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The performance test indicated no change in power and a -percent increase
in fuel consumption. The endurance test indicated no change to slightly

less wear, less deposits, no change in the oil consumption rate, and nothing
unusual or excessive in the used oil analyses. Analysis of the JP-5 indicated
a cetane number within diesel fuel specifications.

Although further tests are necessary to define the effect of random
variables on the test results, from this test it can be concluded that the
use of JP-5 in the CUE 1790 resulted in no appreciable loss in performance
or service life. As a result, JP-5 is considered to be a satisfactory
alternative fuel for use in the AVDS 1790-2C diesel engine.
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FOREWORD

This work was conducted at the U.S., Army Fuels and Lubricants Research
Laboratory (USAFLRL) located at Southwest Research Institute, San Antonio,
Texas under contract DAAK70-79-C-0069 during the period June 1979 through
November 1979, The work was funded by the U.S. Army Mobility Equipment

“Research and Development Command (MERADCOM), Ft. Belvoir, Virginia, with
Mr. F.W. Schaekel (DRDME-GL) serving as contract monitor. Project techni-~
cal monitor was Mr. M.E. LePera, MERADCOM-DRDME-GL.

The author acknowledges the contributions of Messrs. F.C. Owens for assis-
tance in test planning, L. Sievers for assistance in conducting the tests, and

E. Lyons for assistance in engine ratings.
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TABLE OF CONVERSION FACTORS

To Obtain
Multiply By Equivalent Number of 3

pounds per hour (1b/hr) 0,454 kilograms per hour (kg/hr)
degrees Fahrenheit (°F) (°F-32)/1.8 degrees Celsius (°C)
inches of mercury (in. Hg) 3.39 kiloPascals (kPa) 4 |
inches of water (in, nzo) 0,249 kiloPascals (kPa) '
foot=pounds (ft-1b) 1.356 Newton-meters (N-m)
horsepover (hp) 0,746 kilowatts (kW)
gallons per brake horsepower- 5.076 liters per kilowatt-

hour (gal./bhp=hr) hour (1/kW=hr)
pounds per brake horsepower- 634.5 grams per kilowatt-

hour (1b/bhp=hr) hour (g/kW=-hr)




R e 0 AN AP 1 0 YR AN P oot Sl e

I. INTRODUCTION

In order to reduce logistics requirements and assure increased availability of
fuels for Army ground-based equipment, MiL-T-5624L, Grade JP-5 turbine
fuel“). has been identified as an alternate fuel in place of the primary
VV-F-800B DF-2 diesel fuel, ‘%)

According to Army Regulation AR 703-1, "Coal and Petroleum Products Supply
and Management Activities, 15 September 1978," an alternate fuel is "a fuel
that provides performance equal to the primary fuel, but may be a restricted

item of supply in tactical areas or has environmental limitations. No degrada-
tion of performance or service life occurs as a result of the use of an alter-

T AR TR R .,‘ Bravioi
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nate fuel within the prescribed operational range."

R

MIL-T-5624L, Grade JP-5 is currently specified as an alternate fuel in AR
703-1 for diesel-powered equipment. The decision to include JP-5 as an

S p—

i alternate for DF-2 occurred as a result of two factors. The U.S. Navy at
Port Hueneme had conducted considerable work during the 1960's using JP-5
(3)

i § in large bore and medium-speed diesel engines. Secondly, the U.S. Army
conducted a survey of major diesel engine manufacturers and fuel system
g suppliers in 1972 to assess the potential problems arising from substitution of
1 JP-5 for DF-Z.“) The cumulative results of these two factors ultimately led
b ! to the decision that JP-5 was an acceptable substitute for DF-2. However, no
: formal program was established to develop long-term endurance testing which
would have provided reliability-maintainability-durability (RAM) data. Only a

limited amount of performance testing was done.

! ‘ More recently, the U.S. Marine Corps (USMC) were considering adopting JP-5

as an alternate fuel for DF-2 because of logistical supply problems. In sever-
al meetings and discussions with USMC and U.S. Navy personnel, this RAM
data for using JP-5 in the AVDS-1790 engine which powers the main battle
tank (M-48/M-60 Series) was considered to be essential to the USMC. There-
fore, prior to adoption of JP-5 as an alternate diesel fuel, the USMC have

¢ Superscript numbers in parentheses indicate references cited at the end of ]
the report. '
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requested that a full-scale AVDS-1790-2C engine durability test using the
400-hour mission profile cycle be conducted with JP-5 fuel.

In conjunction with this test, the U.S. Army decided to conduct a parallel ]
program using the research single-cylinder version of the AVDS-1790 engine.
This test, performed in cooperation with the USMC requeot“) would provide
a means for correlating performance of the single-cylinder CUE version with

the full-scale AVDS-1790-2C engine test.

The use of JP-5 in diesel engines has raised the questions of adequate fuel
injector lubrication, adequate cetane number, reduced power output, in-
creased fuel consumption, increased engine deposits, and increased engine
wear. This test is designed to answer some of these questions.

II. PROCEDURE

A. Performance Test

The engine used in this test was a single-cylinder assembly from the Tele-
dyne Continental Motors AVDS 1790-2C 12-cylinder, 4-cycle, diesel engine.
The cylinder assembly was mounted on a universal crankcase and designated
the CUE (Cooperative Universal Engine) 1790. A photograph of the CUE 1790
is given in Figure 1. Test conditions such as intake air temperature and
pressure, exhaust pressure and cylinder cooling air flow were controlled to
duplicate the conditions of the full-size AVDS 1790-2C engine. The test
instrumentation was calibrated and, as specified by the contract, the per-
formance data were obtained from 1000 to 2400 rpm at the conditions described
in Table A-1 of Appendix A. The test fuel was referee-grade DF-2 diesel
fuel (AL-7225-F) MIL-F-46162A(MR) Grade 11'7)
formed to MIL-L-2104C apecmcatlons.“)

, and the test lubricant con-

B. Endurance Test

The CUE 1790 engine was also used for the 250-hour endurance test. In
order to have a base for comparison, the lubricant and test conditions were




FIGURE 1.
ON

AVDS 1790-2C SINGLE-CYLINDER ASSEMBLY MOUNTED
"COOPERATIVE UNIVERSAL ENGINE" CRANKCASE
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made identical to those of a previous 250-hour endurance test in the CUE 1790
using DF-2 (AL-7225-F) as the fuol.(q) These test conditions are described
in Table B-1 of Appendix B. Using the DF-2 endurance test as the basis for
comparison would allow determination of differences between test results with
DF-2 and JP-5.

For the endurance test, a new cylinder assembly was measured and installed.
The engine was run for 20 hours per day at test conditions and was shut
down for the remaining 4 hours per day. At the test times listed in Table
B~11 of Appendix B, oil samples were taken for laboratory analysis of the
lubricant, and oil additions were recorded. At the end of the 250-hour test,
the cylinder assembly was disassembled, the critical engine dimensions were
remeasured, and the components were rated for deposits according-to Coordi-
nating Resezrch Council (CRC) methods for diesel engines. The test fuel and
test lubricant for the endurance test were identical to the ones used in the

performance test.

({II. RESULTS AND DISCUSSION

Table 1 summarizes the performance and endurance- tests performed during
this program. The table compares power, fuel consumption, wear, deposits,
engine component condition, and oil consumption when using DF-2 versus

using JP-5 fuels. A more detailed discussion is included in the following

sections.
TABLE 1. SUMMARY OF THE EFFECTS OF JP-5 VERSUS DF-2
IN THE SINGLE CYLINDER CUE 1790 DIESEL ENGINE
Performance (1000-2400 rpm; rated power) DF=2 JP=5
Average Power, Bhp (kW) 43(32) 43(32)
Average BSVC, gal,/Bhp-hr (1/kW-hr) Y 0.062(0.315) 0.064(0.325)

Endurance (250~hr steady-state test)
Average Cylinder Liner I.D. Change,

in, (mm) " +0,0005(+0.013) +0.0004(+0.010)
Average Piston Skirt 0.D. Change, &

in, (mm) ~0,0009(-0.023) <0.0015(-0.038)
Average Piston Ring End Gap Change,

in, (mm) +0.002(+0,05) 0.000(0.000)
Piston WID* Rating 253 322
Average 0il Consumption Rate,

Ib/hr (kg/hr) < 0.21(0,096) 0.21(0,096)
Engine Deposits and Condition ¢

Description of Rings, Pistons,
Valves, Cylinder Rod Bearing, and
Fuel Injector Normal Normal

* Weighted Total Deposit

.




A. Performance Test

g Table A-2 of Appendix A gives the results of the performance test. The dif-
g . ferences in power when changing from DF-2 to JP-5, across the engine speed
range tested, ranged from a 4-percent loss to a 3-percent increase. The
average change in power was 0 percent. The differences in fuel consumption
when changing from DF-2 to JP-5 in the CUE 1790 range from no change to
a S5-percent increase in fuel consumption, with the average being a 3-percent

increase,

Since diesel engine injection systems supply fuel on a volumetric basis, the
conventional measure of fuel consumption, brake specific fuel consumption
(BSFC), having units of Ib/bhp-hr or kg/kW-hr did not correctly show the
differences in fuel consumption and vehicle range between fuels that had
much different densities. As a result of this, a different measure of fuel
consumption was adopted, having the name brake specific volumetric consump-
tion (BSVC) and the units of gal./bhp-hr or |/kW-hr,

g Figures A-1 to A-3 (Appendix A) are included to show the general changes in
' torque, power, and BSVC with rpm. Note that the DF-2 and JP-5 data
points on the torque and power curves are quite close to each other in most

cases, and that the torque or power points of neither fuel are distinctly

& | above or below the other across the rpm range. This is in agreement with
i the average change in power of 0 percent mentioned earlier. In the BSVC
: curve, the JP-5 points are consistently above the DF-2 points, indicating an
] increase in fuel consumption. This increase agrees with the 3-percent aver-

age increase in fuel consumption calculated in Table A-2.

The percentage figures given for changes in power and fuel consumption have

a tolerance of approximately %1 percent. When utilizing these percentage fi-

gures, the tolerance should be included for effective interpretation.

B. Endurance Test

Tables B-Z and B-3 of Appendix B summarize the operating conditions for the
DF-2 and JP-5 endurance tests, respectively. These summaries are a measure




of the constancy of test conditions achiecved for the tests. The mean is the
average value for the variable, and the standard deviation is a measure of
how closely the variable was controlled around the mean.

Tables B-4 and B-5 of Appendix B present the before and after test measure-
ments of critical engine components for the DF-2 and JP-5 tests, respectively.

Comparison of the two tables shows that cylinder liner wear between the two
fuels is identical within the measuring limits. The measurements that show a
decrease in inside diameter are not considered to be the result of wear and
are not included in the consideration of relative wear. The piston skirt
diameter changes are within 0.0006 inch (0.015 mm) of each other and can be
taken to be identical. The piston ring end gaps showed an average 0.002
inch (0.05 mm) increase in the DF-2 test and an average 0.000 (0.00 mm)
inch change in the JP-5 test. Therefore, ring wear appears to be slightly
less with JP-5 as a fuel.

Tables B-6 and B-7 of Appendix B show the CRC deposit ratings of the CUE
1790 rating piston for each test. Being a numerical rating, it is a precise
way to indicate the quantity and type of deposits. FExamination of the ratings
indicates that the DF-2 piston had 100-percent hard carbon in the Nos. 1 and
2 ring grooves, while the JP-5 piston had only 45- and 65-percent hard
carbon in the Nos. 1 and 2 ring grooves, respectively. The ring lands of
the JP-5 piston also had a lower carbon demerit rating than the DF-2 piston.
The lacquer ratings indicate that there was no appreciable lacquer on the
DF-2 piston, while there was some light lacquer on the JP-5 piston. A 22-
percent lower weighted total piston deposits rating illustrates that the piston
in the JP-5 fueled engine had significantly less deposits than the DF-2 fueled

engine.

The two tables (Tables B-8 and B-9) that describe the deposits and condition
of engine components show that the components of both test engines are vir-
tually identical. The exception is the lower carbon deposit demerit ratings
that were given to the JP-5 fueled engine parts, which is in accordance with

the previously discussed piston ratings.

10
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Examination of the fuel injector revealed that the JP-5 injector resembled the
condition of the DF-2 fueled injector quite closely. The only observable
difference was that the JP-5 injector had a small (1 mm x 6 mm) gall on the
upper portion of the pintle. The DF-2 injector had very slight galls on the
pintle upper portion. Neither pintle had step wear on the tip or enlarged
nozzle holes. Both had very clean pintles with varnishing of the tip. In
view of the limited data, the similarity of the general condition of both in-
jector nozzles, and other reports(”. the small gall on the JP-5 injector is not

considered fuel-related wear.

Table B-10 of Appendix B presents the total oil consumption for both tests
and Figure B-1 of Appendix B presents the same data graphically. From the
table and graph, it can be seen that the total oil consumption for the tests
are quite close to each other, giving identical rates of consumption. The
knee in the DF-2 oil consumption graph can be attributed to the nonregular
addition of oil during that portion of the test. Table B-11 of Appendix B
gives the characteristics of the new oil and the change in oil characteristics
with time during the JP-5 test. Figures B-2 through B-5 give the infrared
spectra of the oil as the test progresses. Nothing unusual or excessive was
noted in the oil analyses. Since the CUE 1790 engine has a large crankcase
oil volume relative to the power of the engine, the oil remains relatively
unstressed and stable for the test period. If the fuel causes the oil to
degrade, leading to excess deposits, then the large sump volume may under-

state the effects of the fuel on the engine.

As indicated by the operating conditions summary, the power remained con-
stant throughout the test. There was no drop in power as the test progress-
ed to indicate increasing wear in the injection nozzle, rings, valves, or other

components.

IV, CONCLUSIONS

Using JP-5 in the CUE 1790 engine resulted in a slight increase in fuel con-
sumption, although power was unaffected. It also resulted in no change to
slightly less wear, less deposits, and no change in the oil consumption.
Analysis of the JP-5 indicated that with a cetane number of 51, it meets the

11
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minimum VV-F-800B diese! fue! minimum cetane number specification of 45 (see
Table 2). From these facts, the conclusion can be drawn that JP-5, using a
MIL-L-2104C lubricant, is considered to be a satisfactory alternative fuel in
the AVDS 1790-2C diesel engine.

Since this is a single test of the compatibility of JP-5 in the CUE 1790 en-

gine. the effect of random variables on the test results can not be evaluated.

Statistical analysis of a number of identical tests would provide a measure of
the variance of test results and greatly increase the confidence that can be

placed in the test results.
V. RECOMMFENDATIONS

To provide gre~ie. insight as to potential performance limitations arising from
the use of JP-5 in other ground-based equipment, the following actions are

recommended:

® Conduct a series of identical engine tests of JP~5 in the CUE 1790 en-
gine, or another single cylinder version of the AVDS 1790 more suited to
lubricant testing than the CUE 1790, in order to increase the data base

and thus the accuracy of the test results,

® Conduct a series of identical full-scale engine tests of JP-5 in the AVDS
1790-2C engine. Testing in the full-scale engine would yield results
more representative of field testing than the CUE 1790 engine tests,
although far more costly, and the series of tests would increase the

accuracy of the test results.

® Conduct series of identical full-scale engine tests of JP-5 in the other
engines of the Army inventory. The information gained by testing JP-5
in one type of engine cannot necessarily be extended to other types of

engines.

12




UOYISNGRODOIDTK eee

GHLEA calatsedend SU1A1RT] V) BOUBTATAA Jv | PIpLeddy 295 gee

e gt LN an £t

we wi e javdoy Y1

an e LUty LS I P & wiot U

an LA A IR BV 00 Lot

we grtu L VL O ¥ 0 93 'y P

Uie (gt f)ouelt a. eday (v ro00t i
(S 01°L v (¥R Uiyt Bivday  (U9ETWIZTE V3 (000 (e 0)8°9
- Uls o Viw 7w s
Bk W ju0 LA (P ¢ Wt

”we 4%y an b T it L
sivte LN L L P 1o

N to! o3 Tn.. : -. 3 .o,. Q..f-

iy Jaemdaay we (pi=)U (L= h-

asn se wu (f~)e (GY¥=)9%~

Uie (U9 o9t uIs (J5) et Uie (udiet (scitet

b B | N aN L2 |

e L) ax b1 A |

X (G67)%LS MW (1000 (het) 099 v3 (v T hes (I8 T) ks
LR LA B (1iLhule 93 (¥RZ)08S (s iisse

LN 1i0day (SR, V3 (E90)iIyY (»32)71%

s (G02) 109 LI (pE3I08y O3 (202 uly (9 1) et

AN EIN (20)00% 3 (17 i)ust (gt

S=dr SINGD =40 11 opwag (¥

WIS=1~11IK sak(UE=4=A0 [0 |asay Masejay A0 e=Iv
alravay jyoadg GopIN ) 1 edy Voyter-dn 1w juig 3va)

1484
SNUTIVIT41.04dS UNV Sl dddoad

BUp v aady

ERENE] Se

JU 44854440 UNY

LE LR

ittt e

vl LRI

lw*u vt 4

t1°¢c % @

s FL

(RIS RTS8 | mz ¢

(yep 0)0%y (82 @

(33 tiv ¢

1wy syl ce

6°1 ¥t ©

{ LU 9% Q
U7

s @

(s2=)11= i G

(17=)% 087 0O

(iviZi i €
vto
5 |
(Bst)ory
{1e2) %48
(ve2) 11y
(g12)ey
(eviiine

Yk 4

ol=40 POYI,

d=S7i{='Iv iseg
jeny awvy RiSY

L=df W4

M40a JSAL 30 NOSTHEYAROD

pesinbay 10§ o YK oo
661 Amk g1 paavg .
Si61 1136y 7 paaeg

‘leng .!onou Z919y-d-1IK n

23m ‘usNoapiy
(D,08)4,221 v a4 ¢
vorsoaaoy dyais iaddo)
im Cusy
13a ‘Sw0l309 301
Lo anpysay voqaw)
138 tanjing
(1/0n) 1wéd/nig
fUOlisigeo) JO AFen aen
(D,9°¢1)4,09
v ((ejud) (eS Q] ‘Asuag
Jaquny au¥3a)
3102 *luaw]pey pur Jaien
1801 /% tuny Jusasyxy
.\% 108 Tanay
352 “(0,8°0)
4,001 I* £318087,
(2,04, "jo4 Inog
(2,04, “wr04 prord
(2,04, "wyog yswly
z10a ‘ssoq
110a ‘anpisay
ujo4d pug
paiascday 3106
paisacday 3%
paieacday 301

*7 dEvd

13

.

N i

e st}




1.

2.

3.

Vi. REFERENCES

U.S. Military Specification, MIL-T-5624L, Turbine Fuel, Aviation, Grades
JP-4 and JP-5, 18 May 1979.

Federal Specification, VV-F-800B, Fuel Oil, Diesel, 12 March 1975.

Watson, W.W., "The Use of JP-5 Aviation Turbine Fuel in Large Bore,
Low Speed Diesel Engines,” Technical Note N-743, U.S. Naval Civil
Engineering Laboratory, Point Hueneme, California, 15 November 1965.

Letter report from U.S. Army Coating and Chemical Laboratory to Head-
quarters, U.S. Army Materiel Command, "Use of JP-5 Fuel in Lieu of
Diesel Fuel," 20 March 1972.

Letter report from U.S. Army Fuels and Lubricants Research Laboratory
to Headquarters, U.S. Marine Corps, 15 March 1972.

Letter from MERADCOM to Project Manager, M60 Tank, Warren, Mich-
igan, 3 October 1978.

U.S. Military Specification, MIL-F-46162A(MR), Grade II, Fuel, Diesel,
Referee, Grade, 6 April 1976.

U.S. Military Specification, MIL-L-2104C, Lubricating Oil, Interna! Com-
bustion Engine, Tactical Service, November 1970,

Weatherford, W.D. Jr., et al, "Development of Fire-Resistant Diesel
Fuel," Interim Report AFLRL No. 111, prepared by U.S. Army Fuels and
Lubricants Research Laboratory, Southwest Research Institute, November
1979.




APPENDIX A
PERFORMANCE TEST DATA
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APPENDIX B

250-HOUR ENDURANCE TEST DATA
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TABLE B~l, CUE 1790 ENDURANCE TEST CONDITIONS

Speed, rpm 1800
Fuel Consumption, lb/hr(kg/hr) 18.8(8.54)
Intake Air Temp, °F(°C) 188(87)

" Intake Air Pressure, in. Hg(kPa) 47(159)
Exhaust Gas Pressure, in. Hg(kPa) 39(132)
Cooling Alr AP, in. Hzo(kPa) 6=7(1.5-1.7)
011 Temperature, °F(°C) 170(77)
Injection timing, °BTDC at Pump 28

»
!
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TABLE B-2, DF-2 FUEL IN THE CUE 1790 ENGINE

Operating Conditions Summary

Endurance Test

Test Start: 5 May 1978
Test Finish: 16 June 1978

Engine Speed, rpm

Torque, ft=1b(N-m)

Fuel Consumption, 1b/hr(kg/hr)
Observed Power, Bhp(kW)

BSFC, 1b/Bhp-hr(g/kW-hr)

Temperatures, °F(°C)

Exhaust Cas
Intake Alr

. 04l to Engine
011 Before Cooler
Cooling Aflr In

Pressures

Intake Air, in, Hg(kPa)
Exhaust Cas, in. Hg(kPa)
Cooling Alr AP, {n, n20<kpa)

Ambient Conditions
Wet Buld Temperature, °F(°C)

Dry Bulb Temperature, °F(°C)

Barometric Pressure, in. Hg(kPa)

Mean

1805
130(176)
18.7(8.49)
45(34)
0.416(264)

1010(543)
188(87)
170(77)
195(91)
117(47)

47,0(159)
38,8(132)
6.3(1.6)

75(24)
83(28)
29,12(98.72)

23

Standard*
Deviation

4

203)
0,2(0,009)
0.7(0.5)
0,009(6)

10(6)
1(1)
5(3)
6(3)
6(3)

0.5(2)
0.4(1)
0.3(0.08)

3(2)
5(3)
0.08(0.27)

#* 68X of the values for a given variable occur within ¢l standard
deviation of the mean; 95% occur within 2 standard deviations,
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TABLE B-3, JP-5 FUEL IN THE CUE 1790 ENGINE

Endurance Test

Operating Conditions Summary
Test Start: 15 August 1979
Test Finish: 30 August 1979

Engine Speed, rpm

Torque, ft=1b(N~m)

Fuel Consumption, lb/hr(kg/hr)
Observed Power, Bhp (kW)

BSFC, 1b/Bhp=hr(g/kW=hr)

Temperatures, “F(°C)

Exhaust Gas
Intake Alr

0i{]1 to Engine

011 Before Cooler

Cooling Afr In

Pressures

Intake Alr, in., Hg(kPa)
Exhaust Gas, in. Hg(kPa)
Cooling Alr AP, in. Hzo(kPa)

Ambient Conditions

Wet Bulb Temperature, °F(°C)
Dry Bulb Temperature, °F(°C)

Barometric Pressure, in., Hg(kPa)

Mean

1803
139(188)
18.7(8.49)
48(36)
0,390(247)

965(518)
188(87)
170(77)
188(87)
120(49)

47,2(160)
39,1(133)
6.3(1.6)

76(24)
83(28)
29.06(98,5)

Standard*
Deviation

4

1(1)
0.2(0.09)
0.4(0.3)
0.005(3)

20(11)
3(2)
3(2)
5(3)
9(5)

0.3(1.0)
0.4(1.4)
0.,3(0,08)

3(2)
6(3)
0,21(0.71)

* 68% of the values for a given varlable occur within t1 standard

deviation of the mean; 95% occur within ¢2 standard devliations,
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TABLE B=4, ENDURANCE TEST
ENGINE DIMENSIONS
DF=2 IN THE CUE 1790 ENGINE
: OlL: MIL-L=-2104C (AL~6856-L)
TEST TIME: 250 Hours
Sylinder Liner 1,0,, Unches(Mililuotace)
. : Tonyitadinal
‘ e Inches (Mi L Lt rew) fron Sotton of Liner
2,23(52) . A.ANLIS9Y R 2NA0) 9. 75{38) 10,50 (267)
Sefore S I827€140.119)  S5.7506(146,091)  S.75102(146,080) S, TS04( 46,060) 5.7491(146,027)
3 \frer SJISINC1EH.128)  S.7924 (140 L11)  S.25i8(14A,006) S.7508(146,070) 5,7488(144,020)
' % Change 0.0003(0 00 00008 (0,020 0,006 (N, 016) 0,004 (0,010) 0, 0003 (=2,007)
- Transverse ;
k _____ Inches(Mi!limetars)from Tattom of ‘iner
é 2.25(57) Ao 25(159) 8,25Q10) 9.75(248) 10,50(267)
E Refore S IS21(16A 10T S 7SIS(14A088) 5, 0510(146,075)  5,7502(146,055)  S5.749%0(146,025)
After 5.7525(14m, 114)  S.7520(146, 1010 5,751 3(14h,083)  5,7495(146,037) S5,.7480(146,014)
{ Change 0,0004(0,011) 0n,.0005(0.,01)) 0.0003(0,008) O,0007(<0,018)  <0,0006(<0,011)
. 3
: Average Cylinder liner 1.9, Change (excluding negative changes),

Inches(Millimetors): 0,0005(0,01 %)

Piaton Skirt 0.D., Inches(Militmeters)

0,50 Inch(12,7 me) from Rottom 1.0 Inch(25.4 mm) from Top

Before S.TA15¢145,.814) 5. 7382(145,750)
After S T400(145,796) 5. 7380 (145, 745)
Change 0.,0015(=0,0138) <0,0002(=0,00%)

Average Plston Skirt 0.0, Change, Inches(Millimeters): =0,0009(=0,023)

Plston Ring ¥nd Gap, Inches(Millimeters)

No, 2 No, )

Top Compression Compression 0fl
fefore 0,047¢(1,19) 0,032(0.81) 0.029(0,7%) 0,030(0,76)
After 0,048(1,27) 0.034{0,86) 0.,031(0,79) 0,031(n.79)
Change 0.,001(0,0)) 0.,002(0,0%) 0,002(0.0%) 0.001(0,03)

Average Plston Ring GCap change, Inches(Millimetery): 0,002(0,05)
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TARLE K=5, ENDURANCE THST
ENGINFE DIMENS[ONS
IP=5 IN THE CUE 1790
OIL:  MIL-L=2104C (AL-6856<L)
TESC TIME: 250 Hours

Sylindee Liner 1.0., tnches(Nilltantuce)

Longltudinal

Inches (M1 l{meters) from Bottom of 'iner

2,25(%7) 23159 1,25(210) 9,75(248) ..L‘l-.‘!’.i.—l".’.)__.
fefore S, 750 3(14A6,08) S, 25240046,000)  5.7%30(186,126)  5,.7528(146,121) 5.7582(14h,081)
\fter SJIS2O(14A,100)  S.7S24(14A, 111)  S.7S32(14A,131)  S5.7532(146,131)  5.7535(146,139)

3 Change 0,0007(0,018) 0,0000 (0 ,000) a,0002(0,005) 73,0004 (0,010) 0.,0003(0,008)

Transverse
Inches (M| Limeters) from Rottom of liner Bt
2,25(57) h,25(159) 8,25(210) 9,75(248) 10,50(267)

Before S, 7504(146,086)  S.7518(146,006) S, 7523(146,10R)  5,.7527(146,119)  5,7530(146,126)
After S.IS20(14A,101) S, 7524(146,101)  S.7528(14A,121)  S.7530(146,126)  5,7525(14h,114)

Change 0.0006(0,015) 0.0006(0,01%) 0,0005(0,013) 0.0003(0,007) =0,0005(-N,012)

Average Cylinder liner 1.0, Thange (excluding negat{ve changes),

Inches (MLl l{meters): O,0004(0,010)

Platon Skirt 0.D., Inchex(Millimetors)

g 0,50 Inch{12,7 am) from Bottom 1,0 Inch(29%.,4 mm) from Top
) Before 5.7415(145,834) 5.7240(146,39%0)
After §.7400(145,796) 5.7355(145,682)
Change 0.,0015(-0,038) «0,0115(e0,292)

Average Piston Skirt 0.0, Change (excludling posltlive changes),
Inches(Milltmetors): <0,0015(=0,038)

Platon Ring End Gap, Inches(Mill!imeters)

No, 2 %o, )
Top Compression Compressfon ot
Refore 0,045(1,14) 0,029(0,74) 0,029(N,7) 0,028(0,71)
After 0,045(1,14) 0,030(0.76) 0,029(0,74) 0,028(0,71)
Change 0,000(0,00) 0,001(0,02) 0,000(0,00) 0,000(0,00)
Average Piston Ring Gap Change, Inchesa(Millimeters): 0.000(0,00)
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RINGS:

PISTON:

VALVES:

CYLINDER:

CONNECTING ROD BEARING: Normal light wear on the top half,

FUEL INJECTOR: Light, normal wear on pintle. No step wear on

TABLE B-8, ENGINE COMPONENTS
DEPOSITS AND CONDITION DESCRIPTIONS
ENGINE: CUE 1790
TEST FUFL: DF-2 (AL-7225-F)
TEST OIL: MIL-L-2104C (AL-6856-L)
DATE COMPLETED: 15 June 1978

All rings are free in their grooves.

No ring face burning.

Normal wear pattern,

All oil control ring slots open.

No., 2 compression ring ID has some heavy carbon,

Light scratches (see piston rating sheet).

There is some carbon on the intake value face and cor-
responding pits in the valve seat.

Intake valve tulip deposit rating: 1.0

Exhaust valve tulip deposit rating: 0,25

Light lacquer on liner.
Normal light scratches.

pintle tip. Nozzle holes not enlarged. Pintle
clean and has some very light galling on the
upper portion,




TABLE B=-9. ENGINE COMPONENTS _
DEPOSITS AND CONDITION DESCRIPTIONS %
ENGINE: CUE 1790
TEST FUEL: JP-5 (AL-8570-F)
TEST OIL: MIL-L-2104C (AL-6856-L) .
DATE COMPLETED: 30 August 1979

RINGS: All rings are free Iin their grooves o
No ring face burning. '
Normal wear pattern.
All oil control ring slots open.
No. 2 compression ring ID has some heavy carbon.

PISTON: Light scratches (see piston rating sheet).

VALVES: The intake valve has some pitting on the valve face and has
a No. 5 lacquer deposit rating.
Intake valve tulip deposit ratling: 0,5
Exhaust valve face is normal and has a No. 9 lacquer deposit
rating. {
Exhaust valve tulip deposit rating: 0,25 3

CYLINDER: Light carbon in combustion chamber.
Light lacquer on liner,
Very light wear.

CONNECTING ROD BEARING: Normal light wear on the top half, 3

FUEL INJECTOR: Light, normal wear on pintle. A slight galling 3
(lmm x 6 mm) was noted on the upper portion of the .
pintle. The pintle tip had no step wear and the
nozzle holes were not enlarged from their original
dimension. Pintle very clean, no varnish or deposits
on body. Pintle tip has some varnish,




TABLE B-10,

DF=2 AND JP-5

ENDURANCE TESTS
OIL CONSUMPTION

DF=2 S
Total
Test Time, Consumption,
hr 1b(kg)
0 0(0)
9 0(0)
15 7.58(3.44)
26 7.58(3.44)
39 7.58(3.44)
55 14,17(6.43)
69 27.77(12,61)
84 28,27(12.83)
99 28,27(12,83)
114 28,27(12.83)
129 28.39(12.89)
144 30.29(13.75)
159 32.49(14.75)
174 34.61(15.71)
182 38.57(17.51)
197 40,55(18.41)
212 43,29(19.65)
227 47,01(21.34)
242 50,13(22.76)

Average 011 Consumption Rate:

i ey s ‘{M

G "fr = Aoy

..... e s ““\k "\’._""'
ENE SRR R G e

DF=2:
JP=5:

JP=5

Test Time,

hr

0
20
56
84
98

126
168
200
210
224
238

Total
Consumption,

1b(kg)

0(0)
7.14(3,24)
9.22(4.19)

15.49(7.03)

17.61(7.99)

24,21(10.99)
30.,03(13.63)
36.41(16.53)
39.39(17.88)
43,09(19.56)
50,11(22.75)

0.207 1b/hr(0,0940 kg/hr)
0.211 15/hr(0.0958 kg/hr)
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