
AD—A062 387 SOUTHWEST RESEARCH INST SAN ANTONIO TX ARMY FUELS AN—ETC F/s 21/7
DIRECT UTILIZATION OF CRUDE OIL As FUEL IN U.S. ARMY FOUR—CYC L.E——ETC(U)
AUS 78 .1 V MOFFITT. E A FRAME DAA GS3— 76—C—000 3

UNCLASSIFIED AFLRL—1O8

II 
_ _ _NI



2 51’ 2 8

_ _ _  L ~~ IMI~
2

L~~~ 5
2 01•1

____________ 
~ ll~ 1.8

S 

~
0

llhII125 
~~~~~



r- -—~
[AD I

DIRECT UTILIZATION OF
CRUDE OIL AS FUEL IN

U.S. ARMY FOUR-CYCLE
DIESEL ENGINE ~ ~~~~

MODEL LDT-465-1C L~ ~~
INTERIM REPORT

AFLRL No. 108

by

John V. Moffitt
and

Edwin A. Frame

prepared by
~~~~~~ U.S. Army Fuels and Lubricants Research Laboratory

Southwest Research Institute
San Antonio, Texas

C-,
under contract to

U.S. Army Mobility Equipment Research
and Development Command

Fort Belvoir, Virginia

Approved for public release; distribution unlimited

Contract No. DAAK7O 78-C-0001
August 1978

I

- ~~
-;
~ .L ~



r ~~ TT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~

--

~

- —. ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ —~~~~ -—~ 
—‘I

Disclaimers

The findings in this report are not to be construed as an official Department of the Army
posit ion unless so designated by other authorized documents.

Trade names cited in this report do not constitute an official endorsement or approval of
the use of such commercial hardware or software .

• DDC Availability Notice

Qualified requestors may obtain copies of this report from Defense Documentation
Center , Cameron Station , Akxandria , Virginia 223 14.

Disposition Instructions

Destroy thi s report when no longer needed. Do not return it to the originator .

— -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -4



UNC LASS IF I ED
SECURITY CLASSIF ICATION OF THIS PAGE ( When Data Entered) 

____________________________________

REAl) INS! R I J ( t K ) N S

R EPORT DOCUMENT ATION PAGE HI i-ORE COMPLI TINU H)RM

1 REPORT NUMBER 2 GOVT ACCESSION NO 3 RECIPIENT’S CATALOG NUMBER

AFLRL No. 10ff’

5. TYPE OF REPORT & PERIOO COVE REO

/~~LDIRECT UTILIZATION OF CRUDE OIL AS FUEL IN

J~ .s. ARMY FOUR-CYCLE DIESEL ~ NGINE~~~“7 1~OI~EL LDT465—1C , 
6 PERF ORMING ORG REPORT NUMBER

—--
~~~~

--— —
~~~~~~~~~~~~

‘
~~~~ No. 108

Y.~~~~~TH O R ( s )  8. CONTRA CT OR G ,, RFRIsI

~~~J o h n Vh t h f f f tt  d J ~9 P E R F O R M i N G O R G A N IZ A T t O N  NAME AND ADDRESSES 10. P R O G R A M  ELEM ENT , PR OJECT , TA S K
A R E A  & WORK UNIT NUMBER S

1 . S . A rmy Fuels & Lubr icants  Res . Lab
Sou thwes t Research Ins tit u te
P.0.Box 28510. San Antonio ,  TX 78284 ____________________________

11 C O Nr R O L L I NG  OFFICE NAME A ND ADDRESS ..atfos TnAiE

U.S.Army Mobility Equipment Res.&Dev.Command ~

Energy&Water Resources Lab , Ft. Belvoir , VA 25

14 ~~oNrroRING AGENCY NAME & ADDRESS 15. S E C U RIT Y  CLASS (i ’f thLc r r p i ’r t )
ij , i , t t , ’,~ i r  ( r ..

~ 
( , , n t , i Io,~ 11,1,. .’

Unclassif ied
15a DE CLA SSIF ICATION/DOWNGRA DING

SCHEDULE

16 DI ST R IBU T I O N ST AI~~M~~t.ii ti# PL..rRPporti

~ ‘t ç~ I (
~
)
~ ~~~Approved for pu lie release; d i s t rib u t i on  unT Uè~d~~~~

17 D I S T R I  RU T I  .~~~~S T A T E M L N T  ,.~t f f i e  ab~:r~ci entered in BI~ ..k .~U. i f diff eren t from kep. ’. t ,

U) I~ •.~~~ , • •
~~~ ~~~~~~~~ 

‘t_

18 S U P PL E MEN~~A R V  ~, ‘ T I S

UI K E Y  WOR DS ,( ro, ,o .,, ,, . r~ ,r s , ,j .  U iii ’, ec c ar ,  m u  ,,Ju ’, f ,U  h i  hi . . ,  k number

diesel engine LDT—465—IC
emergency f ue l Mul t i f ue l  engin e
Crude oil

‘N A El R A C T  IC ,ut , i ,ue ‘n ~ri.e. .c, ink if necemiar l  and iden ti fy  h i  h i ’ . .l l 4 m h e r ,

~‘tierformance curves for the U.S. Army LDT—465—IC engine were obtained
using DF—2 and crude oils of vary ing pr operties . A cyclic endurance

test was run using crude oil as the fuel. The results of the crude oil
fue led test were compared to test where DF—2 fuel was used . The crude
oil resulted in significantly more engine wear and deposition than the

DF—2. Wi th crude o i l f uel , the lubrican t was severel y degr aded a t end
of test.

DD FORM 1473 ~ E0ITI (U.,  Oh I NOV 6S IS O BSOLEIF
1 JA N 73 UNCLASSIFI ED

7 8RI 
T Y 

1AS~~~~C AT ION1 T
,~~ S PA i 

(4
~~. “l *ta ~~~~~



FOREWORD

The work reported herein was conducted at the U.S. Army Fuels and
Lubricants Research Laboratory (USAFLRL) , located at Southwest Research

Institute , San An tonio, Texas under Contracts DAAC53—76—C—0003 and

DAAK7O—78--C—0001 during the period April 1977 through August , 1978. The
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I. Introduction

The U.S. Army , in maintaining the nationa l security , must he able to
operate its fleet of combat vehicles throughout the world . This could

• often require long supply lines f or vehicle f uels , par ticular l y wh en
considering the current world—wide energy situation which could result
in severely res tricted local procurement . An earlier project was conducted
for MERADCOM (ref—1&2) to assess the feasibility of direct utilization
cf crude oil as an emergency energy source . In this program , a single
cy linder 4—cycle d iesel engine (TACOM ER—3) was used to run 120 hour
endurance tests using crude oil as the fuel. The results of this investigation
were very encouraging as one crude oil resulted in very similar eng ine
condition as when a standard diesel fue l (reference DF—2) was used . The
use of a cr ude oil of h igher sulfur content and lower API gravity resulted
in increased depos its and we ar , hu t no major eng ine problems developed
in the 120 hours of direct crude oil utilization. Recentl y ,  a stead y—s tate
endurance test was made in the U.S. Army aluminum block 6V53T two—cycle
diesel engine (M—551) using a high sulfur crude oil (1.7%wS) as the fuel
(ref—3). This test completed 166 hours before being terminated due to
power loss caused by a burnt valve . This report addresses the direct
ut i l iza tion of crude oi l by a mul ticylinder production type U.S. Army
eng ine of four—cycle design.

l.A. U.S. Army LDT—465—1C Multifue l Engine

The tests were conducted in the LDT—465--1C multifuel engine (M—44A2).
This diesel engine is of four—cycle design and displaces 7.8 liters (478
cli. in.). It has M .A.N. combustion chamber design and uses a density
compensated Bosch fuel injection pump . In this turbocharged configuration ,
annulus pistons were used . The engine was opera ted on a 168—kilowatt
(225—Bhp) edd y—current dynamometer and in this configuration produced
about 104 kW (140 hhp) when using DF—2.

II. Engine Performance Comparisons Using Crude Oils and DF—2

Variable speed runs at full—rack were conducted in the four—cycle LDT—465—1C
multifuel engine using reference DF—2 and four different Texas crude
oils which ar e re presen ta t ive of h igh pr oduction rate crudes on a world—wide
basis. The purpose of these full—rack runs, whi ch cover ed the speed
range of 1400 to 2600 rpm in 200 rpm increments , was to compare the
performances of these crudes with that of conventiona l DF—2 in this Army
engine. The properties of DF—2 are compared to those of the four crude
oils , I.e., North Alazan (A1,—5250); KMA (AL—5277); TXL (AL—5283); and
Pearsall (AL—6846), in Table 1.
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TABLE 1. TEST FUELS P R O P E R T I E S

flilfield —— N. Alazan KMA TXL Pea rsall
AL— DF—2 5250 5277 5283 6846

Gravi ty, AP I ° 33.2 41.8 41.2 37 .2 26.0

KVIS a 38°C, cS 3.2 2.0 2.6 4.6 37.6

Sulf ur wY 0.42 0.06 0.20 0.43 1.7

CC BP I)istrihut ion
w% off ‘a °c

1OY 242 112 97 97 176

SOY 271 24 .~ I i ) !  319 501

In t h e  L D T — 4 6 S— I C  p e r f o r m a n c e  conq~a r i s~~ns of t ) F — 2  and the  fou r  c rude
o i l s , the  f u e l  d e n s i t y  c o n p e n s I t o r  on the  e n g i n e  was a d j u s t e d  to y ield a
full—rack flow rate of 20.5 k g /h  of DF — 2 a t  2600 rpm.  No further
a d j u s t m e n t  to the d e n s i ty  compensator was made throughout the variable
speed e va lu a t  ions of DF2 and the c r u d e  o i l s .  M o r e o v e r , the s t andard
c o n f i g u r a t i o n  of the  e n g i n e  W,IS neither modified nor altered for these
t e s t s .  The eng ine  l u b r i c a n t  was i m i n e r a l  based , SAF viscosity grade 30
product conforming to specification MIl.—l —2 104C (Lubricating Oil ,
Internal Combustion Engine , Tactical S e r v i ce ) .

The r e s u l t s  of these variable speed , en g in e  performance comparisons runs
i r e  g r a p h i c a l ly  dep i c t ed  in F igu r e  1 in which observed brake power and
brake  s p e c i f i c  f u e l  c o n s u m p t i o n  (BSF C ) are p l o t t e d  against engine  speed.
Under  the  c o n d i t i o n s  of these  l . D T — 4 6 5 — I C  e ng i n e  t e st s , the  da ta  i n d i c a t e
that both the brake power and BSFC with N o r t h  \ l a .~an c rude  (AL—525 0 )
compared most favorab ly overall t o  t he  v a l u e s  obtained with DF—2 at
equivalent engine speeds. From 400 t” 2400 rp” . the KNA cr ude
(AL— 5277) yielded onl y slightly lowe r full—rack powe r that DF—2 and , at
2600 rpm , the availabl e power was e q u a l  t o  t h a t  ot OF—2. The specific
fuel economy of t h e  KM A c r u d e  at  1600 rpm w as  bet ter than that of DF—2
or any of the other three crudes , and , It 2600 rpm was equal to that of
D F — 2 .  On t h e  o t h e r  hand , t he P e a r s a l l  c r u d e  (A1 . — 6 4 S 6 )  gave
significantl y lower powe r and ;lo I’ ru - r  economy ov er  the entire speed range
t h a n  DF—2 or any of the other crudes at equivalent speeds. The
pe r fo rmance  of t h e  TX!, c rude  ( A L — S 2 8 3 )  f e l l  b e t w e e n  t h a t  of A L — 5 2 7 7  and
Al — 6 486 . The se r p e n t i ne  n JltII rt - i ’if a l l  t he  cu rves  shown in F i g u r e  1,
including those for DF—2 , is tentatively attri b u ted t o  f u e l  injection
a n d/ o r  t u r h o c h a r g i n g  c h a r a c t e r i s t i c s  p e c u l i a r  t o  the L D T — 4 h 5 — 1 C  eng ine ,
while the difference s In the fuel ’s performance -it any given speed
p r o b a b l y  i n d i c a t e  t h E  of f e c ts  of f u e l  p r op e r t y  d i f f e r e n c e s  on c o m b u s t i o n
e f f i c i e n c y  at  t he  f i x e d  s e t t i n g  of t h e  f u e l  d e n s i t y  c o m p e n sat o r .

P a u e d  on the  f i n d i n g s  of t he se  t e l  1K’ r i o r m a n c e  c o m p a r i s o n s , i t  app ears
t h a t  t h e  N o r t h  A l a z a n  c r u d e  ( A r . — 5 2 5 0 )  and p o s s ih l y the  KNA c r u d e
( A L — 5 2 7 7 )  n i c * t by s a t i s f a c t o r il y  s ! lh s t l t t l t e u d  t o r  D t — 2  in f u e l i n g  the
L D T — 4 6 5 — I C  engine  w i t h o u t  a p p r e c i a b l e  p e r f o r m a n c e  - l i a n h e , hu t  onl y In
emergency  s I t u a t  io n s .  W h i l e  none of t h i ’se  e r i !  ci-; ire p r e s e n t l y
a v a i l a b l e  in q u a n t i t i e s  s u f f i c i e n t  to meet m ilitar y suppl y r equ i r emen ts,
t h e  results can he extrapolated t ’  Include any o t h e r  crudes throughou t
the world which have similar properties. 2
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III. Cyclic Endurance Test Using Cr ude Oi l

ltI.A. Test Fuel

Th e cr ude oil from Pearsal l , TX (AL—6846) which was used in making
performanc e de ter m inat ions was also used as the fu el dur ing  the cycl ic
endurance test. This crude was used as fuel in the 6V53T steady—s tate
endurance test (ref—3). The analyses of AL—6846 are presented in Table
2.

TABLE 2. PEARSALL, TX CRUDE OIL PROPERTIES

Properties ASTh Method

Gravity, API ° D 287 26.0
Kinematic Vis , 0 38° C, cSt D 445 37.6
Fla sh pt , °C D 93 0
Pour pt , °C D 92 —10
Cross Hea t of Combustion MJ/kg D 240 43.41
Wa ter , % D 1744 0.11
Total Ash , %w D 482 0.02
Coppe r Strip Cor. 0 130 lB
S u l f u r , %w 0 1266 1.7
Cetane No. 1) 613 40.0
E l e m e n t s , ppm AA

N i 10
V 95
Ca 5
Al 50
Si 10
Fe 5

Boiling Point Distribution by CC
w% o f f  °C

10 176
20 266
50 501
60 569
Residue = 36.l% w

This crude was selected because it has properties similar to many of the
high p r o d u c t i o n  r a t e  crude  o i l s  of the  Midd le  East  and South America and
it had inferior performance in the LDT—465—1C variable speed comparisons .
It was reasoned that , if the Pearsall  crude would demons t ra te accep table
power , wear , and depos ition levels wi thou t causing engine dis tress or
failure in this test , then it could he assumed that many of the world’s
other crude oils of less severe properties , when similarily tested ,
would show equal or better compatibility with the LDT—465—1C.

111.8. Test Lubricant

The test lubricant used was REO 203, grade 30 which is of MIL—L—2104C
(r ef..4) quality level. Proper ties of this lubricant are summarized in
Table 3.

4
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TABLE 3. TEST L U B R I C A N T RE 0 203

Proper ty ASTM Method New Oil

K . Vis. cS , 38°C (100° F) D 445 121. 6
K .  Vis , cS , 99 °C (2 10° F) 0 445 12.6
VI 1) 2 2 7 0  103
TAN 0 664 2 . 9 7
TBN 1) 2896 5.08
Insol uhie s, wtY D 893
Pentane A 0.05
Benzene A 0.04
Pentane  B 0 .03
Benzne B 0.02

API Gr a v i t y ,  ° D 287 2 7 . 4
Pour Point , °C 1) 97 —21
F lash  Point , °C 1) 92 2 4 1
Carbon Res idue , wt% D 524 1.19
S u l f a t e d  Ash 0 874 1.01
Elemental Method

Ba , ppm AA N I l .
Mg ,  ppm AA N I L
Ca , wt% AA 0.24
Zn , wt% AA 0.09

This l u b r i c a n t  was s e l ec t ed  to  pe r m i t  compar i son  of th i s  t es t  w i t h  a
prev ious  t es t  which used r e f e r e n c e  DF — 2 and f o l l o w e d  the same e n d u r a n c e
test procedure (ref—5).

I I I . C .  Test Method

The endurance  procedure  chosen to e v a l uat e  the  d i r e c t  u t i l i z a t i o n  of
AL—6486 c rude  oi l  in the  LDT—465— I C eng ine  was the  Army / CRC
Whee led—Vehic le  Cy c l i c  Test ( r e f — 6 ) .  T h i s  2 1 0 — h o u r , l a b o r a t o ry
dynanometer procedure is designed to simulate approximatel y 32 ,180
k i l o m e t e r s  (20 , 000 mi le s )  of m i l i t a r y  w h e e l e d — v e h i c l e  o p e r a t i o n  on the
proving ground and t h u s  p rov ide  a m ean ing f u l  assessment  of
fuel/lubricant /engine compatibility. The test cycle consisted of
alternating periods of full—power and cold idling with an overnight
shutdown . Table 4 shows the  t es t  c y c l e  c o n d i t i o n s  used .

5
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TABLE 4 .  W H E E L E D — V E H I C L E  TEST
Cy c l e / D a y  for  15 Days

Per iod  Time , hrs  Load , % RPM Coo lan t  Temp , °C

1 2 100 2600 82
2 1 0 850 38
3 2 100 2600 82
4 1 0 850 38
5 2 100 2600 82
6 1 0 850 38
7 2 100 2600 82
8 1 0 850 38
9 2 100 2600

10 10 Overni gh t  Shutdown 
24

The c o m p l e t e  tes t is 15 days at  14 h o u r s / d a y  o p e r a t i o n  fo r  a t o t a l  of
210 hours .

I I I . D .  Fuel  Sys t em M o d i f i c a t i o n s

P r io r  to s t a r t i n g  the tes t  w i t h  the  P e ar s a l l  crude , the  f u e l  sys tem was
m o d i f i e d  to enab le  p r e h e a t i n g  the crude to about 60°C before it entered
the  p r i m a r y  f i l t e r  and t h e r e b y r educe  the  p o s s i b i l i t y  of wax c logging of
the  f i l t e r  e l e m e n t .  The m o d i f i c a t i o n s  were as follows : A clean 18.9
l i t e r  (55 g a l l o n )  s t ee l  d r u m , s e r v i n g  as a f u e l  h e a t e r / w e i g h  tank was
equi pped w i t h  f u e l  i n l e t  and o u t l e t  f i t t i n g s , an immersion the rmocouple ,
and a t h er m o s wit c h  t h r o u g h  i t s  l ower  s i d e w a l l .  The top end of the  drum
was f i t t e d  w i t h  an a tmosp h e r i c  ven t , then  the e x t e r n a l  t w o — t h i r d s  of the
sidewall were wrapped with several turns of electric thermal tape , which
was connected , thro ugh the thermoswitch , to a ll0—VAC source. The
entire drum , except the bott om end , was then insulated with fiberglass ,
after which the drum was p laced uprig h t on a platform scale located
about 1.5 meters from the engine hedp late . The two fuel filters on the
engine block were bypass ed , and instead , two identical filters were
moun ted on an upr ight bracke t located at the edge of the bedp la te
nearest the fuel heater drum. To maintai n the elevated fuel temperature
through both filters , the secondary filter was wrapped with electric
thermal tape to provide boost heat , if required , and a ther moco up le and
thermoswitch were externally attached to the filter wall. To monitor
filter clogging, three pressure gauges were installed : one each at the
primary filter inlet , between the primary and secondary filter , and at
the outlet of the secondary. Flexible fuel suppl y and re tu rn l ines wer e
installed be tween the weigh drum outlet and the engine pump , while
conventional tubular lines were installed between the pump and filters
and between the fiters and the fuel distribution unit. The supply l ine
from the weigh drum to the pump and filters , as well as the filters
themselves , were insulated with fiberglass , and a f u e l  sh uto f f  va l ve was
installed at the fuel inlet to the weigh drum . The test crude was
supp l i ed , prefiltered to the weigh drum from a mobile tanker parked
outside the laboratory. These special fuel system changes constituted
the only modifications to an otherwise standard laboratory configuration
of the engine and its ancillary systems .

6
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I I I .E. Fuel Density Compensator Adjustment

Upon comp leting the preceding modifications to the fuel system , t he
engine oil sump and lubrication system were charged with REt ) 203 ,
MIL—L—2104C , grade 30 lubricant . The fuel we ’gh drum was filled to
about two—thirds of its capacity with test crude Al.— 6:~/4h , and the
combined weight of the drum and fuel noted. Heat supp l y to the fuel
weigh drum was then turned on and the thermoswit ch was adjusted to hold
the temperature of the contained fuel at 60°C. When the fuel temperature
stabilized at the set—point , the eng ir.e was started and wa rmed up t i
2600 rpm and full—rack conditions , at which t ime the fuel flow rate was
noted. The engine was t hen  s topped  and the fuel density compensator was
a d j u s t e d  in an effort to obtain ft same flow rate with the A1 —h84~
crude at 2600 rpm and full—rack as the 29.n kg/h obtained with DF—?
under the same conditions. After a few sirii lar adjustments of the
compensa tor , the des i r ed  f l o w  rite of the test cru2e was ach i eved and no
f u r t h e r  r e a d j u s tm e n t s  were made t h r o u g h o u t  t he  s u b s e q u e n t  e v a l u a t i o n s  of
that fuel.

III.F. Conduct of Tes t

U sing AL—684 6 c ru de , a variable speed , full —r ack run  was t hen  c o n d u c t e d
to determine the brake powe r output and BSFC of the LDT— 465—IC engine
at zero hours of the 210—hour endurance test. As indicated in - ire 2,
data were taken in 200 rpm increments ove r the r a n c ~e of 1 400 to ~ .0
rpm , inclusive . The average fuel temperature at the prima ry f .~.lter was
59.7°C for this powe r calibration run. When compared to Figure 1 , these
data show that AT — 684h crude still produced significantl y lower b rake
power and poorer specific f u e l  economy than t h e reference DF—2 over the
same speed range .

After comp leting the pre—t est power calibration , the eng~ ne was started
on the 210—hour cyclic endurance evaluation of Al — (~S~.i’ crude . The daily
cyclic schedule (Table 4) required alternate operation for two hours at
2600 rpm , full—rack and 82°C jacke t coolant out  and one hour at 850 rpm ,
no load and 38°C locket coolant—out , for a total of 14 hours . A maximum
of 10 minutes was allowed for coolant temperature reduction after each
two—hour power mode. Just pri or to  shutdown at the end of each 14
hours , a “hot ”, used oil samp le was withdrawn from the engine g a l l e r y
fo r anal ysis. One min u te after shutdown the sump oil level was determined
by d ipstick , and new , weighed oil was added , as renuired , to restore the
ori ginal level. Table 5 contains the summarized engine operating data
as well as the overall ave rage  hourl y oil c o n s u m p t i o n  fo r  t } i i s  tect .

Upon comp leting 56 hours , the test was te n t i t i v el v ~er ;~inoted when it
was observed that the pressure differenti al across -he prima ry fuel
filter had apparentl y increased from essentiall y zero to  about 620 kPa ,
thus indicating severe clogging of the element despite pr he ting of t h ~
fuel. Moreover , during the same period the ohser\’e2 brake power (at
2600 rpm) had decreased 6.0w . After withdrawing an oil sample from the
galler y , the engine was stopped , and the lubricating system was drained
in anticipation of engine t e ar d o w n  and inspection. Anal ysis of the 

oil7
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TABLE 5. 210—HOUR WH EELED VEHICL E CYCL I C  T F S F

Engine :  LI ) T—465— 1C Fuel :  Pearsa l l  (TX) Crude  (AL—6846)
Lubr icant : RED 203

Summary of Operating Conditions

Power Mode Idle Mode
M m .  Max . Avg. ~

S~’e.’d , rpm 2600 2600 2600 850
Oh— . . lrake Powe r , kW 64.9 79.3 73.6
Fuel Rate , kg/ti 25 . 3 29 .0 26 .9

~ lowh ,’ Rate , M lb (at 28. 3°C
and atm osp heric press.) 6.79 8.93 8.10

T e m p e r a t u r e s ,  °C
Jacke t  C o o l a n t — i n  76 .0  7 7 . 1  76 .6
,Tacke t C o o l a n t — o u t  81 .6 33 .3  82 .1  37 .7
Fuel  (a t  p r i m a r y  f i l t e r

inlet) 52.2 67.7 59.9 56.1

Intake Air (at filter) 26.6 43.3 35.5
Su mp Oi l 103 110 107 51 .1
Int. Manifold Air 102 11~ 108
Exhaust (before turbo) 532 676 615
Exhaus t (after turbo) 493 543 510

Pressures (observed)
Mai n Oil , kPa 317 400 365 401
In t a k e  M a n t f o h d , Pa 308 370 3 11
Exhaus t Manifold , Pa 370 427 397

Oil Consumption , kg /h O .0h25

9
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samp le by X—ray fluorescence (XRF) showed in iron accumulation of 250
parts per million (ppm). At that point , it was discovered that the fuel
filter had not clogged , hut rather the filter inlet pressure gauge had
failed. Therefore, after installing a new gauge and replacing both fuel
filter elements , the lubrication system was recharged with fresh RED
203 , and an interim , variable speed , f u ll  rack power curve was conducted
with the test fuel to confirm the previousl y observed power loss. The
resultant brake power and BSFC data obtained in the interim calibr ation
r un are also p lotted In Figure 2. By comparison of these data with
those of the initial cal ibrat ion at zero test hours , it can he seen
that , at 2600 rpm , the power obtained in the interim run was 6.0 kb’
( 7 . 4~.) low er , although the BSFC was s1t ght 1~’ better. In view of these
differences , it was decided to inspect the injector tips and combustion
chambers for possible excessive deposit buildups or other distress.
Upon removing the cy l inder  heads , it was observed that the injector tips
and cy linder liner walls were in good condition hut a relativel y thick
lay er of ha rd , carbonaceous—like deposit had accumulated in the piston
combustion howls. After cleaning the bowls , the cy linder heads were
reinstal led , and , fo 1 lowing a brief engine warmup to retorque the head
bolts and adjust valve and injector tappet clearances to standard , the
e n d u r a n c e  e v a l uat i o n  of the  P e a r s a l l  c rude  (A L — 6 846)  was resumed f r o m  56
hours. During the  f i r s t  two—hour  power mode of operation following
r e s u m p t i o n  of t he  t es t , it  was n o t i c e d  t h a t  the brake  powe r leve l  was
only 2 . 3 ” ~ lower and the  BSFC 1 . 4 %  h i g h e r  than  during the corresponding
per iod  at  s ta r t  of t e s t .  Since these  d i f f e r e n c e s  were sma l l , t hey  were
attributed to normal experim ental error.

With the except ion of two addi t tonal failure s of the pressure gauge i t
the inlet to the primary fuel filter , one at 126 test hours and t h e  last
at 1-40 test hours , the  endurance run was continued to 196 hours without
interruption , although the average dail y brake powe r output gradually
li teriorated about 9.3% and the iron content in  the  l u b r i c a n t  as d e t e r m i n e d
by XRF a n a ly s i s  in creased to  375 ppm , compared to the  va lues  shown at 56
hours . Because of the  powe r loss ( w i t h o u t  i n d i c a t i o n  of f u e l  f i l t e r
cl oggi ng ) and the  h igh increase of iron in . the oil , it was decided to
remove the cylinder heads and inspect for deposit increase fri the piston
howls and distres s of the i n e c r o r s .  The p iston howls conta i ned only

m o d e r a t e  deposits , which were subsequent lv removed , and the fue l discharge
pressures required for the injectors were acceptable. After reinstalling
the cylinder heads and repeating the procedure of r ct or q u in g  the  head
bolts and adjusting the proper tappet clearances , the t e s t  was c o m p l e t e d
to its scheduled 210 h o u r s . D u r i n g  this final 14—hour period , the
average brake powe r suffered an addit ional 3.0% loss and the iron in the
oil ri se to 380 ppm with no indication of fuel filter clogging .

III.G . Results

Table 6 shows t h e  post—test deposit ratings of the cylinders , valve s,
pistons , and pi ston rings . The cylinder ratin gs , whic included the
areas above , within , and below piston ring trave l , indicated no lacquered
are-i s in any f the liners , bitt ind i cated an average of 97.5% carbon

~verage above ring tr .i~’.’1 , while the average glazing in the ring trave l
area was 7%. There were no stuck or sluggish valves , and their

10 
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T h R L E 6 . 210—HOUR W H E E l ED V E U I C I . ’ oy ’t.IC ii-:s I’

E N G I N E :  LD T—465— 1C FIJEL:  P e a r s a l l ( T X ) C r u d e  ( . -\ l . —h ~~4h 1

LUBRICANT : RE D 203

DEPOSIT RATING l)ATA

Cy l i n d e r s , % of Area Covered
Ar ea Type Cy linder No.

J~Above ring travel , Lacq. 0 0 0 0 0 0 0

Carbon 25 100 100 100 100 100 97.5

R i n g  t ravel , Lacq. 0 0 0 0 (1 0 0

Carbon 0 C) 0 0 0 0 0
Gl a z ing 10 15 5 2 5 7

Be low r i n g  t r ave l , Lacq 0 0 0 0 0 0 0
Carbon 0 0 0 0 0 0 0

Va l ves , Demerits
Valve Cy linder No.

I n t a k e  2 . 0 1. 0 3. 5 7• S ‘ .~~~ 3• 1) 2. 5
Exhaust 0.5 0.5 0.5 0.5 (1 .5 0.5 0.5

Pistons , WTD*
P i s t o n  No.

332 44~ 4~- S  .~5l  ‘~57 417 428

P i s  t o n  Cr o oy e s  , -- R in g  Supporting C at I o n
Groove P i s t o n  N o .

Top 6 . 3 4 2 . 5 56 . 3 (1 Oh . 1 h. 3

No. 2 100.0 95.0  70. 0 7~~.O 50.0 96 .3 3 1 .1

Compress ion  R i n g s ,  Avg . % of I ppe r, l,ower&lnside Areas

~~~~~ Type Deposi t  P i s t o n  No. 
—

1 2 3 4 5 6
No. I La c q. 6.7 I . 7 1 3 . )  1) 15. 0 1)

Carbon 33 .3  33 .3  20. 0 H . 3  0 33 .3  25 .5

No. 2 Lacq .  5 .7  13 . 3 3 .3  25 .0  4 1 . 7  20 .0 18 . 2
Carb on 33 .3  20.0 30. 0 lh . 7 10 .0 0 18,3

No . 3 Lacq. 13. 3 0 1.7 28.3 5.0 0 .3.1

Carb on 33.3 33.3 33.3 33.3 33.3 33.3 33.3

* = We ig hted Total Deposits

Oil Ring Slots , ~
‘/ Open

A l l  r ing  s lo ts  100% open

11
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deposit ratings , based on dem erit s , showed tli& intake valve d e p o s i t s
averaged f i v e  t i m e s  t h o s of the  exhaus t  va lves , h u t , o v e r a l l , ho~ J i se t s
were  r e l a t i v e l y  c l e a n .  The p i s t o n s ’ w e i g h t e d  t o t a l  d e p o s i t s  (WD T)
ratings ranged from 332 (piston N o . l~ to 465 (p i s t o n  No . 3)  and
averaged 42 8 , where’ 901) represents the  m aximum p o s s i b l e  l a c q u e r  and
carbon d e p o s i t .  O n l y  t h e  t op  two compression r i n

~
’ piston gre vi s were

rated t or percent of r i n g  suppor t  ing  ca rbon  f i l l .  In t hese  r a t i n g s , t I n
op (No . 1) gr oove i ye r a g e d  4 ’  while the second a r oe  \ t  averaged a h o t i  t
2.4 t imes  as much it 31%. The average percentag es each of a c q uer  and
carbon d e p o s i t s  on t h e  u p p e r , lowe r , and i n s i d e  areas of each of the
three compression rings were determined , from which an overall average
f o r  each t y p e  i t  depo sit ,icross .i given ring number was calculated . In
general , these rat ings showed t h e  av rage percent of lacquer coverage
was l.we r than that ot carbon , w h i c h  was nus t ly  found on the inside area
of the rings . ~ o o i l  r i n g  c 1og~’in g was found .

As shown in table ~~ , wear me,isur&’r.iont s were c o n f i n e d  t o  cy l i n d e r  h ir e
and p i s t o n  r i n g  end gap In c r e a s e s . The c v l  i nde r  bores  we r e measured in
r e l a t i o n  t i  t he  p o s i t i o n  of t h e  top p i s t o n  r i n g  i t  t op  dead c e n t e r
(TOG ) , 90 deg . , m d  h o t  torn dead t ent er (HOC) . From these  d a t a  i t  i s
e v i d e n t  t h a t  l i n e r  wear  in t h i s  t e s t , as migh t he ex p e c t e d , gener a lly

d i e  re i sed  t r - in h i t  t r a n s  Vt rse l x i  s t o  t lie I ongi  t id m a i  , and f r o m  t h e  TDC
pos i t  ion of t l  t op  r i n g  t o  t I 81)1’ p o s i t  i o n .  I t  i s  a l s o  a p p a r e n t  in
the t mb 1 e t h i t  ~ i a t  in r i n g  we t r , as ret lee t ed in  end—gap increases , was
modest. These incr eme nt - . were b e t  ermined liv compar i son  of r i n g  end gaps
In ~ s t a n d a r d  gauge b l o c k  a~ e n g i n e  a s s e mb l y  ond teardown .

The p os  t — t & -st surface cond it i ons  it  t h e  cy l i n d e r  bores , va lves  and v a l v e
gear , p istons , c on fli cting r i d hearings and j o u r n a l s , p i s t o n  p in b u s h i n g s ,
and p i s t o n  r i n g  f,tees are described In Table ~~. The cy l i n d e r  bores  had
li ght scratches ove r and below t h e  r i n g  t r a v e l  ar e a s , hu t  t h e r e  was no
ev idence  of sct t f i i  or in-or! n g .  A l l  i n t a k e  ari d e x h a u s t  valves  were
free in their guides and , with t h e  e x c e p t i o n  of ligh t p itting and slig ht
d i sc i r , m t  I on  i f  t h e i r  f ac es , were normal in mnpearance. The vo l ye

c e . m  r , which included va l ve and inject o r tappet s , rocker arms , and can
lobes , was normal. ~~ crowns and combustion howls it the p i s t o n s  were
not rated for . Iw.mr.mn 4 because  of thit i n t e r i m  cleanups i t  th ae areas.
Of t h  hearings and j o u r n a l s  on1~ those of the connecting rods were
i n s p e c t  t d  f o r  a p p e a ran c e .  A l l  of t h e  connecting red journals were
norma l , b i t t  ~~r , I rod bearin g d i s p l ay e d  l i gh t s c ra t c h e s , some ( l i s c o l o r a t i o n
and i nhe h n ’it of snai l coppe r flakes , w h i l e  t h e  r e m a in i n g  f i v e  rod
hearings were a l so  l i g h t lv s c r i t  cOe d and d i s co l o r e d , hu t  a l s o  showed
partial severe wear. All piston p in bushings appeared normal. The
f-i ces f a l l  compress i on  and o i l  c o n t r o l  p i s t o n  r i n g s  evidenced no
b u r n I n g ,  scu f f tn g , or other di St r’ss , and i ll rin g s were found free in
the p iston—ring grooves .

Tab le  9 c e n t  a ins d a t  a c o n c e r n i n g  t h i ’  d e gr o d a  t Ion of the engine I iib rfcant
FF5 ) 20 1 , t l i r o i l g h i ! i t  i -c 210—hour evaluation of AT —h ~~~~ crude In the
h2T~ 6h5 1C engine is det -m ined b y c o n v e n t  lonal AS TM m e t h o d s , X—ra y
f l m t o r t s ce n ct  (XRF)  and gas c h r i n i t o g r a p h i c  (CC) analyses of periodic
u s e d  o i l  samp les .  The obvious disc int inuit ies i n  t h e  d a t a  between t e s t
h o u r  56 and  70 were du e , i f cour se , t o  t h e  o i l  change  p e r f o r m e d
i m m e d i a t e l y  f i l  l o w I n g  hour 5~ . I t  should hi no t ed  In  a p p r a i s i n g  these

1 2
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TABL E 7 . 21 0—HOUR WHEELEI)—VEIIICLE CVI I. IC TEST

E N G I N E :  l . D T — 4 6 5 — I C  FUEL:  } ‘EARSALL (TX ) CRUDE (A L — 6 8 4 6 )
L U B R I C A N T :  RE () 20 1

WEAR DATA

C v i  i n d er  Bor e  Increase,  mm

C y l i n d e r  N i ) .
l ongitudina l 1 2 3 4 5 6 Av g
Top Ring Pos.

i T. l ) .C.  0 .020 0.058 0 .020  0 .046  0 .028 0 .02 5  0.033
~~ 90 deg .  0 .018 0 .010 0 .003  0.010 0.018 0. 018 0.013

B . D . C .  0 .015 0 .013  0 .005 0 .013  0.015 0.015 0.011

Transv erse
Top R i n g  Pos .
@ T.i) . .  0.038 11 .0 4 1  0.041 O~ () lb 0.046 0.030 0.039

r- ~ 90 deg. 0.028 0.020 0.018 0.018 0.018 0.020 0.020
B.D.C. 0.020 0.015 0.010 0.013 0.013 0.033 0.017

Avg . Long&Trans
Top Ring  Pos .

~ T .l) .C . 0 . 1) . ) 0 .050  0.031 0.041 0.037 0.028 0.036
-1 90 ileg. 0 .023  0 .015 0.011 0.014 0.018 0.019 0.017

~ B.D.C. 0.018 1 .01 4 0.008 0.013 0.014 0.024 0.014

P i s t o n  R i n g  End Gap I n cr e a s -  , mm

U j S t o f l  l o ,

______ 
2 1 4 5 6 Avg

Top Ring  0.203 0. 1 2 0 . 2 2 0  0 .10 2 I) . 15 2  0 .178  0 .16 9
N o . 2 R ing 0.051 0.1 02 0.102 0.102 0.102 0.127 0.098
N o .  3 R i n g  0 . 102  0.0 7 h  0 .051 0 , 1 5 2  0 .051 0. ’ .)2 0.089
N - . !, Ring (oil) 0.305 0.270 0.305 0.305 0.254 0.356 0.301

13



TABLE 8. 210—HOUR WHEELED—VEHICLE CYCLIC ‘rEST

E N G I N E :  LDT—465— 1C FUEL: PEARSALL(TX) CRUDE (AL—6 846)
LUBRICANT : REO 203

— SURFACE CONDITIONS OF PARTS

Cy l inder  Bores
R ing Trav el Area = l igh t scr atches on a l l  cy ls.
Below Ring Travel Area light scratches on all cyls.

Valve s In ta ke Exhaus t
Freen ess in Gui de a l l  f r ee a l l  f ree
Heads a l l  norma l a l l  norma l
Faces (1) ( i i
Seats all norma l all norma l
Sterns a l l  no rmal a l l  normal
Tip s a l l  normal a l l  normal

(1) = light pitting and discoloration

Va lve Gear In tak e Exhaus t
Tapp et s a l l  norma l a l l  normal
Rocker Arms all norma l all norma l
Ca ms a l l  norma l a l l  normal

Pis tons
Top Lands  a l l  norma l
Skirts all norma l
Pins all norma l

Bearings & .Journals Bearing No.
1 2 3 4 5 6 7

Main—Bearing not inspected
—J ourna l not inspected

Rod—Bearing (1) (2) (2) (2) (2~ (2)
—Journa l a l l  norma l ———

Piston Pin Bushing all normal

(1) Lt scratches, disc olored and sma l l  Cu f l a k e s  imbedded
(2) Lt scratches , discol ored and par t i a l l y  worn thro ugh to show Cu

Ring  F a c e s/ C o n d i t i o n  in Grooves
Top R i n g s  — A l l  nor ma l / a l l  f r ee
No. 2 Rings — All normal/all free
No. 3 Rings — A l l  normal / a l l  f r e e
No. 4 Rings — All normal/all free

14 
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dat - i th~ t , ron t h e  t i m e  of t 1 4 -  ‘~ ii c h a n g e  to  t i i t ’ end of test , the
recharge ni l  had accumulated onl y l~~4 hours of usage . With this in
m ind , it is sign! f icant to  n o t e  the l irge Increase in lubricant
C’ i s( - o s I t v  t h a t  occurred  w i t h i n  t h a t  t i m e  f r . ime  as wel l  as that during
t h e  f i r s t  Sb t t ’St hou r s  w i t h  the  i n i t i a l  charge . In bo th  cases , the oi l
changed from I~A } g r i l l e  30 t i  at least grade 50, w it h the recharge oi l
r e a c h i n g  w e l l  in  e xce s s  of gr i l l . - So by the  end of t e s t .  However , as
i n d i e l t e d  by the  la rge  increase In coagulated insoluhies , the oil
thickening vt’ - due p r  1 n.i r l i v  t o  t he accumul ation 3~ p a r t  icula tes ,
p rincipall y c ,l r h l r C , r .ith , ’r t h i n  t ü  O X  I -h - i t ion. This is confirmed by
comparing the infr trod 5J)t’ct r I of the lubricant at zero , 70 , 140 , and
21 0 test h o u r s . These spectra ar.’ ,‘C r I ’ 3 ; O l l t ~~~d i n  F igures  3 , 4 , 5 , and h ,
resI)cctive~ v. Wh il e t l i . - XR F a n a ly s e s  ~or m e t a l s  d i s c losed  s i g n i f i c a n t
and r a t h e r  rap id a c c i i n i l a t  ions  in oi l  sari p i t ’ s  t r o l l  bo th  the  i n i t i a l  56
t t ’ S  t hours and i f  t . - r rec harg e , r 1.’se m c  r .’,to ( ’s d id  not  appear  to be
consist ~ - i t  w i t h  r h .  measu r e d  wear of the engine cylinders and p iston
r i n g s .  A p p a r e n t  lv , 5t~~I 0t ’  of the i ron origin ated f r om o the r  f e r r o u s
engine c o m p o n e n t o  such is t h e  gt- .ir tr .t i ~, shaft journals , etc. In any
event , had the oil not been ch i i i p t ’ d  i t  5h t I - St  h ou r s , i t  is ques t ionab le
w h e t h e r  t h e  t e s t  c o i l d  hove  been comp l e t e d  to 210 hours  before  d e g r a d a t i o n
of t h e  RE ( )  203 IIh r I c an t  w o u l d  h iv e  become c r i t i c a l  w i t h  respect to
engine (h i s t r e s s  due t o  g i r t  i c u l . i t . - (‘~~‘) r  an i ’  i t  i o n .

IV . Com 1CCl r i se n  of Ccc i i . .’ End i i r a n t ’ .- T. - s t l’ s n~ f) ~-’— 2 and Crude Oil

As p a r t  ‘t I I I -  ~t her p ro  j e ct , i 210 111411 r who ’ led—vehicle c y c l i c  endurance
t e s t  was  r u n  ‘i s  ing referent- .’ Ph— . -rn 1 RFX) 20 ( r e f — S )  . The results of
t h e  3.’ r C i I l -  oil t i ’~~ t wil he c wi1i ,t rt’d w i t h t ‘o Ph- — P t e s t  r e s u l t s  to d e t e r r i i n e
t h e  r e l i t Ice dt -gr i.l.i t [tin in t - r i g i r ’i t -  condi  t ions when crude oil was used as
t he  f u e l .

The a v e ra g e  opt - r a t  in g  cond i t ion s  f a r  b o t h  t e s t s  -ire s i , o wn  in T a b l e  10 .

TABLE 10 . \ V F 0 P A ’r h ’ V R C \  FT NC , l ’- 0 I T r , C~~S

A !
Speed , rpm PhOO 2600
Ohs.  Power , kW ~8 73~~r3

Fuel  Ra te , k g/h  30 .2 26 .9
BSFC k g / k W — h  0 . 14 1  0.365
Oil Sump , °C 1 1 - i 107
Exhaust T en 1C , 4 7 ’ ’ turbo , °C hoO 615
O i l  C o f l s n n p t  ion , k g/ h 0 . 1 1

W h i l e  t h e  c ru d e  o i l  t - s t  had 1~ v. r govt  r i’ll l i l t  , much of t h i s  was
app .irentlv raiiso ,t h i ’, f l o i r  i i e l  d e l i v e r y  ,‘is oppo sed t o poor comb us ti on
o ft i c i e n c v .  This Is cv i  d e n t ’ ’ !  b y t i c  l ower l u - I  r - -i t . ’ w i t h  c rude  oi l
however , t l t , ’ KSFC u s i n g  c r , i h i ’  o i l  was o n l y  s l i g h t l y h i g her  than  when
DF—2 woo used .

Th .- compar ative p isto n cl - a n l t n o o s  ra ings a r ’  shown In Table  1. 1 which
clearl y reflect the ne r~’. i s . -1 dei~ ’s i t s  ~‘o i i s e d  b y c r ide oil use
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TABLE 11. PISTON C L E A N L I N E S S  RA T IN G S*

DF—2 A L—6846

Minimum 236 332

N axi mum 320 465

Avg of 6 c y l i n d e r s  250 428

*weig h ted  t o t a l  depos i t , where  O=clean and 900 max . deposit.

There was no over lap  in r a t i n g s  as the d i r t i e s t  DF—2 piston still had
less depos i t  than  the  c l eanes t  crude oil p iston. The average of all six
cylinders using crude oil was 48% of maximum deposit while the six DF—2
p istons averaged onl y 31% of max. dep osit. The ring supporting carbon
deposi t  da ta  for  the top  and number  2 groove are presented in Table 12.
Aga in , the crude oil p istons had a much higher deposit level.

TABLE 12.  PISTON GROOVES , AVERAGE % RING SUPPOR T ING CARBON

Groove D C — P  AL—684 6

Top 0 34

No .2 1’) -51

The compar isons  of av e r age  compression ring depos i t s  are p r e s e n t e d  in
Table 13.

TABLE l b . (ONPRESSI0N RI N ( ; s  , A V E R A C F  % DEPOSIT

Ring Tu b e  Dep osit DF—2 AL—h54f i

la cquer 1 6
Carbon 3 1 26

2 L a c q u er  3 1-S
(hi ri -sin 3 3 18

3 L a c q u e r  88 8
Carbon 1 33

The use of c rude  o i l  did not  , i p p e o’ t o  c , l l i s t ’  ex c e s s i v e  r i n g  depos i t s .
P is ton  r ing  c o n d i t i o n  is su m m a r i : ’ i ’ l  in Table  14 . Considering ring face

TABLE 14. P IS  Pc R I N G  , ‘flN r ll r i N

Dl” — 2 AL— 68 46

Freedom A l l  f i n n ’  ,- \1 l  Free

B u r n i n g  Cy l .  N ’ . 2 had A l l  No rmal
some b u r n i n g .

A l l  o the r s  n o r m a l .

21
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burning , the crude oil test resulted in acceptable condition , wh i le
there was some burning in one cy linder during the DF—2 test. No rings
were stuck during either tests.

Eng ine wear was much more severe when the  engine was fue led  wi th  crude
oil. As shown in Table 15 , the average ring gap increase was greater
when crude oil  was used . The average cy l i n d e r  bore increase was

TABLE 15. AVERAGE PISTON RING GAP INCREASE , mm

DF—2 AL—6 846

Top Ring 0 . 103 0 . 169

No. 2 Ring 0. 070 0.098

No. 3 Ring 0. 046 0.089

No.  4 Ring  ( O i l )  0. 073 0.30 1

also g r e a t e r  w i t h  c r u d e  o i l  f u e l  as shown in Table  16. The increased
- - Car  when crude o i l  was used as the  f u e l  was p robab l y d i r e c t ly  r e l a t ed
to the r a t h e r  h i g h  s u l f u r  c o n t e n t  ( l . 7 ~’) of AL— 68 4 6 .

TABLE 16. AVERAGE CYLINDER BORE I N C R E A S E , mm

DF — 2 AL—684 6

Fro r 4t / Back  0 .009 0 .016

T h r u s t/ A n t i T h r u s t 0 .012 0 .025

Average  of Both 0.011 0 .021

The compara t ive  end of tes t used o i l  anal yses (Tab le  17)  showed g r e a t e r
oil degradation in 154 hours using crude oil as fu el than in 210 hours
when D F —2 was used.

TABLE 17. US ED O I l ,  ANALYSES (RE Q 203 ’

Method  D F — 2  AL— 6846

Test Hours  on Oi l  210 154
K. Vis, cSt , 38°C D 445 195.8 309.6
K. Vis , cSt , 99°C D 445 17. 61 31.66
TAN D 664 4.8 8.8
TBN D 2896 4 . 5  1.5
Inso lub le s, wY P 893
Pentane B 2 . SQ 10.85
Benzene B 2 .29 9 .48

Elements , ppm hy XR F
Fe 90 380

10 1
Cu 0 65
Ph 0 90

22
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Compared to the DF—2 test , the used oil from the crude  oi l  t e s t  had th e
f o l l o w i n g  si g n i f i c a n t  d i f f e r e n c e s :

o much h i gh er  c o n c e n t r a t i o n  of wear  m e t a l s
o largt ’ m~nit -.u n t s  of in s olu b l e s
o Increased oil viscosity
o hi gher acid number/lower base number

1C Conc lus ions

W ithin the limit ed scop e  of tl:es& ’ e v a l u a t  ions of c r u d e  o i l s  as a l t e r n a  t t ’
fuels in the LI)T—465—IC mu ltifu el en~~lt’u- , it may be t e n t a t i v e ly
co n c l u d ed that:

o Any of the crudes  t I -S ted could he used i :i the L !)T—4 65—1C , hu t  on ly
on a s h o r t — t e r m  t ’ I i e r g e n c v  basis , and prov ided  t h a t  norma l powe r
o u t p ut  and f u e l  economy , OS w i t h  i)F ’ — P were  not  required over the
speed range of 1400 t o  P600 r p m .

o Compared to DF—2 , l b s  p e r f o r man c e  of N o r t h  A l a z a n  c rude  (AL— 525 0 )
was the  most ,- i t t i ’, i . ’ tt v , ’ and t h a t  of P e a r s al l  c rude  (AL—6846)  was
t he l e a s t  - I t  t r i o t  ivt ’ of t h e  f o u r  Tex - i s  c r i d e s  , w i t h  respec t  to bo th
a v a i l a bl e  powe r ou t  put and s p e c i f i c  fuel economy

o No e n g i n e  st a r t  log p r o h  lems w. ’re ex p er i e nt ’.’Ci w i t -  ,-inv if the crudes.

o In the  2 1 0 — h o u r  c c c l  Ic e n d u r a n c e  evaluation if  A! , — 6 5 4 6 , the  measured
engine  wear  an d deposition It -v t ’  s w er e  sign i  i can t  l v  degraded  f r o m
the e x c e l l e n t  l e ve l s  ob s e r v e d  when D F — P  f u e l  was  used.  The f u l l —
rack  brake lw ’ r , wh i c h  m t  ia l ly  was ,iho i r 17 pe rcen t  lowe r than
t ha t  w i t h  D C — P  , declined an addi t i o n - i l  12 per c en t  b y the  end  of
t h e t es t , w h i l e  t h e  BSF C i n c r c , i o ’ i  abou t  1 1 p e r c e n t  , or 23 percent
above n o r m a l w i t h  [)F ’ — i . The used oil wi s si gnificantl y degr ided
which i n d i c a t e s  shortened oil change  i f l t - r \ - - I i s  would he a pp r o p r i a t -
when f u e l i n g  w i t h  c r u de  o i l .

V I .  R e c o m m e n d a t i o n s

I t  is recommended that a ddit m on.i l RDT }: e f f o r t  he p e r f o r m e d  t o  d e t e r m i n e
the  e f f e c t s  of d i r e c t  crude oil utili zation in o t h e r  full scale P.S.
A r - v  e n g i n e s . W h i l e  t h i s  e n d u r a n c e  t e s t  p ro c  i d e ! ‘in i n d i c a t i o n  of
engine  c o n d i t  ion d e g r a ! l  t i o n  when a high s u l f u r , i ow g r a v i t y  c rude  oil
was  used , add i  t l u l l  e n d u ran c e  t t ’st  I n f o  rina t ion is needed for other
crudes so t h a t  .i n , i t r i x  of crude  p r o p e r ti e s  v e r sus  expec ted  engine
condi  t I on could  he d -v .’lopt ’d f o r  f l - i d  use . .-\ l so , a d d i t i o n a l  e f t  ‘rt is
needed t o  examine the feasibility of us i ng field portable mini—refining
( c r u d e  o i l  t op p ing~ i r n i  t s .  I 7 se of t he se  u n i t s  w o u l d  lessen crude oil
s e v e r i t y  and I enp t  h en  p i t  ou t  i - il i -np I uie l i t . - in t i m e s  when st a n d a r d  f uels
ar e  no t  a v a i l a b l e .
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