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I. INTROI)UCTION AND BACKGROUND

In recent years , laboratories have been conducting research to determine
( l_ 5 ) *

the attribut es of burning water emulsions in diesel engines.

lntortunate lv , no unequivocal answer has yet been obtained , primaril y

due to the numerous parameters that affect the overall performance of

the water—cont aining fuel . Variables such as injection characteristics ,

c ompress ion r a t i o , combus tion  chambe r design , and size of the water

d r o p l e t s  may a l l  be i m p o r t a n t . These pa ramete r s  are on ly  some of the

mor e  o b v i o u s  ones ; t h e r e  are  u n d o u b t e d l y  many more that  may be important

to  t h e  I I v t ~r , i l  1 pe r fo rmance  of the  en g i n e / f u e l  sy s t em.

To add to the  d i f f i c u l t y  of the evaluation , the water—containing fuel is

its elf a very comp lex system. The chemical type and amount of sur—

f a c t a n t  can have as pronounced  an e f f e c t  on f u e l  p e r f o r m a n c e  as the

water content. Studies have shown that the fuel and water chemical

compositions may also affect the final emulsion , which would affect the

fu el behavior in the engine . At the t ime of this work (1977), a system-

atic approach to the overall problem of water—in—fue l emulsions had not

been u n d e r t a k e n .

I I .  OBJECTIVE

The objective of this study was to further evaluate the feasibility of

using water—i n—fuel emulsions as fire—resistant f u e l s  by determining

their effects on overall performance in an engine that has wide usage in

the  m i l i t a r y  f l e e t .  For this  program , “performance” Is interpreted as

those f a c t o r s  a f f e c t i n g  t o t a l  engine opera t ion  such as power output ,

s p e c i f i c  fue l consumpt ion , du r a b i l i t y  of the eng ine st ruc ture  (wear) ,

• I and d u r a b i l i t y  of the  f u e l — h a n d l i n g  sys tem.  The basic engine conf igur—

t . 

atlon was to remain as close to its factory—produced condition as pos—

s i b l e .

* Supersc rip t  numbers in parentheses refer to the list of references

at the end of this report.

5
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11 1. EXPERIMENTAL

A. Test h~~~i I ) t

The engine used in this test program was the  l,l) T—4 o~ — 1 C , a six—c ylind er ,

7 .S~ — l L t e r  (~~~ i~ in~
) turbocharged diesel engine using the  MAN combust ion

ch.tmt~er design. T h i s  e •ng ine  f a m i l y  has wide  m i l i t a r y  f i e l d  a p p l i c a t i o n .  •

w ith t h i s  part l e u l a r  cent i gu r at  ion , i t  Is the primar y powerp lan t for the

Army ’s t a m ilv of .~~— t o n  t a c t i c a l  t r u c k s . T a b l e  I l i s t s  the  gener .t i

c h ar a c t e r i s t  les  ot the e n g in e .

TABI F I • LflT—4~~5— l C ENC I NE CHARACTER I S Ii CS

Numb er  ot (• v I i n de r s
i~ore , cm (tn . t l l .5S( .~a .’t h )
S t r o k e , em (  I n . 1 1~’. 3 7 ( 4 .57 1
D E s  l a cem , ’t i t , l i t e r s  ( i n  ) 7. ifl ~~t 78)
Compress  ion  R a t i o  2.’:!
Fuel In ~ect Ion System Bosch Rotary Distributor

• v/Density Compensa ti on
Turbocharger  i — i n .  S c h wl t z e r
P i s t o n  Typ e Ann u l u s

Tht’ f u e l  Inject ton pump used w i t h  t h i s  eng ine tam ! l v  Es equipped with a

d e n s i ty  c o m p e n sat o r  wh i ch v ar i e s  t he  tu ll r ack f u e l  d e l i v e r y  r a te  as a

f un ct  ton  of (Lie I vi sees I ty  • T h i s  svs tern  c ’u  Id  .i&i ~ ust  t h e  f u l  1 rack f u e l

d e l i v e r y  r at e  i m p r o p e r l y  due t o  t he  d i f f e r e n t  viscosit y—densit y rela—

t i o n s h i p  of the  e m u l s i o n .  The rack stop was a d j u s t e d  w i t h  nea t fue l to

g ive ~.S t o  t~7 .O pounds per h our  f u e l  deliver y rate. This adjustment

was not changed f o r  the  e m u l s ion .

This engine  was equ ipped  w i t h  fue l filters designed to separate wa te r

f rom the  f u e l .  An I n i t i a l  b r ie f  test  of th i s  f i l t e r  sy s t em showed that

some water was being removed from the macroemulsion. To circumvent this

problem , the fuel tit ters were removed from the engine , an d the  f u e l was

filtered pri or to being blended to forts the emulsion.

f t
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B. Test Fue l

The fue l used In t h i s  test  (Appendix A) comprised 88 vol % Reference No.

2 d iesel  f u e l * , 2 vol% s u r f a c t a n t  ( emu l s i f i e r ) , and 10 vol% water.  The

s u r f a c t a nt used in th i s  stud y consisted of a m i x t u r e  of two proprietary

sugar—type  substance s, a so rb itan f a t t y  acid ester , and a subst i tu ted

sorbitan fatty acid ester. The resulting emulsion displayed the milky

appea rance charac te r i s t i c  of a macroemulsion. Table 2 is a compilation

of data obtained on the meat f uel and the water—containing fue l .  Major

changes in the existent gum are due to the residue of the su r fac tan t .

However , no other major  differences were observed .

TABLE 2. SUMMARY OF PROPERTIES OF WATER—IN—FUEL FIRE—RESISTAN T H

• DIESEL FUEL MACROEMULSIONS

Neat Reference 10% Water  and Change F -

No. 2 Diesel 2% Su r f ac t an t  Caused by
Proper ty  Fuel In Diesel Fuel Added Phase

Pour Poin t , °C —2 —2 0
Specific Gravity (16°C) 0.86 0.88 +2%
Exis ten t Gum , mg/dl 7 1418 +1411

• • Ash , wt% 0 .00 1 <0 .003  + <0.002
Carbon Residue , wt% 0.2 0.4 +0.2
Total Acid No. mg K OH/g 0.04 0 .16 +0. 12
Accele rated S t ab i l i t y ,  mg/ dl  0.8 2.1 + 1.3
Coppe r Co rr osion R a t i n g 1A(N IL) 1A (NIL)
NACE TM — O l—72 Pi pelin e

Co rr osion Rat i n g wi th  SAE C (Red Ru st) A(N IL)
1018 Steel

Viscosity,  cSt
77° C 1.75 2 .38 +36%
38° C 3.47 4.75 +37%
0° C 10.3 14.5 +4 1%
—2 ° C 11.2 16.1 +44%

C. Test Lub ricant

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

which had performed satisfactorily In this engine and test cycle pre—

vIous1y,~
6
~ Condition comparisons throughout this report will be with

the earlier 210—hour test.

* Federal Test Standard 79 1B , Method 341.4 , Section 4. 1.

7 
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Because of the doubling of the test length from the normal 210 hours, an

o i l  change was made at the mid point of the  t e s t .  Thus , the used oil

da ta  are f o r  210—hour  d u r a t i o n s .

D. In s t r um e n t a t i o n

The eng ine was loaded b y a 225—horsepower dynamometer , which was cra—

died , and the to rque react ion was measured b y an e lec t ron ic  load cell.
Fuel consumpt ion  was measured by a mass f lowmet e r  d i r e c t l y  in pound s of

fuel  per h o u r .  The flowineter  corrects  for  changes in f u e l  densi ty  and

temperature and was found to be accurate with both the neat and emul—

s i f t e d  f u e l s .  O i l  consumption was measured b y draining and weighing the j --

oil  d a i l y  and adding  makeup  oi l  as requi red .

E. Cetane Number

The e f fe ct  of the a d d i t i o n  of water  on the cetane number of the fue l is $

presented in Fi gure 1, where the e f f e c t s  of the  s u r f a c t a n t s  alone on

cetan e number can a lso be seen.

F. Engine Op e r a t i o n

The engine was run—in and operated according to the test procedure 
•

described in Appendix B. For comparison purposes, the fuel was switched

f rom the wa te r  emulsion to the neat diesel fue l  at approximate ly  each

100 hours of opera t ion  so t h a t  comparisons of power and exhaust ends—

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 comple te  summary of the test  resu l t s  is included in Appendix C.

Almost immediately upon starting the engine test period , the engine fuel
f

delivery rate began to decrease . As shown in Figure 2 , this trend
continued un t i l  approximatel y 10 hours when a sharp fuel ing rate de—

crease occurred . An inspection of the fuel injection pump indicated
• that the pump appeared to behave normal ly  except for the change in the

f u l l  rack de l ivery  rate. Apparently the rack stop adjusting screw had

slipped and had reduced the rack stop se t t ing . The fue l  set t ing was

readjusted , and no further fuel delivery problems were experienced .

8
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The obse rved horsepower output of the engine Is presented in Figure 3,

where it Is obvious that there was a continued 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

Ind ica to r s  such as wear metals In the oil and blowby rate (Figure 4) did 
r 

-

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 suddenl y. The

lower power output continued for 12 hours ; at this t ime, two fuel in—

jectors were rep laced . This change returned the power output to the

previous level. This may indicate potential injection system problems

with this fue l 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.

C. Post—Test  Insp ect ion 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 engi n e deposits we re rated according to CRC Deposit Rating Manual

No. 1~~~, p lus the CRC “F” rating~
8
~ of the piston deposits was made.

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

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 to ta l  deposits (WTD ) number , which Is a summation of these ratings

rounded to the nearest uni t .  Under the WTD 8ystem , the maximum deposit

ra t ing  would be 900 .

10
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TABL E ~~. COMP ARISON OF RESULTS WITH REFERENCEII .‘tO—IlOtlR

NE AT FUEL F .NPU RAN CF TEST

Ne a t FL$~~ L

~‘ 10— Høur  Tracked Cur re n t  4 2 0 — I l o i i ,
r t~ih Li ’ Cyc I e Test R e s u l t s  Test R~ s~i 1 t s

Eng in e Sp~’cd 2 t~O0 .‘~ OS
r , I 41) 1 - ‘1 •

Fue l K a t i ’ , lb / h r  •
Temperatnre’s , “((°F)

~~~~~~ In  ~‘~L~1St~) •~Y~ I ‘I )
.Tack et  Out 8 1 ( 1 7 7 )
O t t  Sump 1l~. ( 2  111 1 11 ( .‘ 11)
Inlet Mant totd l~ .’(?’~.’) 1O1(.~18)E x h au s t  M a n i f o l d  ~(L’ ( 1 I  l(~) (~t 1 ( 1 1

Usod 011 .th.~ I vs I s
~ Ch:iii gt Lu K. Vis at
18°c ( 100 ° F)

•‘lO h r #hl
.47 (1  hr — —— +48

Z Changi ’ In K. Vis at

~q°c (.‘ I O ° F)
.‘ IO hr  +4(~ 1 ,’

~..1t 1 hr ——— +

t ’~~ini ~,’ in TAN ( U )
.‘ I t )  h r  + 1. 84 i .’. ~~.

‘

.4.~O hr  — ——  + t~~~. ê s

( . ngt ’ to 1’BN ~~ 
1 5~3~ )
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R i n g  I 0 .0(1 .’ 0 .000
011 Rin g  0.00 3 0 .001

( hange In l iner  I .11. • In .
.81 cm f rom top 0 .000~ O •oo l~’

-
, 

• 
I cm from top 0 • 000 1 0 • 00 .‘8

i’lstc’,i “F” Rat tug, avg. (18

,

I 

:



r ~~~~~~~~~~~~~ 

.-— . - . .--

~~~~~

The average WTD for the engine was 318, whIch is not considered exces-

sive . Since the WTD rating with a reference diesel fuel , with only 210

test hours was 282, the piston deposits with the emulsion are reason—

able , par ti cular ly considering the 420 tes t hours. Some evidence of

ring tace burning and vertical scratches was noted along the piston ring

f ace .  The deposits In the ring grooves were norma l but heavier than the

reference test , wIth 10— t o  20—percen t  r i n g  s u p p o r t i n g  carbon.  A l l

p i s ton  r i n g s  were f r ee  In the grooves.
• a

The p i s t o n s  themselves had a number of vertical scratches due to carbon

particles or other solid materials , while the combust ion  chamber area

had l ight carbon deposits. The cy l inder  l iners  also showed the ver t ical

scratching seen on the rings and piston. Little scuffing occurred ,

averagIng 2 percent , with approximatel y 25—percent g lazing. Rod hear—

Ings showed some longitudinal chatter and light wear. In summary , the

eng ine depos its were normal  to l i g h t , particularl y cons ide r ing  the

l e n g t h  of the  t es t  c y c l e .  P is ton  and c y l i n d e r  c o n d i t i o n s  were con-

s idered norma l as was the  r ema inde r  of the eng ine  except  fo r  hear ings .

Because of the chatter and debris embedment noted , the rod hearings were

considered marginal.

The cy l i n d e r  here wear was significantl y greater than that experienced

d u r i n g  the  210—hour  re ference  run , hut  the wear was not considered

excessive . This bore wear Is particul arl y interesting when the piston

ring wear is examined. In the 210—hour reference run , the average ring

wear was approxImatel y 0.003 inches, which is considered average to good

wear results. With this emulsion after 420 hours , the ring wear aver—

aged less than 0.001 inch. This tradeoff of cy linder bore versus piston

ring wear is unusual and may be related to fuel  property effects.

However , the wear Is nominal for this test duration. Visua l inspection

of the other areas of the engine such as valve guides , camshaft , etc.

shoved no apparent wear or unusua l  condit ions .

The f u e l  I n j ec to r  nozzles were spray checked after test and found to be

in good c o n d i t i o n  m e c h a n i c a l l y .  There was some in j ec to r  d r ibb le  and no

I l
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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 teøt had an

injector tip hole p a r t i a l l y  p lugg ed. 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—

f.ictants used t o  form the aqueous macroemulsion.

Sp r ay  p a t t e r n  ev a l u a t i o n s  of the injectors using the liquid injection

technt que~~~ art’ shown in Figure 5. Disassembly of the  i n j ec to r  n o z z l e s

revealed lig ht deposits on the injector pintels. Microscop ic examina—

t i on  of the Injection hole In the injector tips showed some sligh t

erosIon and p o s s i b l e  e n l a r g e m e n t  as illustrated in Figure 6, but there

were no ma lor changes which would totally account for the observed power

~~~~~~ Th is examination could not reveal the presence or absence of

dep os it s deep wi th i n  the Injector nozzle holes.

l)isassemhlv of the fue l Inject ion pump showed no f u e l — r e l a t e d  p r oble ms,

although excessive wear and scoring of the injection advance control

ring and mating parts were noted . Figure 7 shows the Injector control

r i n g .  These components are oil wetted only , and this behavior would not

he expected to he fuel related .

U sed o i l  analysis (Table 4) showed no unusua l  degradation and no accumu—

latton of water in the  l u b r i c a n t .  Comparing these r e s u l t s  wi th  the base

tests shows some mInor differences. Since the lubricant was drained and

rep laced  at  210 hours , the used o i l  da t a  can be viewed as two 210—hour

test s. Thus , the a c t u a l  va lues  f rom the base test and these data can he

• compared. R e l a t i v e  to the base diesel fuel test , this test showed an

e s s e n t i a l ly  equa l change in viscosity and a slight increase In both

pentane and benzene Insolubles . Also , the total acid number increase

was s l i g h t l y g r e a t e r  w i t h  the emuls ion . The wear me ta l s  ana lys ts  showed

a 90—percent increase in Iron wear, f rom 90 with DF—2 to an average 168

parts per million with the emulsion. This increase is probabl y related

to the increased cy linder bore wear noted earlier.

* Te rm which describes the sound produced when the injector needle re-

peated seats and lifts when subjected to continual high fue l pressure.

• 14
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IV. CONCLUSIONS

As a res u l t of th is inves t igation , the follow ing conclusions were reach-
ed:

• The use of the 10 vo iX  w a t e r  emul s ion  had no significant detri—

men tal  ef f e c ts on e n g i n e  c lea n l iness , wear , or oil degradation.

• ~o m a j o r  m e c h a n i c a l  changes  were necessary in a d a p t i n g  the  eng ine

for use of t h i s  f u e l .

. The engine cou ld  he started normally and would idle properly at a l l

test temperatures encountered . • - ‘

. t~se of t h i s  f u e l  r e su l t ed  In a 16—percent  loss In power o u t p u t  • (  I -

d u r i n g  the  42 0—hour  d u r a t i o n  of the  t e s t .

• F u e l — i n j e c t o r  prob l ems encountered  d u r i n g  the  t e s t i n g  impl i cated

fuel—orig in deposits In the Injection system as a possible reason

for the power loss. This may he re la ted to the high “existent gum”
values’ of the fuel emulsion , which are attributed to the sugar—type

surfactants used In this stud y.
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rAHI.E A—l . FU El . PROPERTIES

Low—Flash , Low— Sulfur DF
Ref. No. 2~

a
~ DF 10 vo l2  Wate r

— 
Propert y (Cat—1C/1—H ) Neat 2 vo1~ Surfactant

~raV jty , °API t t~O°F 33 3 3 Q  29
K. Vi s at ~S ° C (11)0 °F) , cSt ~.47 3.38

~‘Iash Point , °C 55 63 —— ~~

Afl~ l i n e  P o i n t , °C 63 64 94
C~~t .inv No . 7~

c)  
50.5 42.8

Pour P o i n t , °C —2 — — — —2
water and Se d i m e n t  0.0 ——— — — —
Carbon Residue , 0,2 —— 0.4
S u l f u r , 2 0.4 15 0.056 —— —
Ac id  N~~. 0 .0.-, 0.006 0. 16
Copper Corrosion l.~ —

~~~~ IA
Distillati on , O

C

IBP 210 161 ———
102 242 242 ———
60 % 270 284 ———

3 17 340 —— —
Fl’B • 3 t-t 5 370 ——— ‘

~i gher  H e a t i n g  ( d)V a l u e , k J - k g ( B t u / l h )  45 , 4 7 0 ( 1 9 , 550) 45 , l00( 1~~, 39O )
A c c e l e r a t e d  S t a b i l i ty , - 

- 

-

Total Insols., mg/lO Oml 0.5 2 .1 ‘ 
-

Ash , % 0.001 <0.001 <0.003
-xl stent ~ um , mg / iOO m l  7 4.5 1418

a. Federa l Test Standard 79iR , Method 341.4, Section 4.1. - 

- :

h. Ambigu ous  Intermittent Flame.
c. C a l c u l a t e d  cet~ine value.
d. C a l c u la ted from ~ravit v , viscosity , and dis tillation properties.

22 
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650 -

NEAT DF-2 DIESEL FUEL /
600 - / -

~~~55O - -

I-
I— 500 - -

w
~~~~ 450 - - 7

DF-2 DIESEL FUEL PLUS ‘

10% WATER AND
~~ 400 - 2% SURFACTANT -

h i
‘J)z
hi ~~~~~~~ 

-

z _________
300 - ASTM D-86 -

DISTILLATION

250
- -

200 1 I I I

5 20 40 60 80 95
VOLUME PERCENT DISTILLED
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6. Powe r check the engine .

7 . At the completion of the tes t, the engine wil l  be torn down , in-
spected , and gaged . Inspection viii  be in accordance with CRC
procedures.

I

27

TT ___ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _  __________ _ _  _ _ _  _ _ _ _ _  _ _

APPENDIX C

42O— l~oUR TEST RESULT S

H

F

: 

_
- __;_ _ - _ ‘—C-——-———---.— ~~~~~~~~~~~~~ 

- —--
~~~ 

— 
- ----I .

29

_— —C - - - 
~~

-
~~~~~

—— 

~
-a—

~~
-
~~
- 

~~ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~ ~~~~~ ~.



_ _  -_-- _-—- —_- - — --~~~~~~~~~~~~~~~~ --—- --- --— -

TABLE C—i . LDT—465
420—HOUR ENDURANCE TEST

BUILD—UP ENGINE MEASUREMENTS

Inches
Mm Max ~~~~~ Specified Limits

Cy l inder  Liners
( In s t a l l ed)

I nside Diameter  4.5597 4.5612 4 .5606
Out—Of—Round 0.0002 0.0008 0.0005 0.0015 max

No. i Ring I-
End Gap 0.019 0.022 0.021

N o . 2 R i n g
— End Gap 0.019 0.022 0 .020

No. 3 Ring
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
End Gap 0.017 0.020 0.019 0.016—0.028
Side Clearance 0.001 0.001 0.001 0.0005—0.0025
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TABLE C—2. SUMMARY OF OPERATING CONDITIONS FOR DOUBLE (420—HR)
WHEELED VEH ICLE CYCL IC TEST

Engine:  LDT—4 65—1 C Fuel: 10% Water—emulsified DF—2 Lubricant:  REO 203 , Grade 30

Minimum Maximum Average

Speed , rpm 2600 2620 2605
BMEP , kPa (psi) 445.5(64.6) 619.8(89.9) 525.8(76.3)
Obs. Power , kW (BlIp) 76. 4(102.5) 106.3(142 .6) 90.4(12 1. 2)
Fuel Rate , kg/hr  ( lb /h r )  26 .18(57.60 ) 32 .68(7 1 .90 ) 3 1.16(68.55)
BSFC , kg/kW—hr (lb/BHp—hr) 0.292(0.479) 0.403(0.661) 0.346(0.567)
Blowby, scm/hr (scf/hr) 0.0(0.0) 7.8(273.9) 5.7(200.8)

Temperatures, °C(°F)
Jacke t Coolant—in 73(164) 81(177) 77( 171)
Jacket Coolant—out 78(172) 87(188) 83(181)
Sump Oil 97 (206) 121(250) 111(231)
Ambient Air 19(67) 34(93) 27(81)
Intake Manifold 84(183) 119(247) 103(218)
Exhaust (after turbo) 371 (700) 660(1220) 541(1007)
Compressor , AT 38 (101) 72 (162) 58(137)

• Turbine, AT 2(3.6) 146 (295) 52 (125)

Pressures
Intake Manifold , kPa (in. Hg) 24.3(7.2) 37.5(11.1) 32.0 (9.0)
Exhaus t, Absolu te, kPa (in. Hg) 30.0(8.9) 41.2(12.2) 36.0(10.7)
Turbine , A P , kPa (in. Hg) 21.6 (6.4) 33.8(10.0) 29.8 (8.8) : -

~
Gallery Oil , kPa (in. Hg) 331 (48) 455(66) 361(52)
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1A1n C C— I . SUMMARY (IF i)EPI )St r RATI *;S 0* IX)U KL C (420—h r)
VHCCLED—Vi)HLCI F CY ( I .IC rCsT

Eng ine : )T—-. )’S—IC (-u .1: l0~ Wat~-r—e Cnu l-stf1e d TIF—2 lubricant : RC() 231 3 , Grad e tO

Piston No.
_j_ _i__ _ __i__ -~~- -~-- —~~- ~ A-
_______________ 

Pistons

Rat ing 31! 287 242 313 323 379 319
I I r  v. 1 j r h ,,t F i l l , vnl~ 70 70 61 72 Si 86 75

N I . I I r  tO, - 1 lS .~
) 17 .0 I6 .3 16 .3 18.8 19.8 17.0

So. 2 ; ro-,~~- RSC , 2 21L1) 15 .0 17.5 13 .8 20.11 22.5 15.1
Skirt l icq - : . - r , 2

L ig ht  A~~o-r 10 12 II I  5 10 20 I I
V~~ rv  I ight A v ! .- r 15 -‘ ~ 15 35  20 4) ) 26

- -ir~~’n ind A-:~ Th- -,.-r i t - i

P i - ~ t - ,  lop 1 .0 0.9 0 .9 0 .9 1. 0 0 .9  0 .9 — —
- - v - , h , - i t ton l’~~l~~ r ‘3 ,7 0 . 7 0 . 7 0. 7 0 .7 ‘3 .7  0 .7

Pist ,n Rin ge (to onl yL

lop Sing, L ySyer ~).,r,er[t , C) .— 0 (1 0 0
Carbon , 2 — 

8 5— 9  ~~)— S  Ii’s - 3 1 1 - 1 — 9  100—H 100—H
10—I

2 ( i C y ,  ‘.--,,- r it s 3) 0 . 5 3) ‘) 1.3 0

I t O~ ’v , 1 — 1 - 3 ( 3 — 9  93) — 0 1310—9 1)10—11 j30—H 1110—H

~l0—L

I Ring, ~~~9.o- r C .-,n.-rt tq 0~~ 0 0 (3 (1 0
( — C  rh, n • 

— 95~~ 1l 13 )_ i — i l  1)10—u 100—H 100—H 100—H

- 1 1 )  RIng, -i -q .er -
‘ ri t i  7 . -1.-) ~.3) 8.0 7 .1) 9 .0

C i rh ,o Se,,.- r It-i 3) I) 0 0 3) 1) 
*

Cy l i nder No .
(Percent -‘C Tot-t i Ring Truvel -Srea)

C y l inders

Lac y -o r, 2 1) 0 0 0 0 0 0
c : I .C in g ,  7 40 3)) i S  2) ) 15 20 24

Cyltod e Head
i t C h  ‘r~ - m d  Ash , \ re a

3le iv~ 7 0 0 0 1) 0
3 2 3 3 4 2
97 98 97 97 95 98

Valves
1 2 3

A r e - C  CarS Lacg Carb Lacq CarS Lacg
1111 i00A(~ ) ——— 

~~
, 100A (s) —— — IOOA (s)

CXII  100LA  IOOLA iflOsoot
F C c . - 191  H0D .RL  lt0fl.HL. —— 1109.51.

CXII  IOOLA  IOOLA ——— IOOLA
Tu l i p  tNT 1.5 — — —  1.5 ———

(i)ene,-lts) CXII 1.5 — —  1.5 —— 1. 5 ——— - 
—

St em INT~~~ Clean
EXU~ ~ C1e~, Hvy BR/RL ’4~ 

Valve
4 5 6

Area Carb 1.acg Carb Lacg Ca rb Lacg
Hi-ad 151 lOOsoot  I O O A ( s )   100.oot

CXII tOOsoot  LOOsoot  tOOsoot
face 291  MOILRL.  1100.51.  1100,51.

1)01 lOOsoot  lOOs oot   lOOM
CCCIS p tNT 1.5 —— 

- 
1.5  1.5 ——

(flemerit.) 1)01 1.5  1.5  1.5
Stem 191 7

C XII —Hvy SR/St 

(1) WeIghted Total !7epostt.
(2 1 H— Heavy , 1—tight
(3) (a) — soft carbon deposit.
(4)  LA — light ambe r lacquer; St — black lacquer; SR — brown lacquer.
(5) A ll tulip s indIcate an ash—like deposit, which intakes have sooted over.
(6) Va lve guide leakage ind icated on all int ake stems.
(7) No. 4 exhaust stem tigh t in guide.
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r A~~~LF ~~~~~ SUC-IMARY (IF SUNFACE CONDITIONS FOR DOUBLE (42 0— HR)  W H EE L E D  CYCLIC TEST

Engine: L D T — 4 6 5 — I C  Fuel : 10% Water—emulsified DF—2 Lubricant: REO 203, Grade 30

Piston No.

__j__ -~~- _!__ -~~~~- —i--- —~~- ~~~~~~ -Pistons
Top -an~ All Normal 
N kir t Lt. Vertical Lines on AJ I 
1’i-i t ofl Pin ——All Norma l 

(1) Piston Rings
Ring Face
rop Ring, % burned 11) 30 0 4 ’)  0 40 23

Scoffing light N N N N N
Sc o r i ng Y N N N N N

N- . 7 R i n g ,  % burned 1 1) 30 0 3 30 11
Sc if f i - i11  ligh t N N N N N
Scor ing  Y N N N N N

No . 3 Ri :~y bu rned 0 0 0 0 1) 0 0
tig h t N N N N N

N cor i’-g N N N N N
I ) 1 T  R i n g

S c u f t i n ~’ N lig ht N N N N
Sc- rin g Y N N N N N

cy linder No. - ;
2 3 4 5 6

Percent of Total cy linders
Ring Trave l Area
Scuffed 4 1) 2 2 2 3 2 - -

Valves
Intakes C -

Freedom In Guide F F F F F F
(lead N N N N N N
Face N N N N N N
Seat (2) (2) (2) N N N
Stern N N N N N N
Tip N N N N N N

Exh a us t a
Freedom In Guide F F F (3) F F
Ilead N N N N N N ~— 

-

Face N N N N N N
Seat N N N N N N —

S te rn 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 Rearing 10%(4) 10% (4) ——— —— 2% (4 )

— (5 , 6) (5 , 6) (5 ,6) (5 , 6) (5 , 7) (5 ,6)
Piston Pin N N N N N N

(I) Moderate amount of vertical scratches on all rings.
(2) Light p itting.
(3) Tight but not seized.
(4) Ligh t wip ing.
(5)  Longitudinal chatter indicated .
(6) Trace debris embedment,
( 7 )  One medium dirt scratch ,
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DOUBLET (420-Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-IC Fuel: 10% Water-Emulsified LW Lubricant: REO-203,Grade 30

PI STON AND CYLINDER LI NER

_ _ _ _  -
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- -“C
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~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

u

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

36

- -~~~---J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~-~~~~~~~~~~ -~~~~~ - 

;~~~ _ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
~dá



— 
- 4 

-

ih)tJBIi~ (421) Hour) I~I 1 l F I U 1  V1~I I ( CLE C Y C l I C  I I ~~ F 
- 

-

Engine :  I 11~ -lc ~~- IL Fut’l : H )- I~~~t t ei - - Lniul s i fk’d [IF 1ub r~~ ant RFO- ~U3 , -~~I~- ~ i)  -
-

F l S l~~\ AN ) ( \  1 . l \ l H ~R L I N I R  -

- —

i~
_ 

- - 

- -

_ - JI _ 
-

~~~~~~~~~~~~~

_
-

~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~

- ~~~~~~~~~ --
~~~~~~~~~~~~ 

-

C ’ — .
;
’

f
~~~~~~~~~~~~

A

~

UII

1
~~

Li

- ~—-~~~~~-—-- ~ L _ 
. . _

~.1 ~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
_ 

~~~‘W’ ~~~ — ~
__ - — 

~~~~~~~~~ ~
s--

~
C’

~ 
- 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

~1

DOUBlE - 120 l I l n i r )  l~i lI I:l.E[) \L I IICIl CYCLIC msr

I Ih i flt’ Ll ) ’ I— -IIL — IC FIlL -i : 1t)~, l5 lti -r ~— l i m i t  s i  f i t -d I lL I u h x - i c j n t  : R I f l — 2 0 3 , Cr u d e  30

I ’ I S I i ) \  - \ \ !)  C Y I . l  N I l )  R L I  N I - I~

_ -

L - ‘ - ~~~~~ -- ._.J - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



- - - -~~~~~~~ - ~~~~~

DOU Bl E ( - l _~~~
) h o u r )  b i l l  H i l l  \ EIIICIl l Y ( I iC FESI

l u g i n e :  I I ) I — 4 L  IC I - m i t - I : I0~ W~i t cr—Emnmil -~ i lied DL Lm,h rican t : REO—20 3 , Cr ~ide 341

F 4 1 - I O N  .-\ N l )  (YI .tN DI ~R l I N E R

—_ ‘  - s_. - ~~ ,—t-- - - ~~~~~~~~ ~~~ a~ ~~ &— —— _— _Sc=.-____

I:

- 
- -

-

. ~ _____

(N /~--4

C I
-_4 - _-I
— 4-C

- - - 
L -

~- I))!)~ 
4 (C5 4~l-- -

--C— ~~UY’W~~ - -- ---.-—. -.----- C

I’) 

J

~ 

~-~~~CCI ~~LI1~~~~~ -- -’-~_I 
___________________________



uri
~ 

-- 
-- __ 

-~~ 
-- 

t i

l)OUBI E (321 ) 1 )1 11 r ) Wh E E l _ E l )  ~ E i h l  CLE CYCLIC TEST

i r i ~’i n e :  LI lT- -lOS - IC  F u e l :  L0 )s~i t e m - - I : n m u I s  i f i e d  DL L u b r i c a n t :  R E O— 203 , Grade 30

C I S’l ON AN E ) CY I .  I N l ) LR Li N ER

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~!

fl- ~~‘C - O awa~~~~ C’

~~~4 J
4) 1 0

~~~~~~ C
-~- ‘--4

>5
L)

- -- —a

_

40



- -  j  
~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

I,
I ) OU R I4E ( -1 2 ( 1 h lo tmi -  ) W I I E E l ~E[) V E Il  I C I F  CYCI IC TEST

E n g i n e :  L[)T—465— IC Fuel  : 10~ W a t e m - — E t n u l s  i f i & - d  DL L u b r i c a n t  : R EO — 203 , Grade 30

PISTON AN 1) C u 4  I N l ) ER  1 1  N IiR

- _ _ — 4 .~~ - -_ _ _ .  t _ _ -

4-C
~~ vi

4)
-o
C i

~~~ 4~J

I 

>~~C-

4
C- -

H

4~

t 
- - - -

~~~~

- • -

~~~ 

- ~ s- . - - * -  fl ~I* - - -

A1. - - - & iI54E5.4~C -~~~~ 
_______

~~

~i



( i

—

[)OtJBLE (-1 20 lIon i- ) W h I L E  LE t ) V E H I C L E  CYC I4 I  C TES’I

Eng ine : LD T— 4 65 — 1C F u e l :  I 0’~ W;l t e m - — i:inu l si f i  ed l IE L ub r i c a n t  : REO— 21)3 , Grade 30

P 1 S I O N  -\ N I ) CY Li  N DER I I  N ER

C
_ _ _ _ _ _ _ _ _

_

_  

_ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

-_
--I - 

-

_ _  
V 

-

-

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

42

A



. ~~~~~~ - - - -~~~~ --C’-,-’-’---— - - ___________________

i ) l ) I I R I 1  ( - I _ ’l ) 111 4 111 - ) )~l h l E i l i 1  \ h i I l C i l  ~~i l l C  I I  S I

I mm ~~i m n - : 1 1 ) 1 —  1 1 C  - I t .  l t i ~~i I C -  h . i i  l i ’ — l - immmml —
~ I l i t ’d  DL i m l l ) z - m~ - l mI1 : RI I ) - 20~~~~, 

( r ad t ’ _ SI1

- I~I S I 0 N  \ \ I ~ \ I I \ I ) I ~R I

-

~ ~~~~~~~~

_  
_

It:

4 -3

L 
- -



_ _  C’
--- - - - - - - - - - —~~~~- --C -

11

I)OUBI I - ( -1211 H our )  WIII I : i t I )  ~‘ I I l I C I  I CYi I l t  I S I

Eng ine : LDT— 4 145— IC I -ue l  : I t ) ’  W a t t ’ m - - Emmi l  s i l ied  I)I I mil r m - icai , t R E O — 2 0 5 , Crude SO

PISTON \NI 1 C \ I I  NI 1I R I I  NER

~~~~~~~ 
r~~~ 

_ _ _

- 
- 

.~~

to

I
~
)

~~

-

- Cl 
-

~~~
-- - :  ~~~~ - -

- 
~~ ~~- -

U

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~ - - ~~~~ 
~~~~~~~~~~~~ - - °~~“!~~~~~~

_
~~ - - - ~~~~~‘ -

If

00111111 (121 ) hlomm ,- ) W IIILI II ) ~ I l lI L IE CYCI_l (. SI

l u g  inc  : 1411T— 4tr ~~— [C Fuc 1: lO -~ Itat ~~~~
- — [ m u  I s  i f  I (-d OF I.uh r i  cant REO— 21)3 , Grade 5(1

P I S T O N  -\Nb Ci 1.1 NIlI R 1.1 NiR

- ~~~~~~~~~~ LLC - -

1 = 1 -

‘o f-
C i

— 4-C
>5 C

~~~~~~~~~~~~~~~~~ S

_ 
_  4

-‘4 5

- - i _ . ~~ : - - l ~~~~~d



F 
- —

~~

-
- -r

- ‘ .1

D O U B l E  (420  Hour)  WHEELED V LII IC I.E CYCLIC TEST

Engine: LDT-4 (5- 1C Fuel : Ion. Wat er-Emulsified DL Lubr ican t : REO—203 , Grade 30
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DOUBLE (-I 20 f lour )  W I I E F I E l )  VEHICL E CYCLIC TEST

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

PISTON AND CYLINDER L I N E R
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST
Engine: LDT-465-IC Fuel : 10% Water-Emulsified DF Lubricant : REO—203 , Grade 30

PISTON RING SETS

—

Cyl inder 1

H
Cyl inder 2

Cyl inder 3

4~3
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DOUBLE (421) Hour)  WH E EL E D V E H I C L E  CYC LIC TEST

• Engine: L[)T-4b5-IC Fuel: 10% Water-Emulsified OF Lubricant : REO-203 , Grade 30
* 

PISTON RING SEIS

H
- CY linder 4

I

Cylinder 5

Cyl inder 6
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DOUBLE (42(1 Hour) W I IE E I4 E I )  V l - i I I CLE CYCLIC TEST

Fn~~ine :  L D T—4 15-  [C Fue l : 10% Water- Einuls ified DL Lubricant : RE O— 203 , Grade 50
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST 

-

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

FUEL INJECTOR PIN TLE 
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DOUBLE (420 Hour) WHEELED VEHiCLE CYCLIC TEST

Eng ine: LDT-465-IC Fuel: 10% Water- Emuls i f i ed  OF Lubricant : REO-203, Grade 30 - -
-

FUEL INJECTOR PINTLE
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DOIIBI4U ( -1 20 h our)  WH E E LE D VEI l I CI4E C Y C I 4 1  C l E S I

Engine : LD T—4o5— I C F u e l :  10% W a t e r —  Emnu I s I l i ed  1W Lubr i can t  : REO— 203 , Graue 3(1
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DOUBLE ( -1 2 0  h ou r )  W II EEL EI )  V EII I  CLE CY CL I  C TEST

Engine: LDT-465-1C Fuel: 10% Water-Emulsified OF L u b r i c a n t :  REO-203 , Grade 30

Cy l i n d e r  1 FUE l  I N J E C t  OR NO~~~LE HOLE
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DOUBLE (420 Hour) WHEELED VEHICLE CYCLIC TEST

Engine: LDT-465-1C Fuel : 10% Water- Emuls i f ied  OF Lubricant : REO—203, Grade 30
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