONTAMINATION IN MIL-E-5007C, TABLE |

Contaminant Particle Size Quantity
Iron OXide ......oevveviiieeeeiee e 0-5 MiICroNS ....cooeviiiieeiciiie e 28.5 gm/1000 gal
Iron OXide ...vvvveeiiiiiieeiiee e 5-10 MiCrons ......ccooveeiiiiieeeiiieeeenee, 1.5 gm/1000 gal

Sharp silica sand
Sharp silica sand

300-420 Microns
150-300 Microns

1.0 gm/1000 gal
1.0 gm/1000 gal

Prepared dirt conforming to AC
Spark Plug Part No. 1543637
(coarse Arizona road dust)

Mixture as fo

llows.

0-5 Microns (12%)
5-10 Microns (12%)
10-20 Microns (1401-.\

8.0 gm/1000 gal

20-40 Microns (23%)
40-80 Microns (30%)
80-200 Microns (9%)

Cotton linters

...  Staple below

7

USDA Grading Standards

1.0 gin/1000 gal

Crude Naphthgnic acid....................

0.03% by volume

Salt water prepared by dissolving

salt in distilled|water or other water
containing notfmore than 200 ppm
of total solids

0.01% entrained

6. MIL-E-5007D, 15 October 1973

TABLE 5 - FUEL CONTAMINATION IN MIL-E-5007D, TABLE X

Contaminant Particle Size Quantity
Ferroso-Ferric iron|......ccccccveeeiiiieeenns 0-5 MICIONS .....eveeeeiiiiee e 14.5 gm/1D00 gal
Oxide (Fe30,, (Blagk color)

Magnetite)

Ferric Iron Oxide...|..ccccccovviiieeiiiiieees 0=5 MICrONS ......vvvveeiiiiie et 14.5 gm/1000 gal
(Feo03, Hematite)

IrON OXIde ....vvveeenee e 2 5-10 MiCrons ......cccoviviiiiiiiiiieiiiieeeenns 1.5 gm/1000 gal

Crushed quartz......
Crushed quartz......
Crushed quartz......
Crushed quartz.....J......84 0.

1000-1500 Micron
420-1000 Microns
300-420 Microns .
150-300 Microns .

S

0.25 gm/1p00 gal
1.75 gm/1900 gal
1.0 gm/1000 gal
1.0 gm/1000 gal

Prepared dirt conforming to AC
Spark Plug Part No. 1543637

Mixture as follows

0-5 Microns (1 ’)0/,.)

8.0 gm/10p0 gal

(coarse Arizona road dust)

5-10 Microns (12%)

10-20 Microns (14
20-40 Microns (23
40-80 Microns (30
80-200 Microns (9

%)
%)
%)
%)

Cotton linters........ccoeoviiveiiiieeiiiiieiine,

Staple below 7.....

USDA Grading Standards
SRA-AMS 180 and 251

0.1 gm/1000 gal

Crude Naphthenic acid

0.03% by volume

Salt water prepared by dissolving salt
in distilled water or other water
containing not more than 200 ppm of
total solids

4 parts by weight NaCl
96 parts by weight H,O

0.01% by volume entrained
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7. MIL-E-8593A, November 1974

TABLE 6 - FUEL CONTAMINATION IN MIL-E-8593A, TABLE X

Contaminant Particle Size Quantity
Ferroso-Ferric iron ........ccccccoeeunnneee. 0-5 MICrONS ... 3.70 mg/L
Oxide (Fe304, (Black color)

Magnetite)

Ferric Iron OXide .......c.ccccveveeviienens 0-5 MiICroNS .....covvviiieeeiiiee e 3.83 mg/L
(Feo03, Hematite)

IroN OXide.....oooiiiiiiiiieee e 5-10 MICroNS ...cocviviiiiiiiiieieiiiieee e 0.396 mg/L
Crushed quartz.........ccccccevevvevevnnnn. 1000-1500 Microns........cccceeevveeeeennen. 0.0661 mg/L
Crushed quartz..... 420-1000 Microns 0463 mg/
Crushed quartz.....|...ccccccovviereinnnenn. 300-420 MICronS......ccceeeeviicuiiieeeeaaennn. 0.264 mg/L
Crushed quartz.....|...ccocceevicieeeinnen. 150-300 MIiCroNS .....ccveeiiiiieiiiiiieenine, 0.264 mg/L
Prepared dirt confgrming to AC ....... Mixture as follows ...........cccccveeeevnnnenn. 2.14ymg/L

Spark Plug Part Ng. 1543637 0-5 Microns (12%)
(coarse Arizona road dust) 5-10 Microns (12%)
10-20 Microns (14%)
20-40 Microns (23%)
40-80 Microns (30%)
80-200 Microns (9%)
Cotton linters........}.ccoceviieeiieiiin, Staple below 7 ...............o i, 0.0264 mg/L
USDA Grading Standards
SRA-AMS 180 and 251
Crude NaphtheniC BCId ....ocociiiiiiis e i e 0.03% by volume
Salt water prepared by dissolving salt 4 parts by weightNaCl ....................... 0.01% by volume entrained
in distilled water or{other water 96 parts by weight HyO.......ocvveenee.

containing not mor
total solids

e than 200 ppm of
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8. AS/AV-E-8593C-2, 15 June 1982

TABLE 7 - FUEL CONTAMINATION IN AS/AV-E-8593C, TABLE X

Contaminant Particle Size Quantity
Ferroso-Ferric iron ........ccccccoeeunnneee. 0-5 MICrONS ... 0.396 mg/L
Oxide (Fe304, (Black color)

Magnetite)

Ferric Iron OXide .......c.ccccveveeviienens 0-5 MiICroNS .....covvviiieeeiiiee e 7.136 mg/L
(Feo03, Hematite)

IroN OXide.....oooiiiiiiiiieee e 5-10 MICroNS ...cocviviiiiiiiiieieiiiieee e 0.396 mg/L
Crushed quartz 1000-1500 MIiCrons..........ccceveeeicvveeeenns 0.0661 mg/L
Crushed quartz 420-1000 Microns 0463 mg/
Crushed quartz 300-420 MICroNS.....cccceeeeiiiciiiiieeeaeennnn 0.264 mg/L
Crushed quartz 150-300 MICIONS .....vvveeiiiiiiieiiiieeeens 0.264 mg/L
Prepared dirt confgrming to AC Mixture as follows ...........cccccveeeevnnnenn. 2.14ymg/L

Spark Plug Part Ng. 1543637
(coarse Arizona road dust)

0-5 Microns (12%)

5-10 Microns (12%)
10-20 Microns (14%
20-40 Microns (23%
40-80 Microns (30%
80-200 Microns (9%

N ~— ~— ~—

Cotton linters.........|.coeeeeeeeieiiiiiinn.

Staple below 7 ...............o i,
USDA Grading Standards
SRA-AMS 180 and 251

0.0264 mg/L

Crude Naphthenic jacid

0.03% by volume

Salt water prepared by dissolving

salt in distilled water or other water
containing not more than 200 ppm
of total solids

4 parts by weightNaCl
96 parts by weight H,O

0.01% by volume entrained
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TABLE 8 - AS/AV-E-8593C-2 FUEL CONTAMINANT, TABLE XI

Contaminant Particle Size Quantity
Ferroso-Ferric iron.........ccccooveiiineeen. 0-5 MIiCrons ......cooviiiiiiiiieieee e 0.25 mg/L
Oxide (Fe30,, (Black color)

Magnetite)

Ferric Iron Oxide........cccoeveveeiiiiienens 0-5 MiICroNS ......covevviiiieeiiiee e 1.25 mg/L
(Fe,03, Hematite)

Prepared dirt conforming to AC Mixture as follows..........ccccceevvereennnnen. 0.5 mg/L

Spark Plug Part No. 1543637
(coarse Arizona road dust)

0-5 Microns (12%)
5-10 Microns (12%)
10-20 Microns (14%)
20-40 Microns (23%)

40-80 Microns (30%)
80-200 Microns (9%)

Cotton lintgrs.........ccceevvvveiiiennnnne...

........ Staple below 7.......cccooevviveee S 0.P05 mg/L

USDA Grading Standards
SRA-AMS 180 and 251

9. MIL-E-005007E{(AS), 1 September 1983 (NAVY)

TABLE 9 - FUEL CONTAMINATION IN MIL-E-005007E(AS), TABLE X

Contaminant Particle Size Quantity
Ferroso-Ferric iron|...........oooecuveeeeen.n. 0-5 MIiCrons ......ccccc. 50 i, 1.5 gm/1000 gal
Oxide (Fe304, (Blagk color)

Magnetite)

Ferric Iron Oxide ..|...c..ccccoveeiiiereenee 0-5 MiICrONS .. iteeeciiee e 27 gm/1000 gal
(FeoO3 Hematite)

Iron oxide.......ooooeu v 5-10 MICIONS ...eoviiiiiiiiiiiieie e 1.5 gm/1000 gal
Crushed quartz.....|...cccccevceeeiiiieennns 1000-1500 Microns........cccceevvveeeeennen. 0.25 gm/1000 gal
Crushed quartz.....|...ccccceveieeeiiiiienns 420-1000 MiICrons.........cccceveeerveeeennnnne. 1.75 gm/1000 gal
Crushed quartz.....|....cccocoeeiieiiiieennn. 300-420 MICrons........ccccuveveinirereenne 1.0 gm/1000 gal
Crushed quartz.....|...cccccceveeeeiiiiiene 150-300 MIiCrons.......cccccecvvveeenveeeeennnne, 1.0 gm/1000 gal
Prepared dirt confgrming to AC Mixture as follows .........c.cccoeeeeriinenen. 8.0 gm/1000 gal

Spark Plug Part NQ. 1543637
(coarse Arizona road dust)

0-5 Microns (12%)
5-10 Microns (12%)
10-20 Microns (14%)
20-40 Microns (23%)
40-80 Microns (30%)

7

80-200 Microns (9%)

Cotton linters ......coceeeeeeieeeeiiiiieieeis

Staple below 7 ..., 0.1 gm/1000 gal
USDA Grading Standards
SRA-AMS 180 and 251

Crude Naphthenic acid ......................

............................................................ 0.03% by volume

Salt water prepared by dissolving salt
in distilled water or other water
containing not more than 200 ppm of
total solids

4 parts by weight NaCl ...................... 0.01% by volume entrained
96 parts by weight H>O........ccccceeen.
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10. MIL-E-87231 (USAF), 30 September 1985

TABLE 10 - FUEL CONTAMINANTS FOR CONTINUOUS OPERATION, TABLE XIl, MIL-E-87231

Contaminant Particle Size Quantity
Ferroso-Ferric iron...........cccccceeeeeeiie 0-5 MIiCroNS......ccuuviiieieiee e 1.0 gm/1000 gal
Oxide (Fe30,, (Black color)

Magnetite)

Ferric Iron Oxide ........ccccoceveviieneenne 0-5 MiICIroNS.....coeoiieiieeeiiiee e 5.0 gm/1000 gal
(Fe,03, Hematite)

Prepared dirt conforming to AC Mixture as follows...........ccccvvevevinnennn. 2.0 gm/1000 gal
Spark Plug Part No. 1543637 0-5 Microns (12%)

(coarse Arizona road dust) 5-10 Microns (12%)

10-20 Microns (14%)
20-40 Microns (23%)
40-80 Microns (30%)
80-200 Microns (9%)
Cotton linters|......cccoveeeeiiiiiieeien Staple below 7........coocvevvevceen e SO0 0.02|gm/1000 gal
USDA Grading Standards
SRA-AMS 180 and 251

11. MIL-E-87231 (USAF), 30 September 1985

TABLE 11 - FUEL CONTAMINANTS FOR EQUIVALENT MISSION TIME, MIL-E-87231, TABLE Xl

Contaminant Particle Size Quantity
Ferroso-Ferric iron|..........oooecvveeeeennn. 0-5 MIiCrons ... 8-, 1.5 gm/1000 gal
Oxide (Fe304, (Blagk color)

Magnetite)

Ferric Iron Oxide ..|....ccccocenierineeennn. 0-5 MiIGIONS ....oeveiiiieeeiieee e 29 gm/1000 gal
(Fe,03, Hematite)

Crushed quartz.....|...cccccevceeeiiiieennns 1000-1500 Microns........cccceeevveveeennen. 0.25 gm/1000 gal
Crushed quartz.....|...ccccceveieeeiiiiienns 420-1000 MIiCrons.........ccccveeeevciveeeenns 1.75 gm/1000 gal
Crushed quartz.....|...cccccevceeeiiiiiieee 300-420 MICroNnS.......c.ccccuvereeeciereennnen 1.0 gm/1000 gal
Crushed quartz.....|...cccccoeiieeeiiiige e 150-300 MiCrons......cccccecvvveeeiveeeeennne, 1.0 gm/1000 gal
Prepared dirt confgrming to A€ Mixture as follows. 8.0 gm/1000 gal
Spark Plug Part NQ. 1543637 0-5 Microns (12%)

(coarse Arizona road dust) 5-10 Microns (12%)

10-20 Microns (14%)
20-40 Micrans (23%)
40-80 Microns (30%)
80-200 Microns (9%)

Cotton linters ........cccooceeeiiciieiiien Staple below 7 ..., 0.1 gm/1000 gal
USDA Grading Standards
SRA-AMS 180 and 251

Salt water prepared by dissolving 4 parts by weight NaCl 0.01% by volume entrained
salt in distilled water or other water 96 parts by weight H,O

containing not more than 200 ppm

of total solids
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12. MIL-F-8615D, 3 September, 1986

TABLE 12 - CONTAMINANT MIXTURE IN MIL-F-8615D, TABLE V

Particle Size Quantity
Contaminant (Microns) (gms per 1000 liters)
Iron Oxide 0-5 19
5-10 1.0
Sharp Silica Sand 150 - 300 0.7
300 - 420 07
Prepared dirt conforming to AC Mixture as follows:
Spark Plug Part No. 1543637
(coarse Arizona road dust) 0-5(12%) 5.3
5-10 (12%)
10 - 20 (14%)
20 - 40 (23%)
40 - 80 (30%)
80 - 200 (9%)
Cottoh linters Staple below.7
U.S. Dept of Agriculture 0.07
Grading Standards
Iron Chips 150500 10
Aluminum Chips 150 - 500 10
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13. JSSG-2009 (Appendix E)

TABLE 13 - CONTAMINANT MIXTURE IN JSSG-2009, APPENDIX E

Contaminant Mixture

Particle Size Quantity
Contaminant (Microns)* (gms per 1000 liters)
Iron Oxide 0-5 19
5-10 1.0
Sharp Silica Sand 150 - 300 0.7
300 - 420 0.7
Prepared dirt_conforming ta AC Mixture as follows:
Spark Plug Part No. 1543637
(coarse Arizpna road dust) 0-5(12%) 5.3

5-10 (12%)
10 - 20 (14%)
20 - 40 (23%)
40 - 80 (30%)
80 - 200 (9%)

Cotton linter| Staple below-7%.

L2

U.S. Dept of Agriculture 0.07
Grading Standards
Iron Chips 150,- 500 10
Aluminum Chips 1507~ 500 10
** Graphite Epoxy Composite 0-500* B.2*
*** Explosion suppressant Foam particles 1-100*** 5-10***

*NOTE: The contaminpation used for testing is graded by the sieve method. Particles considerably larger than
500 microns gize can pass through the-sieve. Particles in the 700 to 800 micron range have been found in
certified test dontamination samples.

** Change from MIL-F-8615.

*** for air vehicle with fuel tank explosion sgppression foam installed in the tanks.
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3.2.2 Laboratory Analysis of Test Fuel Contaminant Samples

Table 14 contains the 1980 analyses of contamination materials obtained from various component manufacturers. The
origin of the samples dates back to the beginning of the aircraft turbine era. An exception is sample #12 (Fe,O3), which
was custom graded after 1975. Except for Arizona coarse and fine road dust, the desired size distribution is assumed to
be linear over the specified range. Except for #1, none of the materials met the desired size distribution and there was
little similarity between samples of the same material. These data revealed that because a wide variation in "standard"
contaminants existed, a consistent performance baseline was not established.

Very large differences in component performance resulted from variations in contaminants, such as red iron oxides. The
imported red optical polishing Fe,O3 oxide behaved like the natural fuel storage tank corrosion. However, a chemically
equivalent, Fe,O3; "orange" oxide, intended for use in paint pigment, plated out on internal component surfaces producing

an unrealistically severe _condition that caused proven, previously qualified components to fail.
TABLE 14 - VARIABILITY IN TEST CONTAMINANT SAMPLES
Arizona Fine Test Dust
% by Wi.
Size
(Microns) Spec. Sgmple 1
04 39+/-2 37.0
5-10 18+/-3 14.0
10420 16+/-3 21.0
2040 18+/-3 17.0
40480 9+/-3 11.0
80-R00 - --
Arizona Coarsé’Test Dust
% _by*Wt.
Size
(Microns) Spec. Sample2 Sample 3 Sample 4 Sample 5
0-5 12+/-2 12:5 6.8 3.3 13.0
5-10 12+/-3 85 6.2 27 23.0
10-20 14+/-3 14.5 9.5 4.0 35.0
20-40 23+/-3 30.5 17.5 17.0 27.0
40-80 30+/-3 325 39.0 44.0 3.0
80-200 9+/-3 1.5 21.0 29.0 --
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TABLE 14 - VARIABILITY IN TEST CONTAMINANT SAMPLES (CONTINUED)
Fe,O; Red Iron Oxide (Hematite) 0-5 Micron
% by Wi.
Size
(Microns) Implied Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
0-1 20.0 39.0 20.0 41.0 13.4 -
1-2 20.0 47.5 33.0 48.5 46.9 50.0
2-3 20.0 3.5 3.0 3.5 39.6 39.0
3-4 20.0 2.5 2.0 1.8 0.0 7.0
4-5 20.0 2.5 2.0 2.0 0.0 25
>5 - 6.5 40.0 3.5 0.0 25
Feo,Q,; Red Iron Oxide (Hematite) 0-5 Micron
% by Wi.
Size
(Microns) Implied Sample 11
0-1m 0.0 --
1-2 0.0 26.0
2-3 0.0 33.0
34 0.0 21.0
4-5 0.0 9.0
>5 100.0 11.0
Fe,O3 Red Iron Oxide (Hematite) Custom.Graded for Test by
% by Wi.
Size
(Microns) Implied Sample 12
0-1 20.0 6.5
1-2 200 23.5
2-3 20.0 36.0
34 20.0 22.0
4-5 20.0 12.0
>5 - 0.0
Fes0, Black Iron Oxide (Magnetite)
% by Wi.
Size
(Microns) Implied Sample 13 Sample 14 Sample 15 Sample 16
0-1 20.0 49.0 41.0 51.0 12.0
1-2 20.0 34.0 35.0 39.0 16.0
2-3 20,0 3.5 9.0 3.0 4.0
3-4 20.0 1.8 5.0 1.0 3.0
4-5 20.0 2.0 3.0 1.0 2.0
>5 -- 3.5 7.0 4.5 63.0
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TABLE 14 - VARIABILITY IN TEST CONTAMINANT SAMPLES (CONTINUED)

Crushed Quartz 150 — 300m

% by Wi.
Size
(Microns) Sample 18 Sample 19
>150 0 6.0 50.0
150-200 33.3 5.0 13.7
200-300 66.6 9.0 27.3
>300 0 80.0 9.1
Crushed Quartz 300 — 420m
% by Wi
Size
(Microns) Sample 20 Sample 21 Sample 22
>300 0 45.5 90.5 17.7
300-400 83.3 17.5 67 36.0
400-420 16.7 7.4 1.3 7.4
>420 0 29.6 1.5 36.4
Crushed Quartz 420 — 100m
% by Wit.
Size
(Microns) Sample 23
>420 0 0
420-500 10.3 0
500-600 17.2 1.2
600-700 17.2 2.4
700-800 17.2 2.2
800-900 17.2 6.4
900-1000 17.2 13.5
>1000 0 74.2
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In the early 1980s, through the efforts of SAE Subcommittee AE-5B, one company equipped to fraction and grade
materials became interested in furnishing certified materials. For the first time it was possible to obtain certified
contaminants that actually met the intent of the requirements. A goal of these efforts was to establish an SAE
Aeronautical Standard (AS) that shall describe allowable variations in the particle distribution of contaminants for all
suppliers.

3.3 Endurance Test Requirements
3.3.1  Military Test Requirements
Early test requirements reflected the short expectation of turbine engine life that was based on piston engine experience.

Endurance test times with contaminated fuel reflected this projected overhaul life. The following data describe significant
past requirements:

a. MIL-E-5009A, 27 Jdly 1951
1. Accelerated Aging, 168 h
a. Drained gnd static at 160 °F
2. Saltwater, 73 h

a. 30 min cyclic operation, introduce a 1 pt saltwater slug to~component inlet followed by 20 min of additional
cyclic opdration and a 72 h non-operating soak

3. High Temperatyre Endurance, 51 h
a. A static 1|h hot soak followed by 50 h of cyclic Operation with clean hot fuel and hot ambient conditions
4. Room Temperature Endurance, 400 h

a. 250 h of gyclic operation with clean fuel, 148 h with 8 gm fine Arizona road dust confamination/1000 gal, 2 h
with 80 gm fine Arizona road dust-contamination/1000 gal

5. Cold Testing, 92 h

a. A static 7R h cold seak, followed by ten 2 h periods of cyclic endurance separated [by simulated starts with
clean colq fuel

b. XPP-36C, 3 June 1957

1. Accelerated Aging, 168 h
a. Drained and static at 160 °F
2. High Temperature Endurance, 51 h

a. A static 1 h hot soak followed by 50 h of cyclic operation with hot (230 °F) contaminated fuel and (250 °F)
ambient conditions

3. Room Temperature Endurance, 400 h

a. 200 h of cyclic operation with contaminated fuel, a 72 h soak filled with test fuel and a final 200 h of cyclic
operation with contaminated fuel


https://saenorm.com/api/?name=d427720bf7bf7d314a3d6cbc10f8f647

SAE AIR4023 Revision B - 20 -

4. Cold Testing, 92 h

a. A static 72 h cold soak, followed by 50 h of cyclic endurance while supplied with cold (35 °F) contaminated
fuel

c. MIL-E-5009B, 22 January 1959
1. Accelerated Aging, 168 h
a. Drained and static at 160 °F

2. High Temperature Endurance, 100 h

a. 100 h of gyclic operation with hot clean fuel and hot ambient conditions
3. Room Temperature Endurance, 300 h

a. 300 h of dyclic operation with MIL-E-5007B fuel contamination
4., Cold Testing, 30 h

a. A static 1D h cold soak, followed by ten 2 h periods of cyclic.endurance separated [by simulated starts with
clean colq fuel

d. MIL-E-5009C, 30 December 1965
1. Accelerated Aging, 168 h
a. Drained gnd static at 160 °F
2. High Temperatyre Endurance, 100 h
a. 100 h of gyclic operation with hot.clean fuel and hot ambient conditions
3. Room Temperature Endurance, 300 h
a. 300 h of dyclic operation with MIL-E-5007C fuel contamination

4., Cold Testing, 30 h

a. A static 10-h-cold-soak—followed-by ten2-h periods-of cyclic-endurance-separatedlby simulated starts with
clean cold fuel

e. MIL-E-5007D, 15 October 1973
1. Accelerated Aging, 168 h
a. Drained and static at 160 °F
2. High Temperature Endurance, 100 h

a. 100 h of cyclic operation with hot clean fuel and hot ambient conditions
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