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EXECUTIVE SUMMARY

Problems and Objectives: The U.S5. Army Methanol-Fueled Administrative Vehicle
Demonstration Program was conducted as the result of a request by Vice President Bush
to Secretary Weinberger and legislative directives contained in FY85 Department of
Energy Authorization bill, Section 202, PL 98-525. The purpose of the demonstration
program was to establish the feasibility of using methanol as an alternative fuel for
administrative-type vehicles. The phase of the program discussed in this report was
concerned with the evaluation of various lubricant formulations for potential engine oils
that would provide more wear and/or corrosion protection needed for engines operating
on M85 methanol fuel than is currently afforded by existing MIL-L-46152 oils.

Importance of Project: The use of methanol fuel in engines designed for gasoline results
in increased wear and corrosion to vitai engine parts. One method of decreasing this
wear and corrosion is the use of a lubricant formulated to offset the deleterious actions
of the fuel. This program evaluatec several possible {ubricants to determine the best
iubricant to use 1n any future Government programs related to M85 methanol-fueled
engines.

Technical Approach: A number of crganizations were invited to submit oils that they
believed would provide the added protection required for AM35-fueled engines. As a
resuit of the requests, six oils were evaiuated in an initial test series using modified
ASTM V-D cyclic test conditions. The three best oils were determined, based upon wear
metal debris in the used oil samples. A second test series was conducted on these three
selected oils using steady-state/cold test conditions. Under these conditions, test
variables such as decline in engine response and other factors can increase the difficulty
in differentiating among test results. Therefore, "bracketing” the test runs with
reference runs was performed in both test matrices. This bracketing procedure allows
for normalization of the test results to a common baseline.

Accomplishments: Based upon the data obtained in this phase of the Army Methanol-
Fueled Administrative Vehicle Demonstration Program, three lubricants were recom-
nended for use in administrative-type methanol-fueled vehicle engines. These three
iubricants provided the same order of protection from wear and corrosion in the steady-
state/cold test conditions as they provided using the cyclic test conditions.

Military Impact: In the event of a gasoline shortage, an alternative fuel must be utilized
by the military's fleet of spark-ignition engine vehicies. The most likely candidate to
stretch out the gasoline supply is a methanol/gasoline blend. However, the use of this
blend, M85, may result in increased wear, corrosion, and other maintenance problems for
the military's administrative vehicles. To help offset these maintenance problems,
soeelting in increased downtime and logistics burden, a specially formulated lubricant
may be used in the vehicles. The most likely candidates were evaluated, and
recormmendations were made as wu tiie three best methanol-resistant lubricants to use in

any future Government programs related to M85 methanoi-fueied engines. ’
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FOREWORD

This work was conducted at the Belvoir Fuels and Lubricants Research Facility (BFLRF)
located at Southwest Research Institute (SwRI), San Antonio, TX under Contract Nos.
DAAK70-85-C~0007 and DAAK70-87-C-0043 during the period July 1985 through Novem-
ber 1988. The work was funded by the U.S. Army Belvoir Research, Development and
Engineering Center (Belvoir RDE Center), Ft. Belvoir, VA, with Messrs. F.W. Schaekel
and T.C. Bowen (STRBE-VF), as the contracting officer's representatives and Mr. M.E.
LePera, chief of Fuels and Lubricants Division (STRBE-VF), as the project technical

monitor.
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I. INTRODUCTION AND BACKGROUND

The U.S. Army Methanol-Fueled Administrative Vehicle Demonstration Program was
conducted as the resuit of a request by Vice President Bush to Secretary Weinberger and
legislative directives contained in FY85 DOE Authorization bill, Section 202, PL 98-525.
The purpose of the demonstration program was to establish the feasibility of using

methanol as an alternative fuel for administrative-type vehicles.

One phase of this program was concerned with the evaluation of various lubricant
formulations for potential engine oils that would provide more wear and/or cerrosion
protection needed for engines operating on M85 methanol fuel than is currently afforded

by existing MIL-L-46152 oils.

[I. PROGRAM OBJECTIVE

The results from this phase of the program will be used to recommend an oil(s) that
appears to be the most suitable for inclusion in any future Government programs related

to M85 methanol-fueled engines.

[I. EXPERIMENTAL APPROACH

A letter was distributed in mid-1935 to twelve organizations known to have a "methanol
lubricant,” or that had shown earlier interests in developing a suitable formuiation. The
organizations were invited to submit an oil(s) that they believed would provide the added
protection required for A\M85-fueled engines. A total of five special lubricants were
submitted by the invited organizations. In addition, one fully formulated oil for use in
gasoline-fueled vehicles was selected by Belvoir Fuels and Lubricants Research Facility
(BFLRF) at Southwest Research Institute (SwRI) and was included in the program. The
six oils were evaluated in an initial test series using modified ASTM V-D cyclic test
conditions. The three best oils were determined, based upon wear metal debris in the
used oi} samples. A second test series was conducted on these selected oils using steady-

state/cold test conditions.




A, Test Engine

A new Ford 2.3L, four-cylinder overhead cam engine was used for each test matrix. The
engines were built according to ASTM Sequence V-D specifications except that ring gaps
were adjusted for this methanol application and a modified electroless nickel-plated
carburetor is used. Piston rings from an ASTM Sequence V-D parts kit were used (top

ring, molybdenum and second ring, cast iron).

L. Engine Test Stand Configuration

The test engine was mounted on an SwRI test stand that was configured to conduct

Sequence V-D tests. The exceptions to the standard Sequence V-D procedure were as

follows:

. An oil filter was installed for all test work.

) A special oil changing and flushing system was used for this technique.
Basically, it is a system that can efficiently change the oil consistently and
save much time. This system is described in inore detail in the next
subsection.

° A carburetor was specially modified to accommodate the methanol fuel.
These modifications included main jet and air bieed changes to provide near
stoichiometric air/fuel ratios.

. The engine test stand was plumbed to both methano!l and Phillips "J fuel with

provisions for quick changeovers.

2. Qil Flush/Changes (Flving Flush)

A special oil changing and flushing procedure that has proven to be effective and
consistent was used in this program. The system provides for performing oil
changes/flushes with the engine running. A special detergent oil, SwRI oil code LO-
12119, was used as a part of each test to remove effects of previous oils. Details of the

flushing technique are included in the following listing:




Time,

hr:min

0:00

0:30

2:30

2:50

2:55

3:00

B. Test Fuel

Action

Shut engine down
Determine oil level
Change to "J" carburetor
Change to "J" fuel

Purge fuel line

Change fuel filter
Change oil filter

Start engine

Flush three times with flush oil

After the third flush, run engine under Sequence V-D
Stage Il test conditions

Shut engine down

Change to methanol carburetor
Change to methanol fuel

Purge fuel line

Change fuel filter

Remove oil filter

Install oil filter cap

Start engine
Flush three times with candidate oil

Shut engine down
Remove oil filter cap
Install new oil filter filled with candidate oil

Start engine

Start test

The test fuel was commercial grade, 200 proof methanol plus 15 vol% Phillips "J"

gasoline (Batch 28).

Water, chlorine, and sodium content of the fuel were determined.

SwRI methanol code AIS-22 was used. The analysis results are shown in the following

listing:

AIS-SWRI-M-D-04-03-84

Sample A: 0.047 wt% H,0
Sample B: 0.078 wt% H7O
Sample C: 0.059 wt% H70O




AIS-SwRI-M-04-28-87 Sample A: 0.058 wt% HO
Sample B: 0.044 wt% H70

\lethanols were mixed, blended with Phillips "3" fuel, and placed into a holding tank.

Composite samples were tested for sodium and chlorine, with the following results:

Sample Sodium, ppm Chlorine, wt%
05-14-87 2 0.005
06-15-87 2 0.017

C. Test Procedures

After reviewiny the literature «nc the candidate oil test data provided by the suppliers
>f the cancidate ouls, 1t was apparent that two general types of laboratory engine wear
screener test procecures (oyciic and steady state) have been used for oil evaluations as
shown in TABLES | ang 2.

TABLE 1. V-D Cyclic Test Conditions -~ 24 Hours

Oil Temp, Coolant Temp, Time, minutes
Stage Rpm Bhp OF (°C) OF (°C) per cvcle
1 2500 33.5 i75(79) 135(57) 129
1 2500 33.5 .87 (86) 155 (68) 75
I 1500 L0 120 (49) 126G (49) 45

TABLE 2. Steady-State/Cold Test Conditions - 24 Hours

Oil Temp, Coolant Temp,
Rpm Bhp OF (°C) °F (°C)
2500 33.5 125 (52) [15 (46)

Two test matrices were conducted. The first test matrix used the cvclic test conditions

ziven in TABLE | und included all six test oils invoived in the program. Tihe second test




matrix, using the steady-state/cold test conditions given in TABLE 2, was conducted
using the three best oils as determinea from the first test matrix. Since test variables
such as decline in engine response and other factors can increase the difficulty in
differentiating among test results, "bracketing" test runs with reference runs (using one
o>f the candidate oils as the reference oil) was included in both test matrices. This

bracketing procedure allows for normalization of the test results to a common baseline.

D. Candidate Oills

The tollowing six candidate oils w~ere recelved for evaluation in this program. Analysis

cesults of the lubricants are show.. in TABLE 3.

TABLE 3. Analysis of Test Oils

Viscosity at Viscosity at
BFLRF 4G9C, ¢St, 160°C, cSt, Vi, TAN, TBN,
Qil Code D 445 D 445 D 2275 D 664 D 664
AL-14965-L 136.6 14.0 100 2.68 10.5
AL-14966-L 137.3 14.2 [00 2.86 10.4
AL-15427-L 72.G 11.1 145 3.42 7.4
AL-15610-L 118.2 14.1 119 3.49 6.6
AL-16155-L $2.7* 10.4 104 2.49 15.0
AL-16156-L 78.8 10.G 107 2.45 14.5

* This candidate o1l was used as the baseline "reference" oil in Test Matrices
| and 2 to facilitate normalization of the test results. SwRI oil code LO-
12119 was used as the flush oil for all tests.

For each test, a new oil sample as well as used oil samples were taken after each 8-, 16-,
25-, and 24-hr operaung period. Samples were analyzed for the following metals by

Inductively Coupled Plasma (ICP) analyses:

° fron (Fe2)
. Chromium (Cr)
° Aluminum (Al)

) Copper (Cu)




° Tin (Sn)
° Lead (Pb)
. Silicon (Si)

° Molybdenum (Mo)
The wear data from the intermediate samples taken after 16-, 18-, and 20-hr operating
periods were reviewed to ensure that no catastrophic wear was occurring during each

test. Data from the 24-hr sample were used to determine the total net wear obtained

for each test.

1V. DISCUSSION OF RESULTS

Al V-D Chclic Test Conartions

TABLE & presents & summary of the wear metal data obtained for the Test Matrix |
using the modified V-D cyclic test conditions. All six candidate oils were included in
Test Matrix |. Individual operational summary data sheets and metal determinations
from the used oil samples for each test in Test Matrix | are included in Appendix A.
The total net used oil wear metal data for each are summarized in TABLE 4. The net
used oil wear metal data used in this report are the sums of the 24-hr sample wear
metals in ppm less the sums of the new sample wear metals for each individual test.
TABLE 4 also presents the normalized reference oil comparison data and the normalized

sercent of reference oil for each test.

Even though silicon was included in each of the individual used oil analyses, it was not
included in the comparisons of new and used oil samples. The silicon appears to be part
of an additive package for two of the candidate l[ubricants and, therefore, was not
considered as a wear metal element. The remaining seven wear metals were included in

the wear metal comparisons presented in TABLE 4.

The average normalized percents of reference oil were calculated for the six candidate
oils and are presented in TABLE 5 in the order of protection from wear and corrosion
provided by the six individual oils. Oil AL-15427-L generated the least amount of net
total wear metals, thereby providing the best protection against wear and corrosion when

evaluated using the V-D cyclic test conditions for 24 hours. The reference oil, AL-




TABLE 4. Summary of the Total Net Used Oil Wear Metal Data for
Each Test Conducted in Test Matrix 1*
(Cyclic Test Conditions)

Test Total Net,

Sequence BFLRF Wear Metal, Reference Oil Normalized Percent
No. Oil Code ppm Comparison Data of Reference Qil
1a) AL-16155-L 19 -- --

2 AL-16155-L(b) 116 116.0 100.0
2 AL-14965-L 134 116.3 115.2
4 AL-15427-L 107 116.6 91.8
5 AL-16155-L(b) 17 117.0 100.0
6 AL-16156-L 150 115.8 129.5
7 AL-15610-L 14y 114.5 125.8
8 AL-14965-L 253 113.2 223.5
9 AL-16155-1(b) 112 112.0 100.0
10 AL-15427-L 82 100.5 1.6
11 AL-15610-L 98 9.0 110.1
12 AL-16156-L 104 77.5 1342
13 AL-16155-L(b) 66 66.0 100.0
14 AL-14965-L 165 63.0 261.9
15 AL-15610-L 82 60.0 136.7
16 AL-14966-L 98 57.0 171.9
17 AL-16155-L(b) 54 54.0 100.0
18 AL-14966-L 63 51.0 123.5

* Total net wear metal equals 24-hr sample total data less new sample total data.
(@) Test conducted using Phillips "J" unleaded gasoline. All other tests conducted using
M85 methanol fuel.

(b) Reference oil test.

TABLE 5. Average Normalized Percent of Reference Qil
(Cyclic Test Conditions)

Average Normalized

BFLRF Percent of

Qil Code Reference Oil
AL-15427-L 86.7
AL-16155-L 100.0*
AL-15610-L 124.2
AL-l16156-L 131.8
AL-14966-L 147.7
AL-14965-L 200.2

* Reference oil for all tests.
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16155-L, provided the next best protection under the V-D cyclic test conditions, with oil

AL-14965-L providing the least protection of the six candidate oils included in the

program.

It should be mentioned that approximately 81.2 percent of the total net wear metals for
the 17 tests using M85 fuel was generated from iron, and approximately 6.7 percent was
observed for molybdenum. Chromium accounted for only l.4 percent of the wear metals

noted with aluminum, copper, tin, and lead all being approximately 2.6 percent each.

B. Steadv-State/Cold Test Conditions

Evaluation of the three best lubricants as determined using the V-D cyclic test
conditions was then continued using steady-state/coid test conditions. Test oils AL-
15427-L, AL~]16155-L (reference oil for all tests in Test Matrices | and 2), and AL-
15610-L were evaluated in Test Matrix 2 (steady-state/cold test conditions). TABLE 6
presents a summary of the total net used oil wear data obtained for Test Matrix 2.
Individual summary operational data sheets and element determinations for oil samples
for each test in Test Matrix 2 are included in Appendix B. As in the wear summaries of
Test Matrix 1, silicon was not included in the comparisons of the new and used oil

samples taken in Test Matrix 2.

TABLE 6. Summary of the Total Net Used Oil Wear Metal Data for
Each Test Conducted in Test Matrix 2%
(Steady-State/Cold Test Conditions)

Test Total Net,
Sequence BFLRF Wear Metal, Reference Oil Normalized Percent

No. Oil Code ppm Comparison Data of Reference Qil

19(a) AL-16155-L 35 - -

20 AL-16155-L(b) 341 341.0 100.0

21 AL-15427-L 264 290.3 90.9

22 AL-15610-L 209 239.7 87.2

23 AL-16155-L(b) 189 189.0 100.0

24 AL-15427-L 167 182.4 91.6

25 AL-15610-L 240 175.7 136.6

26 AL-16155-L(b) 169 169.0 100.0

* Total net wear metal equals 24-hr sample total data less new sample total data.

(a) Test conducted using Phillips "J" unleaded gasoline. All other tests conducted using
M85 methanol fuel.

(b) Reference oil test.




The average normalized percents of reference oil were calculated for the three
candidate oils and are presented in TABLE 7 in the order of protection from wear and
corrosion provided by the three remaining candidate oils. [t will be noted that these
three candidate oils provided the same order of protection from wear and corrosion in

the steady-state/cold test conditions as they provided using the cyclic test conditions.

TABLE 7. Average Normalized Percent of Reference Qil
(Steady-State/Cold Test Conditions)

Average Normalized

BFLRF Percent of

Qil Code Reference Qil
AL-15427-L 91.3
AL-16155-L [00.0*
AL-15610G-1. [1r.9

* Reference oil for all tests.

It should be noted that in all tests conducted in Sequence 2 except No. 19 (which was run
on Phillips "J" gasoline), a "white emulsion" type sludge formed on the rocker arm cover
and cam baffle. This type sludge was reported by S.E. Schwartz*, et al., in an earlier
program, and was determined to be composed of methanol, water, and engine oil. This
same emulsion would also clog the blowby condenser, causing an increase in crankcase
pressure. The operator had to use compressed air to "blow-down" the passages in the
condenser. All oils exhibited this same tendency. Incidences of "blow-down" varied
somewhat, but were not significantly different from test-to-test. After each test and
prior to the initial flush, the rocker arm cover and valve deck were rated for sludge.
This sludge was then physically removed prior to the flush. Sludge ratings are presented
in TABLE &.

The valve deck was practically clean when compared with the area between the rocker
arm cover and the baffle for all three oils tested. The average sludge rating for the

rocker arm cover and baffle varied from 7.39 for the cleanest oil tested (AL-15610-L) to

* Schwartz, Shirley E., Smolenski, Donald J., and Clark, Sidney L., "Entry and Retention
of Methanol Fuel in Engine Qil,” SAE Technical Paper Series 830040, February 29,
1938.




TABLE 8. Sludge Ratings

Average Sludge (10 = Clean)

Test No. BFLRF Rocker Arm Valve

Sequence 2 Qil Code Cover & Baffle Deck
19 AL-16155-L -— -

20 AL-16155-L 2.91 9.57

21 AL-15427-L 5.18 9.58

22 AL-15610-L 8.32 9.45

23 AL-16155-L 2.90 9.37

24 AL-15427-L 5.64 9.46

25 AL-15610-L 6.43 3.35

26 AL-16155-L 1.92 9.32

2.57 tor AL-16155-L, the reference oil used in both Sequence | and Sequence 2 tests.
Test oil AL-15427-L provided an average midrange number of 5.41 for the sludge
between the rocker arm cover and baffle. Photographs from Test No. 20, before and
after the normal flush following the 2&4-hr test, are presented in Fig. l. After noting
that all sludge was not removed from the rocker arm cover and the cam baffle during the
normal flushing procedure, it was decided to physically remove all "white" sludge after
each test prior to the normal flushing for the next test. This procedure was followed for

all the remaining tests in Sequence 2.

V. CONCLUSIONS

The degree of protection from wear and corrosion provided by six different engine oils
formulated for use with M85 fuel indicated the best protection was obtained when using
lubricant AL-15427. The least protection was provided by lubricant AL-14965-L. The
three lubricants providing the best protection, in the order of protection from wear and
corrosion, were AL-15427-L, AL-16155-L, and AL-15610-L. These three lubricants
provided the same order of protection from wear and corrosion in the steadv-state/cold

test conditions as they provided using the cyclic test conditions.
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Test No. 20, before flush

-
@

Test No. 20, after flush

Figure 1. White emulsion-type sludge in valve cover
before and after flush for Test No. 20




VI. RECOMMENDATIONS

Based upon the data obtained in this phase of the Army Methanol-Fueled Administrative
Vehicle Demonstretion Program, three lubricants coded AL-15427-L, AL-16155-L, and
AL-15610-L are recommended for use in administrative-type vehicle engines. It is
believed worthy <f mention that two of these three oils are known to have been used in
the fleet test portion of the program with no lubricant-related problems occurring during

the program.
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APPENDIX A

Individual Summary Data Sheets for Each
Test Conducted Using the Modified
V-D (Cyclic) Test Conditions
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WEAR SCREENER TEST

OIL CODE AL-16155-L
SWRI NO. LO-34026

DATE 05-19-87

TEST NO. 31-01-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 5

FUEL Phillics "J"
TEST HOURS 24
FLUSE OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 5 Hours*

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8,16, 20, 24 hours

- "New" 0il

* Included 2 hour V-D break-in and coolant flush.

15




SEQUENCE V-D

OPERATIONAL SUMMARY
TEST SUMBER DATE COMPLETED
31-01-237-84-3 05-20-87
CLIERT OTL TODE SWRT OTL CODE
AL-16155-L LO-34026
I smace 1 STAGE II STACE III
WAX | WIN | AVG || MAX | MIN | AVG || MAX | WIN | AVG

Speed, rpm 2508| 2501| 2504|| 2507 2502| 250h4|| 767| 7u8| 755
Load, bhp 33.9] 33.8{ 33.6 33.8] 33.4f 33.5] 1.3] 1.0f 1.1
0il |Cooler into engine, °F 176| ~170] 175|| 187| 185| 186 124] 118] 121}

Engine aT(Out-In), °F 6 2 3 6 4 5 1 5l "ol

Pump Gallery, psi 63.0( 60.0 60.9[| 59.0] 58.0] 58.6] 57.1 ﬂ—s{a;

Engine Gallery, psi 58.0| S4.0| 55.2(| S4.0] 52.0] 52.8! 53.4| 52.0] 52.9

P (Pump-Engine), psi | 6-0] s.0f 5.7 61| s.of 5.7 w.o| 3.uf 3.8

Cyl. Head Gallery, psi 55.0| 51.0| 53.4]| 51.7| 50.0] 50.7| 53.1( si.0[ 52.2

4P (Engine-Head), psi 4.5 0.3 1.9l 3.0 1.0 2.2} 2.0 __9.2 0.7

Cooling, min PEwn | copen | geowy|eneny coven (gEwEwl| | -] -
Water:Jacket Outlet, °F 136 124 133 156 158 156 122 119 121

T (Out-In), °F 15| 3] w6l 1| 13| 13 7] 15| 16

Flow, gpm 15.4] 14.7] 15.1)| 15.5] 15.9| 15.1|EEwe=|pey=e|gauen:

Blowby Heat Exch., °F 131] 119] 128} 151| 150| 150 116] 113] 115

Marine manifold, °F 19| 137| 1u6|| 169| 168] 168| 1uo 131#355
Carb. |Temperature, °F 81 78 8o 81 78 8o 88 76 81
Air (Humidity, grains/lb 79.2| 19.2( 79.2| 79.2| 79.2| 79.2{ 79.2! 79.2] 79.2

Pressure, in. H,0 0.24 0.22] 0.23|] 0.24| 0.22] 0.22| 0.28] 0.25| 0.26
Blowby Temperature, °F 130 120{ 127f] wg| 1u7{ 1u8l| 113| 112] 113
Blovby Rate, cfm 1.81( 1.65( 1.70!smpey|g=pys|conpy(zeney|goven | poans
Crankcase Pressure, in. H,0 0.01| 0.00( 0.00|| 0.00| ©.00| 0.00|| 0.05( 0.00| o.00
Ignition Timing, °BTDC I u6[ us[ ue|=sw=n|em=smime==sy 10| 10| 10
_EPtaka Manifold Vacuum, in. Hg 8.1 T80 7.9 8.0f T.& T.QL 15.4 12.5 13.2
Fuel Flow, 1lb/hr —-_— — ——— — — —— ——— -—— ———
Exhaust Back Press., in. H,0 13.2] 8.9| 11.0] j_{jF N Ed;—gt :3:5 IB ?j‘
Exhaust | 02, % 1.17] 0.91| 1.02|| 1.10{ 0.90| 1.02]| 1.01] 0.15] a.60
Cas co, % 1 0.35] 0.16| 0.21]) 0.21] 0.12] 0.20|| 6.80| 6.u0| 6.60
Anslysis| ¥ox, ppm ~ swere |emeee imymmm|| |- T| 3o50(mmen|epenn jmamy

Squthvest, gggggggh Ingtitute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L
SWRI NO. L0-34026

DATE 05-20-87

TEST NO. 31-02-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 32

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

~ End of candidate flush ("0" hour)

- 8, 16, 20, 21 hours

- "New'" 0il

13




SEQUENCE V-D

QP IONA U

P

TEST NUMBER DATE COMPLETED
31-02-237-84~3 05-22-87
CLTERT OIL TODE SWRI OIL CODE
AL-16155-L | Lo-3k026 !
J STAGE I ﬂ STAGE II { STAGE III ?
| MAX | MIN [ AVG || MAX | MIN | AV || MAX | MIN [ AVG
Speed, rpm | 2510] 2u96| 2506l 2512] 297| 2503 760| Tub|[ 75!
Load, bhp 1 33.71 33.2] 33.51 33.8! 33.31 33.6l] 1.00| 0.57! 0.85!
0il ;Cooler into engine, °F 177| 172|174l 187| 18$| 186” 121 119] 120?
;\Enginc aT(out-In), -V ! G 2| 3” 51 34 kﬂ 2| 1 2
Pump Gallery, psi | 63.01 62.01 62.6! 61.0] 60.0! 60.5! 58.7! 57.0! S8.0°
Engine Gallery, psa 57.51 56.0! S57.0lf 56.01 S4.o0| Su.8! 55.0| su.o! SL.S;
iP (Pump-Engine), gsi ;6.5 s.0f 5.78 6.00 S5.00 5.7 ©.2¢ 3.0f 3.8:
Cyl. Head Gallery, ps1 | ST.L1 S4.0(1 S6.1i 5u4.5; 52.0¢ 53.4/ 55.5. 52.0! Su4.0O!
4P (Engine-Head!, psi , 3.01 0.0f 0.8} .o 0.0} 1.4 2.01 0.0l .2
‘Cooling, min |pmms | smuwy | auown)|wugms | oy | w35 25| 20)
Water:Jacket Outlet, °F | 136 133 13wl 1s56[ 155 156l 22! 119| 21!
éar (out-In), -F | 18 12]  13jf 3] 12 13 15! 11 13!
|Flow, &pm | 15.4] 14.7] 15.1}} 15.3] 14.8] 15.0 zmmen| megmy)renes;
{slouby Heat Exch., °F I 130] 127 128 149( 1&7{ 1u8| 114 113] 118!
IMarine Manifold, °F | 150 1u7| 1u9|| 169 167| 168l 136] 1;31 133}
Carb. Temperature, 'F | 82| 79| 81l 81| 80| 81 85| ol 82|
Air iHumidity, grains/lb | 79.21 79.21 79.2( 79.2( 73.2 79.2 79.2i 79.2] 79.2;
iPressure, :n. H,0 | o.2u| 0.22] 0.22l 0.2u| 0.22] 0.22% 0.26] 0.201 0.2u!
Blowby Temperature, °F 128 125|127 1u7| 1&0! 1.3]| 1131 113} 113!
Blowby Rate, cfm | 1.68] 1.55] 1.621:::2:!::3!!§ﬁ==22ﬁg22==1222!!!22===i
Crankcase Pressure, in. H,0 | 1.80] 0.01] o0.50]| 1.70| 0.01} 0.70}| 1.10i 0.01 0.40;
Ignition Timing, °RBTDC \ ueq u6 ue]naaan1=:z=su=====: 10! 10 10
Intake Manifold Vacuum, in. Hg | 9.2| 8.5 8.8/ 9.0y 7.7 8.5 15.61 11.1| 1u.4
Fuel Flow, lb/hr- ] ) R R— R e I B R T TP (R
Exhaust Back Press., in. H,0 1 11.20 9.s| 10.ui| 11.31 9.uf 10.u)f 2.8 z2.u| 2.6
Exhaust | 02, % | 1.19) 0.88! 1.07|| 1.111 1.00| 1.06ll 0.85| 0.15] 0.30
Gas co, % | 0.70{ 0.25 0.49|| 0.65] 0.26/ 0.51i 6.90] 6.u0| 6.66
Analysisi NOx, ppm |gwewy | gueee | swsmyl| - -.-| 2390||=muxy)s=mey|zyeey
west Resea Institute
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L
SwRI XNO. LO-34460

DATE 05-24-87

TEST MNO. 31-03-237-84-3
ENGINE XNO. 237

TUJEL M-85 (Tank # 105)
TEST HOURS 24
TLUSHE OIL LO~-12119

rry

LUSH CIL FUELPhillips "JI"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 29, 24 hours

- "Yew" 0il

2]




SEQUENCE V-D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-03-237-8k4-3 05-26-87
CLITNT OTL TODE SWRT OIL CODE
AL-14965-L L0-34L60
ﬂ STAGE I ( STAGE 1I j STACE III
MAX un} AVG || MAX muJ AVG || Wi TNIN | AVG
Speed, rpm 2508 2499| 2503)| 2508 2500| 250k|| 76b| 756|159
Load, bhp 33.8| 33.3] 33.6| 33.5] 338|335 12| 0.7] 1.0
0il |Cooler into engine, °F 176( 174| 175| 187| 185( 186l 122| 118] 12
Engine aT(Out-In), °F J 7 R 5 6 . 5| 1 ol 1
Pump Gallery, psi || 66.0] 61.0| €5.0]| 64.0] 63.4 63.7] 59.4] 58.3 ‘5?3'_.15
Engine Gallery, psi ___} 61.0! 59.7| 60.0|] 8.4 57'9, 58.2! 55.?1 5u.3__§§;}
sP (Pump~Engine), psi 'l s.6f 1.0/ u.8ll 5.6 5.0f S.uli w.of 3.5/ 3.8
Cyl. Head Gallery, pai l} 59.4 57.5| 58.6] 57.3| 56.0 55._7} 55.2] 53.5] Eu:s
{AP (Engine-Head), psi I 3.0{ 0.7] 1.5 3.0f 0.5 __;_13” 1.5l 0.3 o.8
Goskine, win e e B iy A B I
Gitardachet outlct, T I BEET T I B I IR S
AT (Out-In), °F 14 12 13 13 12 13 2 11 2
Flow, gpm 15.2| 14.6| 15.0| 15.0| 14.8| 1.9 s==m=!=eye|mep=
T IO e R e e
Marine Manifold, °F 151 1u8| 1s0fl 170| 167| 169)| 135| 132 13
Carb. |Temperature, °F Tl 82| 80| s1]l st{ 78] sof su| 8ol 81
Alr |Humidity, grains/1lb "1 79.5| 79.2| 79.2| 9.2 79.2| 79.2 79.2] 79.2| 3.2
Jé;smre. in. H,0 “0.28] 0.20] 0.22]| 0.22| 0.20] 0.22} 0.26! 0.24| 0.25
Blowby Temperature, °F 130| 127| 128|| 1u8] 1usj_1‘x§§ _—:5:- _‘1—_1} 118!
Blowby Rate, cfw 1.78] 1.63| 1.68|/numen Ergep|onewe | ssuwn | geses :
Crankcase Pressure, in. H,0 _ET?E' 0.01] 0.15}) 0.60) 0.01 0.17.—-6.-;04 ;TEEJ-E:EGQ
Ignition Timing, °BTDC 46| 46| u6|l=mwmy owwem ww==ei 10| 10| 10!
Intake Manifold Vacuum, in. He 8.8] 8.4| 8.6 8.6| 8.3 8.5 15.3| 14.8] 15.0:
Fusl Flow, lb/hr JERRAY VR Y ) N | S "-"-:1:
-E;hauat Back Press., in. H,0 T 11.0 9.0 9.9} 11.1 9.0 _;6T3i —ET; _-175 ~—;Tg;
Exhaust | 02, % 118 0.98| 1.08|[ 1-08] 0.92| 1.00f| 0.60] 0.55| ©.58!
Cas co, = "1 0.72| 0.59]| 0.65| 0.78| 0.61| 0.69! 0.65| 0.60 0.63]
mlysts}—;ox. pm 'm,‘nlm):!l!l.slr.aszs-l1 | e 27‘@1&5 =§.§=|:E==—:t

wes

Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L
SWRI NO. LO-34461

DATE 05~-27-87

TEST NO. 31-04-237-84-2
ENGINE NO. 237

TOTAL ENC HRS 86

FUEL M-85 (Tank # 105)
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 0il

24




SEQUENCE V-0

oP NAL SU

TEST NUMBER DATE COMPLETED

31-04-237-84-3 05-29-87
CLITNT UYL CODE SwRI OIL CODE
AL-15.27-L LO-34k61
i | |
STAGE 1 STAGE 11 STAGE III
“MAX | MIN | AVG || MAX | MIN [ AVG || WAX [ MIN | AVG

Speed, rpm J 2510] 2490| 2u99|l 2509( 2490( 2502 760| 753| 758
Load, bhp | 33.8] 33.0 33.4 33-6] 33.5| 33.6) 1.3] 0.8 1.0
01l |Cooler into engine, °F l 176| 172' 174 187] 185 186t 123' 121 122
!Engine sT(Out-In}, *F ; 2| ol 1 2 1 2| 1| 0 0
{Pump Gallery, ps1 61,6l 60.01 60 9” 59.2! 58.5| 58.9 56.8{ 56.01 56.2
iEngine Gallery, psi 55.2! Su.éj 55.01} 5.0t 52.0| 52.8!4 53.1| sz.ol 52.6
AP (Pump-Engine), 331 ! 6.2l s.0| 5.8 6.5] 5.0 6.0q L.o} 3.0l 3.6
(Cyl. Head Gallery, ps: i su.61 51.5| 52.7) 52.2! 9.0 50.8!l 52.7} 50.0| S1.0
'aP (Engine-Head), psi , 3.5] 0.4} 2.0’ L.5| 0.3( 2.2ﬂ 3.0/ 1.0 2.0
Cooling, min ;::::ztz:::?:z:zzl 82::!::2:! Sommom) 16 15 16
Water|Jacket Outlet, °F I 136 138] 135[] 156 1s58| 1ssi 22| 119) 121
}AT (Out-In), °F [IEE 12 12 12 11 12l 13 11 12
Flov, gpm | 15.2] 14.8] 15.0) 15.2| 1u.8| 15.0l z=een|sxsns|swaws
|Blowby Heat Exch., °F | 129] 127] 128 150 1u6 18] 116] 112| 113
Marine Manifold, °F Il 152 149 151f)  171] 169 170f 13uf 131] 132
Carb. |Temperature, °F : 82 79 81 81 80! 81l 82 79 8¢
Air {Humidity, grains/lb il 80.9] 79.2] 79.2 80.9| 79.2| 79.5|| 80.9} 79.2} 79.5
Pressure, in. H,0 i 0.2u| 0.22| 0.23j| 0.2u| 0.22] 0.23] 0.26] 0.2u] 0.25
Blowby Temperature, °F i 130 126 128| 149| 5| 167 113] 112} 1134
Blowby Rate, cfm f 1.69( 1.59| 1.62||swswn|zomme|pesmgyssens| sxsng | puges;
Crankcase Pressure, in. H,0 0.10( 0.01f 0.0&ff 0.20( 0.00 o.ou{ 0.10] 0.01] 0.28}
Ignition Timing, °ETDC | u6| 6] up[jsmemmismmmgimsmesy  10] 10| 20!
Intake Manifold Vacuum, in. Hg : 9.60' 9.10} 9.25 9.20{ 8.90{ 9.00!l| 15.6] 14.8} 15.2
Fuel Flow, lb/hr Y [ L | e e e
Exhaust Back Press., in. H,0 | 11.7| 8.3{ 9.5{ 10.8( 8.7{ 9.8 1.0/ o.1| 0.3
Exhaust | 02, %  1.20{ 0.80( 1.00}{ 1.06f 0.86] 0.97/| 0.88| 0.10{ 0.62
Gas co, % | 0.62{ 0.u3| 0.53|| 0.65| 0.45] 0.57(| 6.70] 6.20; 6.50
Analysis| NOx, ppm masey | sumey | usmmyi| 28u0( 26501 27u5Q5==éET=====‘:===:s

Soythwest Research Ingtitute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE

SWRI NO.

DATE

TEST NO.
ENGINE NO.
TOTAL ENG ERS
FUEL

TEST HOURS

FLUSH OIL

AL~16155~L

L0-34026

05-30-87

31-05-237-84-3

237

113

M-85 (Tank # 105)

24

LOo-12119

FLUSH OIL FrUELPhillips "J"

FLUSH TIME

DISCUSSION

3 Hours

(1) Take 2 ounce 0il Sample:

~ End of candidate flush ("0" hour)

8, 16, 20, 24 rours

= "New" 0il

27




SEQUENCE V-~D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-05-237-84-3 05-31-87
CLYTNT BT COBE SWRT OIL CODE
AL-16155-L L0-3u026
STAGE 1 STAGE II |

MAX | MIN | AVG || MAX | MIN | AVG || MAX | WIN | AVG
Speed, rpm 2506| 298| 2503|| 2511| 2500] 2504|| 766] 75%| 759
Load, bhp 33.9( 33.2{ 33.6 33.7( 33.4| 33.6/] 1.1| 0.7 0.9
011 |[Cooler into engine, °F 177 176 175 187 184 186 121 118 119
Engine aT(0ut-In), °F 3 1 2 4 2 3 1 0 c
Pump Gallery, psi 62.7| 62.0| 62.3|| 61.0| 60.0] 60.7|| 60.5]| 56.9] 57.9
Engine Gallery, psi 57.0] 56.0| 56.8]| 56.0] 54.0| 55.0| Sw.0| S3.0| 53.6
AP (Pump-Engine), psi 6.0/ 5.0 5.5l 6.0] 5.0/ 5.7 w.of 2.7 3.7
Cyl. Head Gallery, pst 56.3| 54.0| 55.2| S4.2| 52.0| 53.2|| 53.5| S2.0| 52.7
aP (Engine-Head), psi 7.0 o0.o| wu.off 8.0] 1.0 3.0 2.0 o.0f 1.0
Cooling, min £22=a | gowey | ceg=y|oeses|powee p=eew 16| 13| 1
Water | Jacket Outlst, °F 135| 138| 13s|| 15s{ 1su| 1ss5| 121{ 118 119
aT (Out~In), °F 1| 12f  a3ff  we| 12{ 12f 12{ 10f 11
Flow, gpm 15.0| 14.6| 14.9( 15.0] 14.9| 15.0|s=wen|vews|gey=
Blowby Heat Exch., °F 130] 128{ 129(] 1u9{ 1u8| 1u8if 115| 112] 113
Marine Manifold, °F 1su| 1so| 1sifl 17| 170| 170l 133 130 131
Carb. |Temperature, °F s1| 78| 8ol 81| 79| =eoff 83| 78] 79
Air (Humidity, grains/lb 79.21 79.2] 79.2] 79.2} 79.2| 79.2] 79.2] 79.2] 79.2
Pressure, in. H,0 0.2u] 0.22] 0.23]| 0.23] 0.21] 0.22| 0.26| 0.21] 0.2u
Blowby Temperature, °F 129 127 128 146 145 146 118 111 113
Blowby Rate, cfm 1.78| 1.73| 1.76{/renen|ceees|pey=y) papme | seeyn | yeape
Crankcase Pressure, in. H,0 0.07| 0.01]| 0.03| o.ou| 0.01| c.03|| 0.07} 0.01| 0.02
Ignition Timing, °BTDC u6| 46| u6|ews=n|sswen|se==s|l 10| 10| 10
Intake Manifold Vacuum, i{n. Hg 9.2 8.6 8.9 9.0/ 8.8{ 8.9|] 15.8] 15.2} 15.%
Fuel Flow, lb/hr JNUGRY VRY (U { |y (Y (U | G Y
Exhaust Back Press., in. H,0 11.2| 6.9] 10.ul| 11.3] 9.6] 10.6| 2.0 o0.0{ 1.1
Exhaust | 02, % 1.18] 1.00| 1.11{ 1.16] 0.99 1.09|| 0.80| 0.45| o.6¢c
Cas co, % 0.68( o.40| 0.53 0.60| 0.41| 0.52{ 6.80] 6.50] 6.7c
Analysis| Nox, ppm |nsews |=nevn eer=ei| __| ___| 2180/ sxe=n|sweey =e==e

23
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16156-L
SwRI NO. LO-33993

DATE 06-01-87

TEST NO. 31-06-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 140

FUEL M-85 (Tank # 105)
TEST HOURS 24 —
FLUSE OIL L0-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New'" 0il
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SEQUENCE V-D

oP s
TEST MUMBER DATE COMPLETED
31-06-237-8L-3 06-02-87
CLITNT 0TI CODE SwRI OIL CODE .
AL-16156-L L0-33993 i
f STAGE I STAGE II STAGE III i
|| MAX | MIN | AVG || MAX | MIN | AVG || MAX | MIN | AVG '
Speed, rpm ! 25141 2491 2503]] 2512| 2501 2506(| 757 750 7531
Load, bhp | 33-8] 33.2] 33.4 33.8 33.6/ 33.7] 1.1] 0.8} 1.0
0il |[Cooler into engine, °F F 177 174 176[ 188 185! 1871 122 118 120
Engine sT(Out-In), °F | 3] oi 1 3 2| 2 5 ] 3
'Pump Gallery, psi | 62.6] 62.0| 62.1]| 61.0| 60.01 60.3| 59.0/ 58.0{ 58.4
itngzne Gallery, psa j 57.0| 56.0{ 56.7{ 54.5 Sk.og 5u.2!' 56.0| 54.2{ 55.0
|aP (Pump-Engine), psi | 6.0l 5.0 5.4 7.0/ 5.5 6.1 w.au 3.0 3.u
'cyl. Head Gallery, psi ! 57.01 53.0| 5u.7| 54.0| 51.0| 52.3|} 56.0: 52.2| 53.5
AP (Engine-Head), psi | 3.5 0.0 2.0 3.5| 0.0] 1.9 2.5] 0.0 1.5
:Cooling, min llrpmppm | suwen | gmm)| soxne | poony r====) 16) 14 15
WateriJacket Outlet, °F i 138 134 135 155 153 15&{ 122 107 119
AT (Out-In), °F i 15 12 14 14 12 13 15 1 13
Flow, gpm I} 15.2| 1s.8] 15.1| 15.1} 1k.8] 15.1 pazem| swmmy) swves
Blowby Heat Exch., °F | 130 128| 129|| 1u9| au7| 148|| 125| 100f 111
Marine Manifold, °F ' 153} 1u8| 1sof| 171{ 168 169 13u{ 118( 130
Carb. {Temperature, °F 81l 78 80 81 80 80 81 Boj 81
Air |Humidity, grains/lb 1 79.2) 79.2L 79.%A 7?;EJ 79.2 79.21 79.21 719.2] 79.2
|Pressure, in. H,0 | 0.26] 0.22| 0.23| o.2s| 0.20] 0.22l| 0.26| 0.22| o.2u
Blowby Temperature, °F i 130] 128 1294 148 145 1h6| 115 98 110
Blowby Rate, cfm 1.88] 1.70{ 1.74||samee|suwen) gemey) pasesy | cxmey | 2wy
Crankcase Pressure, in. H;0 0.90} 0.01] 0.1k}| 0.60| 0.01| 0.01}] 0.10| 0.01} 0.0L
Ignition Timing, °BTDC | u6 u6 46| 2reen | memey | aemmy) 10 10 10
Intake Manifold Vacuum, in. 1 8.9] 8.3 ¢€.6/| 8.7 8.3 8.5 15.2] 14.5| 14.8
Fuel Flow, lb/hr —| -- ---J e e B | et B Tt
Exhaust Back Press., in. H,0 ] 10.7 .01 10.1j] 11.4 9.1 10.6ll 3.0 2.2 2.6
Exhaust | 02, % Jf 1.15) 1.03] 1.08}j 1.22] 0.93] 1.04 0.37| 0.04{ 0.22
Gas co, % Il 0.63| 0.32| 0.u7| 0.65| 0.32{ 0.50|| 7.00{ 6.50| 6.70
Analysis| NOx, ppm | opwny | muwny (egwwn)| -] ---| 2360/s=men|genoy|xe=sy
S west eh In tut
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L
SWRI NO. LO-34579

DATE 06-03-87

TEST NO. 31-07-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 167

FUEL M-85 (Tank # 105)
TEST HOURS 24
FLUSH OIL Lo-1211¢9

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSIQON

(1) Take 2 ounce 0il Sample:

- End cf candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 0il
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SEQUENCE V-D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-07-237-84-3 06-04-87
CLIENT UTIL CODE SWRI OIL CODE
AL-15610-L ‘ L0-34579
; STAGE I F STAGE II r STAGE III
MAX | MIN l AVG || MAX 1 MIN | AVG {| MAX | MIN | AVG

Speed, rpm | 2508 zu9u, 2501lf 2505( 2u96( 25001 760{ 750 753
Load, thp | 33.8] 33.4] 33.6|| 33.8] 33.3| 33.6 1.2{ 0.8 1.1
01l |Cooler into engine, °F | 177) 171 175)) 1871 18S| 187 120 119] 120

iEngine aT(out-In}, °F ‘ 61 1 31 2 ;1 2| 3 o} 1

‘Pump Gallery, ps1 | 6b.u 63.5] 6b.0ll 62.6] 62.0f 62.2}f 59.u( S8.0! 59.0

‘Engine Gallery, psi | 58.8( 58.0! 58.3j 56.8( s6.0] ss.uf 55.2( Sk 7' 55.0°

+P (Pump-Engine), psi - 6.0l 5.3] s.7ll 8.5 s.u| 6.3 uw.7i 3.0{ u.o,

Cyl. Head Gallery, ps1 1 58.60 55.51 57.3) 56.41 su.0| 55.15;—5_5.7: 53.01 Sk.6:

4P (Engine-Head), psi j 3.0f 0.1} 1.0f 2.8{ 0.2 1.%] 2.0! 0.5{ 1l.2:

‘Cooling, min |ammms| zzsme|svees)|peses| sy (supww( 20| 14| 16
WateriJacket Outlet, °F o135 133( 13wl 155 15| 1SSl 22| 119{ 170

!':.1' (Out-In), °F el 13) wf asp 13 13 1s] S

(Flow, gpm | 15.3] 15.0] 15.1]} 15.2{ 15.0[ 15.1[ zmemecewen|m—.:

{Blowby Heat Exch , °F 129 1i7f 128(f 1u8( 1wy| iu8l iisl 112{ 113,

IMarine Manifold, °F I 153| 148{ 1sof 170 169| 169 132! 122} 129!
Carb.iTemperature‘ op J 82{ 791 8o| SQLA 80 80( 82[7 80 Egj
Air jHumidity, grains/lb !’ 79.2IL 77.8( 78.9] 79.2 79.2{ 79.2i 79.21 76.4| 78.6:

|Pressure, in. ;0 h 0.261 0.22{ 0.23]| o0.2u| o.22| 0.23(| 0.261 0.24] 0.25;
_slouby Temperature, °F ;L 1281 125{ 127f 1u5| 13| 1usif 213] 1) uz!
Blowby Rate, cfm | 1.83 1.71{ 1.76(|=22n%| suemy gze=n) pvpss) Soygy) prons!
Crankcase Pressure, in. H,0 I 1.00 0.0li 0.27' 0.70] 0.01 0.23[ 1.00’ 0.01| 0.24
Ignition Timing, *BTDC L ue 46 46||y=men | memng|nsmmy) 10| 10 10
Intake Manifold Vacuum, in. Hg | e.e[ e.ﬂ 8.6 8.7| 8.s] 8.6} 15.5! 15.0| 15.2
Fuel Flow, lb/hr e R
Exhaust R%ack Press., in. H,0 Il 10.6] 8.3] 9.6 10.u] 8.u| 9.2 1.4l o0.5] 1.1
Exhaust | 02, % | 1.26] 0.85| 1.04)| 1.15] 0.96] 1.04i 0.481 0.18] 0.30
Cas co, % | 0.u3] o.zz[ 6.28|l 0.u6( 0.23] 0.35{] 7.00] 6.40| 6.60
Analysis| NOx, ppm rmwny gyweg vesww| .| _-_| 2150|u=esy|zgmsy|meeny
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L
SwWRI NO. LO-34460

DATE 06-08-87

TEST NO. 31-08-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 194

FUEL M-85 (Tank # 105)
TEST HOURS 24
FLUSH OQOIL T0-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 _Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 15, 20, 24 hours

- _"New" 0il
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SEQUENCE V-D

oP e
TEST NUMBER DATE COMPLETED
31-08-237-84-3 06-09-87
T AL-14965-6 fSwRI OIL CODE Lo-34460
P STAGE 1 W STAGE II AAF STAGE III
‘ MAX [ MIN [ AVG || MAX | MIN l AVG || MAX | MIN | AVG

Speed, rym 2510] 2u98| 2504f; 2507| 2500| 2503)| 763| 748{ 753
Load, thp | 33.7] 33.2] 33.u| 33.6] 33.2/ 33.4| 1.2/ 1.0f 1.1
01l |Cooler into engine, °F | 176] 17 175 187 185( 186! 122’ 118! 121.
Engine aT(Out-In), °F | 6; 3 S L 3' uq 71 2 N
Pump Gallery, ps1 . 65.8; 65.0§ 65.2, 6L . L) 63.0! 63.6“ 60.0! 59.01 59.6!
Engine Gallery, psi 1 69.71 59.0| 60.9I] 59.0] 58.0! 58.4il 56.1| S55.4| 55.9|
' 4P (Pump-Engine), ps1 | 6.0/ wu.o| s.o0f 5.71 5.0/ s.2f .31 3.0[ 3.8
ECyl. Head Gallery, psa } 59.5! 57.0| s8.1! 57.0| 55.8! S6.5, $5.6! 53.0] Sk.b
'uP (Engine-Head), psi | s.0f o.of 2.2 3.0 1.0{ 1.9f 2.0f 1.0{ 1.9
Cooling, min |dr==w) eusew| samwn) pymwe| sxwew aemem) 15) 13] 1
Water;Jacket Ooutlet, °F ! 135} 134] 13sjl 1s6| 1SS} 1S5} 21} 120| 120
AT (Out-In), °F ] 15! 12 1u§ 14 13 13| 13| 12 13
Flow, gpm | 15.1] 1u.7] 14.9)| 15.0| 1u.8] 1u.9||semme) remmn e
Blowby Heat Exch., °F il 130! 128) 129) 1u9| 1u8{ 1u8l 11u! 113 11k
Marine Manifold, °F | 152| 1w9{ 1soff 171| 169( 170ff 13w| 130| 132
Carb. |Temperature, °F i 81 80 80 81 go| 2ol &3] 80 81
Air [Humidity, grains/lb }w?9.2 79.2! 79.2l] 79.2 79.2J 79.2l 79.2] 79.2| 79.2
|Pressure, in. H.0 | 0.2u| 0.21]| o0.22]] 0.221 0.21| 0.221 9.2} 0.24} 0.24
Blowby Temperature, °F ) 129i 127| 128 147| 146 | 1u6q 11 112 113
Blowby Rate, cfm t1.78| 1.711 1.74||snsne| meane | panes) srews | 2unwn | guem
Crankcase Pressure, in. H,0 0.09| 0.01| 0.02{ 0.04| 0.01| 0.02|f 1.00{ 0.01] 0.02
Ignition Timing, °BTDC L6 46 up|jemang|memmn 2uveey 10 0 10
Intake Manifold Vacuum, in. W 8.8| 7.sf 8.2] 8.8| 7.8 a.3Q 15.1] 14.6] 14.9
Fuel Flow, lb/hr | 0.02| o0.01| 0.02|| 0.02| 0.02| 0.02|; 0.01| 0.01} 0.01
Exhaust Back Press., in. H.0 ! 11_71 9.u| 10.6| 10.9] 9.0 10.10 1.2 °‘°i 0.7
Exhaust | 02, % Il 2.60] 1.02{ 1.3u|| 2.201 1.06| 1.30)] 0.25| 0.17| 0.21
Gas co, 2 | 0.50{ 0.12{ 0.29]| 0.u2| 0.18] 0.3u| 7.00( 6.40( 6.60
Analysis! NOx, ppm jumnws | xeesy | zye=ml| 2340( 2340( 23u0|S=Snp|suswy|usssy
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L
SWRI NO. LO-34026

DATE 06-10~-87

TEST MO. 31-09-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 121

FUEL M-85 Tank = 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

{l}) Take 2 cunce 0il Sample:

~_End of candidate flush ("0" hour)

- 8, 16, 20, 24 hcurs

- "New"” 01l
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SEQUENCE V-D

Testing Laboratory

4Q

9 N u

TEST NUMBER DATE COMPLETED

31-09-237~84-3 06-11-87
CLTENT UIL COUDE SwRI OIL CODE
AL-16155-1 Lo-34026
A A A |
STAGE I STAGE Il STAGE III
MAX [ MIN [ AVG || MAX [ MIN ] AVG || MAX | MIN | AVG
Speed, rpm 2510] 2490 2499l 2510 zugo’ 2501l 765 7S1| 759!
Load, bhp | 33-7) 33.1] 33.u4)} 33.8] 33.2] 33.6] 1.1 o.sj 0.8
0il |Cooler into engine, °F 176& 174 1?5' 186 18s 18?} 122! 118! 123}
Engine aT(Out-In}, °F 2| 01 1 3 2, 2! 51 2| bt
Pump Gallery, psi !l 62.8! sz.oj 62.3 60.9| 60.5/ 60.7) 58.7) 58.02 58.4
|Engine Gallery, psi | 58.01 s6.7| 57.11| 55.2] Su.81 55.0( 55.4] 55.0{ S55.1
"AP (Pump-Engine), psi: 1 6.0/ 4.0 €. 2! 6.0? 5.5/ 5.6l 3.6§ 3.0/ 3.u
'Cyl. Head Gallery, psi | 56.51 su.of su.8l su.ul 52.0] S3.1(| 55.01 52.0] 53.6
'sP (Engine-Head), psi il w.of 0.6/ 2.3 3.0f o.5| 1.8] 3.0/ 0.1] 1.5
Cooling, min || mmmm vy se=3m)| mwen | pmes| mmes) 15! 1% 15
WateriJacket Qutlet, °F (| 136{ 133f 13| 155{ 154 155 12;} 121 122!
aT (Out-In), °F | 151 3] aefhoaeloa3) awfl a3 ) 12
Flow, gpm (| 15.1| 14.8( 15.0{ 15.0{ 14.8] 14, 9| penns) sunwy|cesme
Blowby Heat Exch., °F { 130; 127J IZBi 148 147 148{ 116 113 119
Marine Manifold, °F §o1s1| sl 1ug|l 170| 169| 169) 134| 132| 133
Carb.gremperazure, °F 81| 79 80 81 80 80| 81/ 80 81
Air |Humidity, grains/lb 82.1| 79.2| 79.2|| 79.2| 79.2| 79.2| 79.2| 79.2| 79.2
ipressure. in. H,0 Il 0.22! 0.18] o.20}| 0.22{ 0.18] o0.20 o.zu] 0.22| 0.23
Blowby Temperature, °F 129 127 127; 46| 145| 16! 115) 112| 114
Blowby Rate, cfm 1.90) 1.72] 1.85||nwman, samen| sumem s | cwemwes | Sowey
Crankcase Pressure, in. H,0 0.11| 0.01{ 0.06yl 0.80( 0.01{ 0.27|| 0.10f 0.01; 0.06
Ignition Timing, °BTDC u6 L6 L6} | Bmmey | mmwey ::2:!! 10 19 10
Intake Manifold Vacuum, in. Hg || 9.1| 8.7| 8.8]| 8.9] 8.4] 8.6 15.6] 15.1] 15.3
Fuel Flow, 1lb/hr e e e e s e e e
Exhaust Back Press., in. H,0 B 10.9{ 6.8{ 10.1f 10.9| 9.3 10.1if 0.1 o0.0{ 0.3
Exhavst | 02, % | 1.18| 0.15| 1.00|| 1.20} 0.99| 1.11}| 1.10{ 0.23| 0.57
Gas co, % 1 L.80| 0.07| 0.73{ 0.52| 0.07| 0.34 6.80’ 6.00| 6.40
Analysis| NOx, ppm Sy | 2gmeg | ap=ni| 2080 20801 2080([=m=g|asmey(namey
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L
SwRI NO. L0-34461

DATE 06-12-87

TEST NO. 31-10-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 248

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "“"New" 0Oil
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SEQUENCE V-D

o NAL SU
TEST NUMBER DATE COMPLETED
31-10-237-84-3 06-13-87
CLIERT UILACODEAL-15u27—L SWRI OIL CODE Lo-3ub61
r STAGE I I STAGE II STAGE It
MAX T MIN [ AVG || MAX ] MIN | AVG ’ MAX | MIN | AVG
Speed. rpm 2512! 2ug9u| 2503 2508! 2498 2503! 7u8| 7331 781
Load, thp 33.8! 33.5| 33.6|| 33.7] 33.2] 33.5/ 1.4 1.0f 1.2
0il |Cooler into engine, °F 177] 173| 17s|| 186| 186| 186| 121 119} 120
;Engzne aT(Out-In), °F J 2] OJ 1 1 1 [N 2 3
;Pump Gallery, psi | 60.21 58.9| 59.6l 58.41 57.3 se.o! 56.01 55.0| 55.2.
{Englne Gallery, ps: : 56.8! S}.?J Sh. b 52.5! 51.2 52.0! £2.5 50.8‘ 51.7:
'sP (Pump-Engine), psi [ &8l 5.0 s.8 6.2l s.9] 6.0l L6l 3.0/ 3.7
;Cyl. Head Gallery, psi 1! S3.8¥ 50.5! 52.3| 51.1( u9.o§ 50.0| 51.5j u9.o; 50.3{
1AP (Engine-Head), psi g u.s* 0 “J 1.7[ 3.0! 0.3{ 1.7” 313} 0.1] 1.2!
|Cooling, min jom===) m=pmm i e e 161 12 1
Watar:Jacket Outlet,—li_ J 1361 133] 13|l 155{ 154 15&! 22! 1200 121,
AT (Out-In), °F | 14 13 14 14 12 13 1w 12 13
Flow, gpm ) | 15.11 1u.8} 1k.9|} 15.0] 14.8{ 1u.9||zesae)sxnms)smmws
Blowby Heat Exch., °F | 130 127 128 148 147 L8l 115 113 114,
~ |Marine Manifold, °F {I 152} 1u7| 1.9}l 170| 166} 168 133, 132} 132
Catb.{Temperature, °F ; 821 78 81 81' eq< aoi 82 79 80!
Air iHumidity, grains/1lb ;_ga.z 79.2 80.1” 79.gJ 79.2 79.2“ 79.2{ 79.2( 79.2!
{Pressure, in. H,0 | 0.22} 0.18/ o0.20|f 0.20] 0.18{ 0.19lf 0.24| 0.22 o.zu:
Blowby Temperature, °F | 129[ 126 127} 146] 1hu]  145] l%EJ 1127 113
Blowby Rate, cfm 'f1.92] 1.83| 1.88[cuwen|pises) susnm)| | SR | S
Crankcase Pressure, in. H,0 || ©.90} 0.10{ 0.0 0.60| 0.20} 0.40}| 1.00{ 0.10| 0.60}
Ignition Timing, °BTDC L6 46 L6 || memme | ey | mawwemy 10 10 10
Intake Manifold Vacuum, in. Hg 9.2 8.7 9.0 9.0 8.9 8.9l 15.8( 14.8| 15.1
Fuel Flow, lb/hr —— ——— —— —— —— _--i ——— ——— ——
Exhaust Back Press., in. H,0 1"21.7] 8.4] 10.3|| 11.6| 10.0] 10.9! o.8{ o.1] o.u
Exhaust | 02, % ! 1.zoi 0.97] 1.08]| 1.10| 0.93| 1.0u| 0.u6{ 0.30 _EIEEE
Gas co, % l o.u?J 0.15| 0.36{f 0.53| 0.21| 0.36| T.co! 6.50| 6.70
Analysis| NOx, ppm | | saemy (wmwmn| - ---| 2110liwmmsR|zmams|ewiey
So west Resear titute
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L
SWRI NO. LO-34579

DATE 06-18-87

TEST NO. 31-11-237-84-3
ENGINE NO. 237

TOTAL ENG ERS 275

FUEL M-85 Tank % 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours
DISCUSSION
(1) Record extra temperatures and note Phase
- 0il Sumo

~ Intake Manifold and ¢4 Runner

- Water Pump

(2) Take 2 ounce 0il Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 2il
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SEQUENCE V-D

QPEBATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-11-237-84-3 06-20-87
CLTERY UIL CUDE SwRI OIL CODE
AL-15610-L LO-34579
STAGE I STAGE II STAGE IIT
MAX MIRN AVG MAX MIN AVG MAX L4 | AVG
Speed, rpm 2513| 298] 2%506{ 2508 2491} 2503 T73 752 764
Leoad, bhp 33.8] 29.7| 33.2|] 33.8} 33.6{ 33.7 1.3 0.1 0.8
0il |Cooler into engine, °F 176 173] 17s|l 187| 188 186ff 121 119| 120
Engine AT{Out-In), °F | 7 2 L 5 2 3 3 o 2
Pump Gallery, psi 6L.8| 6L4.0| 64.3)] 62.8] 62.0f 62.4|| 59.9| 53.0! 59.6
Engine Gallery, psi 59.8| s8.0) 8.9 57.3] 57.0| S57.2|] 6.1 ss.0| 55.%
AP (Pump-Engine), pai } 6.0 5.0 sS.4 5.6 5.0 5.3 5.0 3.% L.o:
Cyl. Head Callery, psi i| 55.3] sv.0| su.8) 53.7] s1.9| S2.7|| 52.0] S0.0| sS1.1.
sP (Engine-Head), psi 5.7 3.0| .|l s5.3] 3.4] u.4 6.0‘ 3.00 .4
Cooling, min STy | SEEPN | AOpNN || EREt) | RISER | gUgeN 20 by 16
Wateri{Jacket Qutlet, °*F 135 133 134 15% 15k 81 121 119 120°
AT (Out-In), °F 15 13 Pt 14 12 13 13 12 12.
Flow, gpm 15.2] 14.9! 15.0|| 15.1{ 1k.9]| 15.0 j— .- J} - 8§
Blowby Heat Exch., °F 130 128 128 148 146 148 115 112 113
Marine Manifold, °F 151 143 150 169 168 169 133 130 132!
Carb. |Temperature, °F 78 81 8o 79 81 8o 84 79 81.
Air |Humidity, grains/1lb 79.21 79.2) T79.2{] 79.2| 79.2| 79.2{ 79.2{ 79.2; 7%9.2!
. Pressure, in. H,0 0.26) 0.20] 0.231 0.24| 0.22| 0.23|| 0.26( 0.24 .25}
Blowby Temperature, °F 129| 127! 128ff 1u7| 14S| 46|l 1a%| 111] 113}
Blovby Rate, cfm [ 2.08| 1.90] 1.97|/e=sen segey|seges)ismeny ponen |sapen)
Crankcase Pressure, in. H,0 0.60{ 0.10} 0.20}j 0.20{ 0.10§ 0.10f} 0.20] 0.10 0.10‘
Ignition Timing, °*BTDC u6| 46| u6|sme=uiswswysse=eil 10| 10 104';
Intake Manifold Vacuum, in. Hg 9.0 8. 8.7 8.7} 8.s] 8.s|] 15.3| 14.6} 15.0
Fuel Flow, 1lb/hr —em| mce) eeefl emel cee] eee|l emml o= aee
Exhaust Back Press., in. H,0 10.9 8.4 10.2{f 11.6| 10.8] 11.1}] o0.7| 0.1} o0.%
Exhaust 02, % 1.16| 1.01] 1.10f} 1.09| 1.00| 1.06f 0.4k} 0.07| 0.27
Gas co, % 0.60] 0.34| 0.50{] 0.55| 0.39| 0.50|] 6.90| 6.20] 6.60
Analysis| NOx, ppm WPSDY | NN !B:ll -==| -==| 2200{/2828% 29927 |Senay

Teatin; Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16156-L
SWRI NO. LO~33953

DATE 06-21-87

TEST NO. 31--12-237~84-3
ENGINE NO. 237

TOTAL ENG HRS 202

FUEL M-85 Tank % 105
TEST ROURS 24
FLUSE OIL LO-12118%

FLUSH OIL FUEL Phillips "I"

FLUSH TIME 3 _Hours

DISCUSSION

(1) Take 2 ounce 0il Sample

- End of candidate flush ("0" hour)

~ 8, 16, 20, 24 hours

- "New" 011
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SEQUENCE V-D

OPERATIONAL SUNMARY
TEST NUMBER DATE COMPLETED
31-12-237-84-3 06-23-87
CLTENT DIL CODE SWRI OIL CODE
AL-16156-L L0-33993
r STAGE I STAGE II F STACE III
MAX MIN AVG MAX | MIN | AVG MAX MIN AVG

Speed, rpm 2510f 2498( 2504{f 2509 25°1L2505 759 752 756.
Load, bhp 33.71 33.3| 33.5| 33.7 33.3‘ 33.6! 1.2 0.9 1.0
011 |Cooler into engine, °F l 177 174 17% 187 186 187 122 120 121,
Engine aT{Out~In}, °F kl 0 2 3 0 2 6 2 L.
LPump Gallery, psi [ 63.11 62.0f 62.5/| 61.0{ 60.9 61.91 59.0] 58.0| S8.4:
Engine Gallery, psi || 57.6] 57.01 57.2{| 55.0 56.0{ 55.4| 55.4| Ss.0| S5u.6!
"sP (Pump-Engine), psi I 5.7] 5.0 5.3 6.0f s.of s.el wu| 3.0 3.8
'Cyl. Head Gallery, psi || 53.1| 52.0| 52.5|| 51.0] 50.0{ 50.8|| 51.0| 50.0| 50.5
AP (Engine-Head), psi 5.5| L °L, L.7)} 5.1 .o u.5)| s5.0f 3.0f u.1
Cooling, min l’-l{lm SEESE| | STSNR | RUNAS | EREWR 17 14 15
WateriJacket Outlet, °F { 136 134 135 1558 1585 155‘ 122 119 1201
AT (Out-In}, °F bR 13 PR 13 12 13 14 12 13;
Flow, gpm 15.3| 15.0| 15.1} 15.3| 15.0| 15.1||2=2"2| KIwee| K=Y
Blowby Heat Exch., °F 130 128 129 149 148 148 118 112 113
Marine Manifeold, °F 153 149 150 170 169 170 133 130 131
Carb. {Temperature, °F 82 79 80 82 79 81 8s 80 83
Air |{Humidity, grains/lb 79.2) 79.2{ 79.2|l 79.2| T79.2| 79.2{ 79.2] 79.2}| 79.2
lFre:nure, in. H,0 0.24| 0.20! 0.22f| o0.24] 0.20| 0.21}f 0.26} 0.23| 0.24
Blowby Temperature, °TF 130 128 129|| 147 146 1u§] 115 112 113
Blowby Rate, cfm 2.081 1.93| 2.c0||cemen|poaeg e.s:agzzz:s £2NS8 | #2NES
Crankcases Pressure, in. H,;0 0.20] 0.10] 0.10} 0.20} 0.10 0.10‘ 0.20| 0.10] ©.10
Ignition Timing, °*BTDC L6 46 ué nznfnla 10 10 10
Intake Manifold Vacuum, in. Hg 8.8 8.3 8.6l 8.6 8.8] 8.5l 15.3] 1.7} 15.0
Fuel Flow, 1lb/hr -— —— -— -— el et - -=- -—-
txhaust Back Press., in. H,0 11.8 9.2| 10.8{| 11.5%5 9.3| 10.4|| 0.8 0.0 0.3
Bxhsust | 02, % 1.15} 1.00] 1.06[ 1.05] 0.96] 1.02 0.34[ 0.25] o0.27
Gas co, % 0.%59| 0.33] o.uulj 0.50| o0.43| o.uT|| 6.50} 6.30} 6.u0
Analysis! NOx, ppm |enETe | gmwe g ---| ---| 2730 Wy | vepey

§9n&hgg£§_ﬂsf§g§sh_15151&u&s
Testing ratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-~L
SwRI NO. LO-34026

DATE 06-23-87

TEST NO. 31-13-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 329

FUEL M-85 Tank # 105

TEST HOURS 24

FLUSH OIL 1o-121128

FLUSH OIL FUELphillips "JI"

FLUSH TIME 3_Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" o1l

51




SEQUENCE V-D

OPEEATIONAL SUNMARY

TEST NUMBER DATE COMPLETED
31-13-237-84-3 06-25-87
'CLTERT OIL CODE SWRI OIL CODE

AL-16155-L L0-34026 f

STAGE I STAGE II STAGE III
MAX | NIE | AVG {{ MAX | MIN | AVG || MAX | MIN | AVG
Speed, rpm 2510| 2u9u| 2502|] 2503 2u98| 2soof| 763 748 7SS
Load, bhp 33.8] 33.3| 33.6|| 33.8] 33.3] 33.5|| 1.4] o.7| 1.1
011 [Coocler intoc engine, °F 177 173 178 187| 185 186 121 118 120:
Engine aT(Out-In), °F 3 b 2 TS 2 2 6 3 IS
Pump Gallery, psi 63.2] 62.0| 62.s|| 61.0| 60.6( 60.9|| 59.0| 58.7| 58.9
Engine Gallery, psi 58.0[ 56.0| 57.2{| 56.0( 55.0( 55.2| 55.5( S54.0( 5u.8'
AP (Pump-Engine), psi 6.0/ 4.0 s.2/| 6.0/ s.of 5.7} S.of 3.3] wu.1l
Cyl. Head Gallery, psi s4.5| s53.0| 53.6|| 52.2{ s1.0| S1.S5{f 52.5| S0.0| S1.4i
AP (Engine-Head), psi 5s.0f 2.u| 3.6f 4.1| 2.9| 3.6{| &.3] 2.7y 3.iy
Cooling, min CEUEN | 38T | SEESE| | SNNNN | SRAES (ERESR!| 16 13 154
Water)Jacket Outlet, °F 135] 133} 13|l 155 1su| 1sw|| 122| 118{ 120
AT (Out-In), °F 14 13 1k 1% 13 13 14 12 13
Flow, gpm 15.3| 15.1] 15.2|| 15.2] 1%.9| 15.1)/zenes|ssesw)|sTE=n
Blowby Heat Exch., °F 130 27| 129)| 1s9| 1uwy| 1u8)| 11s| 112{ 113
Marine Manifold, °F 150{ 1u8] 1s0fl 170| 168{ 169 13| 129{ 132
Carb. |Temperature, °F 81 8o 80 81 79 8o 8s 8o 83:
Air [Humidity, grains/ib 75.2| 75.2| 79.2{ 75.2] 7%.2{ 75.2|] 75.2| 73.2} 75.2
Pressure, in. H,0 0.24| 0.20| 0.22|| 0.24| 0.22] 0.23}| 0.26| C.23| o.24.
Blowby Temperature, °F 130 127 129j 18| 185} 147l 11| 111} 113
Blowby Rate, cfm 2.04{ 1.91| 1.96(/s389%|SEREE|SINTN||SRNWR | SINDE | FEWEW
Crankcase Pressure, in. H,0 0.40| 0.10{ 0.10fj 0.u0} 0.10{ 0.20j| 1.004 0.10} 0.30°
Ignition Timing, °BTDC u6| u6| u6|jssews|sm=ss/mmw=ml 10| 10| 10:
Intake Manifold Vacuum, in. Hg 8.8 8.7 8.7 8.8 8.5 8.711 15.2} 14.8] 15.0
Fuel Flow, lb/hr el e L | e e B
Exhaust Back Press., in. H,0 11.5| 10.1) 10.8) 11.2] 9.2} 10.0{] 0.8} 0.0} 0.2
Exhsust | 02, % 1.06| 0.92} 1.01{l 1.01{ 0.93| 0.99|| 0.46| 0.u0| 0.42
Gas co, % 0.51| 0.28( 0.38|| 0.50| 0.25] 0.38|| 6.90{ 6.40| 6.60.
Anslysis| NOX, ppm jsenus |asess (emews|| 2u50| 2210/ 2330(SERIR|ESEER | EINeR.

Testing ugnwn
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L
SWRI NO. 10-34460

DATE 07-14-87

TEST NO. 31-14-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 356

FUEL M-85 Tank % 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "“J"

FLUSH TIME 3 _Hours

DISCUSSION

(1) T™ake 2 ounce 0il Sample:

- Fnd of candidate £lysh ("0" hour)

-8, 16, 20, 24 hours

= _"New" 0il
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SEQUENCE V-D

55

Testing Laboratory

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED :
31-14-237-84-3 07-15-87
CTLIENT UIL CODE SWRI OIL CODE
AL-14965L LO-34460
(47 STAGE I 1 STAGE II F STAGE 1II
' MAX T NIN [ AVG [ MAX [ MIN | AVG || MAX [ MIN | AVG !
Speed, rpm 2509 2493| 2503(] 2510( 2u98| 2507 762 75S| 759
Load, bhp i 33.7( 33.0{ 33.3{ 33.8 33.1{ 33.4 1.0] 0.9 1.0
01l |Cooler into engine, °F ; 177 178 175 188 186J 187! 122! 119 l%}}
Engine aT(Out-In), °F | 7| 3 5 8 h, 5 7] 3 5;
Pump Gallery, psi | 67.2] 66.0] 66.6] 65.1] 64.7] 6k.9| 60.8 60.0| 60.3
Engine Gallery, psi | 62.4] 60.0l 61.0if 60.0| 59.0} 59.3|| 57.2| 55.0| S6.1
'sP (Pump-Enginel, ps1 1 6.1 s.0| s.6ff 6.0/ 5.0/ 5.6 5.0 3.4 L2
Cyl. Head Gallery, psi Y 57.&! 55.0] 56.3|| 8.8} ss.0| 55.3l! 52.01 50.0| S1.1
4P (Engine-Head), psi | 6.1f w.2| s.of 6.0f 0.3] L.l 6.6/ s.0l 5.2
Cooling, min || aomen| cowsn| sewew/|senm | emmen guSmR| 15| 13] v
WaterJacket Outlet, °F | 135i 134} 135 156] 154 155! 122 119 121
AT (Out-In), °F I 1u[47 13( w130 13) 13 1| 11 12
Flow, gpm | 15.3] 14.9] 15.2|| 15.3| 14.7| 15.0|/=anun) eauvn|asevy
Blowby Heat Exch., °F il 1300 128| 129|| 150| 148| 19|l 115{ 113{ 114
Marine Manifold, °F | 1s0{ 1s9| 1sof 171| 169] 170i 13w| 132] 133
Carb. |Temperature, °F | 81| 8o e se1] soj 8] s2f 8o 81
Air |[Humidity, grains/lb I} 79.2| 79.2| 79.2|| 79.2| 79.2{ 9.2 79.2| 79.2( 79.2
|Pressure, in. H,0 | 0.22| 0.20] 0.22i] 0.22| 0.20] o.21i| 0.26/ 0.2u4| 0.25
Blowby Temperature, °F | 2301 127| 129|f s8] 1u5] 1uef 115 112] 118
Blowby Rate, cfm I| 2.15| 1.92{ 2.08|/zENES|seENE|eTERS|/CNETS | FRENN | 42NN
Crankcase Pressure, in. H,0 | o.90| 0.10| 0.s0|| 0.80| 0.10| 0.uwolj 1.20| 0.20| 0.80
Ignition Timing, °BTDC I ué L6 46|{EuE | SENNS (SEEREI| 10 10 10
Intake Manifold Vacuum, in. | 8.6f 7.9] 8.u|l 8.7| 8.3 8.5} 14.7] 14.5| 14.6
Fuel Flow, lb/hr I B e I o T Bt RS Y B
Exhaust Back Press., in. H,0 | 11.4] 9.3] 10.uf 10.8( 9.8) 10.4f 1.1] o.s| 0.9
Exhaust | 02, % | 1.40) 1.06] 1.20f| 1.34] 1.00| 1.16l| 0.54| 0.16{ 0.26
Gas co, % | 0.95| 0.uo| 0.71f 0.97| 0.u7| 0.72|| 6.90| 6.30] 6.50
Analysis| NOx, ppm |xsvnn | seues i swmmai 23001 2300( 2300(smwES|ceEmy(yexey
wvest R




St 9 |48 1> 1- 6 v T ovt ve

€1 v LA 1> .|M' 6 S [ Lzt ac
ot S 6 > IM. 8 Z > Lot 91 ,

- € 4 6 1> «MM S v I> €L 8
o | € Sl I> | 4 > 1> S MIN ,
) SINO] 31S3]
.ﬂl«. el qas U bW ed uz |M~t|.» 002 qad 18 by N ﬂ.- no v 10 a4 N1 apo) .

Hdd NI S'IVLIWH
$°ON dDYVHO

09bpE-O1 400D IUMS SHIAWVS

L8-91-L0 faLva

f-ta-Lec-bvl-1¢g SLGHL

14T "L AAOLVAOKVT TVIILXTVNV
BOUVIASHN SLONAOUL HNHTONLId 40 °Ld43d

NOISTATA HOHVASAY SNOISSIWA T SLONAQOAd IAATLOKOLNY

"1-G96¢ T -1V

230D HOLGHNOGgY

56




WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L
SwRI NO. LO-34579

DATE 07-16-87

TEST NO. 31-15-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 283

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candiate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 0il
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SEQUENCE V-D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-15-237-84-3 o7-17-87
[ CLIENT OIL CODE SWRI OIL CODE
AL-15610-L Lo-34579
. STAGE I STAGE II STAGE III
MAX | MIE { AVG {{| MAX | MIN { AVG {| MAX | MIN | AvG

Speed, rpm 2513| 2u96| 2506| 2514| 2505( 2508 768 7S5| 762!
Load, bhp 33.7| 33.3] 33.5|| 33.7] 33.%( 33.s5| 1.2 1.0f 1.1
0il |Cooler into engine, °F 177 175 176)| 187| 186| 186l 122 120f 1211
Engine aT(Out-In], °F | 7 3 5 b 2 3 3 2 2!
Pump Gallery, psi || 65.0| 6u.0| 6u.6( 63.6] 63.0{ 63.3] 59.8] 59.0( 59.5]
Engine Gallery, psi | 59-2| 59.01 9.0 57.6 57.0[ 57.u[[ 56.2| Su.0| S5.4]
aP (Pump-Engine), psi | 6.9/ s.0f 6.0ff 6.2f 6.0l 6.0l S5.0f 3.2{ 3.9
Cyl. Head Gallery, psi ! 57.4| $6.0| 56.8! 5.0 5&.0! Sk.6§ S4.0l 53.1| 53.6
AP (Engine-Head), psi | 3.8/ 1.6{ 2.5 3.0f 2.8}/ 2.7] 3.1f o0.0f 1.8
Cooling, min SUSws | FESNN | SONY((STENY | ERwwS (FENwN)| 1S 14 15
WateriJacket Outlet, °F 136 134| 13u)| 155} 1se| 15S|| 122| 1120] 121
aT (Out-In), °F 14 13 14 14 13 13 1| 11 12
Flow, gpm 15.2{ 15.0{ 15.1{l 15.2| 15.0| 15.1//FINSS|SEREN|EINTR!
Blowby Heat Exch., °F 130{ 128( 129 1u8£ﬁ 17| 148l 115) 113| 11
Marine Manifold, °F 150| 17| 1u9j 170{ 168| 169( 134 131| 132
Carb. |Temperature, °F 81 78 80 82 78| 8o 83| 8o 82
Air [Humidity, grains/lb I 79.2] 79.2] 79.2}} 79.2| 79.2| 79.2|] 79.2] 79.2| 79.2
Pressure, in. H,0 Il 0.22| 0.20| 0.21}f 0.22| 0.20| 0.21] 0.26| 0.24] o0.25
Blowby Temperature, °F 130 128f 129 17| 1u6| 1u6|l 1iu| 113} 113
Blowby Rate, cfm z.37! 2.13} 2.24|/mosER|SRSYS | S2ENE||ENESY | XIREE | STEY
Crankcase Pressure, in. H,0 1.00| 0.10| 0.60| 0.80| 0.10| 0.50|{ 1.20{ ©0.10]| 0.60
Ignition Timing, °*BTDC L6 u6 L6||seeey | enuuy (wpeRi| 10 10 10
Intake Manifold Vacuum, in. Hg 9.0f 8.6/ 8.8{f 8.9 8.6 8.8]| 15.2} 14.6] 14.9
Fuel Flow, lb/hr | ==={ ===f —==l] === mem| | w==| | ---
Exhaust Back Press., in. H,0 11.7| 10.5| 11.0{f 11.4) 10.3}| 11.0{ 3.0f 1.8| 1.9
Exhaust | 02, % 1.17| 0.96] 1.05|] 1.19| 0.85| 1.04|l 0.u0| 0.15] 0.22
Gas co, % 0.85| 0.60| 0.7u|] 0.81| 0.70| 0.75|| 6.90| 6.u0| 6.70
Analysis| NOx, ppm |juwann i senne |samen|| 2000] 2000| 2000(=ennsicEN=y|rvsee

s9u&n!ssi_ﬂszss:sh_Inazizu&s
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14966-L
SWRI NO. LO~-35235

DATE 07-24-87

TEST NO. 31-16-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 410

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSE OIL L0-12119

FLUSH OIL FUELPhillips "J"

FLUSE TIME 3 Hours

DISCUsSsION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- ll}:ewu Oil
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SEQUENCE V~D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-16-237-84-3 07-26-87
CLIENT OTL CODE SWRI OIL CODE
AL-14966-L L0-35235
T ?
STAGE I STAGE Il STAGE III
MAX ! MIN AVG MAX MIN AVG MAX MIN AVG
Speed, rpm 2510' 2497| 2502|} 2506] 2500) 2504 763 756 760

Load, bhp I 33.8( 33.2| 33.5|| 33.8) 33.4 33.6] 1.1] o.9| 1.0
0il [Cooler into engine, °F } 177| 173 176|| 188| 186| 187 121f 118] 120
Engine aT(Out-In), °F x 9| L 6| 7 n 6] 7 3 5

Pump Gallery, psi 66.6| 66.3| 66.4| 65.0! 6u.6| 64,711 60.7) 60.1] 60.4
Engine Gallery, psi i| 60.9| 60.6| 60.7|| 59.2] 58.8| 58.9|| 56.6{ 55.4| 55.8

4P (Pump-Engine), psi il 5.8 5.6 5.7U 5.9] 5.7 5.8)) 5.31 3.9| 4.6

Cyl. Head Gallery, ps1 | 60.2| 59.0( 59.6i| 58.21 56.8| S7.6l{ 55.8] 5u.7| 55.4

4P (Engine-Head), psi I 1.70 o.6] 1.aff 2.21 1.0l 1.l 1.9( c.2] 0.6
Cooling, min ||amee=n | gzens | seeen) | geews| geewn  pTvew)| 1S 12 14
WatertJacket Outlet, °F 136 133] 135{] 155| 1SW| 1su|| :20{ 122| 121
AT (Out-In), °F 14 13 13 13 12 3 13 11 12

Flow, gpm || ts.2] 15.0{ 15.1|] 15.5] 14.7| 15.: 'saunn|sesen|ssees
Blowby Heat Exch., °F | 130] 127 129}] 189| 1u7 8| 116| 113] 114
Marine Manifold, °F 1s2{ 1s8( 1soff 171{ 169( 170|| 13%{ 113| 129
Carb.|Temperature, °F 81 78 aog 81 79 80 81 79 80
Air |Humidity, grains/lb 79.2| 79.2| 79.2| 79.2] 79.2] 79.2l 7195.2| 79.2] 79.2

0.18| 0.17] o.18l] 0.18] 0.14] 0.16l] 0.24] o0.20] 0.22
130| 128 129 17| 1us| 1ue|| 115] 112] 11w

iPressure, in. H,0

Blowby Temperature, °F

Blowby Rate, cfm 2.161 1.93] 2.07||z2uc28| 279NN | ESNTN| | SATTY | STNNN | EUEPR
Crankcase Pressure, in. H,0 0.60) 0.10| 0.20]] 0.40| 0.20} 0.30|] 1.10| 0.10}| 0.30
| Ignition Timing, °BTDC L6 L6 L6||ONSSS | ERTNY | SNERY| 10 10 10
Intake Manifold Vacuum, in. Hg 9.0 8.4 8.6 8.8{ 8.6| 8.7 15.5| 15.0} 15.2
Fuel Flow, lb/hr —— -——- == - ——- -— -—= ——- ---
Exhaust Back Press., in. H,0 11.6| 9.8| 10.8) 11.8| 10.0| 10.8(| 1.9] o.1| 1.2
Exhaust 02, % 1.16} 1.01) 1.09} 1.12| 0.93 1.02‘ 0.23| 0.11} 0.18
Gas co, % 0.79] 0.64} 0.71)] 0.82| 0.70| 0.76|] 6.60| 6.20] 6.40
Analysis| NOx, ppm Amlu_ ml 2010| 2010 2010L8’5||2H=

\4
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L
SWRI NO. LO-34369

DATE 07-26~87

TEST NO. 31-17-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 437

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL 10-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 cunce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 2il
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SEQUENCE V-D

OPERATIQNAL SUMMARY
TEST NUMBER DATE COMPLETED
31-17-237-84-3 07-28-87
CLIENT OIL CODE SWRI OIL CODE
AL-16155-L LO-3L369
i STAGE I STAGE II STAGE III
MAX | MIN | AVG || MAX | MIN | AVG || MAX | MIN [ AVG
Speed, rpm 2511| 2501) 2505|| 2512| 2504| 2507|| 763 752| 756
Load, bhp || 33.7| 33.%] 33.6]| 33.7| 33.2| 33.5] 1.0f o0.8] 0.9
011 !Cooler into engine, °F It 177 17u| 175)| 187 18§1 187 1201 119 120
Engine AT{Out-In), °F ; I gl 3 L 31 L S L 5
Pump Gallery, psi | 63.8] 62.9| 63.5|| 61.8] 61.01 61.5]| 59.6| 58.8| 59.1
Engine Gallery, psi || 57-81 57.01 57.5|] 55.7| 55.0{ 55.4|| 55.4| S5s.0! 55.0
AP (Pump-Engine), psi i| 6.21 s.7{ 6.0l 6.2] 6.0/ 6.1 s.0f 3.5 u.2
Cyl. Head Gallery, psi (| 56.61 56.01 S6.4{| Su.bj 53.9] Su.1lf 54.8/ Su.0| 54.5
4P (Engine-Head), psi il r.3] 1.0 1.1} 1.6{ 1.0 1.2(| 1.4{ o.0f 0.7
Cooling, min | IMIIMI IHIIIMIJI 16‘ 13 1k
WateriJacket Outlet, °F || 136] 13w| 135 1s56| 155| 1S6| 122 119| 12¢;
AT (Out-In), °F I sl 13| 13 13 12 12 12 10 11
Flow, gpm II 15.3] 15.0| 15.1|] 15.0| 14.9| 15.0/E=S28|enpes|g=gen
Blowby Heat Exch., °F 131i 129| 129|| 150| 1u9| 1so|| 116} 112| 118
Marine Manifold, °F 150 150| 150|] 171} 169) 170 133| 129| 131
Carb. |Temperature, °F || &1} 8o 80 81| 79 8o 81 79 8o
Air |{Humidity, grains/lb Il 79.2, 79.2| 79.2|| 79.2| 79.2| 79.2]] 79.2| 79.2| 79.2
Pressure, in. H,0 | 0.18] 0.1u! 0.17|| 0.18] 0.14] 0.27]] 0.24] 0.21] 0.23
Blowby Temperature, °F | 130f 128{ 129| 1u9{ 1u6{ 1u8)l 115| 112} 1213
Blowby Rate, cfm 2.48{ 2.08(| 2.26|[cousn|sreen|segey sesey) poyrs | gagee
Crankcase Pressure, in. H,0 1.091}0.30 0.80|| 0.90{ 0.30 0.60! 1.30 0.80' 1.00
Ignition Timing, °BTDC 46| u6 46| /snnen |gue3n |=wm=n(| 10 10 10
Intake Manifold Vacuum, in. Hg || 9.1 8.8l 8.9|] 9.0| 8.8/ 8.8 15.7{ 15.51 15.6
Fuel Flow, lb/hr et Bt | M Bt et Mt el s
Exhaust Back Press., in. H,0 Il 11.0f 9.1| 10.2|| 12.0| 9.6| 10.5|| 1.0 o.6] o.8
Exhaust | 02, % 1.18| 0.96} 1.08|| 1.16| 0.93] 1.02|| 0.60| 0.22} 0.36
Gas co, % 0.96/ 0.70| 0.81) 0.87] 0.70| 0.80|l 6.70| 6.40| 6.60
Analysis| NOx, ppm |ewses | suve ceeR) ---| --- zosoLns:m R
s

\'{
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14966-L
SwRI NO. LO-35235

DATE 07-31-87

TEST NO. 31-18-237-84-3
ENGINE NO. 237

TOTAL ENG HRS 464

FUEL M-85 Tank & 105
TEST HOURS 24
FLUSH OIL 10-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Qil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

"New" 0Oil
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SEQUENCE V-D

OPERATIONAL SUMMARY
TEST NUMBER DATE COMPLETED
31-18-237-84-3 07-31-87
CLIERT OIL TODE SWRI OIL CODE
AL-14966-L L0-35235
T STAGE I STAGE II I STACE III
MAX MIN AVG MAX MIN AVG l MAX MIN AVG

Speed, rpm 2512] 2508| 2509 2525/ 2509 2513 766 751 75¢
Load, bhp 33.7| 33.1] 33.9] 33.7] 33.4 33.8] 1.0/ 0.8/ 1.c
0il | Cooler into engine, °F birdr 4 178 176l 189 188 18ﬂ 122! 119 121
Engine aT(Out-In), °F 7 4 § 7 4 8| 6’ L £
Pump Gallery, psa || 66.6| 66.0| 66. 65.2| 6u4.0 6L.7|| 60.5[ 60.0| 60.2
Engine Gallery, psi || 60.9 60.0| 60.6 59.&’ 58.7 59.0| 56.6! 55.0({ S6.0
AP (Pump-Engine), psi | 6.4 5.6/ 6.0 6.3! 5.0/ 5.8 6.0/ u.1| u.8
iCyl. Head Gallery, ps: ' 59.9’ 58.0| 59.4 57.7' 57.0| 57.4| 56.0/ su.o| 55.2
AP (Engine-~Head), psi | 2.0/ 0.7 1.3 2.&1 1.1 1.8! 1.4l 0.0 0.8
Cooling, min POENY | ENSN| EANSR)| STENT| EAPIT| gIEN 15| 13 1L
Hater;\Jacket outlet, °F 13% 133 134 155 15% 155i 122! 119 120
aT (Out-In), °F wlo13) 13l ] 12]  13f 13 11 12
Flow, gpm 15.3| 1&.9] 15.1}| 15.2| 14.8! 15.0 :a::tg:::: ouees
Blowby Heat Exch., °F 130 128 129 149 148 149 116' 112 114
Marine Manifold, °F 150 149 150 171 169 170 142 130 133
Carb.|{ Temperature, °F 82 79 81 82 80 81| 83 80 81
Air |Humidity, grains/1b 79.2| 79.2| 79.2|| 79.2] 79.2{ 79.2|| 79.2! 79.2| 79.2
Pressure, in. H,0 0.18] 0.17{ 0.17]| 0.18] 0.15| 0.17| 0.24] o0.22| 0.23
Blowby Temperature, °F 13oJ 128] 129| 149y iu7| 1u8lf 115| 112 113
Blowby Rate, cfm 2.18) 2.05] 2.1u||ponen|eeees| aeees! SINNN| pount | weway
Crankca. > Pressure, in. H,0 0.80| 0.20| O.40lj 0.40| 0.20] 0.30{f 1.10] 1.001 1.00
Ignition Timing, °*BTDC ue L6 L6|| ermny | anuny | Eyey)| 10 10 10.
Intake Manifold Vacuum, in. Hg 8.9 8.4 8.6 8.8 8.% 8.6|] 15.21 15.1] 15.2
Fuel Flow, 1lb/hr —_— —— —— -—— ——- —— -—- -—— ———
Exhaust Back Press., in. H,0 11.7) 10.0{ 10.7)| 11.7{ 8.6| 10.3)}{ 1.1| 0.1} o.7T
Exhaust 02, % 1.18| 1.00| 1.10} 1.05| 0.95| 1.00}] 0.65| 0.19| 0.6
Gas co, % Il 0.97| o.80| 0.87|| 0.95| 0.80} o0.8s|| 6.70| 6.20} 6.uo0.
Analysis{ NOx, ppm La:alnsa‘tl -==|{ --=| 2350||=me=y|sessy|geeey:

m&nm:._m:%g_ch_mms&a
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APPENDIX B
Individual! Summary Data Sheets for Each

Test Conducted Using the Steady-State
(Cold) Test Conditions
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-T,
SWRI NO. LO-34369
DATE 08-26-87

TEST NO. 31-01-10-85-3
ENGINE NO. 10

TOTAL ENG HRS 5

FUEL Phillips "J"
TEST HOURS 24
FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 5 Hours*

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 2il

*Tncludes 2-hour V-D Lbreak-in and coolant flusn.
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SEQUERCE V-D

0 ONA R

TEST NUMBER DATE COMPLETED

31-01-10-85-3 08-27-87
CLTENT OIL CODE [SWRI OIL CODE
AL-16155-L ’ L0-34369
F STAGE I f STAGE II ﬂ STAGE 111
) MAX | WIN | AVG || MAX | MIN | AVG q MAX | MIN | AVG

Speed, rpm || 2511 2501} 2505|| 2513] 2506| 2509i| 756| 787|752
Load, bhp | 33.8] 33.2| 33.5I| 33.9| 33.3| 33.6 1.4 1.2 1.3
0il {Cooler into engine, °F ! 176 173! 175” 187' 186! 186” 132 118( 121
r}:ngine AT(Out-Inj, °F q " 2! 3” 3! 2l Zq 1] 0! 0
iPump Gallery, psi | 61.5] 58.01 59.2i} 57.5| 56.0! 56.7|( 58.81 57.0| 58.2
fingine Gallery, psi fi s4.01 50.01 51.6“ S1.0! 48.0(1 49.1i s4.0! S2.0! S3.1
fAP (Pump-Engine}, psi i 8.3 6.5] 7.5ﬂ affTﬁ 6.5( 7.50 S5.71 4.5 5.2
fbyl. Head Gallery, psi | 51.41 4B.01 LB.9( L7.0I 45.0( 45.9if 52.01 42.01 49.6
fAP {Engine-Head), psi 1 u.o1 2.0! 2.7” L.a| 3.017 3.5 3.54 1.2f 2.0
iCooling, min | U | SOROTN | RSN | O | 2R 15| 12) 1)
WateriJacket Outlet, °F | 135 133 134 1561 155| 156l 1221 118] 113)
AT (Out-In), °F |15 w15 15f 13] sl 15 31 13}
{Flow, gpm I1'15.3] 14.8] 15.01 15.2] 14.8] 15.1!|#%meIn| ey ovpes
Blowby Heat Exch., °F i| 131 128) 130 152} 150} 151 119] 102) 113
|Marine Manifold, °F || 150 1s7] 1w9| 171] 169 1704 137] 1211 131
Carb. |Temperature, °F H éil 78] 8ol 81| 791 301 86| 811 82
Air {Humidity, grains/lb | 79.2] 79.21 79.2)| 79.2] 79.21 79.2il 79.21 79.21 79.2f
|Pressure, in. H,0 I 0.261 0.221 o.zuq 0.261 0.201 0.2ull 0.28! 0.23] 0.26
Blowby Temperature, °F I} 133 1301 132 152] 1S0( 151l 118! 1021 112
Blowby Rate, cfm | 2.33] 2.03| 2.15||6es ) SR | EEEE| RUERR | K0 | SREEN
Crankcase Pressure, in. H,0 || 6.03] 0.01] 0.02{ 0.02| 0.01] 0.01 0.09| 0.01} 0.0
Ignition Timing, °BTDC | uel ugi 46 || | EINS |NWERNI 10| 101 10
Intake Manifold Vacuum, in. | 8.8] 8.2| 8.6 8.7] 8.21 8.50 15.7] 15.11 15.5
Fuel Flow, lb/hr | et It et H it At Attt et St S
Exhaust Back Press.., in. H,0 q 11.2! 9.3} 10.3}| 10.7] 10.0( 10.4f 1.1l o0.1{ 0.7
Exhaust | 02, % 1'1.161 0.96] 1.05|| 1.101 0.95| 1.02!1 0.521 0.431 0.u48
Gas co, % | 0.u3] 0.281 0.36]| 0.401 0.33] 0.36]| 4.0l 3.2 3.6
Analysis| NOx, ppm | SRR | EANAE | GERRRI| --~-( ---- 3560/ MR | veres | AR
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WEAR SCREENER T

EST USING METHANOL FUEL

OIL CODE AL-16155-1,
SwRI NO. LO0=-35822
DATE 09-15-87
TEST NO. 31-022~-10-85-3
ENGINE NO. 10
TOTAL ENG HRS h2
FUEL M-85 Tank ¢ 105
TEST HOURS 24
FLUSH OIL L.0-12119
FLUSH OIL FUEL Phillips "J"
FLUSH TIME 3 Hours
DISCUSSION
(1) Take 2 ounce 0il Sample:
- End of candidate flush ("0" hour)
- 8, 16, 20, 24 hours
= "New" 2il
{2) Nogte test conditions are "steady state”
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OPERATICNAL SUMMARY

Client 0il Code: AL-16155-L Test Number: 31-02A=-10-85~3

Laboratory 0il Code: [0-35822 Date Completed: n9-16-87

Maximum } Minimum ’ Average

Speed, rrm 2506 ' 2497 ' 2502

I
|
Load, tho | 237 | 332 | 335 |
Cooler into Engine, °F l 126 ‘ 123 ! 125 ]
; Engine AT (Qut-In), °F ? 18 | 13| s |
1 pump Gallerv, ssi | 713 ) 630 | 23,7 |
§ ~il { Engine Gallerwv, csi ? 24.0 ! 2.0 ! 2.8
i | AP (Pump-EZncine), osi | a0 ! S 2.9
: ! Cylinder Head Gaiierv, ;51; 50,8 i 58.0 ' 3.8
AP (Engine-Head), csi ‘ 1.0 i 2.5 | 2.0 |
Cooling, minutes I/////////'/////////!/////////l
Jacket Qutlet, °F | 116 l 113 l 115 l
AT (Qut-In), °F ' 10 8 | 2 1
Water Flow, ccm | iso b so l s |
Blowby Heat Exchanger, °F ! 113 l 107 [ 111 J
! Marine Manifzsld, °°F ‘ a3 ‘ 86 ' an
5 Carburetor ‘ Temrverature, T ‘ 82 t 80 } 81 j
Air Humiditw, zrains/lk ‘ 79.2 ’ 79,2 : 9.2 }
Pressure, ini. H-0 ‘ .26 LA, 2,21 ‘ AQJZBAJ
Blowby Temperature, °F 118 J 108 ' 113 !
Blowby Rate, cfm 2,10 2.02 l 2.07 '
Crankcase Pressure, in. H-0 ‘ 5.0+ 1.8 \ 4.5+ |
Ignition Timing, °BTDC 46 16 l 4&4J
Intake Manifold Vacuum. in. Ha a,3 | 8.6 | 3.9 |
Fuel Flow, lbs/hr l e | ——— ' ———
Exhaust Back Pressure, :in. H-0 ‘ 10.6 i 2,5 i 12,7
Exhaust Or, % l 1.00 | 2,52 ! 277 |
Gas o, 3 ’ ~ g3 | N, E0 ! N !
Analvsis NOx, pcm i - ! e | 260 f

Southwest Research Institute
Testing Laboratcery
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L _
SWRI NO. LO-34461

DATE 09-17-87

TEST NO. 31-03-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 89

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSE OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

End of candidate flush ("0" hour)

~ 8, 16, 20, 24 hours

~ "New" 21l

(2) Note test conditions are '"steady state"
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OPERATIONAL SUMMARY

Client 0il Ccde: AL-15427-L Test Number: 31-03-10-85-3
Laboratory 0il Ccd £0-34461 Date Completed: ©3-18-87
? J Maximum ‘ Minimum | Average ‘
| Sceed, rem | 2508 | 2406 | 2502 |
| oad. thp [ 337 | 33,4 | 336 |
{ | cooler into Engine, °F | 126 | 124 | 126 |
: L Zagine 17T {(Zut-In), °F ! 14 ; 11 ( 12
| oump Gallerv, =si | &9.6 | 259 | 2.7 |
L Znaine Sallerv, csi | 520 ! s0.5 ' s16
T v LP (Puamp-Engine), o-s1 | 7.9 l .0 | Re)
’ , Zvlinder Iiad Sallervy, ;siI 52,0 ' 6.4 =2 .4
| p (Encine-Head), zsi | .5 | 18 | g
i Cooling, minutes 1100070000 0700000007107770070/]
| i Jacket Cutlet, °F | 116 | 114 | 115 |
; . AT (Cut-In), °T 1 ! 9 | 0
| Yater . clow, aom 192 | 5.0 | ss.g |
; | Blowbv Heat Sxchancer, °F 112 | 109 | 120 |
‘ | Marine Manifcld, °F 30 i 83 ! 537
i Carburetor L Temperature, °F g1 ' 73 ! 3G :
i N | Humidity, crains/l: 792 1 sa2 1 590
! Pressure, in. Ha0 ' n.24 5 0.22 ! 2.24
Blowbv Temcerature, °F i 13 i 110 ' 12
Blowbv Rate, <fm | 292 | 202 | 209 !
Crankcase Pressure, in. H-0 l 1.80 | 0.19 l 1.28
Ignition Timing, °2TDC | a6 | a6 16 |
Intake Manifold Vacuum, in. Ha ‘ 3.2 ‘ 3.8 | 2.0 |
Fuel Flocw, lts/hr ! ] e | !
Exhaust Back Pressure, n. H-0 ' 11.0 ) 9.9 | 2.4
| txhaust | 9a, | s 0 a8 ' 5.9
! sas Lo RIS N -F SIS N
Analvois | NOw, tom | _—_— ! e | ng80

Zzuthwest

ey e
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“ngearcnh
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L
SWRI NO. LO-34579
DATE 09-20-87
TEST NO. 31-04-10-85-3
ENGINE NO. 10

TOTAL ENG HRS 116

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL L0-12119

FLUSH OIL FUEL_ Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "Yew" nil

{2) Note test conditions are "steady state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-15610-L Test Number: 31-04-10-85-3
Laboratory Oil Code: [C-34579 Date Completed: (9-21-87
Maximum ]»Minimum J Average }
Speed, rcm 2508 ’ 2498 1 2502 '
Load, tho 33.7 ' 33.2 ' 33.5 ’
Cooler into Enaime, °¢ | 127 | 124 | 126 |
| Engine AT (Qut-In), °F | a1 | 18! 9|
j pump Gallerv, csi | 7206 | 705 | o132 |
! i1 | Enqine Gallerv, osi ' 55,1 ! s4.0 ¢ 4.3 |
! AP (Pump-Encinel), csi | 8.0 | .5 0 |
i Cylisder Head Gallerv, ssil 9.8 | ss.o0 | =ag |
| AP (Enaine-Head), psi | 70 | so0 | s9 |
Cooling, minutes \ys27000071 0000000071 000000007]
Jacket Outlet, °F l 116 113 | 115 ‘
AT (Qut-In), 2?7 } 12 F 9 ’ 10 !
Water Flow, cem 5.4 | 1a8 | 350 |
Blowbyv Heat Exchanger, °F 113 I 107 ’ 110 !
Marine Manifcld, °F 92 l 87 l 39 ,
carburetor g Temperature, °0 ! 31 ' 78 ! 30 !
air Humiditv, crains/lb | co2 | o502 | san |
Pressure, in. H-»O , 0.26 ! 7.22 ' J.24 !
Blowby Teﬁperature, °or ' 115 ' 110 l 112 l
Blowby Rate, cfm 2.29 ' 1.95 ' 2.10
Crankcase Pressure, in. H»0 5.00 ’ 0.08 ’ 2.40
Ignition Timing, °BTDC 46 ’ 16 46
Intake Manifold vVacuum, in. Hg 3.8 l 3.4 3.6 |
Fuel Flow, lbs/hr l, -——— ’ —== ! |
Exhaust Back Pressure, in. H-0 | 11.6 T 2.3 l 0.3 ‘
Exhaust | 0s, 3 | 119 ! n96 ! iiy9
as I oo, s | 951 ' 5.3 S92
Analvsis l NDx%, £om i —== ' | Ns]s) ‘

Southwest Pesearch Institute
Testing laboratory
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WEAR _SCREENER TEST USING METHANOL FUEL

OIl. CODE AL-16155-L
SwRI NO. L0O-34369
DATE 09-22-87
TEST NO. 31-05-10~-85-3
ENGINE NO. 10

TOTAL ENG HRS 143

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL 1.0-12119

FLUSH OIL FUEL_Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

~ BEnd of candidate flush ("0" hour)

~ 8, 16, 20, 24 hours

= "New" 241l

12) Note test conditions are "steadv state"




Client 0il Code:

OPERATIONAL

SUMMARY

AI-16155~-L

Laboratory 0Oil Code: L0-35822

Test Number:

31-05-10-85-3

Date Completed:

39-23-87

Minimum ; Averace {

* Maximum 5
Speed. rom | zs00 | cso0 ! 2504 |
Load, bho | 337 | 332 | 335 |
' Cooler into Enagine, °F { 126 ‘ 123 ' 125 ’
: Enagine AT (Qut-In), °F ! 18 i 14 | 16
: pumo Gallerv, cci I 710 | 588 | 7.1 |
..,  iEncine Gallerv, za | 535 ' 529 0 a3y
i { AP (Pumpb-Encine), osi | 3.5 | 2.8 C Ll
: i Cylinder Head Gallerv, ;sil 51.6 ! 2.2 { 3.8
,i i 4P (Encine-Head), osi | 1.8 | 1.0 | 2.3
! ! Cooling, minutes !/////////t/////////://///////|
| | Jacket Outlet, °F | 116 | 114 | 116
‘ | 4T (out-ta), °F ' 10 | s | I
{ Hater Flow, gem | 15,3 | is0 1 151
I Blowbv Heat Exchanger, °F ‘ 116 ! 112 ! 114 f
‘ Marine Manifold, °F | 03 | 85 | 89 |
i Carburetor g Temperature, °7 g g1 ? 78 { 30
rie | Humidity, crains/lb | 992 | 792 1 3 :
| pressure, in. H.0 | 524 | 920 1 923
Blowbv Temperature, °F ’ 113 , 109 ' 211
Blowbv Rate, cfm AAL, 2.29 l 2.02 [ 2.10
Crankcase Pressure, in. H»0 l 2.2 I 2.6 I 1.4 |
Ignition Timing, °3TDC 46 l 46 ! 16 !
Intake Manifold Vacuum, in. Ha ' 9.2 l 3.8 l 2.0 |
Fuel Flow, lbs/hr —— ! —— J _——
Exhaust Back Pressure, in. H-0 11.5 | 2.7 | 12.6
Exhaust | 0o, % | e i 100 ! rioe |
i as L co, | 932 b saa boan !
! Analvsis ! 10x, ccm l e | e | 1250

Southwest R2esearch

Institute

Testing laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L
SWRI NO. LO-34461
DATE 09-24-87
TEST NO. 31-06-10-85-3
ENGINE NO. 10

TOTAL ENG HRS 170

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH OIL 1L0-12119

FLUSH OIL FUEL_Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 0il

(2) YNote test conditions are "steadv state"
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OPERATIONAL SUMMARY

Client 0il Code: AL-15427-L Test Number: 31-06-10-85-3

Laboratory 0il Code: .0=-34461 Date Completed: (9-25-87

Maximum l Minimum J Average J

Speed, rcm 2508 ' 2500 ' 2503 !

Load, bhp 3.8 | 333 | o336 |

Cooler into Engine, °F 126 l 123 | 125 '

Enagine AT (Cut-In), °F | 13| 0 | |

Pumo Gallerv, csi | £8.6 : 66.0 ' 57.5 [

; il _Znaine Gallerw, csi | 515 ! osas ! a0 ’

I i AP (Pumg-Zncine), osi | 3.0 i S.8 ‘ .9 ‘

i ; Cvlincder Head Gallerxvy, ;SLI 27.7 ; 6.0 ? 7.1 |

LP (Enaine-Head), csi i 1.1 I 2.5 ‘ :.S |

Cooling, minutes naviavia

Jacket Cutlet, °F l 117 | 114 i 115 '

AT (Qut-In), °F | ! - | 5 |

Hater | riow, cem | 453 | 148 | 5o |

Blowbv Heat Sxchanger, °F 113 ’ 108 110 l

Marine Manifold, °F 20 ! 85 27 ]

Carburetor Temperature, °F 1 81 ! 78 } 79 !

Air Humiditvy, zrains/lb l 79.2 ‘ 79.2 ‘ 79.2 ]

Pressure, 1n. H-O ' n.24 ! N.21 ’ 0,23 !

Blowbv Temperature, °7 l 117 | 109 l 213 \

Blowby Rate, cfm 2.50 ’ 2.23 2.34 ’

Crankcase Pressure, in. ¥-,0 3.00 | 0.08 1,232 l

Ignition Timing, °83TDC 46 ‘ 46 l 46 '

Intake Manifold Vacuum, in. Ha 9.2 | 8.8 ' 2.9 !

Fuel Flow, lbs/hr | ——— ‘ —_— ; —_—— ’

Exhaust Back Preusure, in. H»0 . 11.3 l 2.0 ' pAINN ‘

Exhaust On, 3 I 1,14 | 1,20 | _1.09 J

Gas Co, 3% ' N 46 ! 2.14 ! R.33 |
Analvsis NOx, ccm ‘ ! | <200

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L
SwRI NO. LO-34578
DATE 09-29-87
TEST NO. 31-07-10-85-3
ENGINE NO. 10

TOTAL ENG HRS 197

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSE OIL L0-12119

FLUSH OIL FUEL phillips "IJ"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 0il

(2) Note test conditions are "steady state"
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Client 0il Ccde:

Laboratory 0il Code:

OPERATIONAL SUMMARY

AL-15610-L

.0=-34579

Test Number:

Date Completed:

31-07-10-85-3

09~30-87

Minimum ) Average

Maximum } J
Speed, rem 2508 | 2493 | zsoa |
| Load, tho 33.8 | 33,4 | 336 |
! Cooler into Engine, °°7 t 126 ( 124 | 125
| Engine AT (Cut-In), °7 | 20 | 10 | 17 |
! { Pump Gallerw, osi I 716 1 89.5 1 70.9 |
‘ 1 | tnaine callerw, s=1 ' 230 ' &3.0 ! 238 !
i AP (Pump-Zncine), csi | 3.6 .5 | .3
i | Cvlinder Head Gallerv, ;sii 0.4 ! s3.5 ! 9.4
| AP (Engine-Head), ssi | 5.5 | 3.0 | 4.2 |
;' Cooling, minutes Lsrsr70778 000007007 10000700771
| Jacket Cutlet, °F | w7 0 114 1 1S
| AT (Out-In), °F 1 10 | g | 9 |
! Hatexr Flow, gem ' 153 | 1s.0 1 152 |
! Blowby Heat Exchanger, | 113 | 110 ! 112 |
! Marine Manifcld, °° | 32 4 86 ! 39 :
|
; Carburetcr | Temperature, °F ' 82 ! 75 ! ) :
| Air l Humiditv, grains/lb 79.2 | 79,2 i 79.2 |
| pressure, in. -0 524 | a8 | .21 |
Blowbv Temperature, °F 117 | 111 1 113
Blowby Rate, cém 2.44 f 2.34 f 2.38 4]
Crankcase Pressure, in. H»O 2.5 l 1.2 l 1.8
Ignition Timing, °3TDC ] 46 46 ! 46 |
Intake Manifold Vacuum, in. Eg l 9.0 I 3.7 | 5.8 |
Fuel Flow, l:s/hr l ! e | S
Exhaust Back Pressure, in. Ha0 ‘ 11.1 l 8.0 ’ 10.3 (
Exhaust \ O, % i 1.12 ‘ 2.94 : .05
ras B | 40 | 57 1 o288
Analvsis ; MOw, ccom | - SN 1060

29
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155~L
SWRI NO. LO-35822

DATE 10-01-87

TEST XO. 31-08-10-85-3
ENGINE NO. 10

TOTAL ENG HRS 224

FUEL M-85 Tank # 105
TEST HOURS 24
FLUSH CIL LO-12119

FLUSH OIL FUEL Phillips "J"

rFLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce 0il Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" 2il

(2) Note test conditions are '"steady state”
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OPERATIONAL SUMMARY

Client 0il Code: AL-16155-L Test Number: 31-08-10-85-3

Laboratory 0Qil Code: 10-35822 Date Completed: 19-02-87

| Maximum I Minimum | Averaqge ‘
! Sceed, rcm 2508 1 2500 ! 2503 1
: Load, tho 33.8 ‘ 33.3 { 33.6 ‘
: | cooler into Engine, °F 126 | 124 | 125 |
| fnaine a7 (cut-1n), °F ! 20 | 17 | 19|
| pump sallerw, osi i 71,7 0 a0 | -ng
~i1 ! Encine Callerw, csi ; 53.6 ! 52.6 ‘ -3.1
| AP (Pump-Znaine), csi | 3.1 | ;.0 ! ~.8
Cwlinder Head Gallervy, ;Sl[ 50.6 ’ £9.0 ‘ 3.8 i
: AP (Enaine-Head) . psi | a0 | 2.g | s 0
‘ | cocling, minutes 1070200071 0000000008 000070700/
| Jacket Cutlet, °F | 116 | 114 | 115
1 AT (Cut-In), °°F ‘ 10 | 3 l 19
| Hater Flow, gom | 15.4 { 15,0 | 5.l |
Blowbv Heat Exchanger, °F ‘ 113 ‘ 108 ‘ 111
' Marine Manifold, °F ‘ 92 37 | 20
i |
f Carpuretor Tempaerature, °F , 82 78 : 30 i
Alr Humidity, crains/lb i 79.2 79.2 : °3.2
| Pressure, i1na. H-O ' 2.24 2.20 ! s.ol |
Blowby Temperature, °7 ‘ 116 111 | 213
Blowbyv Rate, cfm 2.42 2.17 ' 2.32 '
Crankcase Pressure, in. H-0 2.2 1.4 ' 1.8 !
Ignition Timing, °83TDC 46 ' 46 LA 16
Intake Manifold Vacuum, in. Hg 8.9 | 3.6 | 3.8 ‘
Fuel Flow, lbs/hr - e ! - f
Exhaust Back Pressure, in. H»0 11,0 9.4 ' 22,4 ‘
Exhaust On, % 1.10 2.80 ‘ JNOL: |
Gas Co, % 0,66 [ N,21 : .34
Analysis NOx, ppm L, 2019,414 1500 l ~2135

Southwest Research Institute
Testing lLaboratory
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