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I. INTRODUCTION AND BACKGROUND

In recent years, laboratories have been conducting research to determine
the attributes of burning water emulsions 1in diesel engines.(l_s)*
Unfortunately, no unequivocal answer has yet been obtained, primarily
due to the numerous parameters that affect the overall performance of
the water-containing fuel, Variables such as injection characteristics,
compression ratio, combustion chamber design, and size of the water
droplets may all be {important. These parameters are only some of the

more obvious ones; there are undoubtedly many more that may be important

to the overall performance of the engine/fuel system,

To add to the difficulty of the evaluation, the water-containing fuel is
itself a very complex system. The chemical type and amount of sur-
factant can have as pronounced an effect on fuel performance as the
water content, Studies have shown that the fuel and water chemical
compositions may also affect the final emulsion, which would affect the
fuel behavior in the engine. At the time of this work (1977), a system—
atic approach to the overall problem of water-in-fuel emulsions had not

been undertaken.
II. OBJECTIVE

The objective of this study was to further evaluate the feasibility of
using water-in-fuel emulsions as fire-resistant fuels by determining
their effects on overall performance in an engine that has wide usage in
the military fleet. For this program, "performance" is interpreted as
those factors affecting total engine operation such as power output,
specific fuel consumption, durability of the engine structure (wear),
and durability of the fuel-handling system., The basic engine configur-
ation was to remain as close to its factory-produced condition as pos=-

sible.

* Superscript numbers in parentheses refer to the list of references

at the end of this report.
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I111. EXPERIMENTAL

A. Test Engine

The engine used {n this test program was the LDT-465-1C, a six-cylinder,
7.83=11ter (478 1n3) turbocharged diesel engine using the MAN combustion
chamber design., This engine family has wide military field application.
With this particular confliguration, It is the primary powerplant for the
Army's family of 2%-ton tactlical trucks, Table 1 lists the general

characteristics of the engine.

TABLE 1, LDT-465-1C ENCINE CHARACTERISTICS

Number of Cylinders 6

Bore, cm(in.) 11,58(4.56)

Stroke, cm(in.) 3 12.37(4.87)

Displacement, liters (in) 7.83(478)

Compression Ratio 22:1

Fuel Injection System Bosch Rotary Distributor
w/Density Compensation

Turbocharger 3~in. Schwitzer

Piston Type Annulus

The fuel {njection pump used with this eungine family is equipped with a
density compensator which varies the full rack fuel delivery rate as a
function of fuel viscosity. This system could adjust the full rack fuel
delivery rate improperly due to the different viscosity-density rela-
tlonship of the emulsion. The rack stop was adjusted with neat fuel to
give 66.5 to 67.0 pounds per hour fuel delivery rate. This adjustment

was not changed for the emulsion.

This engine was equipped with fuel filters desligned to separate water
from the fuel, An initial brief test of this filter system showed that
some water was being removed from the macroemulsion. To circumvent this

problem, the fuel filters were removed from the engine, and the fuel was

filtered prior to being blended to form the emulsion,
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B. Test Fuel

The fuel used in this test (Appendix A) comprised 88 vol%Z Reference No.
2 diesel fuel*, 2 vol% surfactant (emulsifier), and 10 vol% water. The
surfactant used in this study consisted of a mixture of two proprietary
sugar-type substances, a sorbitan fatty acid ester, and a substituted
sorbitan fatty aclid ester. The resulting emulsion displayed the milky
appearance characteristic of a macroemulsion. Table 2 i{s a compilation
of data obtained on the neat fuel and the water-containing fuel., Major
changes In the existent gum are due to the residue of the surfactant.

However, no other major differences were observed,

TABLE 2, SUMMARY OF PROPERTIES OF WATER-IN-FUEL FIRE-RESISTANT
DIESEL FUEL MACROEMULSIONS

Neat Reference 10% Water and Change
No. 2 Diesel 2% Surfactant Caused by
Property Fuel in Diesel Fuel Added Phase
Pour Point, °C -2 -2 0
Specific Gravity (16°C) 0.86 0.88 +2%
Existent Gum, mg/dl 7/ 1418 +1411
Ash, wt% 0.001 <0,003 +<0,002
Carbon Residue, wt% 0.2 0.4 +0,2
Total Acid No. mg KOH/g 0.04 0.16 +0.12
Accelerated Stability, mg/dl 0.8 2.1 +1.3
Copper Corrosion Rating 1A(NIL) 1A(NIL) —
NACE TM-01-72 Pipeline
Corrosion Rating with SAE C (Red Rust) A(NIL) -—
1018 Steel
Viscosity, cSt
11°C 1s75 24,38 +36%
38°C 3.47 4,75 +37%
0°c 10.3 14,5 +41%
=-2°C 11,2 16.1 +447,

C. Test Lubricant

The lubricant used during the test was a MIL-L-2104C reference oil

which had performed satisfactorily in this engine and test cycle pre-
(6)

viously. Condition comparisons throughout this report will be with

the earlier 210-hour test.,

* Federal Test Standard 791B, Method 341.4, Section 4.1.

»
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Because of the doubling of the test length from the normal 210 hours, an
oil change was made at the midpoint of the test, Thus, the used oil

data are for 210-hour durations.

D. Instrumentation

The engine was loaded by a 225-horsepower dynamometer, which was cra-
dled, and the torque reaction was measured by an electronic load cell,
Fuel consumption was measured by a mass flowmeter directly in pounds of
fuel per hour. The flowmeter corrects for changes in fuel density and
temperature and was found to be accurate with both the neat and emul-
sified fuels, O0il consumption was measured by draining and weighing the

oil daily and adding makeup oil as required.

E. Cetane Number

The effect of the addition of water on the cetane number of the fuel is
presented 1in Figure 1, where the effects of the surfactants alone on

cetane number can also be seen.

F. Engine Operation

The engine was run-in and operated according to the test procedure
described in Appendix B. For comparison purposes, the fuel was switched
from the water emulsion to the neat diesel fuel at approximately each
100 hours of operation so that comparisons of power and exhaust emis-
sions could be made. These periods of operation with the neat fuel were
short (less than 45 minutes) and should not influence the test results.

A complete summary of the test results 1is included in Appendix C.

Almost immediately upon starting the engine test period, the engine fuel
delivery rate began to decrease. As shown in Figure 2, this trend
continued until approximately 10 hours when a sharp fueling rate de-
crease occurred. An inspection of the fuel injection pump indicated
that the pump appeared to behave normally except for the change in the
full rack delivery rate. Apparently the rack stop adjusting screw had
slipped and had reduced the rack stop setting. The fuel setting was

readjusted, and no further fuel delivery problems were experienced.
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The observed horsepower output of the engine is presented in Figure 3,
where it Is obvious that there was a contlnued loss of power with test
time. By the end of 420 hours, the engine power output had decreased by
about 16 percent while the fuel rate had remained unchanged. Wear
indicators such as wear metals in the oll and blowby rate (Figure 4) did
not show any unusual mechanical degradation. Therefore, the power loss

may have been due to a change In the actual combustion events,

One event, which may be significant in explaining the power loss, occur-
red at the 325-hour point when the engine lost power suddenly. The
lower power output continued for 12 hours; at this time, two fuel in-
jectors were replaced. This change returned the power output to the
previous level. This may indicate potential injection system problems
with this fuel and may help explain the power losses noted throughout
the test period. The fuel injectors were examined after the test, and

the results are Included in the ratings section.

G. Post-Test Inspection Data

The results from this engine test can be compared to a previous 210-hour
endurance test which was conducted using the same test cycle and lubri-
cant with neat fuel. A summary table comparing the results from the two
tests is given as Table 3. While this earlier test provides a basic for
comparison, it should be noted that doubling the test duration does not

necessarily have the same effect on engine deposits and wear.

The engine deposits were rated according to CRC Deposit Rating Manual
1(7) (8)

No. of the piston deposits was made.

Referring to the piston rating data, the "F" rating is a system devel-

, plus the CRC "F" rating

oped by CRC covering the carbon and lacquer ratings of the grooves,
lands, and the undercrown of the piston. This system provides a weight-
ed total deposits (WTD) number, which is a summation of these ratings

rounded to the nearest unit, Under the WTD system, the maximum deposit

rating would be 900.
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TABLE 3, COMPARISON OF RESULTS WITH REFERENCED 210-HOUR
NEAT FUEL ENDURANCE TEST

Neat Fuel
210-Hour Tracked Currvent 420~Hour
Vartable Cycle Test Results Test Results
Engine Speed 2600 2605 .
Power, Bhp 140 121,2
Fuel Rate, Ib/hr bb. b 68,6
Temperatures, °“C(°F) .
Jacket In 69(156) 772(121)
Jacket Out 81(177) 83(181) i
0t1 Sump 114(237) 111(231) i
Inlet Manifold 122(252) 103(218) '
Exhaust Mani{fold 602(1116) 6li(1132) :
Used 011 Analysis %
1 Change (n K, Vis at ,
38°C (100°F) i
i 210 hr +61 +57 :
§ 420 hr -—- +48
: 2 Change In K. Vis at «
99°C (210°F)
210 hr +40 +37 i
420 hr — +32 {
Change In TAN (D 664) 5“
210 hr +1.84 +2.32 1 3
420 hr —_ +3,45 !
Change {n TRN (D 289¢6) pi
210 hr ~0,54 43,90
420 hr _— +0.14
Wear Measurements, in,
Change in Ring Gap 3
Ring 1 0,004 0,000
Ring 2 0.003 0,001
Ring 3 0,002 0,000
0il Ring 0.003 0,001
Change {n Liner I.D., in. g
3.81 em from top Q.0005 0.0032 k\
7.62 cm from top 0.,0003 0.,0028 :

Piston "F" Rating, avg. 282 318 £

12
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The average WTD for the engine was 318, which {s not considered exces-
sive. Since the WID rating with a reference diesel fuel, with only 210
test hours was 282, the piston deposits with the emulsion are reason-
able, particularly consldering the 420 test hours, Some evidence of
ring face burning and vertical scratches was noted along the piston ring
v face. The deposits In the ring grooves were normal but heavier than the
reference test, with 10- to 20-percent ring supporting carbon. All

plston rings were free in the grooves.

The plstons themselves had a number of vertical scratches due to carbon
particles or other solid materials, while the combustion chamber area
had light carbon deposits. The cylinder liners also showed the vertical
scratching seen on the rings and piston. Little scuffing occurred,
averaging 2 percent, with approximately 25~percent glazing. Rod bear-
ings showed some longitudinal chatter and light wear. In summary, the 3
engine deposits were normal to light, particularly considering the
length of the test cycle. Piston and cylinder conditions were con- {
sldered normal as was the remalnder of the engine except for bearings. g
Because of the chatter and debris embedment noted, the rod bearings were

conslidered marginal.

The cylinder bore wear was significantly greater than that experienced
during the 210-hour reference run, but the wear was not considered
excessive. This bore wear is particularly interesting when the piston

ring wear i{s examined. In the 210-hour reference run, the average ring .

wear was approximately 0,003 inches, which is considered average to good .

S
‘E wear results, With this emulsion after 420 hours, the ring wear aver-

aged less than 0,001 inch., This tradeoff of cylinder bore versus piston

ring wear {is unusual and may be related to fuel property effects.
However, the wear is nominal for this test duration. Visual Inspection
of the other areas of the engine such as valve guldes, camshaft, etc.

showed no apparent wear or unusual conditions.

" 0N

The fuel Injector nozzles were spray checked after test and found to be

in good condition mechanically. There was some injector dribble and no

13
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slow bark*, indicating some sluggishness, but the high speed bark was
good. One of the nozzles which had been removed during the test had an
{njector tip hole partially plugged. Such plugging would result in
spray pattern degradation and would be expected to result in engine
power loss, It could have stemmed from residue of the sugar-type sur-

factants used to form the aqueous macroemulsion,

Spray pattern evaluations of the injectors using the liquid injection
technlque(q) are shown in Figure 5. Disassembly of the injector nozzles
revealed light deposits on the injector pintels. Microscopic examina-
tion of the injection hole in the injector tips showed some slight
erosion and possible enlargement as {llustrated in Figure 6, but there
were no major changes which would totally account for the observed power
losses. This examination could not reveal the presence or absence of

deposits deep within the injector nozzle holes.

Disassembly of the fuel injection pump showed no fuel-related problems,
although excessive wear and scoring of the injection advance control
ring and mating parts were noted. Figure 7 shows the injector control
ring. These components are oll wetted only, and this behavior would not

be expected to be fuel related.

Used ofl analysis (Table 4) showed no unusual degradation and no accumu=-
lation of water in the lubricant. Comparing these results with the base
tests shows some minor differences. Since the lubricant was drained and
replaced at 210 hours, the used oil data can be viewed as two 210-hour
tests. Thus, the actual values from the base test and these data can be
compared. Relative to the base diesel fuel test, this test showed an
essentially equal change in viscosity and a slight increase in both
pentane and benzene insolubles. Also, the total acid number Increase
was slightly greater with the emulsion. The wear metals analysis showed
a 90-percent Increase in iron wear, from 90 with DF-2 to an average 168
parts per million with the emulsion. This Increase is probably related

to the Increased cylinder bore wear noted earlier.

* Term which describes the sound produced when the injector needle re-

peated seats and lifts when subjected to continual high fuel pressure,
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IV. CONCLUSIONS

result of thi{s {nvest{gation, the following conclusions were reach~

The use of the 10 volX water emulsfon had no significant detri-~

mental effects on engine cleanliness, wear, or oll degradation.

No major mechanical changes were necessary In adapting the engine

for use of this fuel.

The engine could be started normally and would idle properly at all

test temperatures encountered.

Use of this fuel resulted in a l6-percent loss in power output

during the 420-hour duration of the test.

Fuel-injector problems encountered during the testing implicated
fuel-origin deposits In the Injection system as a possible reason
for the power loss. This may be related to the high "existent gum"
values of the fuel emulsion, which are attributed to the sugar-type

surfactants used in this study,
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TABLE A-1. FUEL PROPERTIES

Low=Flash, Low=Sulfur DF

Ref. No. Z(a)DF 10 volX Water
Property (Cat=1G/1-H) Neat 2 volX Surfactant
Gravity, °API @ 60°F 33 33.9 29 |
K. Vis at 38°C (100°F), cSt 3.47 3.38 4.Zg) = ,
Flash Point, °C 58 63 - j
Aniline Point, °C 63 ) 64 9 i
Cetane No. 47(C 50.5 42.8 !
2 —_— =2

Pour Point, °C =2

Existent Gum, mg/100ml

[ :
Water and Sediment 0.0 - — |
Carbon Residue, 0.2 - 0.4 i,
Sulfur, % 0.415 0.056 —_— 4
Acid No. 0.04 0.006 0.16 f 3
Copper Corrosion 1A — 1A |
Distillation, °C i
IBP 210 151 — o
102 242 242 -— b
50% 270 284 — f
90% 317 340 -— L
FPB 365 370 —_— 3 f ’
Higher Heating (@) b
Value, kJ/kg(Btu/lb) 45,470(19,550) 45,100(19,390) -— i
Accelerated Stability, - !
Total Insols., mg/100ml 0.8 —_— 2.1 ’
Ash, % 0.001 <0.001 <0.003 !
7 4,5 1418 i

a. Federal Test Standard 791B, Method 341.4, Section 4.1.
b. Ambiguous Intermittent Flame.

c. Calculated cetane value,
d. Calculated from gravity, viscosity, and distillation properties.

NP,

SO
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CONDENSER TEMPERATURE, °F

6350

600

930

900

4350

400

350

300

250

200 |

NEAT DF-2 DIESEL FUEL

DF-2 DIESEL FUEL PLUS
10% WATER AND
2% SURFACTANT

ASTM D-86 :
DISTILLATION
| i | |
20 40 60 80 9
VOLUME PERCENT DISTILLED
FIGURE A-~1. DISTILLATTON CHARACTERISTICS OF 10% WATER-
IN=DTESEL FUETL MACROEMULSTON
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ARMY /CRC WHEELED VEHICLE ENDURANCE TEST CYCLE

The 210=hour test cvele (s conducted {n accordance with the following
operating procedure,

Ly The engine will be broken fn on test ofl using a cvcle based on the
engine manufacturer's recommendations, Ofl will then be drained,
and the engtne filled with fresh oll,

3% Power check the engine, By this {8 meant the determination of the
full=load performance characteriatics of the engine across the
apeed range. This includes such {tems as power, torque, fuel flow,
and all pertinent temperatures and pressures,

Conduct the 210=hour endurance phase {n accordance with the follow-

fng schedule:

Duration (Hr) Load (%) Speed Water Temp (°F)
2 s [ B Rated ¢ 20 rpm 180 *+ 5°F
1 Q Idle 100% ¢ 5°F
2 100 Rated 180
1 0 Idle 100%

2 100 Rated 180

1 Q Idle 100 %
2 100 Rated 180
l )] Idle 100 %
2 100 Rated 180
10 Shutdown

* This temperature will be attained within 10 minutes of start of {dle,

4. The following test data will be determined and recovded at hourly
fntervals as a minfmum:

Engine speed
Engine load
Fuel consumption

Rlowby
Intake pressures (hefore and after compressor where applicable)
Exhaust pressures  (hefore and after turbine wheve applicable)
Fuel pressure
0fl pressure
Temperatures:
Water (to and from engine)
Oil (gallery and sump)
Fuel to engine
Intake (before and after compressor where applicable)
Exhaust (each cvlinder)
Wet and dry bulb ambients
Exhaust (before and after turbine where applicable)
Rarometric pressure

5 0{1 temperature will be controlled by coolant temperatures 1t will
not be allowed to exceed 240°F,

26
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6. Power check the engine,

;: Za At the completion of the test, the engine will be torn down, in-

spected, and gaged. Inspection will be in accordance with CRC
procedures.,
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TABLE C-1. LDT-465
420-HOUR ENDURANCE TEST
BUILD-UP ENGINE MEASUREMENTS

Inches

Min Max Avg Specified Limits

Cylinder Liners
(Installed)

Inside Diameter 4,5597 4,5612 4,5606
Out-0f-Round 0.0002 0.0008 0,0005 0.0015 max
No. 1 Ring X
End Gap 0.019 0.022 0,021 |
No. 2 Ring A
End Gap 0.019 0.022 0,020
No. 3 Ring k'
End Gap 0.019 0.023 0,020 0.016-0,028 |
Side Clearance 0.003 0.004 0,003 0.0025-0,0045 ; .
No. 4 Ring F;
End Gap 0,017 0.020 0.019 0.016-0.028 ,'f
Side Clearance 0.001 0.001 0,001 0.0005-0,0025 . ; :
}
f
{

|
1
|
| {
f
3
P\‘
= |
|
i |
| ]
a
1
|
|
|
5
|
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TABLE C-2, SUMMARY OF OPERATING CONDITIONS FOR DOUBLE (420-HR)
WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10%Z Water-emulsified DF-2 Lubricant: REO 203, Grade 30

Speed, rpm

BMEP, kPa (psi)

Obs. Power, kW (BHp)

Fuel Rate, kg/hr (1b/hr)
BSFC, kg/kW-hr (1b/BHp-hr)
Blowby, scm/hr (scf/hr)

Temperatures, °C(°F)

Jacket Coolant-in
Jacket Coolant-out
Sump 0il

Ambient Air

Intake Manifold
Exhaust (after turbo)
Compressor, AT
Turbine, AT

Pressures
Intake Manifold, kPa (in. Hg)
Exhaust, Absolute, kPa (in. Hg)
Turbine, AP, kPa (in. Hg)
Gallery 0il, kPa (in. Hg)

Minimum

2600
445,5(64.6)
76.,4(102.5)
26,18(57.60)
0.292(0.479)
0.0(0.0)

73(164)
78(172)
97 (206)
19(67)
84(183)
371(700)
38(101)
2(3.6)

24,3(7.2)
30.0(8.9)
21.6(6.4)
331(48)

31

Maximum

2620
619.8(89.9)
106.3(142,6)
32.68(71,90)
0.403(0.661)
7.8(273.9)

81(177)
87(188)
121(250)
34 (93)
119(247)
660 (1220)
72(162)
146 (295)

37.5(11.1)
41.2(12.2)
33.8(10.0)
455 (66)

Average

2605
525.8(76.3)
90.4(121.2)
31.16(68.55)
0.346(0.567)
5.7(200.8)

77(171)
83(181)
111(231)
27(81)
103(218)
541 (1007)
58(137)
52(125)

32,0(9.0)
36.0(10.7)
29.8(8.8)
361(52)
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TABLE C-3, SUMMARY OF DEPOSIT RATINGS FOR DOUBLE (420~hr)
WHEELED=VEHICLE CYCLIC TEST

Engine: LOT=465-1C Fuel: 10X Water-emulstfied DF=2  Luhricant: REQ 203, Grade 30

Piston No.
1 2 3 4 5 6 Avg
Pistons

wr ) Rating 312 287 292 313 323 379 818
No. 1 Groove Carbon Fill, vol% 78 70 b7 72 81 86 75
No. | Groove RSC, % 15,0 17,0 16,3 16.3 18,8 18,8 17.0
No. 2 Groove RSC, % 20.0 15.0 17.5 13.8 20,0 22.% 18,1
Skirt Lacquer, %

Light Amber 10 12 10 5 10 20 1

Very lLight Amber I5 23 15 35 20 40 26
Carbon and Ash Demerits

Piston Top 1.0 0.9 0.9 0.9 1.0 0.9 0.9

Combustion Chamber 0,7 0.7 0,7 0.7 0,7 0,7 0.7

Piston Rings (ID only)

Top Ring, L“Y“?*' Demerits 0.6 0 0 0 0

Carbom, T B5-4 {m)-u Lot 100=4 100-H  100-H
10-1.

No, 2 Ring, %4§quer Nenmerits 0 045 0 0 1.3 0

Carbon, 2 *~ 100=H  90-H 100-H  100=H iu\-u 100-H
10-L

No, 3 Ring, E*squer Demerits 0.4 0 0 Q 2 Q
Carbon, % '~ 951 109=H 100=-H 100=H 100=H 100-H

Oil Ring, Lacquer Demerits 7.0 3.0 3.0 3.0 7.0 8.0
Carbon Demerits 0 0 0 0 0 0

Cyliader No,
(Percent of Total Ring Travel Area)

Cylinders
Lacquer, % 0 0 0 0 0 0 0
Glazing, X 40 30 15 20 13 20 24

Cylinder Head

o

Carbon and Ash, Area %

Heavy 0 0 0 0 0 Q
Medium 3 2 3 3 4 2
Light 97 93 97 97 95 98
Valves
1 2 3
Area 3) Carb Lacq _ Carb Lacq Carb Lacq
Head INT 100A(3) -— (« 100A(s) --- 100A(s) ===
EXH a2 1001A 4}, v 190LA  100soot =--
Face INT -— won. pr. () - MOD.BL. === MOD.BL.
) EXH - 100LA — 100LA -— 100LA
Tulip INT 1.5
(Demerits) EXH(6) 1.5
Stem INT(7) Clean
EXH Clean
Area Carb l.acq Carb Lacq Carb Lacq
Head INT 100so0t -— 100A(s) ==~ 100800t =--
EXH 100soot === 100scot === 100800t ===
Face INT — MOD.BL, == MOD.BL, === MOD.BL.
EXH 100soot === 100so0t === —— 100LA
Tulip INT 1.5 - 1.5 -_— 1.5 -_—
(Demerits) EXH 1.5 —~— 145 — 1.5 —
Stem INT
EXH Hvy BR/BL

(1) Weighted Total Deposits

(2) H-Heavy, L-Light

(3) (s) = soft carbon deposit.

(4) LA - light amber lacquer; BL = black lacquer; BR = brown lacquer.

(5) All tulips indlcate an ash-like deposit, which intakes have sooted over,
(6) Valve guide leakage indicated on all {intake stems.

(7) No, 4 exhaust stem tight in guide.
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TABLE C-5, SUMMARY OF SURFACE CONDITIONS FOR DOUBLE (420-HR) WHEELED CYCLIC TEST
Engine: LDT=465=1C Fuel: 10% Water-emulsified DF-=2 Lubricant: REO 203, Grade 30

Piston No,

1 2 3 4 5 6 Avg
Pistons
Top Land - - All Normal===-=e- ———————
NEDEHI i R T T e e Lt. Vertical Lines on Alle—eeceeeeeeea-
Piston Pin - All Normalee---cceccemee-
) Piston Rings
Ring Face
Top Ring, % burned 10 30 0 40 20 40 23
Scuffing light N N N N N
Scoring it N N N N N
No. 2 Ring, % burned 1 0 30 0 3 30 11
Scuffing light N N N N N
Scoring ¥ N N N N N
No. 3 Ring, % burned 0 0 0 0 0 0 0
Scuffing Light N N N N N
Scoring ¥ N N N N N
01l Ring
Scuffing N light N N N N
Scoring Y N N N N ¢
Cylinder No.
1 2 3 4 5 6 Avg
Percent of Total Cylinders
Ring Travel Area
Scuffed 4 0 2 2 2 3 2
Valves
Intakes
Freedom in Guide P F ¥ F ¥ ¥
Head N N N N N N
Face N N N N N N
Seat (2) 2) 2) N N N
Stem N N N N N N
Tip N N N N N N
Exhausts
Freedom in Guide F F ¥ (3) ¥ F
Head N N N N N N
Face N N N N N N
Seat N N N N N N
Stem N N N N N N
Tip N N N N N N
Other Surfaces
Connecting Rod No,
1 2 3 4 5 6
Rod Bearing 10% (4) === 107 (4) ==~ -— 2%(4)
(5,6) (5,6) (5,6) (5,6) (5,7) (5,6)
Piston Pin N N N N N N

(1) Moderate amount of vertical scratches on all rings.
(2) Light pitting.

(3) Tight but not seized,

(4) Light wiping.

(5) lLongitudinal chatter indicated.

(6) Trace debris embedment,

(7) One medium dirt scratch,
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LUBRICANT: REO 203, MIL-L-2104C, OE/HDO-30
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FIGURE C-1. FULL=RACK PERFORMANCE CALTBRATTON
OF LDT-465-1C ENGINE
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DOUBLE (420-Hour) WHEELED VEHICLE CYCLIC TEST
Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO-203,Grade 30
PISTON AND CYLINDER LINER
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO-203,Grade 30

PISTON AND CYLINDER LINER

Cylinder 1
Anti-Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant : RE0-203, Grade 30

PISTON AND CYLINDER LINER
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST
Engine: LDT-465-1C  Fuel: 10% Water-Emulsified DF Lubricant: REQ-203, Grade 30
PISTON AND CYLINDER LINER ?

¥
3
+
¥
i F
NN &
= 4
K »
O o
o =
&
e
— 4
>
O <«
k
4




DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF

Lubricant: RE0-203, Grade 30

PISTON AND CYLINDER LINER

PR PR 0 e B S

a

Cylinder 3
Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO0-203, Grade 30

PISTON AND CYLINDER LINER
3 1
2 i
3
L

Cylinder 3
Anti-Thrust
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Engine:

LDT-465-1C

DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Fuel: 10% Water-Emulsified DF Lubricant:

PISTON AND CYLINDER LINER

REO-203, Grade 30

Cylinder 4
Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine:  LDT-4065-1C Fuel: 10% Water-Emulsitied DF Lubricant: REO-203, Grade 30

PLISTON AND CYLINDER LINER
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 105 Water-IEmulsitied DF Lubricant: REO0-203, Grade 30

PISTON AND CYLINDER LINER
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kngine:

LDT-465-1C

DOUB LE

Fuel:

(420 Hour) WHEELED VEHICLE CYCLIC TEST

PISTON AND CYLINDER

10% Water-Emulsitied DF

LINER

Lubricant:

REO-203, Grade

45

Cylinder 5

Anti-Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO-203, Grade 30

PISTON AND CYLINDER LINER
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Cylinder 6
Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant:

PISTON AND CYLINDER LINER

REOQ-203, Grade 30

Cylinder 6

i

Anti-Thrust
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF  Lubricant: REO-203, Grade 30

PISTON RING SETS

Cylinder 1
Cylinder 2

/

/4"”" f

Cylinder 3
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: DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

:

¥ Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO0-203, Grade 30

PISTON RING SETS

;
|
i

3 | Cylinder 4

£ '

Cylinder 5

Cylinder 6
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Engine:

LDT-465-1C

DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST
Fuel: 10% Water-Emulsified DF Lubricant:

FUEL INJECTOR PINTLE

Cylinder 1

50

REO-203, Grade 30




DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF Lubricant: REO-103, Grade 30

FUEL INJECTOR PINTLE

350 to 420 Hours

Cylinder 2

0 to 350 Hours




DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF  Lubricant: REO-203, Grade 30

FUEL INJECTOR PINTLE

350 to 420 Hours

Cylinder 3

0 to 350 Hours
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Engine:

[ s el ]

b3« o
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Fuel: 10% Water-Emulsified DF Lubricant:
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C  Fuel: 10% Water-Emulsified DF Lubricant: REO-203, Grade 30

Cylinder 1 FUEL INJECTOR NOZZLE HOLE
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OUTSIDE SURFACE

INSIDE SURFACE

DEEP INSIDE SURFACE
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DOUBLE (420 keur) WHEEGLED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel : 10% Water-Emulsified DI Lubricant: REO-203, Grade 30

Cylinder 2 FUEL INJECTOR NOZZLE HOLI
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DOUBLI 420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel : 10% Water-Emulsified DF Lubricant: REO-203, Grade 30
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified DF  Lubricant: REO-203, Grade 30
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