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USE OF THE JET FUEL THERMA L OXIDATION TESTER (J FI OT)

FOR PREDICTING DIESEL FUEL PERF ORMANCE

1. Introduction. Fuel-related field performance problems have been experienced
in the past with fuel-filter clogging and injector fouling occurring in various Army
diesel-engine-powere d equipment. Conventional specification tests for diesel fuels have
not been able to define/predict wi th  any certainty whether diesel fuels would exhibi t
those tendencies toward s fuel-filter plugging or injector fouling. As a result , the
desirability and need for a diesel fuel “laboratory performance ” technique relative to
fuel-fi lter plugging and injector fouling was indicated. The ini t ia l  a t tempt  in develop-
ing a laboratory perfo rmance technique was provided in an interim report which
described the modification of the ASTM-CRC Fuel (‘oker apparatus. ’ Althoug h this
techni que showed some promise in differentiat ing between tu el  qual i t y ,  the poor

• repeatability and large sample size requirem ents were obvious disad~antages. However .
the recentl y developed Jet Fuel Thermal Oxidation Tester (JFTO T) appeared to be a
viable candidate for this investigation. The J FTOT. described t~ ASTM 1)324 1. was
developed for predict ing the thermal oxidation stability of aviation turbine fuel As
this method is capable of developing high fuel temperatures through a standard filter
at standard flow rate , the il-lOT was considered to be a technique having p otential
capabilities for laboratory performance t esting of diesel fuel Resu lts of the ini t ia l
investigation are described herein

2. Details of Test. The ff101 apparatus was investi gated as a diesel fuel
discr iminator  using no modifications to it s present configuration. A general sw iiii ary
of the JFTOT procedure is provided in the Appendix.  For the ini t ia l  assessment of the
feasibility of the JF [OT. several diesel fuel s were obtained tor evaluation in terms of
d i t l e ren  tui tion iii the i r  qual i ty .

The samples obtained included fuels which had been evaluated previously
in the ASTM-( ’RC Fuel Recycle (‘oker study 2 diese l fuel r~ undc r  Federal
Specification VV -l - -800a Grade DF-2 , commercial ASTM 2 1 )  ~ i esct l u c k  obtained

• front service stations , and diese l fuels obtained front re finery Si

Because of mul t ip le  variables in the .11:101 procedure , a i net lioilolog~ had
to he established for differenti at ion of diesel fue l qua l i t y  l’hc P I (~ l cur icn t 1~• employs t a i lu re . or tes t—limi t ing ,  criteria i ta mely .  e’tc eedi ng the  pressure d m1 Id e - i t  ii

“~ l’~ j eross the  test f i l ter  which is ma~ inmin .it I ~ mm mercur y  m i / u i  esee cding

5 i S l l l n ~ I I ~I’ t I.l (‘( 1. III II rilli ReplIrt ~~ • t 2 1 . “-I I ICI I I IJ I  (I \lt I~~llw ~ -l Il)~ t~I \ l I t I l l l i u t~~t I) it - ’ I ~ k -.
I IIIIIh~ 5

I I,II’ I rj .  I I I I Cr I I II SI,Itu~ RCPI’ T ( Rt’cvtk  I ut- I I -l~~ I ‘I ’  . 1 111 RI I l l I I tie! •‘~ ii~I St

Iliup \IsCIIIW . I!) I i~iu ir ~ 1974.
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the s U i t , i i . t  t lissok s, ,,t ion sl el li ss i t io n oii th e  It relte~ltei t ube Since t lie pies ions isis s s tk
isis i t l i  t h e  \S I \l ( R t  I imt ’l Re~ is cIt  ( oke r had sliosis ti t h e  pre ssure dil lcici it ial l i i i i i l a t m t s i i
to I SIOS i s l e i ’ i t , I t e r  t e s t  repeat5ihi ht~ and sis as wore indica t is e  of the m ode ot t a i l i m i e
occui r ine iii h eld t Ime 12 ‘ II t I I t  I l i e l t  5 5 1 5  p l t 5 5 I m t  d i t l e ren t m5 i l  l imi t  sisas selected A t i i .ml
,it md ~‘ i i o m  test met liodologs isis as in t l  mall s  c i t iplos esl ‘o est , i l t l is l i  te st opc i .m t i

• paraiuett - i  s Pret imi n ar ~ e~ per inlent . i t ion in s oR ed es .iltia t iii~’ diesel fu el samples t e s t e d

pI ~’~ ioush on t lie AS I \l - R( ‘ I nd Rees  etc ( ok er. I his isis as lollowed his es .i lu5m t ion
ot th e cl le c t s  ot oper atin g i~rot e~l u te  t I t . l l i ! t s  to I I u ic .ms t - t h e  ose t a l l  seserit ~ oh t he i t \ I

and then t he est abl ishment  ot J l I 01 pioceduic s~I ie imie  to  dis~m ii n ina te  th e slt I.Ilit\
level ot diesel I sic I

3. l)iseussiou ut Data A s.unp limi g 01 the diesel I ncR s’s a lu , i t s ’d ~~~ ioims l~ mit
the A S I \ t - (  RU Fuel Res - vele t oker isis as selected m n i lm5 i l l v  S )l the I u s e  fuels selected .

• one isis as considered u i m s a t i s t a c t o r ~ in mew ol its loss rating relat is e to t hern ia l  instabil-
i t s , U’CL -F-S01 I, one V. ~ marginal (( UI . 1 ~2 ‘ . and the oIlier three possc’~scsl li t ~ lt
therumal sial~, li ls r at ings ( U I  — k —S o I . -~~1)3 - and - SI -, ) Ihe l i s t ’ l i m e l s  isis c i t ’ s’sa lu al e sl
su bsequently in the  Il • I t )  I appar atus  using 45 ‘ I .ms .mim operating t emper ature  repre-
s e n t a t i s  c of the th ree t empela lure  regime s elil ll lO\ ed ptes iousl~ itt  t Im e  A S lM- (  R( -

Fuel Rec y c le  ( oker. 1 lie result s  of the II I t )  I es •iltiatioit is eu s ims ( lioss’ obtained pie

is ioslsl ’s w i t h  the Recve ~e (‘oker are sh ow ii in labl e  I • W i t h  t Im e e\~cpt lon of ( ( 1  I
$02 . the agreement ol data 55 ,15 somewhat lack ing.

•~~s t Iiese isis s’te t he l u s t  dat a obtained on the II I t )  I , l i mi t  hem CS ls t ’1~~fl1.’ It t.i

I is s i i  isis is needed - Based upon I lie dat a des eloped pi es iousI~ . ( l i t ’ sal  u5it b u s  I I I

ucc\  cling isis cre considered subse qu ently .  l Im e In tent  here isis as (o d e t e r i m u i n e  isis h i t ’I her
addit ional thermal  s t re ss l ime wo uld inas i in i /e  the in t ens i t y  ~‘t results to he obt aine d

• isis i l k  l Im e  i i  I t )  I sI~~~~ .ii . I t t i s .  \ . m i  It ~ t Is  test s i t  i 5mtion s u sing the I I  I t )  I . i ppamatmis isis eu

t hieii coiususlL ’red . r at ig ing l rom nmuill,pk passes I l i r otig h the .1 F I t )  I to thermal s i t  cssmIm ~’

of sainpks prior to the i h l ol  t est I w o  diesel fuels were used for t h mus  experim ent
a sample of icsl die sel fuel procured under I ederal Sp e 5ml i ca t  t on VV -I -SOOb diese l
fuel front the P()L lest Area at MI -  RAI)( ’OM and a sample oh eonuuereial Diesel .‘ I
ob tained from a local service s t at ion outlet - I’he results of these IF I t )  1 proeedtir 5il
is .m r ia t  tolls and modifiea lions are shown in I’ahle 2 I hese data n’s eal esl t ha t  prehe at ing
temperature below t Im e ~ P bre ak point did not cause saumples to fail at t empt’t.it  S i t e s
below their  ini t ia l  break ‘o int.

\IIIII i , ,  I I ~I’rr~i. ( ( t  Iflht ’IIIII K(
~l’I5Ii ~~~~ ~~ I ‘ I IIcIII%.Ii- (is Ski.iiIist St .ii ’ ilii ’ iii is I I t s ’ I I I , ’ l I t u  I t  i, ., i tis Is ’
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fl 101 lest
SamnpIu.~ ~~~~~ ‘ l’reco n tl t t uoimumug l aup lov ed Ien ip era uur e , \ P Fai lur e .’ I sihe Ratin g
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Ml RUt I
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I c i i i  P~ 
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Preheating Iou I t~ hr ,1 21 2°l 218( 42 5 1 N H 20. 3

I~r elwatmuug for 7 hr -‘ 4200 1 218(425) NH $2 .0

1’ “i amiure ” i ,s ~~n rs  j i t e m  ,‘IiTere ’ni u~I ~irc~~sir e C SdCCeIs t 2’ mm.
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At t his poin t ,  it w ;ms decided t h a t  a ‘‘standardi,ed’’ test methodology was
needed to establish the t eas i b mhl t  is t o  using t I me IF lOF to discriminate qu ali  (~~ of

tliest - I d i s t i l l a t e  t u c k  Flie i t  1(1 I in i t s  prese n t  conh gur a t io t i  was developed to

~orr elat c wi th  tIme \S I M-UR( Fuel ( oker lot l , i t i t m g  t ime p er t orniai mce of aviat i on fue l s .

Sm n ~e t I m e  m m i . m i t ’ t i t ~ oh f ield p iob l e mmis  or diesel I u - I s  l i a i s e  involved fuel  f i l ter  plugging.
ml isis is dec ided to use tim e IF 10) ‘s sli l I ere ntiat t t s t  ti ll er pr essur e r at ing ~m ’ th e lin titimig

l u  crmteum. i  . so mmie mims ’asii ra hle ‘‘A P r ise ’’ wm tluu m m the lu rs t  30 minu t e s  of operatio n .
Once th i s  le in per: it ( mi - C range \\ .ts to u t md . an addit ional le st was per lor ined to validate
t Im e h i i i i  i t  i i ) u ~ t e t1 )pe r ~i l i i  re In :mslsl it ion to I h i t s ‘‘A I’ fai lure m t a te st te n ipL’rat t ire . ’’ the
level 01 deposition oti t I m e pre h eater  t r ibe could be et impIo ~ ed to prov ide sup p l e i mm en ta l
tla ta - I s m  img t i m is a pp r o.melu . a series ol lu ck  was eisa Iu a t~eI l i m i t  i .uII v . th ree of I he diesel
fuels tested pres iousI~ l able I as well is I se commercial 2-i) diesels sam u p les and t isis o

sa mp les of diese l fuel in eet i m ig \ \ - l —800b issere es-aluate d using t h us methodo logy I he
results are shosis it i m m h ab l e  3. lii  a ld i c i t mt i  to th ese , a dd i t iona l  s:miiipl es obtained in con-
iu n e t i o m m wi th  a depot fuel deterioration pr o gr ati m were also anz uly ,ed and the result s
are shosis it iii Fable 4 Since t lie d. it .m developed sh owed a wide range in “ I h met  mu , i l
q t i a l i t  v .

‘‘ i t  isis as decided to  i d e n t i f y  the  repeatabil i t y ol data .  l able ~‘ pr esent s t I me
rep eata bili  I~~ of dat a ob t a i m m ed for ten r ep re sen t a t i ve  samples. It us in terest ing to note
that  ex cel le nt  repeatabi l i t y  was sfmoss n iii terms 01

’ A I’ fa i lum e  ti m e amid tu b e  ra ( i rm ~ s i i i

i ll ex cept  one im i s tan c e  lii t h is case - I lie commercial 2-1 ) diesel gas e a 100 percent
lim e tea se u t  A P fa i lure t ime oser tha t  ol~taiiwd imt i t i a l lv .  No ex p la m ia t  ion could be gus en
lot t his .imm o miu , m I~

) tme fur t  het cx p er mui t en t  isis j s conducted in an eff ort  to den s e sonic Iu e .u n htmg
ob’ the I 1:1 () I tube r a t i mues  as th e~ appl~ to t hese fuels Several fuels were te sted .m t
tiss o t enm p era t u r e  condi t ions  am i d at d i f fe r ing  test deviations to assess th e effects ot
t h ese on tIme r e sul tant  i l  I t )  F deposit rai mu g. Ihe  results of th i s  ex p er i i ne tm t a t e  shown
in labl e ti l Ime l l ) R  spun deposit rat i mmg developed for each sample essentiall y was a
function of 11w tinme am id temperature  conditions. l’he data sh ow no ohs ions relation-
ship of Fl )R spun deposit rating and A 1’ failure t ime. These deposit ratings ace t i mu—
lating os-er a b u g  period have beemm hvpothes iied to be in di c at ms e of diesel in ieetou
touling. In addit ion to the exp eri t mi en ts presented , all J FTO i’ h eater tubes were
weighed betore and , iI ’ter time tests in an a t t empt  to quan t i f y  time Tl)R spu m i deposit.
\tost of the  tubes slmowe d neglible weight gain i mmdi cat i m mg l i t t le  it ’ J I I \ re lat ion slm ip
between isis e i g lm I and deposit ion ratings.

One last exp eri m eimt , in invest igat ing the iF I t )  1 for diesel fuel applic ation .
inv o lv ed the  es alua tion of ’ ad di t ives relative to the ir Pok ’nt iah deleterious effects I t s  o
tispes of additives were evaluated : namely, Vapor (‘orrosioim In h ibi t ors V U l l  ami d
I-n e t 10mm Reducer polv niers. l’he V( ‘I materials were evaluated, as t Imese are at t iimm e s
added to lime) tanks dur ing preseflation procedures and their deleterious et lec ts du ring
subseq u ent use e x e r c m s m r m g  of the veh icle hi~se beemi suspect relat is e to the diesel fuel

F t . , 
_ _ _  
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Itible 3. Ji-~OT t)mitmi on Var met us Die~cI i-ut ’l Salimpies

~\ P l ailun’
Sa ,mmpk’ i)escr ipmion oi I-uel it ion Te~i Ill mmmi , t ut ie R4tin ~-e

No. Temp., 0(~ (~ ( )  ,utnutes ’ -isSTM 11)11 Spot TUR Spun

(‘CL-i .8(13 APC i~ su t imese t Fuel 253t 487 ) “ I SO ‘~I 17.0 31.0
18 1(538 1 “ Pi- AC(X’K 33.0 34.5

cs. L-I -SIll AP(~ lest Diesel l uct 192(375) “ e~1 23.0 24.5
126(4381 “ -4 31.0 33.0
253(487) 57 —4 40.0 41.11

CCL-l 8~7 APt ICSI flies~t i-uel 19 2 ( 37 5 )  -15 (1  2 25.5 27.0
226(438)  “ 4 3) 1) 32.5

MI Kt)C t e s t  1)1 2 I 77(351)) “ <4 i t S
253~487) il ’) 1 1 38  15.2

( omnnIcrc i~i1 It ) , Sour ce I 3S3 667)~ “ 15(1 I8FM’ (X’K 3 7 ( 1  41.0
• t onmiuerO4 I 21) . Sou rc e It 253~485) 107 -4 32 .5 33A1

160(500) 70 -4 3 3 7  35 (1
288 (550) IS 4 3~~2 36.0

• ( t ~mt,nmereiat It ) , Source 51 343(650 ) I5O -4 50(1 “5(1.1)
e ’mnmerc I~ t It ) , Sour ce SI I) 290s53 7) i t  (1 “4 39.3 4 1 ii

( ommu ercmal It ) , Sout ct’ 5(2 ) 21)0(5 37) 58 -4 3 7 2  39A)
t i l l - L neter g r ou nti I .mn k. 232( 45 0) (51) -4 28 (1 28.8

4 Quj imtieo Ujsc

274i52 ~
) “ -4 34 -S 36.0

1)1 1, \ ch Ic i t ’ ij n5  Quj mm ii co 2 ‘ 4 ( 5 2 5 )  15 .2  4 34 .1) 35 .1
Base

S,iin pi e s showing ‘‘ ‘ I 5(1’’ indi cate iini ch an ge ete -~-urreei in .51’ J un rig I SI) mmmi nu ics
2 t i l t s  ~ .ms J i I t  i i ’ s imlasi nm um t imumi -

N umuts ’r not eU%e ’II i llCst ’ e ,imilpte ’s



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-“-‘----

~
--‘

~~ 
-

p

ijhle 4 ii- It) I t ) ,mia e’fl Rctmne i l and Depot Sammipk s

• 
‘ p  )~~m~~~t~

Samp le’ th ’seriptm *en ~i i ut’t J I l t  I t eal I 1 miItn , tube Rat ings
• No - i d m 1  p.. C i I • 1 minUte s ’ AS l ist 1 11k Spo i TDK Spun

\ t -6678 Iii -2 . ReIinct ~ S~,rnpIc tn 2n01500) t’tt 4 34. 7 35a1

-‘s t o ’4t ’ (ii -2 .  Refinen ~ Sample (Si 3 OmtS 751 68 -4 45 .8  4 7 -’
5 1 6 1 ’ ’ Iii -I. Rct lmie ’T% S.Iite i’ ic 153~587 ) t’5 -4 4 11 )  42~~
A t - b  716 ill -I , R e - t i n t - ,  Sampl e ( A )  19(115 37) tt3 • -4 40 .4 40 . 4

SI -~.t’2’ lii 2. Rcfiner ~ Sample 24ot 4 5) 40 It’ 0 28 .1
71 21 “ 4 3 ( ( l  3 3 ( 1

316(600 ) 16 — •1 15.11 tO il
At  -6621 ’ “ 3 lIIo I I )  53 -4 s O il (I

SI o3u l “ 1~ I( 44 $ (  lOS 4 1 1 4

15 314$ 1 ‘2 3 _H ml ~4 ii
• “ “ IS 11540 8 1 14 0 260

S i -t ,S ’4 Rem Ill -I t e e m I iSt 34i J O l t s  s t  $4 - 4 4 8 0  45 .o

-51. 6 ‘I I  i) l- .2, i .‘ri ii~’t~d I .idi t lti 343 (65(1 ) IS O “ 4(B) ~5O ~ 511

‘st -~~ ‘ iS Ii i -2 Shaipt’ -5m m, i)i’pom 260(5110) 41’ -4 44 .2 4 S O

iii -1 , S,ic r.utientet A r m s  I)~ptil 290(637) S~ 4 38 .0 41’
4 Si 67 31 lii 2 . Ne~ ( ummib er ia n et -SIiii ~ 338(640) ’ l ‘ 4 t H )  S~1 5(1

t x-pot
At -b ‘04 ill 2 . i ~‘e k’ S u Its  tie pot 3 1 1 (65(l) — 15( 1 4 Si l 5(1 • -

‘s t -t~’Ot’ t il l . SlmtI Ic te ’Il \ t u l l s  Ilepeci I ‘4~~ 15) 66 4 15 4  35 5
• SI o’i)7 iii -2 . S.’ne ,.I -%rIIm ~ Depot I ’4 l525 ) ti l l 4 •~5 ( i  ~~ I

Al -t ’~~$4 t~I 2 , 1 e t m e l k e - i lu l i s  •\riiis I~ 4 ( 5 2 5 )  03 -4 J o t  3 ’  5
• it epeci

• S t  o 7 i  1 iii - 7 \ u n ~ t’te ’s i um c t ro unet 35 ~u” 5t “ t SU “ 4(111 -50 “ 50
SI t ’o14 iii -2 . I SA t S.uimtple 361(681 ) ’  - 15 11 “418) -50 ‘

Sammtp ies s ii, ’se 11 mg “ .1 ~O’ Iflelid,lte’ It , ’ e II III e Ill i’ e ’ e e t I %  I Cd ttun-tmtg utm e iso I I I I I I I I tC5

A lthoug h Ii Ill I st as ee’t - 65(1’ i - et pt’r.l lun g temu pe’i .1 i liii ’ rt’.idIit(d ,‘mtI ’. 6413” I

I his was ii i l l  I tenm)s ’ra I ute ’ I , m m mii -

(I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- ----- -



- -~~ ---~~~~~ - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - 
—• - —  — --‘-‘- ‘----—

“
p

4 Fable ~~ . Repeatabil i ty ot’ JI FO F Data
,‘sl’ l a i lui r e tube R .m t im mg

Satmipt e Des cri p tiomm of I liel I FF131’ Test I 27 m u m ,  i’l)R Spun
Temp. , 0U m n i u t m t ~’s I)eposut

L)F- 2 , Quantic o l)SM(’ Base Y’4 18 3 1 1
174 1~ 35, 1

— (‘onmmercial IL), Souirce LI .‘SS IS
“ 288 IS 38.2

Conm immer c ia l ID , Source I- 261,) IS. 7

- , 

“ 260 86 34.1

• • Commercial 21) , Source St I 1’.)0 4~) 35 5
110 3° 3

(‘onmmer cta l 21) , Source S& 2 ) 2’)0 58 34 .2
2°0 52 3~ ,2

Cotunmercial ID, Source (‘ 260 3 I 2
260 103 33~~

— Ref l)F-2 tor I ’ FM 341 288 103 35. ~
288 106 25 ,5

AL-6707 L)F~2 ,:Setme ea Depot 1’4 56 34.2
2 ‘4 ‘.~0 37

-~L-6684 DF .2 /L ette rkentm ~’ Depot 2 ‘4 50 Scs . 2
14  105 3o0

Al -(~(i7S 1)1 -2 , Refiner y Sample 260 (s4 34 ,5
2 (s O (~~

‘ 34.5
- Nu,imbera not mm -en uhese sjn mpks . 

,- - 
-

--~~~ .



___  -~~~~~~~~~~~~~~ - ----“—‘---

‘1 . 

p

i aI’k 6 I t i e s t  ‘t i c l i ll s I _ l t I l m ’ e ’ ami d t e s t  l’ ece ,ii is ’ui ,‘It i i  i t )  I I ti t ’*’ K,IIIIIc

I I!,, ~ at t~~st IS ’ I I ( ) ’ d I _ t t I I I s ’ i t m 1’ at tue -Ic t , c c c p ~- c .~ e ei ~-

I’ I iu iu te  - I’ I
• 

‘e _ l I l C j ’ t s ’ 1, — st I S e i ~p - I —
, - 171111 1 I)R S~ ’t, :t t . e 1  1 ’ ~~ 11’ c c c ,  I ilK “ r-

‘s t ’s’’~ i t p t i ~-n (‘‘. 1  I ICt m li I ts ’ e I\~’ sit C % c I I I t e t ~~S

I I I  ‘I’ Si I t s  “ t sO 1 ~l 1 4 1

- ‘ , , , e , , , - t , t i t  II’ II ‘ 4 -  “ t ’ e ’ 1 . 2  758  is  1
I, . c c e c c e , ’ i , t . e i  I I ’  ‘~1 t l  In’ ’ ‘— i ’ ’  1 5 ’  1St 4 1  4 1 1
C j f l c I l C I ,  t e l  _‘ I ’ , ~ ‘ I In- - ‘I’’ 4 1 0 1St ‘1

~~I l l c I I d I s  I_ tI II’ I _‘ _‘ n- • I ‘0 2 ’ ‘.1 14 1 , j s ~ t ‘ ~C

i ’m 1 1
1 .11k ‘.5t t I I I1c ~~’ ‘In ’ “ I ‘c ’ 11 c C 1 ‘4 -~~~‘

,‘ 14

- , 01 1 5
t i c k  57UaIII I5s ’ I 1n~ • I sO I i  2 ‘ 4 i s  I 0

t i t I S 1 I , t ’ l  II lIn- “ I s i ’ I t  1 s t  ~ t ’~
i t t  I Si  ‘ 

~0t ‘ 1 lIt- - ‘ I  ‘C I 0 1’ I’ ,’ 15

‘. I I 50 1 , i e l  Ic  1’ 1 ‘I ’ ’’ I 0 1St  “ 1  Si ’ II IC

I I Sc ’’  Pt  II I In- “ I ‘0 t~ 0 ‘
~~ 

I S • 4(I~~l

t ‘. I I SO t ,II1 II ‘ ‘~ - “ I’ e ’ 75 1 1 S t  4 1  4S 0

511 R t ~ i . s t  DI I 105 - 1 ’ c ’ ‘s i  Ii ‘ 1 5

‘s I i c C l’ l ’ s S IC S5 c l~ 
‘‘ • I ‘t3 I l let i , . Ims ’ Ils ’ — I _ t i le, UI \ i ~- _ ,  ccc ,— 1  ,iuitne I S (~

del is e r ’s , t umd mmmiec t lo i m s\ s t~~’ t t ~~s the I r ict m ot i t ~-d tmc ’.’u . l t t t t i I  is i’s S’s ct ~’ s ”s  a l t i . t t ’ .’~t I~’

s’s li et l i dI  t m ’ .’s coti tr ibu t ’.” .l It ’ a im s depo sit ion e ’t I’ I ,umlui’c - 1 tie i e s i t  I t s  ot I h ts  ad~1tt is e

ci ~t Iua t i c u i l  a m ’ .’ slm oss mt i t t  I ’ ,tl ’ li’ -; 
- l It’.’ Is ’s ~‘ \ t ~1 111,1 t e ’i t,tk had about ect u al  in I1ueim ~-e

cult lii ’.’ ~t i-I’sdt  cs a it tple at t ime l’.’’s’s ct opeial lug t eimm per .itu r sl . W I me ut c’s , ilst ,m t ed ~t t the tmtghet
cu pt’1attmh ~ tcnmpt ’t~itut’e . lios’s c’s er . t he oime prodsm ’.-t c.iuse’.l .\l’ f.t ilt t re to o~~ t im S’s I l I u m )
i m i t im u les  mmmdi ’ .- at imm g it  to be I lmet’ im m. i l ~Cii ,sit  is e - l I m e thr ee fri ’.-t iou r’.’ds m ’.-et’ add it  is es ‘s’s etc

C’s .iluated .m t out ’ .’ t i’m m ip er .It ui ’.’ om ii ~ . I ’ lm ’ .’ii elfcct on .\ I’ t at lure w .ts s aiied t i t ~’sis c’s em -

.111 thr ee r tot t t t ’~’ed aim i imc re.ts u. ’d les ‘.‘l of dep osit oser h a t  of I hue ne at fu e l s’s It t~’ hm s’s .i’.

interpreted .is being t ick ’ te rt o ti s

I ~1Inim m~ ti m ’ .’ nuni ercuu % e”spel intent s with t lie ~I I - fl) I - .u notes’s ott lm~ .Inom aI\
s’s .is C’s tdeimced. 1 Im m s ‘.‘t ’l”.’ct nm ’s oI’s~d the ,mi.mbu ltt s- to u ‘.‘,m~-h the t1t~i \ i f l t t i t t  high temmmpera
lui re li mm m i t  s’s i th m .iIl diesel fuels sis h ich ‘sis-ere t ’.’sted. More spe~-mt i ’ .- .itt s - in the teltmp eta ttits’
1an’s~’.’ cu t (~3(V to ‘OO l -

‘ t ime I l -  101 tend ed to st abmlu :e at t enmp er at ure s cu t r s4O ’ ,
, iiud oSl  1 rest lecti ’s els , a l thou gh itt cact i c.use - (t ie ‘.‘t’u tt r e ’hs ‘ss ere set .mt ‘t )mY I

-\lt tt ougl m t im ’ .’ i i  - I ~) I is desigmieti to cuper.ik’ t ip  to 00” 1 . t ) ui ~ heat -Immimi t t ug aitomals
it ias  be .i tesuthi ot iIu ~Is k’t lu~Itt ’ hit ’aI t ranst er  t sec .iutse cut ’ heater ~‘t s imta t tmtumammts  a ffect ii ’mg
lIme he~it t r a t mslt ’r ,iiitl deposit m ouu om i the preheater tube .

~

-, - - 
. , 

- 

c~~ - - -‘~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- 

- -



~ 

- ‘
~~~~~~~~~~~~~~~~ :

t ab le I mls - 5m ,‘ m S ,uck ’ Us t c c l c m l ’ i t c - I s  sl It  I he’tt i i , i I 5:., i t t i t ,  _ - t  Diese l I uc’l
i i  I t )  I I e s t  I m I mic id I’ I’ c ’ Icc ’ j l , c  l iii ’ , I ‘~~ c s i l  I- I _ c c  cc , -

s ..c c t p le  l c ’ s c , d  ld I l I l s e l t1 I11. . t I _i i lume _ ‘st i ,c ut ,- s 5’~ SI ‘s I I C R x l— ’ ’ ’ ’  t ’~ ~ ,

I t ce se l In t ’l ‘s \.- .~c I ‘ 5 1  I SO t ’l S i l k  k

I~ .t -~t-i 5 • I ‘ - l ’ s ’ .  I’ I’ I 4 1.6
I’ c _ s ,- t  S ‘ I t i  S i t  ‘‘1 c- 4

I 1 , _c l  I t ic - I II, ‘s.- . (4 1 SIC 4 s c~
I C c, s.’i Ii • I ‘~ e~-t S i i  14 1 ‘ 4
I ’ ~cs, t It • I ~- s_ —I 5 i l l  4 1  s1C 4

I’ -l t t ie ’ I ( ’~~ s _ 4 1611 t On -  1 15 ’
I c c c l  i + n - C (  I’PSt

‘. ,c c. tcd c c  I ic t~~_ -~~ Kedu,’,’i I It.t1 S n— 4 II I
I ) ie~~ I i cc. I’ .’ • n-i ) pl’~I
& . i c c c l i , I , t  I c c .  t i1 ’fl R’~ c t U c e i  S It- I isO 4 41 5
I ~C c s .  I I u e i  & • t—O i’i ’SI

~ iti,Imdai~ I ii,’ i t,-ii R c i , . , s ’i C ’ I t c C 10$ I Il

- 
I I S i l l  P-4 1s0111 I i  c s , ’ c C I I  5 C  sllpplie -,i l’s t ’ lc c p , l i s  I -

- S i l t i’’-4 01)01 i’T , sel % I l t S s  %Iip l’ Iie,l I-s \ ‘ l l l j s aItc - 1
I II. t i — c u  c c c l i i  c c  , isisl i t t s s ’c . 55 11 ,11  II, lii, Ii In,.Iedtit,i I 5% s’ldIl t l _ l I l i c ’ l’ e ’ t% I n - c c  s . I t _ i s , ’ 1— s- c- ic  in- i’ s , t  .IS .1 t I le_ Ill s I,’
r~t Iuee ml,,- ccc  - - c c I ~ ut cl i t - - PI1C’Ii, lll,n -l_i ‘ c , c i l  I n- Ic: e lu t t Ise c~~c i l l 1 c  \ C c t s n - C I c I I IS s ’ m ~‘-e t i  c I~ c t , c c  pt s ’citmc t s  _ill,t ,ittde ,‘tI .

4. (‘oimcl usj oims ,

t h u .’ ii :  101’ appa ratus . ins ~st i, ’_ m t u.’d to define it s t~otu.’tuti a l ,tppt t~-a I O t t  for
dicsel fuels , ‘s’s as found to ,lts, r i u i t i i u , t t u .’ 5% t t i t t i  .I wi de r.Intzi ~ cut’ ti teset fuel sat i t p les s’s l i i ~- 1m
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s’s i t i m iu m t ime ten m pu.’ra tur e t i t tm i t a t i oum s  of t I me .11 I s )  1’ . tIme .is u.’r.tize .\ I’ fa i lure  poi n t t ot
diesel fuels ‘s’s as foui m d to be appro~ ii m m ate1s 515 l - ,

Preheat i im g , r ecvc lit ig . autd re—run n ing .11 le tu ip er lutures belcus ’s th e .\ I’ l.i t lt tre
point il t i l  not appear to _ ift ’eu.-t the l imi t ing  tenmpcralu ru.’ si gn it ’i c.mm mt lis - l~ \per inm en tat ion
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i i t l r od u ct ioum of ’ t hc addi t ive .  It was dil t i c u lt to t’lai e signit ’icance itt  t ime deposit color
‘ .l , it . m ob t ai tm ed iii these tests because ol’ the operational pr ocu.’dttr e enmp los-ed that  is .
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APPENDIX

SUMMARY OF .J I” I’OT PROCEDURE

I , in establishing tim ’ .’ A P failure poit it b r  diesel fuel , atm m imi t ia l  sanmpk’ is incre-
inei i ta l l  ~

- sE ressed fr oi mi a low to a iu igh I cut perat ii re to itkn Ii fy the rela l i s t ’ i-ange cut
fai lur e . l ime failure ratm ge is sis- lue re a s ig nifi ca m mt m isc -‘ iuct ’ease itm time I’ilter pressure diff er-
ential  is i’s idet iced wit h in (( i t ~ in i t i a l  3() ul inutes  of operation. Foiio wi ,mg I In s , two cu t

t in-ce suiss’s’t iuent satm m~m le s m ust be evaluated to obta in a ‘.k’ llt tit is ’ .’ Al ’ failur e poi n t for
t im e fu e l i i i  quest ion.

2. the sai t u pk’ si/ ’.’ is 0() iuul per test wh ich requires 2 5  h ours of operation . C

3 t ime l’uel pretreatm ue nt requires t ’il t r a tio u m t h roug h a sa t t m pk layer of gei mc rtl (-
ptl t l ) &lSc r e t e i mt i v e — qt ia l i t y  f i l ter  p~u pt ’r l-ol iowing (( m is , ( ii ’ .’ saiuu p le is ae r t a t ed for o
m n i t u i t tu.’s at 1.5 liters per n m in t i t e  a ir—flow rat ’.’,

4. l ii ’s’ sa t mip le is isolated itt a pm esstI r e coimtaimier ~ tim ’ .’ container is at t a cl u e d to
test t im ac hi nc . amid t ime s \ - s t emt t  is p r esst tr iied wi th  nitrog en to 500 tb/ i t t

5.  ti m e s.i t mu p k ’ passes through a j~re t ll te r (a 0 4  5—t u mic r on t’ilter om i support t su . ’
I at ,u b lo ’s ’s r a t e  of 3 0  i i m l / i m m m n t t t e ,  bs- . m polished heater tub ’.’ ( ‘.-culo r da t a  oh t aii me d

l t t t i i i  t t i l s t ’ ‘. t i i I , icc 1 , ot tt  t lmrou git a I ‘—i i m m cto m i i u ’ . i i m t i tm t i l  por osity precisi on t~ii k’i lt ’ . - , tR’ d
1( 151 do ’s ’s - t usf r t’a t um Irolt i  f lit’ h e a t e r  tu i l ’ ’.’ , a nd t l i i - &u u gt i  a mm ie t e r i ug  p t m i n p  luck t~ u au iso-
late d r escr is-ou r above ti ti ’ s at umpi u ~’ l i t  pres~~ re s

(‘ l ime te i iu p u.’ ta t u r ’s- cu t heater  tu b e ls a u to t m u . l t t ca i iv  t’ouitrohlali i e up to .ih ot t~
‘uI)_ _ 

I -

7 . At m 5i ut oium ; il ic recordu.’r r ccoru.Is t i m ’ .’ pmesst~ru.’ d iffe retm ce ( I I I  mmmi I ig I befo re
, i , u ’ .l  a l t e r  time I ‘ -nu i u. rt ’ui p re dis i t l mi  t i l t ’ .’, I lL’s’. s~m iitples  were cut i sm ’sler e il as t a iled , l t
I 2’~ i i ui mm l i e  wi~e’mu t h u . ’ pressure al. mr mum sounded , m i t i i u . ’i t h m a m u ,u 250 m m m iii  I i~ w im e mu t im ’ .’

iu mac l m i i t e  , uu t t i t i i , i t , ca lh  sh uts tIos ’s i t .

5 Ni’.’ Ill uhm ’stt ed li~ it t ’i l i i i ” . ’ is WIis lmei t  s ’s i l  ft  i i e”.a im ’ .’ I it ’s’ i i  t lit ’ tub ’.’ deposit u. t ’ s t t s i

tI , m I , i  . m i u . ’ ~ h t . m m m i u . ’’.t I he t1ul~t rk S l ’ l ) R I I tlhu. ’ i~’.-pos it I-L it e r )  m s a t m ~- ieu. ’t t & i t t i ’ .’ op t iu . a l
u - I t  t i m i i i ’, u t , m mi d i c , i t l ls  s p t i lm . mm u d cut -spot depo sit i , l t t l m e c ’ . &~m u ,m i l t e t ’s’ m dt ,t i  ( lie cuiti ci

t~k ’r .it or coIuu l ’ , m u c-s ‘.-olcur ti n f l i t ’ t ub e ‘s’s m l i i  t Im ’ .’ -)~S I \ t  Standard ( oiors in AS I \I
1 ) 1  liI i()

I i
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