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MEL REPORT 95 680J

ABSTRACT

A SUCCESSFUL SEARCH WAS MADE FOR PETROLEUM=BASE HYDRAUL!IC
FLUIDS WITH RUST=INHIBITING QUALITIES ADEQUATE TO PREVENT RUSTING
IN SUBMARINE HYDRAULIC SYSTEMS CONTAMINATED WITH SEAWATER. RUSTING
OF SUCH SYSTEMS HAS BEEN A SER1OUS SERVICE PROBLEM. FLUIDS OF TWO
TYPES WERE FOUND WITH CONSIDERABLY GREATER RUST=INHIBITING ABILITY
THAN CURRENTLY USED NAVY HYDRAULIC FLUIDS. THE TYPE OF FLUID GIVING
THE BETTER RUST INHIBITION DEVIATED FROM PRESENT HYDRAULIC FLUID
SPECIFICATION REQUIREMENTS IN THAT IT EMULSIFIED READILY WITH CON-
TAMINATING SEAWATER, WHEREAS THE SECOND TYPE DID NOT. OTHER
NECESSARY PROPERTIES OF BOTH FLUID TYPES WERE SATISFACTORY.

FEASIBILITY OF USING THE EMULSIFYING=TYPE FLUID IN SUBMARINE
HYDRAUL IC SYSTEMS WAS SHOWN BY 1000 HR OF SATISFACTORY OPERATION
USING A HYDRAULIC SYSTEM MOCK=UP WITH FULL SCALE SUBMARINE SYSTEM
COMPONENTS IN THE PRESENCE OF 10% SEA=WATER CONTAMINATION. TECH=
NICAL SPECIFICATION REQUIREMENTS FOR THIS TYPE FLUID WERE DRAWN UP.
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FLUIDS FOR SUBMARINE EXTERNAL HYDRAULIC SYSTEMS

1.0 INTRODUCTION AND BACKGROUND

DURING THE PAST SEVERAL YEARS, THE CHRONIC PROBLEM OF SEA=
WATER ENTRY INTO THE EXTERNAL HYDRAULIC SYSTEMS OF SUBMARINES HAS
BECOME ACUTE. THE EXTENDED USE AND OLD AGE OF CONVENTIONAL DIESEL=
ELECTRIC=DRIVE SHIPS HAS CREATED PROBLEMS OF EVER INCREASING MAGN|«=
TUDE IN SEALING OUT SEAWATER. |IN THE NEWER NUCLEAR=POWERED SUB=-
MARINES, THE PROBLEM OF SEA=WATER ENTRY IS ACCENTUATED BY CHANGES
IN BOTH DESIGN AND TACTICAL USE OF THE SHIPS. DESIGN CHANGES ARE
CHARACTERIZED MAINLY BY USE OF A-TUATING DEVICES OUTSIDE THE SHIP'S
PRESSURE HULL, USE OF SEPARATE EXTERNAL AND INTERNAL (MAIN AND
VITAL) HYDRAULIC SYSTEMS, AND INCREASES IN OPERATING PRESSURES.
TACTICAL USE OF SUBMARINES HAS BEEN EXPANDED TO OPERATION AT HIGHER
SPEEDS AND GREATER DEPTHS. BOTH FACTORS PLACE AN EVEN GREATER STRAIN
ON SYSTEM SEALS AND WELDED JOINTS THROUGH THE PRESSURE HULL. THESE
CHANGES HAVE REQUIRED BETTER STATIC AND DYNAMIC SEALS IN THE SYSTEMS
EXTERNAL TO THE HULL TO PREVENT LEAKAGE OF SEAWATER INTO THE SYSTEMS. -
THE FLUID USED IN MOST DIESEL=ELECTRIC=DRIVE=TYPE SUBMARINE SYSTEMS
AND N THE EXTERNAL SYSTEM OF THE NUCLEAR=POWERED SHIPS 1S MILiTARY
SvymoL (MS) 2110-H (viscosiTy oF 90-120 SAYBOLT SECONDS UNIVERSAL
(SSU) AT 130 F), cOVERED BY MILITARY SPECIFICATION MIL-L=15017A.1
[T SHOULD BE NOTED THAT CERTAIN EQUIPMENT EXTERNAL TO THE PRESSURE
HULL IS OPERATED FROM THE VITAL HYDRAULIC SYSTEM, USING A MORE
VISCOUS PETROLEUM FLUID. WHILE THE POSSIBILITY OF CONTAMINATION
OF THE INTERNAL HYDRAULIC SYSTEM VIA TH!S EQUIPMENT EXISTS, THE
INCIDENCE OF FLEET CASUALTY REPORTS INDICATED THAT THE NEED FOR
IMPROVEMENT WAS GREATEST IN EXTERNAL SYSTEMS. THEREFORE, THE SCOPE
OF THIS WORK WAS AIMED AT IMPROVEMENT OF THE EXTERNAL SYSTEM FLUID.

1.1 PREVIOUS WORK. THE MAGNITUDE OF THIS PROBLEM MAS BEEN SUMMARIZED
IN AN EARLIER REPORT UNDER THIS TASK (REFERENCE (A)). UNCLASSIFIED
REPORTS FROM FLEET OPERATION, SUCH AS REFERENCES (B) AND (C), DESCRIBE
CURTAILMENT OF SHIP OPERATION AND EXPENDITURE OF MANY THOUSANDS OF
DOLLARS FOR A SINGLE CASUALTY DUE TO SEA=WATER ENTRY IN HYDRAULIC
SYSTEMS. REALI12ING THE SERIOUSNESS OF THE PROBLEM, THE BUREAU OF
SHIPS AUTHORIZED A TWO=PRONGED APPROACH TO ITS SOLUTION. FIRST, BECAUSE
A TWO~PHASE AQUEOUS=-PETROLEUM OIL HYDRAULIC FLUID EXISTED (N THE
SYSTEM AFTER SEA=WATER ENTRY HAD BEEN ENCOUNTERED, REFERENCES (D)

AND (E) INSTRUCTED AFFLICTED SHIPS TO ADD CONCENTRATED AQUEOUS

SODIUM ( .OMATE (A STANDARD CORROSION INHIBITOR FOR DIESEL ENGINE

1ABBREVIATIONS USED IN THIS TEXT ARE FROM THE GPO STYLE MANUAL,
1959, UNLESS OTHERWISE NOTED.
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AQUEOUS COOLING SYSTEMS) TO MINIMIZE CORRGZION UNTIL THE SYSTEM COULD
BE FLUSHED TO REMOVE SEA=WATER CONTAMINATION. SECOND, N REFERENCE
(F), THE BUREAU AUTHORIZED THIS LABORATGRY TO PROCEED ON A LONG=-
RANGE PROGRAM AFTER COMPLETING THE EVALUATION OF CHROMATE AUTHORIZED
EARLIER IN REFERENCE (6).

1.2 FINDINGS. EVALUATION OF THE USE OF CHROMATE WAS REPORTED IN
REFERENCE !Hi. IN SUMMARY, CHROMATE 1S OF DOUBTFUL VALUE BECAUSE

OF THE HIGH (1:1) VOLUME RATIO WITH SEAWATER REQUIRED FOR PROTECTION
AND BECAUSE OF EXCESSIVE SLUDGE FORMATION AND PRESSURE DROP IN
FILTERS OF A CIRCULATING SYSTEM. REFERENCE (H) ALSO DESCRIBED INITIAL
WORK ON THE LONG=RANGE ASPECTS OF THIS PROBLEM, NAMELY, DEVELOPMENT
OF AN IMPROVED HYDRAULIC FLUID. [NITIAL RESEARCH WORK FOR IMPROVE=
MENT OF RUST INHIBITION OF MIL=H=15017A FLUID BY INOCULATION WITH
MORE POTENT INHIBITORS WAS ABANDONED WHEN PROMISING FiNISHED EXPER|=
MENTAL FLUIDS WERE OFFERED BY SEVERAL COMMERCIAL OIL SUPPLIERS.

THIS REPORT DESCRIBES EVALUATION OF ALL SUCH FLUIDS STUDIED IN THIS
PROGRAM.

2.0 APPROACH

EARLY CORRESPONDENCE WITH SUPPLIERS OF INHIBITORS AND FINISHED
FLUIDS INDICATED TWO AVENUES OF APPROACH TO A SOLUTION OF THE PROBLEM.
THE MORE CONSERVATIVE WAS FURTHER RUST INHIBITION oF MIL-L=15017A
TYPE FLUID, MAINTAINING ALL OTHER PROPERTIES UNCHANGED AS MUCH AS
POSSIBLE. THE SECOND APPROACH CONSISTED OF OBTAINING MAXIMUM RUST
PREVENTION IN A PETROLEUM=BASE FLUID, REGARDLESS OF ITS EFFECT ON
THE OTHER OIL PROPERTIES.: |T WAS SOON EVIDENT THAT THE MAIN DIFFER=
ENCE IN THESE APPROACHES CENTERED AROUND EMULSIBILITY. RuST=
INKIBITING PROPERTIES OF MIL-L=15017A FLUID COULD BE IMPROVED APPRE~
CIABLY WHILE MAINTAINING SPECIFICATION DEMULSIBILITY. FLuiDos A aND
C ARE EXAMPLES. STILL FURTHER IMPROVEMENT WAS POSSIBLE IF MORE
POWERFUL [INHIBITORS, WHICH ARE ALSO INHERENTLY GOOD EMULSIF IERS,
WERE USED. FrLuips B AND D ARE EXAMPLES OF THIS APPROACH. THE LEVEL
OF RUST PROTECTION REQUIRED IN SERVICE AND THE ALLOWABLE EXTENT OF
DEVIATION FROM THE LONG ESTABLISHED USE OF NONEMULSIFIABLE FLUID
WERE UNKNOWN AT THE START OF THE PROGRAM. |T WAS OBSERVED, HOWEVER,
THAT ALL SAMPLES TAKEN FROM OPERATING SUBMARINES IN SERVICE WERE
READILY EMULSIFIABLE, PROBABLY DUE TO TRACES OF SOLIDS AND POLAR OIL
OXIDATION PRODUCTS. FOR EXAMPLE, A SAMPLE TAKEN IN SEPTEMBER 1961
FROM THE EXTERNAL SYSTEM OF USS SKATE (SS(N) 578) coNTAINED 16% SEA=-
WATER THAT FORMED AN EMULSION WHICH WAS STABLE FOR SEVERAL WEEKS.

3.Q METHODS OF FLUID EVALUATION

THE FLUID EVALUATION PROGRAM CONSISTED OF FIVE MAIN DIVISIONS
OF EFFORT. THE FIRST OF THESE WAS CONDUCT OF LABORATORY SCREENING
TESTS FOR RUST PREVENT!ON. FLUIDS WHICH DID NOT MEET TARGET REQUIRE=
MENTS HERE WERE DROPPED FROM THE PROGRAM. NEXT, THE PROPERTIES
SPECIFIED BY THE PRESENT SPECIFICATION FOR FLUIDS FOR THIS APPLICATION,
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MiL=L=15017A, WERE DETERMINED TO OBTAIN A MEASURE OF THE DEVIATION i
OF CANCMDATE FLUIDS FROM THOSE PRcSENTLY APPROVED. THESE RESULTS
WERE USED LATER TO FORMULATE THE PROPOSED SPECIFICATIONS FOR FLUIDS
FOR SUBMARINE HYDRAULIC SYSTEMS. FOLLOWING THIS, SEVERAL NON=-
SPECIFICATION TESTS WERE PERFORMED TO EVALUATE FLUID PROPERTIES

IN AREAS OF SPECIAL CONCERN. AFTER A REVIEW OF THE DATA THUS
COLLECTED, CANDIDATE FLUIDS WERE TESTED IN TWO HYDRAULIC PUMPS.

THE FIRST OF THESE WAS A PRELIMINARY EVALUATION IN A SMALL PUMP,
THE PURPOSE OF WHICH WAS TG ELIMINATE FLUIDS OF DOUBTFUL UTILITY
FROM FINAL EVALUATION IN AN EXPENSIVE FULL SCALE SERVICE=TYPE PUMP.
THE LAST STEP IN FLUID EVALUATION WAS OPERATION IN A FULL SCALE
PUMP SIMILAR TO THAT USED IN SUBMARINE HYDRAULIC SYSTEMS.

4.0 LABORATORY SCREENING TESTS

4.1 SCREENING TESTS FOR RUST PREVENTION. THE MOST IMPORTANT PROPERTY
REQUIRED OF A SATISFACTORY FLUID IS ITS ABILITY TO INHIBIT SYSTEM
RUSTING IN THE PRESENCE OF GROSS SEA=-WATER CONTAMINATION. FLEET

SUBMAR INE CASUALTY REPORTS FROM LATE 1960 TO EARLY 1962 WERE REVIEWED

TO OBTAIN SOME ESTIMATE OF THE EXTENT OF CONTAMINATION. THE PERCENTAGES
CHOSEN FOR TH!S STUDY REPRESENTED BROADLY THE CONDITIONS REPORTED

THERE. SEVERAL PROCEDURES WERE USED IN AN ATTEMPT TO PRODUCE THE

MOST LIKELY OF SEVERAL EXTREME RUSTING CONDITIONS. THE TESTS WERE
DESCRIBED IN DETAIL IN REFERENCE (H). THE TWO MOST USEFUL PROCEDURES
ARE SUMMARIZLD BELOW.

4.1.1 MoDIFIED STATIC WATER DROP TEST. THE STATIC WATER OROP TEST
OF REFERENCE (1) WAS USED TO SIMULATE MILD STATIC RUSTING CONDITIONS.
IN THIS TEST, A DROP OF WATER S PLACED ON A MILD STEEL SPECIMEN
IMMERSED IN APPROXIMATELY 25 ML OF THE FLUID UNDER INVESTIGATION.

THE TEST WAS MODIFIED BY THE USE OF A DROP OF SEAWATER INSTEAD OF

THE SPECIFIED FRESH WATER. DAILY OBSERVATIONS WERE MADE FOR 15 DAYS.

4.1.2 MooIFIeEp ASTM D665 TesT. THIS TEST WAS USED TO SIMULATE i
INTERMITTENT SHIPBOARD HYDRAULIC SYSTEM OPERATION. THE METHOD '
GIVEN IN REFERENCE (J) WAS MODIFIiED AS FOLLOWS:

o Use oF EQuAL vOLUMES (150 ML EACH) OF FLUID AND SEAWATER. -
® STIRRER OPERATED 1/4 HR PER DAY.
4.1.3 PeERFORMANCE LEVEL DESIRED. TARGET REQUIREMENTS IN THESE TESTS
FOR A FLUID TO BE CONSIDERED ELIGIBLE FOR PUMP TESTING ARE SUMMARIZED

BELOW WITH TYPICAL RESULTS FOR A MIL=L=15017A FLUID SHOWN FOR COM=
PARISON.

- . c s e e w e N e as e ke v en & ) e e
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MIL=-L=15017A
ME THOD TARGET REQUIREMENT FLuip REsuLT

STATIC WATER DROP TEST No RUST AFTER 15 DAYS SEVERE RUST IN 1 DAY

MopiFiep D665 TEST No RuST AFTER 30 DAYS SEVERE RUST IN 1 DAY

4.1.4 ResuLTs ofF TESTS FOR RusST PREVENTION. A TOTAL OF SEVEN FLUIDS
WERE EVALUATED IN THE COURSE OF THIS PROGRAM. LABORATORY SCREENING=-
TEST RESULTS ON THE FIRST TWO FLUIDS WERE REPORTED IN REFERENCE (H).
THESE RESULTS ARE REPEATED FOR CONVENIENCE IN TABLE 1 TOGETHER WITH
SIMILAR DATA ON THE OTHER FLUIDS.

TaBLE
LABORATCORY SCREENING RuST TEST RESULTS

Frutp
TEST METHOD A B C D B F G
STATIC WATER DROP
TEST
DaYs EXPOSED: 6 12 35 24 1 1 ]
OBSERVATION AT
END OF TEST: 1/4 oF}<1/10 of|{No |No SEVERE| SEVERE| SEVERE
oROP ‘| DROP RUST| RUST T RUST RUST RUST
AREA | AREA
RUSTED] RUSTED
Moo i1Fi1ED D665
TEST
Days exposeD: 30 30 3% | 63 1 ] 1
OBSERVATION AT
END OF TEST: No No No No SEVERE] SEVERE| SEVERE
RUST | RusT RUST| RUST | RUST JRuUST RUST

THESE RESULTS SHOW THAT ONLY THE FIRST FOUR FLUIDS APPROACHED THE
TARGET REQUIREMENTS. FURTHER TESTS ON FLuips E, F, AND G WERE
ACCORDINGLY DISCONTINUED. FLUID A GAVE BORDERLINE=TO=POOR RESULTS
IN THE STATIC WATER DROP TEST. WHEN ADVISED OF THIS FACT, THE
SUPPLIER PROVIDED FLuID C, OF SIMILAR COMPOSITION BUT WITH A LARGER
INHIBITOR DOSAGE. FURTHER WORK WAS THEREFORE PERFORMED ONLY ON
FLuios B, C, ano D.

il e — -
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4.2 ScREENING TESTS FOR MIL-L=15017A REQUIREMENTS. FOLLOWING
SUCCESSFUL RESULTS IN THE RUST=-PREVENTION SCREENING TESTS, PHYSICAL
AND CHEM!CAL PRZPERTIES OF SPECIFICATION MIL=L=15017A NEXT WERE
OBTAINED. THESE TESTS WERE MADE (A) TO ESTABLISH THE FLUID AS AN
EMULSIFIABLE OR NONEMULSIFIABLE TYPE AND (B) TO DETERMINE THE

EXTENT OF DEVIATION OF THE CANDIDATE FLUID FROM MIL=L=15017A REQUIRE=
MENTS PRESENTLY USED TO EVALUATE HYDRAULIC FLUIDS FOR SUBMARINE
HYDRAULIC SYSTEMS., THE RESULTS OF THESE TESTS oN FLuips B, C, anp
D, GIVEN IN APPENDIX A, SHOW THAT THESE FLUIDS MET THE REQUIREMENTS
OF MIL=L=15017A FOR VISCOSITY, POUR POINT, FLASH POINT, COPPER STRIP
CORROSION, CARBON RESIDUE, FOAMING CHARACTER, PRECIPITATION NUMBER,
AND, OF COURSE, RUST PREVENTION WITH SEAWATER. THE WORK FACTOR
TEST, WHICH MEASURES OXIDATION STABILITY, WAS NOT PERFORMED. ALL
FLUIDS, HOWEVER, DEVIATED FROM SEVERAL OF THE REMAINING REQUIRE=
MENTS OF THAT SPECIFICATION. THESE DEVIATIONS ARE SUMMARIZED IN

TasLE 2.
TaBLE 2
DeviaTioN oF CaANDIDATE FLUID PROPERTIES
FROM MIL=L~15077A REQUIREMENTS
MIL-L=15017A | FLUID CODE
PROPERTY REQUIREMENT B C [

NEUTRALITY NEUTRAL - - ALKALINE
Acio No. " 10.2 MAXiIiMUM 0.08 1.12 | =

Base No. 0.2 MaxiIMUM - - 0.53
SAPONIFICATION No. 0.5 MAXIMUM 2.2 2.3 2.0
WATER, % NONE 0.1 - 0.3
EmuLsioN {DISTILLED | DEMULSIBLE REMAINS - ReEMAINS
WATER) IN 30 MIN EMULSIFIED EMULSIFIED

¥* *

SULFUR, % 0.50 MaximMum | 0.54 - -

*THE FLUID WAS PURPOSELY FORMULATED TO REMAIN EMULSIFIED WITH FRESH=
AND SEAWATER.

THE DEVIATIONS OF THESE FLUIDS FROM MIL-L=15017A REQUIREMENTS, OTHER
THAN THE INTENDED EMULSIBILITY OF FLUIDS B AND D, ARE HIGH ACID,
BASE, AND SAPCNIFICATION NUMBERS. [N ADDITION, FLUID A WAS SLIGHTLY
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HIGH IN SULFUR CONTENT, FLUID D HAD AN ALXALINE REACTION, AND BOTH
FLUIDS CONTAINED A FEW TENTHS PERCENT OF WATER. THE EFFECTS OF THESE
DEVIATIONS, AS SUCH, ARE NOT EXPECTED TO BE SIGNIFICANT, AND, IN

THE ABSENCE OF POSITIVE EVIDENCE OF UNSATISFACTORY FLUID PERFORMANCE,
SHOULD BE MEREZLY DESCRIPTIVE OF FLUIDS SOMEWHAT DIFFERENT FROM THE
usuaL MIL=L=15017A FLuiD.

4.3 SpeciaL TESTS. BECAUSE THESE FLUIDSWERE DIFFERENT FROM THE
USUAL MIL-L=15017A HYDRAUL IC FLUID, IT WAS CONSIDERED PROPER TO
EXAMINE THEM MORE THOROUGHLY THAN FOR MERE CONFORMANCE TO THE REQUIRE=
MENTS OF THAT SPECIFICATION. FuLyips B, C, aND D WERE EXAMINED (N
THEIR AS=RECEIVED CONDITION. |N ADDITION, FLUID B ALSO WAS EXAMINED
AFTER EMULSIFICATION WITH WATER. A SUMMARY OF THE PROPERTIES INVESTI=
GATED AND THE METHODS USED 1S GIVEN IN TaBLE 3.

TaBLE 3
ADDITIONAL PROPERTIES INVESTIGATED

PROPERTY ME THOD

OXIDATION STABILITY () ASTM D943 atT 203 F
(8) ASTM D943 aT 150 F (10 siM~

ULATE SERVICE TEMPERATURES)

FTM791 MeTHoo 3603.2 usiNG

BuNa N RUBBER (THE ELASTOMER USED
IN FLEET HYDRAULIC SYSTEMS WITH
PE TROLEUM=BASE FLUIDS)

EFFECT ON ELASTOMERS

EFFECT ON METALS MIL=H=19457 (see aLso IMO pump

RuN 4)

FoaMiNG CHARACTERISTICS See APPENDIX B
UNDER PRESSURE

ULTRASONIC SOUND SPEED METHOD
OUTLINED IN APPENDIX B

BuLk MobuLus oF EMuLSIONS

ViscosITY oF EMULSIONS ASTM D88, D445, ano D446

StaBILITY OF EMULSIONS TO Ste APPENDIX B
TEMPERATURE CYCLING

[P

[
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THE FIRST THREE TESTS WERE MADE ON FLUIDS AS=-RECEIVED. ONLY FLUIDS
B AND C AND EMULSIONS OF FLUID B WERE RATED ON FOAMING CHARACTER=
ISTICS. |IN THE LAST THREE TESTS, PROPERTIES OF EMULSIONS OF FLUID
B oNLY WERE STUDIED. THE RESULTS, GIVEN IN APPENDIX B, SHOW THaAT
ALL FLUIDS AS=RECEIVED WERE COMPARABLE TO MS 2110«H HYDRAULIC OIL
IN OXIDATION STABILITY, EFFECT ON ELASTOMERS AND SYSTEM METALS,

AND FOAMING CHARACTERIST!CS UNDER PRESSURE (FLuip D NOT TESTED FOR
LAST PROPERTY). EMULSIONS OF FLUID B ALSO HAD FOAM=COLLAPSE PROP=
ERTIES COMPARASLE TO MS 2110-H SEA=WATER MIXTURES. BuLK MoDuULI

OF EMULSIONS OF FLUID B WERE INTERMEDIATE BETWEEN THOSE OF OIL AND
WATER ALONE. THE ViSCOSITY OF FLUID B EMULSIONS INCREASED WITH
INCREASING WATER CONTENT. FLUID B EMULSIONS WERE STABLE TO TEM=- .
PERATURE CYCLING FROM AMBIENT {70-90 F) To O orR To 50 F. WHEN
CYCLED BETWEEN AMBIENT AND 150 F, FLUID B EMULSIONS SEPARATED

INTO TWO EMULSIONS, ONE RICH IN OIL AND THE OTHER RICH IN WATER;
BUT NO SEPARATE WATER LAYER FORMED.

4.4 CaANDIDATE FLUIDS FOR PuMP TESTS. AFTER THE RESULTS OF ALL
LABORATORY SCREENING TESTS REPORTED ABOVE HAD BEEN REVIEWED,

FLuios B, C, AND D WERE CONSIDERED CANDIDATES FOR FURTHER EVALUATION
IN PUMP TESTS.

5.0 PUMP TESTS

5.1 Pesco PuMp TESTS. PRELIMINARY PUMP TESTS WERE MADE ON FLUIDS
B, C, AND D MIXED WITH UP TO 10% SEAWATER IN A PESCO GEAR PUMP,
MoDEL |P=349-P=4, CITED IN VARIOUS HYDRAULIC FLUID SPECIFICATIONS

AS A SHEAR STABILITY TEST APPARATUS PUMP. IN ALL TESTS IN THIS.
PUMP, A 1-GAL SAMPLE OF TEST FLUID WAS CIRCULATED AT 3.3 6pPM, 140 F,
ato 1000 PSI PUMP OUTLET PRESSURE FOR 50 HR. THE SYSTEM CONSISTED
OF THE PUMP DISCHARGING THROUGH A RELIEF VALVE TO A SMALL THERMOSTAT=
CONTROLLED HEAT EXCHANGER AND SUMP. WEIGHT LOSSES OF THE TwWO STEEL
GEARS AND FOUR BRONZE BUSHINGS IN THE PUMP WERE USED AS THE CRITERIA
OF FLUID PERFORMANCE. A SUMMARY OF THE RESULTS IS GIVEN IN TaBLE 4,
TOGETHER WITH COMPARABLE DATA ON A QUALIFIED MS 2110=H LUBRICATING
olL,

5.1.1 THE RESULTS SHOW THAT FrLuiD B ALLOWED ONLY NEGLIGIBLE WEAR

OF EITHER STEEL OR BRONZE PARTS WITH FROM O T0 104 SEA=WATER CON=
TAMINATION. Fruio D wiTH 10 vOL. PERCENT SEAWATER PERFORMED NEARLY
AS WELL AS FLUID B SIMILARLY CONTAMINATED AND BETTER THAN MS 2110=H
OiL WITH ONLY 1 vOoL. PERCENT SEAWATER. MS 2110-H FLUID, ON THE OTHER
hAND, PERFORMED WORST AT ALL CONTAMINATION LEVELS AND WITH CATA=
STROPHIC RESULTS IN 10% AQUEOUS CHROMATE. FLUID C WAS NO BETTER

THAN THE MS 2110=H FLUID AT 1% SEA=WATER CONTAMINATION, BUT, AT

10% SEA-WATER CONTAMINATION, WAS FAR SUPERIOR TO THE MS 2110-H

FLUID CONTAINING 10% SODIUM CHROMATE SOLUTION. (IT 18 CONSIDERED
THAT THE PERFORMANCE OF THE MS 2110-H FLUID WOULD HAVE BEEN EVEN POORER

WITH SEAWATER RATHER THAN CHROMATE SOLUTION BECAUSE OF THE CORROSIVE=
NESS OF THE SEAWATER.)
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B

. TaBLE 4
50-HR Pesco PuMp TeEST RESULTS = EMULSIFIABLE FLUIDS ]

3

Jype—

AVERAGE WEIGHT Loss oF PaRTS, MG,
AFTER TEST IN FLuibo CONTAINING

FLuip PARTS WEIGHED "O% SEAWATER | 1% OEAWATER | 108 SEAWATER !
MS 2110-H | Two STEEL GEARS 7 18 175%
(ConTROL) { FOUR BRONZE BUSHINGS 8 20 OVER 1000* 7{
B TWO STEEL GEARS 4 3 3 . :
FOUR BRONZE BUSHINGS 5 2 2 |
C Two STEEL GEARS 9 42 48 g
FOUR BRONZE BUSHINGS 25 20 23 ‘§
D WO STEEL GEARS - - 13 i
FOUR BRONZE BUSHINGS - - 7

*|N THIS RUN, 10 vOoL. PERCENT OF AQUEOUS SODIUM CHROMATE (2 1/2% KQERO‘,

WAS USED INSTEAD OF SEAWATER. THIS RUN WAS MADE EARLY IN THE PROGRAM IN
CONNECTION WITH THE INTERIM CHROMATE WORK AND WAS NOT REPEATED WITH SEA-
WATER BECAUSE OF CATASTROPHIC RESULTS HERE.

PHOTOGRAPHS OF PUMP PARTS EMPHASIZE THE SUPERIOR OPERATION OF THE CANDIDATE
FLUIDS. FIGURE 1 SHOWS A GENERAL VIEW OF NEW PARTS USED IN THESE MEASURE=-
MENTS, AND FIGURE 2 SHOWS PHOTOMACROGRAPHS OF NEW MATING GEAR AND BUSHING
SURFACES. FIGURE 3 SHOWS LITTLE DAMAGE TO SIMILAR SURFACES AFTER 50 HR

IN FLuip D + 10% SEAWATER. FIGURE 4 SHOWS THE EXTENT OF DAMAGE TO SUCH
SURFACES WITH ONLY 1% SEAWATER USING MS 2110=H FLuID.

Fi1GURE 1
New PESco GEARS AND BusHINGS

$ivan g
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5.1.2 BECAUSE OF THE ALKALINE REACTION OF FLuiD D, THE EFFECT OF
ITS EMULSIONS ON SYSTEM METALS, PARTICULARLY ALUMINUM, WAS EXAMINED.
SPECIMENS 1 X 2 X 1/4 IN. OF ALUMINUM, COPPER, LOW CARBON AND STAIN=
LESS STEELS, BRASS, MANGANESE AND ALUMINUM BRONZES, AND BABBITT WERE
SANDED, WEIGHED, BOLTED TOGETHER WITH SPACERS FOR GOOD ELECTRICAL
AND INTIMATE FLUID CONTACT, AND EXPOSED TO THE FLUID DURING THE
50«HR PUMP TEST. THE WEIGHT LOSS OF ALUMINUM waS 0.0] MG PER CM
AND RANGED FROM 0.02 70 0.06 MG PER CM® FOR THE OTHER METALS AND
ALLOYS. THESE OATA COMPARE FAVORABLY WITH THE 0.2 MG PER CM MAX=
IMUM ALLOWED IN MIL=H=19457 FOR METAL ATTACK BY FIRE=RESISTANT
HYDRAULIC FLUIDS IN A 7=DAY STATIC STORAGE TEST AT 130 F.

5.1.3 BECAUSE OF THE SUPERIOR RESULTS OBTAINED IN BOTH BENCH SCALE
RUST TESTS AND THE SMALL SCALE PUMP TEST, IT WAS DECIDED THAT THE
MOST PROMISING TYPE OF FLUID FOR FURTHER EXAMINATION WAS THE
EMULSIFIABLE TYPE. ACCORDINGLY, FLuID B, THE FIRST=-RECEIVED FLUID
OF TH!S TYPE, WAS SELECTED AS A PROTOTYPE FOR FURTHER WORK.

5.2 SIMULATED SERVICE TESTS. THE NEXT STAGE IN FLUID EVALUATION
WAS FULL SCALE TESTING IN A SUBMARINE~TYPE PUMP TO OBTAIN AN ESTIMATE
OF FLUID OPERATIONAL RELIABILITY IN ACTUAL SHIPBOARD EQUIPMENT
UNDER SIMULATED SERVICE CONDITIONS. THE PUMP USED wAs a DE LavaL
IMO sCReEW=TYPE PUMP, MopEr 31-K-156, Seriat .509990M, RATED AT 23
GPM, 3000 Psi, 1755 RPM, WITH A BABBITT~LINED STEEL ROTOR HOUSING.
THE TEST SYSTEM CONSISTED OF THE PUMP, A PRESSURE RELIEF VALVE,
FLOWMETER, SUMP, ASSOCIATED PIPING, AND INSTRUMENTATION. SYSTEM
VOLUME WAS 20 GAL. PuUMP SUCTION PRESSURE WAS MAINTAINED AT 10 pSI
WITH AN AUXILIARY CENTRIFUGAL PUMP. TEMPERATURE WAS REGULATED BY

A THERMOSTAT=CONTROLLED HEAT EXCHANGER IN THE PUMP INPUT LINE.
FLUID TEMPERATURE AT PUMP OUTLET WAS MAINTAINED BETwZEN 135 10 150 F.
PUM”~ OUTPUT PRESSURE WAS LIMITED T0 1000 Psi BY MEANS OF THE RELIEF
VALVE IN THE FIRST THREE RUNS BECAUSE THIS WAS THE MAXIMUM PRESSURE
ALLOWABLE FOR THE TRANSDUCERS USED TO OBTAIN FLUIDBORNE NOISE MEASURE=
MENTS. PUMP OUTPUT PRESSURE WAS RAISED TO 1800 PSI IN THE LAST RUN
TO CONSERVATIVELY SIMULATE THE PRESENT 1500 PS|I MAXIMUM EXTERNAL
SYSTEM PRESSURE IN SERVICE. OBSERVATIONS WERE MADE TO COLLECT DATA
ON AS MANY FACETS OF PUMP OPERATION AS POSSIBLE. THE AREAS OF DATA
COLLECTION AND METHOD USED ARE SUMMARIZED IN TABLE 5. A TOTAL OF
FOUR RUNS WAS MADE, TWO WITH FLUID B AND TwWO WiTH A MS 2110=H
HYDRAULIC FLUID. THESE LATTER RUNS SERVED AS REFERENCE POINTS FOR
COMPARISON OF THE NEW FLUID WITH THE TYPE NOW IN SERVICE. RuN 1A
WAS MADE TO OBTAIN BASE LINE DATA ON THE NOISE CHARACTERISTICS OF
MS 2110=H oiL. THIS RUN WAS CAUTIOUSLY EXPANDED TO INCLUDE SO=MR
RUNS WITH ADDITION OF 1 VOL. PERCENT AQUEOUS CHROMATE (Run 1B)

AND THEN WITH AN ADDITIONAL 1 VOL. PERCENT SEAWATER (Run 1C).

WHEN THE PUMP WAS DISASSEMBLED AFTER THIS WORK, CORROSION WAS

NOTED ON THE BEARING BLOCK. NOISE DATA COLLECTION WAS THEN INTER=
RUPTED TO CHECK THIS POINT WITH A NEW BEARING BLOCK IN Run 2B

AFTER AN INITIAL 50=HR BREAK=IN (RuN 2A). IN RuN 3, FLuio B aNo
ITS SEA=WATER EMULSIONS WERE TESTED TO OBTAIN NOISE DATA COMPARABLE
TO THOSE TAKEN IN Run 1.
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TaeLe 5
AREAS OF INVESTIGATION IN SiMuLATED ServicE TESsTS

AREA i METHOD OF INVESTIGATION

No1SE GENERATION TRANSDUCERS TO MEASURE FLUIDBORNE, AIRBORNE,
AND STRUCTUREBORNE NOISE

CORROS 10N . EXAMINATION OF STAYIC AND DYNAMIC SURFACES
OF PUMP PARTS EXPOSED TO THE FLUID, ESPE~
CIALLY OF THE BEARING BLOCK, ROTORS, ANO
SUMP

WEAR MEASUREMENT OF CRITICAL DIMENSIONS OF WORMS
AND ROTOR HOUSING

FiLTeER CLOGGING PRESSURE DROP ACROSS FILTER
EFFECT ON SYSTEM REPRESENTATIVE METAL SPECIMENS WERE EXPOSED
MeTALS TO THE TEST FLUID

THIS RUN WAS BEGUN USING FLUID B as=ReceiveD (RuN 3A), THEN CONTINUED
WITH 2, 5, aND 104 seawaTer (Runs 3A, 3B, aND 3C, RESPECT!VELY) TO
OBTAIN 250 HR OF OPERATION ON FLuUID B + 10 vOoL. PERCENT SEAWATER (N
RuN 3C. MEASUREMENTS OF WEAR, FILTER CLOGGING, AND CORROSION WERE
ALSO TAKEN. RUN 4 was A 1000=HR TEST OF FLUID B CONTAINING 10 voL.
PERCENT SEA=WATER CONTAMINATION. - THE RUN WAS (NTERRUPTED AFTER

500 HR (RUN 4A) TO EXAMINE THE INTERIOR CONDITION OF THE PUMP AND
THEN WAS CONTINUED FOR A TOTAL OF 1000 HR OF OPERATION IN RuN 4B.
THE PURPOSE OF RUN 4 WAS TO OBTAIN ENDURANCE RELIABILITY DATA ON
OPERATION OF FLUID B CONTAMINATED WITH SEAWATER., THIS RUN WAS
SIMILAR TO RUN 3 EXCEPT THAT THE PUMP WAS OPERATED INTERMITTENTLY
TO MORE NEARLY SIMULATE THE IRREGULAR OPERATION=OR=SECURED CONDITION
OF SHIPBOARD SERVICE. UNLIKE RUNS 1 TO 3 WHICH WERE OPERATED CON=
TINUOUSLY, IN RUN 4 THE PUMP WAS SHUT DOWN FROM 0000 MOURS EACH
NIGHT To 0B0O EACH MORNING, MONDAY THROUGH FRIDAY. THIS SIMULATES
THE MOST SEVERE RUSTING CONDITIONS, WHEN THE RUST INHIBITOR FILM
CANNOT BE REPLENISHED BY SULK FLUID CIRCULATION. [N ALL FOUR RUNS,
A 20=GAL OIL SAMPLE CHARGE WAS USED, PUMP OUTLET TEMPERATURE WAS
MAINTA INED BETWEEN 140 To 160 F oS REQUESTED IN REFERENCE (K), ANO
FLOW RATE WAS MAINTAINED BETWEEN 20 AND 25 apM. OUTLET PRESSURE IN
RUNs 1 To 3, INCLUSIVE, wAS 1000 PSI, BLING LIMITED TO THE MAXIMUM
ALLOWABLE PRESSURE FOR THE FLUIDBORNE=NOISE PICKUP TRANSOUCER.
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NUTLET PRESSURE WAS RAISED To 1800 Pst IN RUN 4 TO CONSERVATIVELY
SIMULATE THE PRESENT 1500 PSI MAXIMUM SYSTEM PRESSURE IN SERVICE.

THE DATA COLLECTED IN THESE RUNS ARE PRESENTED IN FOUR APPENDIXES.
THE FIRST OF THESE, APPENDIX C, SHOWS DATA COLLECTED DURING PUMP
OPERATION, SUCH AS THE NATURE OF THE FLUID BEING TESTED, HOURS

OF OPERATION, TEMPERATURE, FLOW RATE, AND F{LTER PRESSURE DROP.
APPENDIX D SUMMARIZES DATA COLLECTED IN STUDYING NOISE CHARACTER=
1sTi1CS, APPENDIX E SHOWS WEAR DATA OF VARIOUS PUMP PARTS, AND
APPENDIX F GIVES WEIGHT LOSSES OF METALS EXPOSED To FLuip B IN
Run 4.

5.3 NoISE MEASUREMENTS. MEASUREMENTS OF STRUCTUREBORNE, FLUID=
BORNE, AND A IRBORNE NOISE WERE MADE ON BASE FLUIDS AND SEA=WATER
EMULSIONS OF MS 2110-H anp FLuiD B. THE RESULTS AND DETAILS OF
MEASUREMENTS ARE SHOWN IN ApPPENDtX D. As EXPECTED, THE PRIMARY
NOISE OUTPUT OCCURRED AT FREQUENCIES CORRESPONDING TO THE ROTATIONAL
SPEED OF THE PUMP AND ITS HARMONICS. AtLL NOISE LEVELS SHOWED NO
SIGNIFICANT CHANGE BETWEEN BASE FLUIDS OR BETWEEN THEM AND THEIR
EMULSIONS. THUS, NO NOISE PROBLEMS SHOULD BE EXPECTED IN FLEET USE
ofF FLuip B.

5.4 WearR oF PuMp RoTORS. THE DATA IN APPENDIX E SHOW THAT WEAR

WAS NEGLIGIBLE ON BOTH POWER AND IDLER ROTORS IN ALL RUNS. FIGURE

5 SHOWS THE NEW PARTS USED IN RUN 4 AND GIVES A VIEW OF THE ROTATING
PARTS THAT WERE MEASURED TO OBTAIN THESE DATA. REPRESENTATIVE

PHOTOMACROGRAPHS OF THE OUTER SURFACE OF THE POWER WORM BEFORE AND
AFTER RUN 4 (FIGURES 6 aND 7) SHOW NO EVIDENCE OF WEAR AFTER EXPOSURE
TO A 10% SEA=WATER EMULSION OF FLUID B FOR 1000 HR OF OPERATION.
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Fi1GURE 6
IMP Power RoToR OUTER SURFACE
BeForRe RuN 4

(PHOTOMACROGRAPH)
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Fiaure 7
IMP PoweR ROTOR OUTER SURFACE
AFTER RuN 4
(SaMe PosiTioN AS FIGURE 6)
(PHOTOMACROGRAPH)
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5.5 WeEAR oF PuMp BARREL. VISUAL INSPECTION OF THE BARREL AFTER
THE FIRST D00 HR OF OPERATION (END OF RUN 4A) SHOWED NO EVIDENCE

OF DAMAGE; THEREFORE, NO MEASUREMENTS WERE MADE. HOWEVER, AFTER
1000 HR OF OPERATION (END OF RuN 4B), VISUAL INSPECTION REVEALED
SMALL AREAS WHERE BABBITT HAD BEEN WIPED. A PHOTOGRAPH OF THE
AFFECTED AREA IN THE RIGHT IDLER BARREL OF THE SUCTION END SECTION
IS SHOWN IN FIGURE 8. DIAMETER MEASUREMENTS THEN WERE TAKEN.
CHANGES BETWEEN THESE AND ORIGINAL VALUES ARE SHOWN IN APPENDIX E.
DIAMETER INCREASES IN EXCESS OF 1 MIL WERE FOUND IN THE SUCTION

AND CENTER SECTIONS OF THE RIGHT IDLER BARREL. THE AFFECTED AREAS
OCCURRED ON SURFACES UNDER RADIAL THRUST LOAD FROM THE IDLERS.

THE CAUSE OF THE WIPING OF THESE SMALL AREAS HAS NOT BEEN DETERMINED.
NO UNUSUAL LOCAL OVERHEATING WAS NOTICED. MEASUREMENTS OF THE
LONGITUDINAL AX1S OF THE IDLERS SHOWED NO NONLINEARITY OR "BOWING."
IF POOR LUBRIC!TY WAS RESPONSIBLE, WIPING MIGHT BE EXPECTED IN THE
HIGH=PRESSURE DISCHARGE SECTION RATHER THAN THE SUCTION END. No
PRESSURE DROP, LOSS OF OUTPUT CAPACITY, OR EXCESSIVE NOISE WAS
NOTED DURING ANY PART OF THE 1000 HR OF OPERATION, AND PUMP
OPERATION AT THE TIME OF SHUTDOWN WAS CONSIDERED SATISFACTORY.

5.6 CONDITION OF FILTERS. THE PRESSURE DROP ACROSS THE Deu FILTERS
INCREASED FROM ABOUT O PSI WITH 80TH MS 2110=H aNo FLuio B T0 APPROX=
IMATELY 12 PS| WHEN SEAWATER WAS ADDED TO THE BASE FLUID. THIS
INCREASE COULD BE DUE, AT LEAST IN PART, TO THE KNOWN INCREASE IN
VISCOSITY OF THE EMULSIONS OVER THOSE OF THE BASE FLUIDS. THE
PRESSURE DROP WAS GREATER WITH EMULSIONS OF MS 2110«H FrLutD. THIS
RANGE OF PRESSURE DROP IS UNDESIRABLE BUT NOT SERIOUS, SINCE A

25 PSI PRESSURE DROP IS ALLOWED BEFORE FILTER=CARTRIDGE REPLACEMENT
1S NECESSARY. THE PRESSURE DROPS REMAINED APPROXIMATELY CONSTANT
THROUGH THE RUNS, INDICATING THERE WAS LITTLE FURTHER BJILDUP OF
DEBRIS. AFIER DISASSEMBLY, HOWEVER, THE FILTERS USED IN RuUNS 1

AND 2 WERE HEAVILY COATED WITH A YELLOW SLUDGE. FIGURE 9 sHows

THE FILTERS FROM RUN 2 AFTER 286 HR. SPECTROGRAPHIC ANALYSIS SHOWED
THE MAJOR CONSTITUENTS WERE SODIUM AND CHROMIUM (AS EXPECTED), PLUS
IRON. FIGURE 10 SHOWS THAT A SIMILAR FILTER AFTER 1000 HR IN RuN 4
HAD CONSIDERABLY LESS DEBRIS. LESS ACCUMULATION OF SLUDGE THUS
OCCURRED WITH FLuip B.
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5.7 CORROSION. THE BEARING BLOCK CORROSION NOTED IN RUN 1 wWiTH

MS 2170-H FLUID CAUSED PARTICULAR CONCERN BECAUSE IT SHOWED THE
INEFFECTIVENESS OF AQUEOUS CHROMATE, EVEN WITH AS HIGH AS 1:1 VOLUME
RATIO WITH SEAWATER. FIGURE 11 SHOWS THAT THE OUTER SURFACE OF A
NEW BEARING USED IN REPEAT RUN 2 WAS PITTED OVER THE ENTIRE SURFACE
WiTH LARGE AREAS OF LOOSELY ADHER!NG RUST NEAR THE OUTBOARD END CAP
JOINT. X=RAY DIFFRACTION IDENTIFIED cho‘ AS THE MAJOR CONSTITUENT.
FIGURES 12 AND 13 SHOW A NEW BEARING BLOCK BEFORE AND AFTER 1000 HR
OF EXPOSURE IN RUN 4 T0 Fru:D B CONTAMINATED WiTH 10 vOoL. PERCENT
SEAWATER. COMPARISON SHOWS THE ORIGINAL POLISH MARKS ARE STILL
VISIBLE IN FIGURE 13 WITH NO EVIDENCE OF RUST. THuS, FLUiD B SHOWED
CONSIDERABLE IMPROVEMENT OVER PRESENTLY USED FLUIDS IN PROTECTING
THE POLISHED BEARING BLOCK SURFACE FROM RUST.

5.7.1 THE WEIGHT CHANGES OF THE BRONZE BUSHINGS, GIVEN IN APPENDIX
E, CAN BE USED AS A MEASURE OF THE POSSIBLE EFFECT OF THE FLUID ON
BRONZE. FOR EXAMPLE, THE CENTER BUSHING WEIGHT LOSS IN RuN 4 of
317 MG PER 1000 HR CALCULATES TO 1.45 MILS PER YEAR PENETRATION
RATE. THIS RATE IS NOT CONSIDERED SERIOUS.

5.7.2 WHERE COMPARISON WAS POSSIBLE, MATING MEASUREMENTS OF SHAFT
AND BUSHING DIAMETERS IN APPENDIX E INDICATE THAT SHAFT=TO=BUSHING
CLEARANCES ARE IN THE SAME ORDER OF MAGNITUDE FOR MS 2110-H IN
RunNs 1 AND 2 AS FOR FLUID B IN THE MUCH LONGER RUN 4. [N SUMMARY,
METAL LOSSES, THOUGH EASILY DETECTABLE, ARE CONSIDERED TO BE OF
INSUFFICIENT MAGNITUDE TO AFFECT NORMAL SERVICE OPERATION. ALSO,
THERE WAS NO EVIDENCE FROM PUMP OPERATION DATA THAT CLEARANCES OR
WEAR WERE EXCESSIVE,

5.8 EFFECT ON SYSTEM METALS. |IN THE suMP IN RUN 4, A TOTAL OF :
TEN FERROUS AND NONFERROUS METAL SPECIMENS, REPRESENTING A VARIETY
OF HYDRAULIC SYSTEM METALS, WERE EXFOSED TO EMULSIONS of FLuiD B
WITH SEAWATER. THE FERROUS ALLOYS WERE MILD STEEL, CAST IRON,

AND STAINLESS STEEL. NONFERROUS ALLOYS WERE COPPER=NICKEL; NICKEL~
COPPER, NAVAL BRASS, ADMIRALTY BRASS, AND ALUMINUM=BRONZE. METALLIC
COPPER AND ALUMINUM SPECIMENS ALSO WERE INCLUDED. ONE SPECIMEN

OF EACH METAL WAS SUBMERGED IN THE FLUID, ONE WAS EXPOSED IN THE
VAPOR SPACE ABOVE THE FLUID, AND ONE WAS HALF EXPOSED, HALF. SUB=
MERGED. ALL SPECIMENS WERE WIRED TOGETHER IN A RACK FOR GOOD ELEC-
TRICAL CONTACT. AFTER 1000 HR, THE SPECIMENS WERE REMOVED, WASHED
IN SOLVENTS, DRIED, AND WEI|GHED.

5.8.1 ReEsuLTS. APPENDIX F SHOWS THAT THERE WAS LITTLE, IF ANY,
ATTACK ON ALUMINUM OR FERROUS METAL AND NICKEL ALLOYS. HOWEVER,
THERE 1S MORE ACTIVITY (WEIGHT LOSS) WITH COPPER AND BRASS. THE
SIGNIFICANCE OF THIS WOULD HAVE TO BE SHOWN BY COMPARABLE RUNS ON
CONTAMINATED MS 2110=H oIL. |F, HOWEVER, IT IS ASSUMED THAT THIS
RATE OF ATTACK IS LINEAR WITH TIME AND THAT THE SYSTEM OPERATED
CONTINUOUSLY IN 10% SEAWATER, THE PENETRATION RATE FOR COPPER
CALCULATES TO 0.35 MiIL PER YEAR, AND SOMEWHAT LESS FOR NAVAL OR
ADMIRALTY BRASS.

B
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5.8.2 VAPOR SPACE RuST PROTECTION. CORROSION IN THE AIR SPACE IN
THE SUMP OCCURRED WITH EMULSIONS OF BOTH MS 2110=H ano FrLuiD B.

THIS WAS TO BE EXPECTED, SINCE NEITHER FLUID CONTAINED VAPOR PHASE
CORROSION INHIBITOPS., HOWEVER, THE EFFECTiVENESS OF A SIMPLE COOLING
COIL TO CONTROL THIS CORROSION 1S SHOWN IN FIGURE 14. THIS PHOTOGRAPH
OF THE SUMP WAS TAKEN IMMEDIATELY AFTER COMPLETION OF RUN 4 AND
DRAINAGE OF FLUID. A COOLING COIL WAS INSTALLED ON THE LEFT SIDE

OF THE CENTRAL BAFFLE PLATE, JUST ABOVE THE FLUID LEVEL, TO MINIMIZE
WATER VAPOR LOSS AND CONSEQUENT CONDENSATIONS ON THE COOLER SUMP
WALLS. [N THE RIGHT SIDE OF THE SUMP, WHERE NO COOLING COIL WAS
INSTALLED, THERE WAS WATER CONDENSATION AND SUMP CORROSION [N THE
VAPOR SPACE.

—1

s 4

5.9 PROPERTIES OF USED FLuID B =« RuN 4. AFTER THE 1000=HR SERVICE
TEST, THE 10 vOL. PERCENT SEA=WATER EMULSION OF FLUID B WAS EXAMINED
FOR ANY SIGNIFICANT CHANGES IN PROPERTIES. RESULTS ARE GIVEN IN
TABLE 6 BELOW TOGETHER WITH SIMILAR DATA TAKEN AT THE BEGINNiNG OF
Run 4.

TaBLE 6 i
PROPERTIES OF THE FLUID

PROPERTY AT START | AFTER 1000 AR |
ViscosiTy, SSU, 130 F 125 134
REACTION : NEUTRAL NEUTRAL
Acip No. 0.79 .78
PrectpiTaTION NO. None* NONE*
SPECTROGRAPHIC ANALYSIS

FOR WEAR METALS, PPM:

CoPPER 0.1 12
| RON 0.5 28
LEAD <0.1 1

*SEAWATER REMA INED EMULSIFIED; NO SOLIDS.

‘ .

o
N————

THE RESULTS SHOW THERE WAS PRACTICALLY NO CHANGE IN THE FLUID EXCEPT
FOR BUILDUP OF WEAR METALS. THE COPPER CONTENT OF THE FLUID 18
ASSOCIATED WITH WEIGHT LOSSES OF THE PUMP BUSHINGS AND COPPER BEARING
METAL SPECIMENS; THE LEAD PROBABLY ACCUMULATED FROM WEAR OF THE BABBITT
LINING OF THE PUMP BARREL, AND IRON FROM OXIDATION AND WEAR OF FERROUS'
PARTS OF THE SYSTEM. )

30

.o

ST Ve v RN (U 24 AT Bk A bt vr . PR ERp—




MEL REPORT 95 680J

= e D e

pt pmp ome pme GmS pup pmd ey

P Oy
. ' -

FiGure 11
IMO BEARING BLoCck AFTER RuN 2

k)|

-

e BB 8 D Y R




m p———
[ 2R | [

1 . N ER BN BE M EE e e penf

L ]
. 1

Freoure 12
IMO BearR (NG BLock BeroRre

Run 4

MEL REPORT 95 6804

ko R Rk Bl ot

T A A o,



e o SR T AP Y

MEL REPORT 95 680J -

— == B

by N R e

me——

Ficure 13
IMO BEARING BrLock AFTER RuN 4
| (SaME PosiTioN as FiGure 12)

L [




AR o N N SR N R T I B U et o

l MEL REPORT 95 680J

- T

d o gup NG G P P9 Ky

Ficure 14
IMO Sump AFTER RuN 4

ensumnord oty
M *

TR i M A ik




MEL REPORT 95 680J

5.10 SuMMARY OfF FuLL Scatt Pump TESTS. FLUID B PERFORMED ADEQUATELY
IN THE FULL SCALE PUMP CIRCUIT WHEN CONTAMINATED WITH 10% SEAWATER.
THERE WERE NO HARMFUL EFFECTS ON PACKING AND GASKET MATERIALS AND

NO INCREASE IN NOISE LEVEL:, THE CONTAMINATED FLUID DID NOT DAMAGE
OR CAUSE EXCESSIVE PRESSURE DROP ACROSS THE STANDARD Se FILTERS

IN THE SYSTEM: CORROSION OF FERROUS PUMP PARTS WAS ELIMINATED.

PuMp WEAR IN 1000 HR OF OPERATION WAS NOT ENOUGH TO AFFECT THE
PUMP'S PERFORMANCE. THERE WAS SOME CORROSION OF COPPER ALLOYS IN
THE PUMP AND A SMALL WIPED AREA IN THE SABBITT LINING OF THE PUMP
HOUSING:. ALSO, RUSTING IN THE AIR SPACE IN THE FLUID SUMP WAS

NOT REDUCED BY THIS FLUID, THESE RESULTS ARE IN SHARP CONTRAST

TO THE POOR PERFORMANCE OF MS 2110«H FLUID CONTAMINATED WITH ONLY

1% SEAWATER. THE PERFORMANCE OF FLUID B IN THIS CRITICAL EXPERIMENT
WAS 80 GOOD THAT 1T WAS DECIDED THAT FULL SCALE PUMP TESTS OF NON=
EMULSIFYING FLuito C wouLD NOT BE NECESSARY.

6.0 DISCUSSION

THE INFORMATION PRESENTED ABOVE INDICATES THAT IT 18 POSSISLE
TO UPGRADE CONSIDERABLY THE RUST=INHIBITING ABILITY OF SUBMARINE
HYDRAULIC FLUIDS. ONE METHOD WOULD BE TO USE NONEMULSIFYING FLUID
C, WHICH WAS CONSIDERABLY BETTER IN BENCH RUST TESTS THAN CURRENTLY
USED FLUIDS. HOWEVER, THE IMPROVEMENT WAS NOT NEARLY 80 GREAT IN
THE SMALL SCALE PUMP TEST. THEREFORE, THE DEGREE OF IMPROVEMENT
TO BE OBTAINED IN ACTUAL SERVICE 1S SOMEWMAT PROBLEMATICAL: THE
SECOND METHOD, USE OF A FLUID THAT 1S PERMITTED TO EMULSIFY FREELY
WITH CONTAMINATING WATER, HAS BEEN SHOWN, INSOFAR AS POSSIBLE IN
LABORATORY BENCH AND FULL SCALE PUMP TESTS, TO PROVIDE A CONSIDERABLE
INCREASE IN RUST INHIBITION WITHOUT ANY UNDESIRABLE SIDE EFFECTS.
THIS METHOD THEREFORE APPEARS TO BE THE PREFERABLE ONE. SINCE THE
USE OF EMULSIFYING FLUIDS REPRESENTS A DEPARTURE FROM PRESENT PRACTICE,
A SHIPBOARD TRIAL APPEARS IN ORDER BEFORE THE FLUID 18 PUT INTO GEN~
ERAL FLEET USE. [INSTRUCTIONS TO REMOVE CONTAMINATED FLU!DS FROM
SYSTEMS AT FIRST OPPORTUNITY SHOULD REMAIN IN FORCE., WHILE THE
WORK REPORTED HERE HAS DEALT WITH IMPROVED FLUIDS OF ONLY ONE VI8COSITY
LEVEL, THE NATURE OF THE IMPROVEMENTS I8 NOT TO BE ASSOCIATED WITH
ANY PARTICULAR VISCOSITY LEVEL., THEREFORE, IT SHOULD BL POSSISLE
TO EXTEND THE SCOPE OF THE IMPROVEMENTS MADE TO OTHER VISCOS!ITY LEVEL
FLUIDS, WITHOUT REPEATING THE EXTENSIVE INVESTIGATIONS REPORTED HEREL.
[F THE PROPOSED FLEET TRIAL OF EMULSIFIABLE FLUID 1S SUCCESSFUL,
A NEW SPECIFICATION FOR ITS PROCUREMENT WiLlL BE REQUIRED., Tut
TECHNICAL REQUIREMENTS OF THE PROPOSED SPECIFICATION FOR THIS FLUID
ARE OUTLINED IN APPENDIX G,

7.0 CONCLUSIONS

BOTH EMULSIFIABLE AND NONEMULSIFIABLE PETROLEUM=BASE FLUIDS
MAVE BEEN FOUND SUPERIOR TO APPROVED MIL=L»15017A FLuiDs FOR USE AS
A SUBMARINE HYORAULIC SYSTEM FLUID FOR RUST PROTECTION

R
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AGAINST SEA=WATER CONTAMINATION. CONCOMITANT PROPERTIES OF A SATIS=
FACTORY HYDRAULIC FLUID FOR THIS APPLICATION, SUCH AS OXIDATION
STABILITY, BULK MODULUS, FOAMING TENDENCY, AND EFFECT ON SYSTEM
ELASTOMERS AND METALS, HAVE NOT BEEN COMPROMISED. THE EMULSIFIABLE
FLUID, WHICH GAVE THE BETTER RUST PROTECTION IN SMALL SCALE TESTS,
PERFORMED WELL IN FULL SCALE LABORATORY PUMP TESTS. A SHIPBOARD
TRIAL OF THIS FLUID IS CONSIDERED TO BE JUSTIFIED.,

8.0 FUTURE ACTION

A COPY OF THIS REPORT WILL BE FORWARDED TO SUBMARINE HYDRAUe
LIC PUMP MANUFACTURERS AND TO EACH SUPPLIER OF MATERIALS IN THIS
INVESTIGATION AS WELL AS TO OiL SUPPLIERS LISTED ON THE QUALIFIED
ProouUCTS Li1sT oF MS 2110-H GRADE HYDRAULIC OIL OF MILITARY SPECIFICA«
TION MIL=L=15017A TO OBTAIN REVIEW OF THE PROPOSED CHANGES IN
APPENDIX G AND TO INSURE DEVELOPMENT OF ADEQUATE SUPPLIES OF IMPROVED
PETROLEUM=BASE HYDRAULIC FLUIDS.
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(1) FTM 791A MeTthop 5311 oF 31 Dec 1961
(J; ASTM MeTHoD D665-60
(k) BUSHIPS LTR SER 634A-163 oF 3 Apr 1963
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ApPENDIX A
CHEMICAL AND PHYSIcAL TEST RESULTS

MEL REPORT 95 680J

FLuio Cope
B C D
SPECIFIC GRAVITY AT 60/60 F 0. 889 0.875 __ |0.880
AMER ICAN PETROLEUM INSTITUTE, DEGREES | 2/.0 30.2 29,38
FLASH POINT, OPEN cupP, F 375 400 420
POUR POINT, F -10 -20 =20
ViscosiTY:
CENTISTOKES AT O F (DETERMINED) 2795 2965 2200*
CENTISTOKES AT 100 F 41,9 43.7 42.0
CENTISTOKES AT 210 F 5.93 6,07 6.40
V1ISCOSITY INDEX 91 90 111
CoLOR 3.5 2.0 6.0
REACT | ON NEUTRAL NEUTRAL JALKALINE® |
Acip No. 0.88 1.12 -
Base No. - - 0.53
SAPONIFICATION NO. 2.2 2.3 2.0
PrReci1PITATION No. NONE NoNE NoNE
CARBON RESIDUE, B (ASH FREE) 0.15 0.01 0.09
AsH, % (50-G SAMPLE) 0.72 <0. 01 0.27
ANALYSIS OF ASH!
MAJOR CONSTITUENTS ° CaLciumM
PHOSPHORUS |= CaLcium
500 1UM
ZiINC
CORROSION, COPPER STRIP AT 212 F PAss 1A Ass 1A TPass 1A
TOTAL SULFUR, 0.54 . 1 .
WATER, % 0.1 NonE .3
RUST PREVENTION, SEAWATER PaAss PAsS PAsS
FOAM TEST, SEQUENCE |, ML FOAM 10 330
MIN TO SEPARATE <3 5 4
EMULSION TEST, MIN TO SEPARATE: ) .
DISTILLED WATER ¢ 10 8
SEAWATER 4 30 4
1EXTRAPOLATED

2pH OF WATER wAS 11.5
SMANUFACTURER'S DATUM.
“COMPLETE EMULSION FOR OVER 24 HR, ONLY SLIGHT OIL SEPARATION AFTER
1 WEEK.
812-ML WATER + 68-ML EMULSION AND NO OIL AFTER 1 HR; 15=ML WATER +
65-ML EMULSION AFTER 24 HR.
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‘ . APPENDIX B

SPECIAL SCREENING=TEST RESULTS
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OXIDATION STaBiLtITY TEST RESULTSY

OBSERVATIONS AT TERMINATION OF TEST
TEMPERATURE O NeuT :
F Cope HouRrs No. APPEARANCE OF FLuID?
B 525 2.4 EMULSIFIED
C 1000 1.2 OiL = BROWN
203 WATER = GREEN
MS 2110-H 675 1.9 OlL = BROWN
CONTROL WATER = GREEN
B 2000 2.0 EMULSIFIED
C 2000 1.0 CUFF OF EMULSION
: OIL = BROWN
WATER = GREEN
150 D 2000 0.5 CUFF OF EMULSION
O1L = BROWN
WATER = GREEN
MS 2110=-H | 2000 1.2 3~ T0 5=ML EMULSION
CoNTROL OiL = BROWN
WATER = GREEN

1MeTHOD OF ASTM D943.
2ALL COPPER CO!LS WERE SLIGHTLY TARNISHED EXCEPT THAT THE COIL IN.
FLuip B a1 200 F wAS BLACKENED.
WITH NO EVIDENCE OF ATTACK.
NEUT = NEUTRALIZATION

ALL STEEL COILS WERE DULL~TO=BRIGHT
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EFFECT ON BuNa N ELasTOMER! g]
1

FLUID CODE VOLUME TNCREASE, %] !
B 1.0 - i
I
C 1.6 ;
ey !
D 1.9 ; :
MS 2110=-H ConTROL 1.4
1MeTHOD oF FTM 791 ProceDurRe 3603.2. R
1
-
EFFECT ON METALSY N
.i
WEIGHT CHANGE (MG PER CM° ) OF:3 ..
Fruipo CobE CoPPER®] BRASS | STEEL | ALUMINUM !
i
B +0.02 +0.02 | +0.04 | +0.01
c +0.03 +0.03] +0.04 | +0.01 t
D +0.03 +0.02 1 +0.04 1 -0.01

MS 2110-H ConTrOL ] -0.01 +0.01 | +0.03 | None

1MeTHOD OF MIL=-H=19457.

34 SIGNIFIES GAIN IN WEIGHT, = SIGNIFIES LOSS.

3COPPER SPECIMENS AFTER TEST WERE RATED 1A BY
ASTM D130 EXCEPT FOR CONTROL, WHICH RATED 1B.

B-2 : | l }




1. MeTHOD.
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FoaMING CHARACTERISTICS UNDER PRESSURE

A 115-ML SAMPLE OF THE TEST FLUID
IFIED 300-ML SULFUR BOMB OF ASTM MeTHoD D129.
BY HAVING A SHORT LENGTH OF 1/8=IN.

PIPE AND VALVE

IS PLACED
THE BOMB

IN A MOD=

IS MODIFIED
INSTALLED IN ITS

ToP. FLUID AND BOMB ARE THERMOSTATED FOR 1/2 HR AT TEST TEMPERATURE

IN A WATER BATH.

THE 8ome

IS THEN CHARGED WITH AIR TO THE DESIRED

PRESSURE AND TUMBLED AT 5 RPM FOR 1/2 HR AT TEST TEMPERATURE IN THE

HYDROLYTIC STABILITY TEST APPARATUS OF MIL=-H=19457,

THE eoMB 18

THEN INVERTED OVER A 500-ML GRADUATED CYLINDER, AND THE 1/8=IN.
VALVE 1S OPENED. THE
OF FOAMING TENDENCY.

FOAM, IF UNDER 10 MIN, OR MILLILITERS OF FOAM AFTER 10 MIN 1§
RECORDED AS A MEASURE OF FOAM STABILITY.

INITIAL VOLUME OF FOAM
EITHER THE TIME FOR COMPLETE COLLAPSE OF THE

2. Data oN FiINIsSHED OiiLs

IS OBTAINED AS A MEASURE

INITIAL OBSERVATIONS
TEMPERATURE | PRESSURE INITiAL FoaMm JCoLLAPSE TIME

F PSI FLuipo Cobe ML MIN
B 270 6

75 400 C 220 <1
MS 2110=H CoNTROL 265 3

B 240 7

75 300 C 230 7
MS 2110=H CoNTROL 230 3

B 245 3

150 300 C 255 1
MS 2110-H ConTROL 250 1
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3. DATA ON EMULSIONS WITH SEAWATER !
-

TEMPERATURE | PRESSURE FLuID SEAWATER | OBSERVATION, FOAM, ML, AFTER:
F PSI Cope % INITIAL J10 MIN] 3 HR] 24 HR |
1 250 245 | None | =
B 5 240 240 | None | - 1
10 215 215 | None | = |
50 170 90 | Nowe | = :
75 400
MS 2110-H 1 270 None | - - o
(ConTrOL )2 5 265 145 | NoNe | = <
10 270 140 | NonE | =
50 155 153 | 50 20 |
1 220 170 | None | = :
150 300 B 5 235 © 185 | None | = .
10 | 220 200 {75 | 35 I
50 215 170 | 50 40 SRR
1SINCE EMULSION WAS UNSTABLE, WATER + OIL ADDED SEPARATELY TO BOMB TO 'l
TOTAL 115 ML.
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BuiLk MobuLus

1. APPARATUS. A SING=AROUND ULTRASONIC 3=MC VELOCIMETER, SIMILAR TO
THAT DESCRIBED N REFERENCE (1), WAS USED. THE SING=AROUND FREQUENCY
WAS MEASURED WITH A HEWLITT=PACKARD MODEL 526 COUNTER.

2. STANDARD. DISTILLED WATER WAS USED AS A STANDARD. DATA FOR SPEED
OF SOUND IN DISTILLED WATER, TAKEN FROM REFERENCE (2), was 4725.7 fps
AT 80 F.

3. METHOD. APPROXIMATELY 100 ML OF FLUID WAS PLACED IN THE ULTRASONIC
CIRCUIT, COMPLETELY COVERING THE TRANSDUCERS. AFTER TEMPERATURE
EQUILIBRIUM HAD BEEN ESTABLISHED (10-15 MIN), READINGS OF SING=AROUND
FREQUENCY WERE TAKEN UNTIL TEN SUCCESSIVE READINGS DIFFERED BY %1 ¢psS.
ALL DATA WERE TAKEN AT ATMOSPHERIC PRESSURE aND 80%1 F.

4, FLuips TesTED. WATER, PURE FLuIiD B, AND EMULSIONS OF FLUID B wiTH
10 vOL. PERCENT DISTILLED WATER WERE TESTED. FURTHER TESTS WITH
EMULSIONS CONTAINING SEAWATER WERE PLANNED BUT WERE CURTAILED DUE TO
EQUIPMENT FAILURE.

5. CALCULATION OF SPEED OF Sounp IN TEST FLUID. FROM THE EQUATION
DISTANCE = VELOCITY X TIME 1S OBTAINED:

VWTW = VoTo
OR Vo = (Vw) (Tw/To)
WHERE Vo = VELOCITY OF SOUND IN OlL.
Vw = VELOCITY OF SOUND IN WATER.
Ty = TIME FOR ONE SING=AROUND CYCLE IN OIL, WSEC PER C.
Ty = TIME FOR ONE SING-AROUND CYCLE IN WATER, SEC PER C.

TO AND T ARE RECIPROCALS OF THE RESPECTIVE SING=AROUND FREQUENCIES I[N
OiL AND VATER, MULTIPLIED BY 10 s TO CONVERT TO MICROSECONDS FOR EASY
HANDL ING.

6. DETERMINATION OF DENSITY. SPECIFIC GRAVITY WAS DETERMINED IN A
25«ML PRECISION=TYPE PYCNOMETER. DENSITY WAS OBTAINED 8Y MULTIPLYING
THIS RESULT BY THE DENSITY OF WATER (0.99663 aT 80 F).

7. CaLCULATION oF BuLk MoouLus

BM = ko (V,)2




il
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-~
1
WHERE BM = BULK MODULUS, PSI. !
D = DENSITY, G PER ML.
Vo = SOUND VELOCITY, FPS. ? 2
K = PROPORTIONALITY CONSTANT FROM FPS TO CGS SYSTEMS} OENSITY! : !

G PER ML x 62.43 = LB PER CU FT, LB PER 8Q FT & 144 = PSI, ;
POUNDALS FORCE - 32.174 = LB FORCE. . !

K ='('17T6)'%"?453Tm = 0.013475

8. ResuLts (TEMPERATURE 8011 F)

ALCULATED
BuLk
SiING= VELOCITY MoouLus i
AROUND BWSEC OF DensiTy | BuLk oF EMuLsioN
A FREQUENCY | PER SounD | 6 PER MobuLus | (See MeTHoD -
FLuio Cope cps | CycLe FPS ML P3| BeLow) f
WATER 22,396 44,651 | 4725.7 0.99663 | 300x10® | =
. STANDARD
EMuLSION:
804 FLuio B | 20,960(t) | 47.710| 4423 0.91055 | 240x10® | 246x108 Tl
20% WATER |
EMuLsioON: -y
90% FLuip B | 21,083 47.432| 4449 0.89966 | 240x10® | 240x10° {
10€ WATER -
Pure 21,010 47,5961 4433 0.88853 | 235x1C® |} =
FLuio B 1 @)

(1) SINGLE READING OBTAINED BEFORE EQUIPMENT FAiLURE.
(3)ReFeRENCE (3) LISTS A VALUE OF 215x10° FOR MIL=0=5606 AIRCRAFT PETROLEUM=
BASE HYDRAULIC FLUID.

9. CALCULATION OF BuLk MobuLus oF EMULSIONS. REFERENCE {4) assuMEs

THAT THE VELOCITY OF SOUND IN AN EMULSION 18 A LINEAR FUNCTION OF
THE BULK MODULI OF THE COMPONENTS AND THEIR RESPECTIVE VOLUME FRACTIONS !
IN THE EMULSION. THUS 1S DERIVED THE EQUATION!
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BULK MODULUS OF THRE EMULSIQON

WHERE - BMg =
BMy = BULK MODULUS OF 0l L.
BMw = BULK MODULUS OF WA TER.
X = = VOLUME FRACTION OF Of L.

TH1S EQUATION WAS USED TO CALCULATE DATA IN WTHE LA ST COLUMN OF
ReESULTS.

REFERENCES

(1) GREENSPAN, M., AND TSCHIEGG, C. E., ""Simi aAROUND UL TRASONIC
VeELocIMETER FOR Liquips,” Rev. -S¢1. Iww, Vor. 28, p. 897,
1957

(2) GREENSPAN, M., AND TSCHIEGG, C. E., ""SPE=td OF SOUND N WATER
BY A DiIRECT METHOD," J. RES. N L. Bu. S ., VoL. 59, p. 249,
1957

(3) PeeLeEr, R. L., aND GREEN, J., "™casuRemN ¢ BuiLk Moburus
oF HYDRAULIC FLUIDS," ASTM ButlL ., P. 5l e Jmah 1959

(4) ALLiNsON, P. A., "THE VELOCITY @F SouM N EMULSIONS," Je
CoLiLoip Sct., YoL. 13, P. 513, 1958
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ViscosiTy ofF EMULSIONST AT 130 F

SSuU
Cs (CONVERTED FROM C8 SSU
Ci, # (DETERMINED BY D455) By D446) (DeTERM INED BY D88)

100 21.3 104 106
80 25.3 121 125
80 38.6 180 175
70 53.6 249 238
60 61.8 - 287 337
50 140.3 651 509

1THESE DISTILLED WATER EMULSIONS WERE NON=-NEWTONIAN LIQUIDS; THEREFORE,
RESULTS ARE EFFECTED BY BORE OF KINEMATIC (D445) Ttuse. ALL aBovE Cs
DATA, TAKEN WiTH 300 SERIES TUBE, ARE REPORTED FOR COMPARISON ONLY.
ALL EMULSIONS WERE WATER=IN=0IL TYPE.

=

[N voo I by
RO et [——1 —e— rond o

by
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STABILITY OF EMULSIONS TO TEMPERATURE CYCLING

METHOD. EMuLSioNs oF FLuio B, conTaINING 10, 25, aND 50 voL. PERCENT
S

SEAWATER, WERE PREPARED AT 150 F 8Y S5«MIN STIRRING IN THE APPARATUS
of FTM 791 MeThoo 3201.5 (SAME AS SPECIFIED IN MIL=-L=15017A). ThrEE
REPLICATES OF EACH EMULSION WERE PREPARED; ONE WAS STORED OVERNIGHT
AT O F, ONE AT 50 F, AND ONE AT 150 F. EACH WAS ALLOWED TO RETURN
TO AMBIENT TEMPERATURE (75 F) FOR 8 HR DAILY. READINGS OF VOLUME

OF OIL, WATER, AND EMULSION WERE TAKEN AFTER EACH TEMPERATURE CHANGE
EXCEPT FOR FOURTH AND FIFTH DAYS (WEEKEND). THE TEST WAS CONCLUDED
AFTER 7 DAYS,

RESULTS. ALL EMULSIONS CYCLED AT EITHER O OR 50 F REMAINLO COM=
R ———

PLETELY EMULSIFIED FOR 7 DAYS WITH NO EVIDENCE OF EITHER OIL OR
WATER SEPARATION. EMULSIONS CYCLED AT 150 F SEPARATED INTO OIL~-

AND WATER=RICH EMULSIONS IN THE FIRST 2 DAYS, AFTER WHICH NO FURTHER
CHANGES WERE NOTED. NO WATER APPEARED. VOLUME PERCENT OF OIL AND
EMULS ION ARE SHOWN BELOW.

Vou. % SEAWATER
10 .5 —B0 |
) —VoL. % Vor. % Voi. %
DaYs STORED OIL JEMULSION] O1L] EMULSION] OiL f EMULSION
1 80 20 0 100 0 100

2 10 7, INCLUSIVE | 85 15 55 45 25 75
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ApPENDIX D
IMO PuMp TESTS « Noi1SE DATA

STRUCTUREBORNEL | FLUIDBORNES AIRBORNES )
Run BroaD~] RoTorR | BrRoaD=- |RoTOR| BrROAD=| ROTOR
No. FLuip BAND PuLsE BAND PuLsE sanD | PuLse
1A | MS 2110-H 107 81 173 169 80 68
18 AME AS ABOVE + 165 78 172 169 | 79 70
1% soD 1 uM
CHROMA TE
1C | SAME AS ABOVE + 108 Kl 170 167 79 69
14 SEAWATER
3R | FLuio B 107 84 T70 168 8 70
3B | SAME AS ABOVE + 107 85 770 168 78 B9 |
2% SEAWATER ]
3C | SAME AS ABOVE + 104 10 1617 T e [:3]
TOTAL OF 5% Sea-
WATER
2 | SAME AS ABOVE + | 104 T 168 766 78 55 |
ToTAL OF 10% sea-
WATER

1BROAD=BAND = TOTAL ENERGY FROM APPROXIMATELY 10 To 10* cPs. RoToR
PULSE = ENERGY OF MAXIMUM FREQUENCY OBSERVED. MEASURED WITH MASSA
MoDEL 198-A ACCELEROMETER MOUNTED OM SUCTION END OF [MO PUMP BASE.
UNITS IN ACCELERATION DECIBELS. REFERENCE POINT 1 x 108 cM PER
SEC® .

2MEASURED WITH ATLANTIC RESEARCH CORPORATION BD=25 PRESSURE TRANS=
DUCER LOCATED APPROXIMATELY 6 IN. DOWNSTREAM OF PUMP OUTLET.
SIGNAL OUTPUT ANALYZED WITH WESTERN ELECTRIC CoMPANY MoDEL 3A-4A
ANALYZER AND RECORDER. UNITS IN PRESSURE DECIBELS. REFERENCE
POINT 2 X 10™% DYNES PER CM.

3MEASURED WITH AN ALTEC LANSING MICROPHONE SUSPENDED 3 FT ABOVE
PUMP CENTER. SIGNAL ANALYSIS AND REFERENCE POINT SAME AS IN
NoTE 2,

T BT ke b <A AR A < T e el C N e, e




B R

MEL REPORT 95 680J

E«1

*SNN= -~ O

TIIVINNS SNINVIE SNOTV LNVLISICIND3 SHNIGVIE OAL 40 IVEIAY - §

‘WOA0N SHOTV ANVISIQINDI SOUIGVIN §Z 20 WOVEIAY - T

HILINVIG M) ISYININD — 4 HILIANVIQ NE ISYIVIIA = = ‘SE3INGI ¥NOS 40 HOYI N0 SHONIGYIN NIATS 40 MWVAIAY - §

128+ FA Ry SLI- L°0t L 0t €0+ 1*0=] 0°0% Lo 20 2°0- 0~ o= a+w
0°6g9- GGi-] 0°'e9- - - - L°o+] 2°0o- 270~ 0°0F L0+ {°0o- 0°0% w
- - - z2o+| 20-| o°0s| 00| o0r tvo-] o-os t'o-| oox] o0 a+x i
W
voi- 1°i= 20 L0+ €70+ ¥°0+ 1°0~ L°0= 1ot 10 Lo 2°'0= 1°0~ at+tv ;
i
!
- - - y -0+ 0°0% g0 1°0- - L0+ 1°0- L0 L*o- 0 0% a+rv H
G 1- G0~ 8¢~ ¥ ot P ¢ d £°0~ 0°0+% - 9°0~ 0°0% 2ot v ot] 20+ +g+vl :
onthsng JoN1nsng [oNiHsNg [ ONTHSNG | oNIWsSAg | SWinSAg | (¥3 G | paN3 PYF 1 ¥na; [ Su3tal | woroy [ sua) “oN mny
LH91Y ¥3N3y | 1437 LHO 1Y 43ILNI) 1337 i1y} Samog | noT1ang J€ L1 LMD Y ¥ 1437 a3Ley anv
] CIONVHY 1HOI IM STIM ‘IONVH)) BILINVIQ “HOLOY ¥3AO ISNVH) ¥ILINVI( WOr vy | 380438 NDAVY
SONI1HSAY 40 SININIWNSYIH $32V4¥NC ONI1¥V3Q { s1e MBSV I
STIN "SLMV] DMIIVIOYN dWNd JO SINIWIWNSY I

SONIHSNG ONV SHOLOY NO VLIV dVIM

S183] dWnd OW|
7 X1aN3ddy

—————— SN RS —_——— o . - e e —— [ PR R




TR AR 8 SEATIRS KR i o om0 s mcrn < o v o

MEL REPORT 95 680J

———y

WeAR DATA ON PuMp BaRmeL = Run 4

by

MEASUREMENT LEFT TDLER Ri1GHT IDLER .
STATION, BARREL CENTER BARREL BARREL ;
INs FROM MEASUREMENT NO. R :
SucTion END T 1 “TEA[: 3 1 41 51 €1 7.
SUCTION END SECTION i S
1/2 0 0 +0.05 | <0.05 | 40.05 | =0.05 | -0.05 Sy
2 -0.05 | =0.05] © =0.10| © «0.05 | 0 L o
4 +0.25 | +0.35| © ) «0.05 | =0.25 | «0.10 s
6 -0005 0 -00.05 0 0 "1070 "1030
CENTER SECTION
6 1/2 o |+0.08] o 0 -0.05 | =0.80 | -1.0 Sy
8 1/4 0 «0.05] © 0 «0.05 | «1.30 | =1.45 '
10 1/4 0 0 -0.05 | © =0.05 | =0.05 | +0.08
12 1/4 0 -0.05] ~0.15 | 0 . | © 0 +0.05 . :
DISCHARGE ENO SECTION SRR
12 3/4 «0.05 | 0 0 0 0 0 0 o
14 1/2 -0.05 | =C.10| © «0.05| © =0.5 0 !
16 3/8 «0.05 | O -0.05 |+0.05 | -0.05 | =0.5 0
18 1/4 0 =0.05] © 0 0 «0,5 0
OTAL: PLUS | 40.50 +0. +0.10
Minus «0,55 =0,75 «8,25
DiFFERENCE +0.05 . =0.60 «8.15 \
: {

1READINGS IN MILS, MINUS SIGNIFIES REMOVAL OF METAL OR INCREASE IN
DIAMETER., DUPLICATE MEASUREMENTS AT EACH STATION WERE APPROXIMATELY
60° APART RADIALLY ON EACH OF THE THREE BARRELS., MEASUREMENTS WERE
MADE WITH SHEFFIELD AIR GAGE SENSITIVE TO 20.1 MiIL.
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} AprENDIX F
i IMO Pump TesT oF FLuio B, Run 4

WE IGHT CHANGES OF METAL SPECIMENS

SPECIMEN LOCATION
IN AIR Spact
METAL OR ALLOY ABOVE FLUID | HALF SuBMERGED | ToTALLY SUBMERGED

SAE 1010 STEEL =0.01 | ~0.03 «0.01

CasT IRON +0.01 +0.03 NonE

304 StaiNLESS STEEL -0.03 -0.03 -0.02

ALuMiINUM : +0.02 ‘ NONE +0.03
1 CoPPER «0.02 «0.69 -0.93
| NavaL Brass . +0.06 «0.59 -0.62
1 ADMIRALTY BRASS -0.09 -0.13 «0,32 4
| ALUMINQM-BRONZE +0.05 -0.17 =0.17
é 90: 10 CopPER=NICKEL -0.03 =0.03 -0.03
, 70: 30 NickEL=COPPER -0.02 ~0.04 +0.04
E | (MONEL)'

[ 1WEIGHT CHANGES ARE GIVEN IN MG PER ¢'2. METAL SPECIMENS WERE
‘ APPROXIMATELY 3/4 x 3 x 1/16 IN. THICK. = SIGNIFIES WEIGHT LOSS;
+ SIGNIFIES A WEIGHT GAIN.
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APPENDIX G
SPECIFICATION FOR EMULSIFIABLE HYDRAULIC LUBRICATING Ot

1. ALL SECTIONS OF MILITARY SPECIFICATION MIL=L«13017A ofF 11 APRIL
1962 APPLY EXCEPT AS NOTED BELOW.

2. TaeLkE I. CHEMICAL AND PHYSICAL REQUIREMENTS. DELETE COLUMNS
HEADED AND He  CHANGE 2110H To 2110R=H, DELETE WORK=
FACTOR TEST ANO ADD OXIDATION AND PUMP TESTS, AND CHANGE LIMITS OF
OTHER TESTS A8 SHOWN SELOW.

REQUIREMENT N LiMmit -

Viscosity(A), Cs, O F (oeTerMined) 3500 MAX IMUM

210 F 5.3«8,7 ‘
NEUTRALITY, QUALITATIVE NEUTRAL OR ALKALINEL
ACID AND BASE NUMBER, MAXIMUM 1.5
SAPONIFICATION NUMBER, MAXIMUM 3.0
EMULSION, SEAWATER AT 130 F 3
WATER, & MAX IMUM 0.5
SULFUR, % MAXIMUM : 0.7%
OXIDATION TEST, HR TO REACH NEUTRALIZATION 1000

NUMBER ofF 2.0, MINIMUM
PUMP TEST = AVERAGE WEIGHT LOSS OF STEEL GEARS, 30

MG 5y MAXIMUM ;
PUMP TEST = AVERAGE WEIGHT LOSS OF BRON2E 15 i
BUSHINGS, MG, MAXIMUM

(A)CHANGES PROMULGATED IN BUSHIPS LTR skr 634A-476 of 12 Oct 1962.

i e i

3. Notes 10 TABLE I oF MIL=L=15017A TO BE CHANGED AS FOLLOWS!

PRESENT NoOTES

T. CHANGE To READ NoTE 2.
2. DeleTe.

3. CuanGge TO READ NoTe 4.
4, DELETE,

5. NO CHANGE,

G=1
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ADD THE FOLLOWING:

NoTE 1. PH OF AQUEOUS LAYER 12 MAXIMUM, FLUIDS WITH AN ALKALINE
REACTION SHMALL BE FURTHER EXAMINED WITH RESPECT TO ALUMINUM ACTIVITY 8Y
IMMERSING A SPECIMEN OF ALUMINUM (SPECIFICATION QQ~A=355, ConpiTioN T)
IN THE SUMP OF THE PUMP TEST. WEIGHT LOSS SHALL NOT EXCEED 0.2 MG PER
MR .

Note 3. SHALL REMAIN EMULSIFIED AFTER STANDING 60 MIN.

4. PARAGRAPH 4.6.1 = OELETE REFERENCE TO WORK=FACTOR AND RUST PRE=
VENTION,

5. Aobp NEW PARAGRAPHS 4.6.2 TO 4.6.4, INCLUSIVE.

4.6.2 OxI0ATION TEST. THE OXIDATION TEST SHALL BE PERFORMED
AS OUTLINED IN ASTM MeTHOD D943, EXCEPT AT TEST TEMPERATURE OF 150 F.

4.6.3 RusT PREVENTION. METHOD 4011 oF FED=STD=791 sHALL BE
USED BUT WITH THE FOLLOWING MODIFiCATIONSS

(1) Use 150 ML oF o1L,
(2) Use 150 ML OF SEAWATER.
(3) OPERATE STIRRER 1/4 HR OAILY.

THE TEST SHALL EXTEND FOR 30 CAYS. A RATING OF "Pass" sHALL BE LIMITED
TO LIGHT RUSTING AS DEFINED IN THE METHOD.

4.6.4 Pump TEsT. THE TEST SYSTEM SHALL CONSIST OF A PeSsco
IP 349 P4 HYORAULIC PUMP OR EQUIVALENT, A THERMOSTATICALLY CONTROLLED
OiL COOLER, PRESSURE CONTROL AND RELIEF VALVES, FLOWMETER, RESERVOIR
PIPING), AND AN OIL INLET TEMPERATURE INDICATOR OR RECOROER., AT THE
START OF THE TEST, ALL PUMP PARTS SHALL BE OF FIRST QUALITY AND MATED
8Y PREVIOUS OPERATION. THE TWO STEEL GEARS AND FOUR BRCNZE SBUSHINGS
SHALL BE WASHED IN BENZENE, DRIED, AND WEIGHED BEFORE ASSEMBLY. :
ADD 1 GAL OF THE FLUIO PLUS 375 ML OF SEAWATER TO THE SUMP. (SYNTMETIC
SEAWATER PREPARED 8Y METHOD 4011 oF FED=STD=791 MAY Be useD.)
OPERATE THE PUMP AT 1000250 psi, 36001100 RPM, PUMP INLET TEMPERATURE
14015 F, ANO A FLOW RATE OF 3.3 % .3 apM FOR 50 HR., A LOG SHALL BE KEPT
TO INSURE THAT OPERATING CONDITIONS ARE MET THROUGMOUT THE TEST.
THE LOG SHOULD INCLUDE READINGS DURING TME FIRST AND LAST HOUR OF
THE RUN AND AT LEAST THREE ADDITIONAL READINGS SEPARATED FROM INITIAL
AND FINAL ENTRIES AND EACH OTHER BY AT LEAST 8 HR., ArTER S50 MR OF
OPERATION, THE SYSTEM |8 DISASSEMBLED AND THE GEARS AND BUSHINGS
CAREFULLY REMOVED WITHOUT SCRAPING THEIR SURFACES, WASHED. IN BENZENE,
AND WEIGHED.

6. RENUMBER PRESENT PARAGRAPH 4.6.2 A8 4.6.5.

G-2
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