
AD AO7b 3714 AIR FORCE AERO PROPULSION LAB WRIGHT—PATTERSON AFF OH FIG 21/14
THERMAL. OXIDATIVE STABILITY TEST METHODS FOR .JPTS JET FUEL. (I))
AUG 79 R P BRADLEY • C R MARTEL

UNCLASSIFIED AFAPL—tR—79—2079 NI.

~~
j74

_ _

_U_ __u- a_



-
~~~
-— -

~~~~~~~~~~~ —~~

I
’

AFAPL-TR-79-2079

THERMAL OXIDAT IVE STABILITY TEST METHODS FOR JPTS JET FUEL

ROYCE P. BRADLEY
CHARLES R. MARTEL

Fuels and Lubrication Division
Fuels Branch

Q... August 1979

3 Technical Report AFAPL-TR- 79-2079
Final Report for Period January 1976 - December 1978

L~J

LJ~

Approved for Public Release; Distribution Unlimi ted. ID E~ C

AIR FORCE AERO PROPULSION LABORATORY
• AIR FORCE WRIGHT AERONAUTICAL LABORATORIES

AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE , OHIO 45433 B

7 9  11 08 027
~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____________________

_~



NOTICE

When Government drawi ngs , specifi cations , or other data are used for any

purpose other than in connection with a definitely related Government procurement

operation , the United States Government thereby incurs no responsibility nor

any obligation whatsoever; and the fact that the government may have formulated ,

furnished , or in any way supplied the said drawings , specifications , or other

data , it is not to be regarded by implication or otherwise as in any manner

licensing the holder or any other person or corporation , or conveying any rights

or permission to manufacture , use, or sell any patented invention that may in

any way be related thereto .

This report has been rev iewed by the Information Office (0!) and is releasable

to the Nationa l Technical Information Service (NTIS). At NTIS it will be available

to the general public , including foreign nations.

This technical report has been reviewed and approved for publication .

/~~ ~~~~~~~~~ROYC~E~ T~~R OLEY CHARLE S R. MART L
Project Engineer , Fuel s Br’anch Technical Area Manager
Fuels and Lubricati on Division Fuels Branch

Fuels and Lubri cation Division
FOR T

ARTHUR V. CHURCHILL BLACKWELT C. DUNNAN
Chief , Fuel s Branch Chief ,
Fuels and Lubrication Division Fuels and Lubrication Division

Copies of this report should not be returned unles s return is required by

security considerations , contractua l obligations , or notice on a specific

document.
AIR FQRCE,567e0,2 Octo b r 1979 — 50

-A



SECURITY CLASSIF ICAT ION OF THIS PAGE (tThen Data EntSred)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
I. REP~~kT NUMBER 

~~~~~~~~~~~ / 2. GOVT ACCESSION NO. 3. RECIPIENT ’S C A T A L O G  NUMBER

~4~
_ 

~AFAPL -TR -79-2~ 79 ‘ 
I

(and Subtitle) 5. TYPE OF REPORT ê PERIOO COVERED

‘I t~~uel,~~~~~~~~~~~~ -~~~~ 
fo~ ‘

~~~~~~~~~~~~~~~~ ec~~~~~~~78

7. AUT HOR(s ) B. C O N T R A C T  OR G R A N T  NUMBER (S)

‘
~i

” ~oYce~~.f~[adie~ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. PERFORMING ORGANIZATi OfrIr *ME AND ADDRESS — to .  PROGRAM ELEMENT . PROJECT . TASK
A R E A  & WORK UNIT NUMBERS

Fuels Branch (SFF) 
,
....~— Proj: 3048 ~~~~~~~~~~

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

/ 

.

.!. ~~~ ~~~~~~~~~~~~~~~~
II . CONTROL LING OFFICE NAME AND ADDRESS ‘~~~~~~~~ ‘-. 49~-~RfPORT DATE

Fuel s and Lubrication Division (SF) , 
)
~J Aug~~~~~~~~79 “ 

‘

A ir Force Aero Propuls ion Laboratory L ~~ .[~1UMBER OF

Wr ight-Patterson AFB OH 45433 55
14. MONITORING AGENCY NAME & A DDRESS( i l  different from Controlling Off ice) IS. SECURITY  CLASS.  (of this report)

UNCLAS SIFIED
IS, . D E C L A S S I F I CA T I O N . ’ DOW N GRADING

SCHEDULE

16. DISTRIBUTION S T A T E M E N T  (of this Report)

Approved for public release; distribution unlimi ted .

17. DISTRI B UTION S T A T E M E N T  (of the abstract entered In Block 20. if different from Report)

lB. S UPPLEMEN TARY NOTES

IS. KEY WORDS (Continue on reverse side Ii neceesary and Identify by block number)

Jet Fuel Deposits Thermally Stabl e Jet Fuel
Fuel Thermal Oxidative Stability Kerosene Fuel
Jet Fuel Deposit Raters
JFTOT

,—~~ ASTM-CRC Fuel Coker
~O. ABSTRACT (Continue on revere. side If n.ceeear/ and identify by block number)

~ “Various sampl es of Thermally Stable Jet Fuel (JPTS) produced in accordance with
mil itary specification MIL-T-25524, were tested for thermal oxi dative stability
using the Jet Fuel Thermal Oxidation Tester (JFTOT). Two of the fuel samples
had marginal thermal stability and provided data needed for the proposed sub-
stitution of the JFTOT for the ASTM-CRC Fuel Coker. Over 130 samples of JPTS
fuel , submitted for fuel specification compliance test, were tested for thermal
oxidative stability using the JFTOT in lieu of the Fuel Coker. The JFTOT , in
conjunction with the Alcor Mark 8A Tube Deposit rater, was found to be suitable
for use with JPTS ~~~~~~~~
DD J AN 73 1473 £01 TION OF I NOV 65 IS OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (W1i.n Data Entered) I 4’
j~
.

-- 

O~~J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

i I ’



FOREWORD

This report presents the results of test programs involving the ther m al

oxidative stability of Thermally Stable Jet Fuel (JPTS). Both the Jet Fuel

Therma l Oxidati on Tester (JFTOT) per American Society of Testing and Materials

(ASTM ) D 3241 and the ASTM-CRC Fuel Coker per ASTM 0 1660 were used . This

study was conducted by Royce P. Bradley and Charles R. Martel of the Fuels

Branch (SFF), Fuel s and Lubrication Division , Air Force Aero Propulsion Laboratory ,

Wright -Patterson Air Force Base, Ohio. The effort was accomplished under

Project Number 3048, “Fuels , Lubrication and Fire Protection ,” Task 304805,

“Aero Propulsion Fuels ,” and Work Units 30480523, “Parameters Affecting the

Therma l Stability and Heat Sink of Hydrocarbon Fuels ” and 30480591, “Aero

Propulsion Fuels Evaluation and Development. ” This study covered the time

period from January 1976 to August 1978.

This report incorporates work previously r€ ported under AFAPL-SFF-TM-76-27,

“JFTOT Tests Using a Marginal JPTS Fuel” dated October 1976 and AFAPL-SFF-TM-

76-28, “JFTOT Tests on Thermally Stable Jet Fuel , Batch 81” dated November 1976.

The authors wish to extend their appreciation to Mr. James Purt and Mr.

Jerry Harris for running the many JFTOT tests involved in this program . Special

recognition is given to Mr. Thomas O’Shaughnessy , Chief of the Aerospace Fuel s

Laboratory and to Mr. Heanon Gordin , JFTOT opera tor, for their cooperation and

assistance.
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SECTION I

INTRODUCTION

Mi li t a r y  s p e c i f i c a t i o n  MIL-T-25524, Turbine Fuel , Aviation , Thermally

Stable , covers a kerosene fuel specific ally designed for use in high altitude ,

subsonic aircraft. A low freezing point and excel l ent therma l oxidative stability

are the primary characteristics that distinguish this thermally stable jet

fuel (JPTS) from other kerosene type aviation turbine fuels such as JP-5 , JP-8,

Jet A , and Jet A-l fuels.

The American Society of Testing and Materials (ASTM) test method D 1 660,

Standa rd Test Method for Thermal Stability of Aviation Turbine Fuels , requir€ s

the use of the ASTt•1-CRC Fuel Coker. The Fuel Coker was developed in the 1950 ’ s

after fuel lines and nozzles in newly developed aircraft turbine engines plugged

with fuel deposits. The Fuel Coker uses a polished aluminum prehea ter tube to

heat the fuel to some predetermined temperature followed by a heated filter

assembly used to simulate an engine fuel nozzle. Plugging of the filter assembly,

detected by pressure drop measurements across the filter , and the formation of

visua l deposits on the polished aluminum preheater tube are the criteria used to

determine the therma l stability of the test fuel .

Shortcomings of the Fuel Coker resulted in the Coordinating Resea rch

Council (CRC) developing a new and improved thermal stability test device.

This device is the Jet Fuel Thermal Oxidative Tester (JFTOT). ASTM has developed

a new test method using the JFTOT , ASTf4 D 3241 , Test Method for Therma l Oxidation

Stability of Aviation Turbine Fuels. The JFTOT was selec ted as the only approved

test method for JP-4, JP-5, and JP-8 aviation turbine fuel s as of 1 April 1976 .

1
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T he rma l l y stable jet fuel (JPTS) is currently the only mili tary aviation

turb ine fuel that requires the use of the ASTM -CRC Fuel Coker . The use of the

JFTOT with JPTS fuel has been delayed due to a lack of information as to the

proper JFTOT test conditions .

This report documents in-house therma l stability experiments wi th JPTS

fuels conducted by the Air Force Aero Propulsion Laboratory Fuels Branch durinq

Hh-t thru l97~ . Supporting data on JPTS fuel samples submitted fcr quality contro l

tests were obtained through the cooperation of the San Antonio Air Logistics

Center ’s Ae rospace Fuels Laboratory (SFQLA), located at Wright -Patterson Air

F o r c e  Base , Ohio. SFQLA regularl y receives samples of JPTS fuel from the supplier ,

ie ld s t o raqe , an d a i rcra ft for ana l ysis. Also , drum storage samples of var i ous

ba t c h e s  ot JPTS are in storage at Wright -Patterson Air Force Base, Ohio , and

are av a ilab l e for test.

This r e p o r t  documents three separate experiments conducted on JPTS fuels.

Fo r ease ot reading . each experiment is covered in a separate section of the

r e p o r t .  Consol id a ted c o n c l u s i ons an d recommen dat i ons are presen ted at  the end

ot the report.
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SL C T I O N  Ii

THERMAL OX I DA T ] V E STAB I L ITY TEST METHOD COMPARISON

• ~~TM-CRC F UEl  ~~~~

The P\S TM 0 1660 Fuel Coker has an o pe ra t in~i pres su re of l~ O p s i  ( 1 . 0 3  MPa).

Pa s t w o rk i n d i c a t e s  th e I i ke i i  hood o f  some fue ls boil m g  in the preheater

se~ t ion under some t es condi  t ions . Spec i fi c a t i o n  Ml L — T — .~5~.’4 ~pt ’c i Ii t”~ t h e

use of the Fuel Coker at 450 /550/6 for fuels hei nq procured by the A i r  Fo r c e .

The first number (i e .  , 450) is the prehea t n -  sect ion fuel outlet t e m p er a t  Urt ’

in ~‘F . The second number ( i . . 550) is  the f i l t e r  assemb ly temperature in

F. The third number ( i . e . , 6 i s  the fuel f low ra to t hrouqh the Fuel Coke ,’

in lb / hour. The ma~~muni preheater tube met a l temperature of the Fuel Coke r
1 • .I NOt I 1 ~. (‘0-i I I o (. )

3epos its formed on the Fuel Co ker preheater tube are rated by compa ri n ~i t h e

deposi ts to standard color codes w i t h  Codes of 0 , 1 , ~H)d .‘ Iwin:j pass inq  and

C o d e s  of 3 or greater const itu t inq  a fa i lure . Pressure differential that forms

across the test f i l ter during the test  is measured on a mer cury manometer , and

an increase in the differential pressure of 3 in . Hg or greater constitut e s a tn- jt

failure.

~~~. JET F U E L  THH~~At OX IL1 AT IVE TESTER (JFT 0T~

The ASTM 0 3241 JFTOT apparatus is sinii l a r  in co ncept to the Fuel Coke ,’ .

Major differences are in the subs tantiall y l ower fue l  f l ow  (3 nil ~min v s .  e

lb/hr (~O mi/mm ) for the Coker), shorter test t ime  (~ 1/ ’ hourS vs.  b hourS for

3
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~- ‘  C oke r • ‘ 1 1  QPh’r Otie ra t 1 f lU ~~~~~~~~ ( 
~ . 

.1 MPa vs . 1 . 0~ MPa ) . and inri roved t es t

r - : i s  inn . ~n t 1 ie 3F~~~ tho t~’st seven tv is control led by the inaxinum miet~il tern-

‘ ‘ n i t ,o ’~’ of ~~~‘ ‘  h e at e r  tu~’e . Thus, a ~‘~~fl”~ (5flT’F ) JFTOT test cond it ion means that

‘~‘ater tube surface temperature will he ~~fl0~ at i ts hottest püi nt . The test

f i lte r hous inq tennerature is not independently controlled hut is heated by the

~‘~~ i uent fuel fror” the heater tube assembl y

JFTOT heater t u be  de posits were rated two ways.  The Visual  Rat inc, of the

C F T ~ T heater t u b e deposits is essent ia l ly  the same method used wi th  the Fuel

Poker. hut thc~ ‘\noendi\ B procedure of ~‘ i I L-T -5624K was used which states that

~ uosi ts  t h a t  are abnormal in  color or of the peacock (rainbow ) tyne const i tute

‘5~~ ‘.~i 1 ures. The ~~~~ Mark  ~.4 Tube Deoosit Rater (TOP) was also used to

r it e J F T ~~ boater tube deposi ts .  An X- Y plotter was connected to the TO P such r

~~~ the tube surface SPUN TOP ratin g was plot ted aqainst the tube nosition

~~~~~‘ ‘~~~ :~~‘ tube , both before and after each JFTOT test. The maximum difference

between t he ~nct - te st  and pretest TOP rating was reported as the maximum Delta

T~~ ) rat ing.

A SPUN TOR rating of iS has been reported to be approximately equivalent to

a Code 3 Visual  rating (Ref. 2). However, subsequent work conducted at the Aero

Propulsion Lab indicates that a maximum TOP rat i ng of 12 is preferable to insure

that al l  peacock tyoe deposits exceed ( i .e. ,  fa i l )  the maximum allowa ble TDR

limi t (Ref . -r~

~~. B R E A K P O I N T  TEMPERATUR E

As orevious ly discussed, a Visual Rating of less than Code 3 is normally con-

sidered a oass and a Code 3 or greater a fail. However , when several tests are

conducted over a spectrum of temperatures the concept of brea kpoint temperatures

is usuall y Introduced. In this report , breakpoint temperatures are obtained by

plottin g the ratin g s versus temperatures and hand fitting a line through the data .

4
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The temperature at which the line passes through the selected ratin g level (e.g..

Code 3) is taken to be the breakpoint temperature .

The approach just described for obtaining the breakpoint temperature is con --

sidered to he significantly better than other methods used. For examp le , the break-

po int temperature is sometimes taken to be the highest temperature at which a test

was conducted without obtaining a rating equal to or greater than the selected

ratinn level . This aoproach can be affected significantl y b~ the incremental snac-

m g  of the test temoeratures.
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SECTION Il l

JFTOT TESTS USING A MARGINAL QUALITY JPTS FUEL

• BACKGROUND

When a MIL-T -25 524 JPTS fuel (identified as Batch 32) became thermally

unstable during extended storage , a series of JFTOT tests were conducted on

the fuel by AFAPL /S FF to obtain a correlation between the f.STM—CRC Fuel Coker

and the Jet Fuel Thermal Oxidat ive Tester.

The therma l stabi l i ty  history for the Batch 32 JPTS fuel is given in

Table 1 . The Fuel Coker results are for test conditions of 400/500/6.

Table 1 - Thermal Stabi l i ty Measurement Data for Batch 32

Standard Coker R e s u l t s
Date Visual Code Pressure Drop (in. Hg )

01 / 17/ 73 1 0.0
03/ 13/ 73 1 0.0
04 /05/ 73 1 0.0
05 / 29 / 73 1 0.0
06/29 / 73 1 0.0
09/ 03/ 73 1 0.0
12/ 03 / 73 2 0.0
01/08/74 3 0.0
0 1/ 24/ 74 1 0.0
02/28/ 74 1 0.0
04 / 23 / 74 1 0.0
05/ 07/ 74 1 0.0
06/03 /74 1 0.0
06 /06/ 74 1 0.0
08/28/ 74 3 0.0
09/ 20/ 74 3 0.0
10 / 03/ 74 3 0.0

The fuel was produced during the fall of 1970. Examination of the data

shown in Table 1 reveals that the therma l stability of the fuel decreased to a

level of 5001 below the specification limit by the fall of 1974 .

6 
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l E s t  RLSUL1S AN ti I) ISCUSSION

Th e re - w i t s  of the dl 11)1 t e s t s  run on Raft Ii 3~’ fuel are do lilneIlted

in T a ble .~ . A l l  d l TOT t es ts  were ru n i n a~ cordance WI th AS I M 1) ~,4  I

[I ho minut e te s t  at a test pressure of 3.43 MPa (500 ps it j ) j  , exce pt  t t ~

Test t~umbers ~‘t~~~
) and ~ t~ 4 which  were run at t o - , t pres sure ’ . near arid

be I OW t he bubb 1t~ ~0 in t 0 the fue l , res El e c t  vo l y . I he depos i ts were

du ll n appea rance on a ll of the t. LI) I ’S . The depos i t s  on I ubes .0 . . .. 5.
..‘i~~, C ’ ’ I’ , C ’30 , and  ~bt) 4 wer e b l o t c h y .

The do to I rorn Tab 10 are plot ted in I i i~ Lil ’CS 1 d~1d ~
‘ 
. I he tl i auiinlid I

point s art ’ f o r  data  gener at ed using J I TOT Sen ia I Number 03.~..’ and the t I i  In - ,

are fo r  data generated using dl 101 Ser i a l  Number 008 . 1 here appear ’ . I u

be 110 b 10 between the two dl TOT s

in 1 igure I the SPUN TUR ,‘a t . in& j s are ~) lot ted ago j u s t  t h ~ It ’ . t tt’lllI t ’l’,l li l t ’ .

The TO R rat ings show a rap id r ise s t a r t  lug at  about ~‘9(J C ( hhd E ) and

rea~ ti a plateau e\ te I lc l inq f r om ab ou t 3 l 5 ’ C  to 3U0 L (599 ’) to i’ id’ l  -

.~
)(1’ ’ C the SPUN TDR ratings drop ra p id ly .  Ha.le tt ( R e f .  .1) and S:t ’ t e la ( Co t  - 5)

have observed fuel deposi t  f orma t ion cha~-ac ter i st  los simil ar t o  that 5(’ ’ ?I

in Ii gu~-e 1 . They found that as t he  tes t  teiirperotu~’e increases the no to

of deposit ion inc reases , then dec ’eases , and then ago in i ncr ’ease s • S:ntela

found that fo r an a i r —  saturated JP— b fuel the depos i t form ation rate roOcEle ’~

a 110 X l  mum at about 400 “C (752 ” 1) , drops sharply to a m l  n i mum at a tempera t u re

of abou t  4~ 7 C  ( o O O ’ i ) ,  and then I - i ses as the tempera ture is further increased.

The SPUN TDR rat ings in I I gure 1 appear to Lw fo 11 owl ny the same genera l t rend

It is I nteres Li rig that the sharp drop in d e p o s i t s  occurs  ~it about the t n  t I ~al

temperature of the fuel ; i.e. , a bout 390”C ( 7 3 - I T ) .  The e f f e c t  of super

critical operation on deposit formation is not understood , howeve ,- .

7
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TABLE 2 - JFTOT TEST RE SULT S FOR JPT S RAT CH 32

Test Test Test Pres. Visual SPUN Delta SPUN Delta Pros .
No. Temp ‘1 F-Ira Rati~ j TOR TDR 

- .  (ilin h1y~
22 07 39 5 3 .43 - 3A 22 . 20 .5 2

2 ’ 1 5  390 3 .43 ~3A 27 . 26. (1

2. 18 380 3.43 ~2A 13. 12 . 0

222 7 395 3.43 IA 4. 6 . 0

.‘230 395 3.43 1 (“ .5 7. 0

..‘.‘48 390 3 .43 3A 26 . 2 7.5  0

315 1 43 - ‘A 2’ 0

.‘323 330 3.43 ~3A 2 1 - 23. 0

23.’.’ 345 3.4 3 ~3A 24.9 2 7.5  0

233 1 3u11 3.43 ~3A 26. 28. 0

2368 300 3.43 1 A 1. 4. 0

.‘542 290 3.43 - 2A 8. 10. 3

2 n 4 7  310 3.43 ~2A 13.5 17. 1)

2588 300 3.43 1A 1-1 .9 1.1.5 0

.‘596 300 3.43 . 2A 1/ . 16. 0

2598 31 0 3 . 43 - 3A 18 . 20 . 0

2600 295 3.43 1A 7 . 5  1 1 .5  0

2605 320 3.43 1 14. 16. 0

2607 315 3.43 2 27. 30. 0

26 15 330 3. 43 4 34 . 35 . 0

2627 340 3.43 .-3 A 24. .‘h. 0

263 1 330 3.43 - 4 A 22. 25. 0

2635 320 3.43 3 30. 30. 0

261)4 318 0.76 •4fl 2t-’ .S 26 . 5 1

2699 318 1 .03 .‘A 25.5 ‘5.5 0

_____ . .~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~ — - -  .- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- -  - ~~~~~~~~~~~~ __________________
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In Figure 2 the Visua l Ratings ~re p lot ted aga i nst the tes t temperature

and c~iow a si m i l a r  pattern to Fi gure 1 , but wi th a sharp peak at a test

temperature of 330”C (626’i). Only at 330”C was a Code 3 reached or exceeded.

On either side of 330 C the highest Visua l Ratings obtained were only a Code ~3

(i.e., between a Code 2 and a Code 3). Thu s, for Ba tc h 32 JPTS fuel , a Code

3 breakpoint can onl y be found at 330 ’C. However, if abnorma l deposits are

considered , the breakpoint temperature is less than 29O”C.

In Figures 1 and 2 the two solid square data points are for Test Numbers

2694 and 2699, both obtained at a test pressure well below the 3.43 MPa (500

psig) specified. For Batch 32 JPTS fuel, the bubble poin t is about 1.03 MPa

(150 psig) at a temperature of 3l$ C (604 ”F ) .  In Fi gure  1 the top solid

square is for test number 2694 at a test pressure of 0.76 MPa (110 ps ig )

which is well below the bubble point, and the bottom square i s  for  test number

2699 at a test pressure of 1.03 MPa (150 ps~g). For both tests it appear’s that

the reduced test pressure did not si gni f icant ly af fect  the SPUN TDR rat ings. In

Fi gure 2 . however, the V isua l  Rating for test number 2694 was s ign i f icant ly

higher than for the tests at the higher pressure .

A V isua l Rating Code 2 temperature was obtained at about 3l0’~ to 31ST

(590” to 599”F). This is still hi gher than a SPUN TDR rating of 12 breakpoint

temperature (about 295 °C) and roughly comparable to a SPUN TDR rating of 18

breakpoint temperature (about 3 l 0 ’ C ) .  Thus, whether the maximum a l lowab le  TOR

SPUN limit is 12 or 18. the breakpoint temperature would be equa l to or less

than that for a V i sua l Ra t ing l imit of Code 2. This observation agrees w i th

previous results , i.e., the TDR is more sens itive to deposits than i s  the

Visua l Rat ing method at high breakpoint temperatures for JP-7 and JPTS Fuel s

11
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(References 6 and  7). The purpose for discussing a SPUN TDR ratin g of 18 for’

th is too l will become obvious later in this report when the results are

coolpared to results previously obtained.

As the Batch 32 JPTS fuel had previously failed the Fuel Cok er a t  test

conditions of 400/500/6, a comparison can be made between the JITOT breakpoint

conditions and the Fuel Coker at the 400/500/6 test condition. For’ a SPUN

TDR limit of 12 , the JFTOT breakpoint temperature is about 295 ’ C (563~F) .

The IUOXIIIIUnI preheater tube metal temperature for the Fuel Coker at the 400/500/

t~ test conditi on is 283 C (542 ’F). This agreement is much better than is

obta ined at lower breakpoint temperatures .

Ion a SPUN TDR limi t of 18, the equivalent JFTOT test temperature is

31c 1”C (~gtvr ). This is a difference of 27”C (49”F) between the maximum metal

tempera ture of the JFTOT heater tube and the Fuel Coker preheater tube . One

major difference between the two test devices is that the JFTOT test is only

2 1/2 hours in length as compared to the 5 hour long Fuel Coker test . Th i s

undoubtedl y accounts for part of the difference in test temperature . Test

pressure (3.43 MPa vs. 1.03 MPa ) may a lso  be a contributing factor ’ .

Fi gure 3 is a reproduction of Figure 12 from Reference 8 i n  which a

correlation was made betw een the JFTOT us i ng a SPUN TOR rat i ng level o f 18

ami d the Fuel Coker. Added to the figure are the equivalent break~o i nts for

JPTS Batch 32 a t a SPUN TOR limit of 12 and 18. The Batch 32 SPUN 18 datum

po int falls between the V on X and the X on Y correlation curves previously

obta i ned. The V on X regression line assumes that all of the error is in

the JFTOT breakpoint temperatures whereas the X on V assumes tha t  all of the error

is in the Fuel Coker. This additional datum point should slightly improve
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the co rm -e lat ion over that l is ted on f igure  3. The Batch 32 SPUN 12 datum

point is be low V on X corre la ti on curve and indicates tha t there is a

s ign i f i can t  breakpoint temperature differenc e between a SPUN 12 and a SPUN

18 TDR l imit .

3. SUMMARY

The Batch $2 JPTS f uel has an apparent break point  temper ature of about

295 ~ (based on a SPUN TD R l im i t  of 12) .  However , using the conve nt iona l  Code

3 V isua l Rating Limit,  the fuel has a breakpoint temperature of 330 T with less

t h ~in Code 3 ratin qs i nln ediat ely below and above 330’C (626”F). This behavior

makes it iur 1~ossi ble to rely on the Vi sual Rating method for the fuel us i nq d

pass , tail 1 im it of fless than a Code 3 Visu a l Ratinq allowed.

[)eposi ts , as measured by the TOR . tend to increase as the ma.\ imum inc Ur I

temperature is increased up to about $9i1 C ( 734 ’F ) . Above this t ei’~pcrat ore the

amount of deposits formed appear’ to decrease.

Operation of the JFTOT at a pressure be l ow the bubble point for Batch 32

fuel did not appear to have a significant effect upon the SPUN TDR deposit

ratings. However- , the Visual Rating was si gnificantly higher for t hi s t e s t

condi t ion.

Based on the earlier’ Fuel Coker data (i.e.. a Code at 400/SOO T operatinq

conditions) , the equivalent JFTOT pass/fail li m it for 400/500”C on the Fuel

Coker is approximatel y 300”C (572 F) using a SPUN TOR li m it of 12 and about

31O ’C (590’ 1 ) using a SPUN TBR limi t of 1$.

14
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SECTI O N IV

JFTOT TESTS ON JPTS FUEL, BAT CH 81

I . BACKGROU r lU

Batch 81 Thermally Stable Jet Fuel (JPTS) was produced to specifi cation

MIL-T-25524B , Tur bi ne Fuel , Aviation, Thermally Stable, and deliver-ed to the

Air Force in January 1975. A complete fuel specification test report for’ JPTS

Batch 81 fuel is includ ed as Table 3. A drum of the fuel was shipped to the

AF Aero Propul sion Laboratory and placed in ambient storaae at that time .

Earl y i n 1976 a 1 0 gal lon sam p le of the fuel was placed in cold storage at about

4°C ( 3 9 - F ) .  JFTOT tests were conducted on the fuel from February l97t-~ until

la te October 1976. These J i TOT tests were conducted at various test temperatures

and pressures.

2. TEST PROCEDURES AND TE ST CONDITIONS

Two Jet Fuel Therma l Ox i dation Tester’s , Serial Numbe r-s 002 and 00$. were used

for the tests reported herein. The test procedure was in accordance with ASTN

LI 3241, except that for some of the tests at test temperatures of 2$3 ’C (54l’F

an d 3l8~C (6O4’~F) the JFTOT operating pressure was varied over the range of ~~t~9

MPa (100 psig) to 3.43 MPa (500 psig). The series of tests at constant pressure

was conducted over a temperature range of 315”C to 3851 (599”F to 72~~F). The

283 1 test temperature is the maximum metal temperature of the Fue l Coker’

preheater tube when operated at a 400 500 ’t test condition. Many tests  were

conoucted at 31 8 ’ C  (6 ( 14°F) which is the ma \imun metal temperature of the Fuel

Coke ,- prehea ter - tube when opera ted at t h e  45~~ 550: t~ t e s t  c ond I t ion r’eoui red

by the fue l specification.

15
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TABLE 3

SPECIFICATION TEST RESULTS FOR JPTS BATCH 81 , JAN 1975

Test Regu I rement ~p~~~LImIts T~s t Results Test MQ~h~~
Color . Savholt ~Ione #30 ~) 156
Aromatics . volume 5 to 2~r 1O 5 0 1319
O lef i n c , volume t 3 Max. ‘1.5 0 1319
U~-.r-~p~j n ~‘j 1fu r . welqht % 1.001 Max. 0.10’Y)4 0 1219
culfur , 1r~ta1. t..el ght ~ 0.3 Max. 0.0001 0 1266
“istillatir,n . temperature , °C (°Vf 0 86

Initial Boi linq Point 157 (315~ M m .  177 (350
11’ Recovered 193 (380) Max. lS3 (362
511 Recovered 204 400) Max. 186 367)
90~ Recov-~red 232 453) Flax. 194 381)
Final 8 o i h n g  Point 260 500) lax. 210 409)

Flash Point. °C (°F) 43 (110) M m .  59 (138) 0 93
Oensity, kg/rn3 (sp. gravity ) 766.9 to 797.2 777.9 (0.7779) r
Gravity . °API at 60°F 46.0 to 53.0 50.4 0 287 ‘I
Freezing Point, °C (°F) , Max .  —53.3 (—64) -63 (—81 ) D 2386
Viscos i ty . at -40°C. n~n

2/s (eSt) 12.0 (12.0) 6.9 (6.9) 0 445
eai

~

ing Value , cal/gm (Btu/lb) 10.222 (13,400) n m .  10,407 (18.750)
-‘~n ili ne X Gravity (°F X °.WI) 5, 251 M m .  7711 0 611 & 0 287

~ -‘rnk e Point, m ‘S.O M m .  3’l 0 1322

~4ydrogen Content, welqht ~ ‘4one 14.39 0 3343
r-~pper Strip Corrosion , 2 hrs at 1 00°C No. 1 Max. la 0 130
Thermal Stahi1l~v , at  450/550/6 0 1660

Visua l Ratin g — 3 1
Filter pressure drop , in Hg 3.0 Max 0.2

W3ter Separometer Index, Modified Report 70 0 2550

~xistent Gum, mg/100 ml 5.0 Max. 0.2 0 381
Potential Gun, mg/10’3 ml 10.0 Max. 0.2 0 873
ADDITIVES:

DM0 Inhibitor Optional 1.75 ib/l000 bbl
JFA—5 3 to 4 1b/l000 bbl 3.5 lb/1000 bbl
PPX-441 Antioxidant Optiona l 6.5 1b/l000 bbl
Fuel System Icing Inhibitor 0.10 to 0.15 Vol % 0.131 vol %
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T ne boNNie point to r  a s imi la r OPTS t ut 1 has been cal ul at eu i ~~

L) 1889. t he appr -o \ ima te  bubble p o i n t  of the t uel at 212$ C ~ - I F ~ (1 _

MPa 11 : p’~ r q  ) , and at 3I$’1 ij04 f ) the appr-a\i rna to Lu utThl t ’ po i nt  ‘ I - 112$ ~~Li

1 :0 psi uj ) . hi s  i ndi c a t t ’s that when O PTS fu el i s  in the 1 1 0 1  Coker at  the

spec it it ’d 4:~12 , ~~0 (u test condi t ion L Ik r ~iinuni prehea t or -let a 1 temper -at ore et

3112~C t~124 ’f ) and an opt’ra t inq pressur-e of 1 . 2$ MPa ( 1 512 psitj)]. th e fuel iir~

boi l in the pre he ate r- tube test sect’on . To determin e the e~ fec ts ot t~~~~~ i -~e

flow ( i .e .  , boi i i  nq ) on the JFTOT test r- es u l ts , t h e  dl TOT operat inn pv-essur e u a s

u,a r- ied below and above I 03 M Pa ~_ 1 50 ps lo ) whi It ’ ho lding t r io  test temper -a t~ r’e

cons t ant a t  3181 ~n12.l~ F)

3.  TEST RLSIILTS ANt) DISCUSSIO N

a. I es t Temper- a tore as Var i abl e

The JFTOT test data obtained w i th JPTS Batch 121 fuel us in e the 0} ~2 I

ASTM Method 12 $2-f l  are sminar-i:ed in ‘abl e -
~ - The O FTOT he a te r -  tube toi~~e~-at u i o

wa s varied to deter m i ne tube dopes it fornia t ion. Tests  .‘~‘12$ and 2 ‘0 - i n a b le -~

includ ed the use of an  unsti n-ed heated r- eso r- v e i  r for - the test fuel  . he

rcser~ o 1 r- was preheated t~ 150 1 $02 1 ) pri o r - to s t a r t i n g  the fuel f l ow t ~rouun

the JFTOT . Th i s preheat i nq r equ i v-ed 1 5 to 20 ni nut es and was based en t he

temperature of the metal i vi contact wi th the fuel (Refer -o nce 9) -

Plots of the tube depos it rat inqs ver - su s the OF TOT heat en t liN e t es

temperatu re are shown in Ii qures 4 and 5 . No def I v i i  te trend in V isua l Rat i v io ~

vers us the heater - tube temperature can be a sc or t a I nod - 1 or the two hea ted rose r. -

voi r tests, however- , the tube depos its were darker than t~ r the unhea ted reserve ir

tests.

A plot of the ALCOR Mark 8A Tube Deposit Rate r ’ (TPR) data i - e - . the dt - i t  .~

SPUN 10k ratings) versus the heater tube test tev~i p e r ’at u re  I s  shown in 1 iqur -e 5.

L II.I.urf~~ t~ - 
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TABLE 4

JPTS BATCH 81 JFTOT TEST DATA

TEST TEST TURF DEPOSIT RATINr,S Heated
Test JFTOT Temn . Pres . SPUN Delta ilelta P Reservoir
Mr . 

- 
S/N (

~I ~~~ Vi s vial TUR SPUN T1)R (rnH,~J at 302°F

345 3.43 1 4 . 4. 0 N/A

2674 008 330 3.43 ‘-2 1 .5 3. 0 N/A

2692 008 385 3.43 — 2 8. 8. 0 N/A

2695 008 315 3.43 1 1.5 2.5 0 N/A
a

2697 008 360 3.43 1 6. 5.0 0 N/A

1703 332 360 3.43 2 16. 14. 0 Yes

002 330 3.43 <2 10. 8. 0 Yes

NOTE: All tests are 150 minute tests that were run during February and March 19~’~ .
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T he t Iv ~ dat a po in ts  fur the unhea ted r-eservoi r’ l os t s I or’nr a quad urve - 1 he

two hea ted r’es ervoi r’ Wi t a  poi nts have si (lvi i Ii ai rt Iv Ii ighor 1 PR v-a t i r iqs - I

N indhates that (he use of the he~v t e d  r’ t ’st ’v ’ vo i v  doe s s ~nri i t  i - d i r t  1 irvciedsu ’ I t t, ’

sev ev’i t~ of the dl 101 test. Coinp av ’ inq 1 iqur’es -I and N , i t  is obvious t h a t  t h e

I PR v-a ( 1  vii i’, ar e  rm,k-h inov— e I ntorma ( I vt ’ t han the V i sna 1 Rat i nqs I or t h i s  fue l  . ¶ Iris

improvement in i ntov’i iia I ion is ~r im ,v> -i l ’~ diii ’ to the ill- Isv f or’ r - ,’- .o lot  ion of t he 1 PR

t h a t v - i ’s u I t s  t r’orn t hr I ar - q er - numbe r— of sca le  di v i  s i  on- i -

b - 1 a-~ t I ’ v e — — s o t - ,’ as Va r lab

the v - es u l t s  at  the var ious dl 101 t o s t s  c o n duct e d on dl’1 t~ t oo l P.r t cli bi

w i t  h t he t e s t  pr-ess err’ as (lit’ pi’ I ma n’~ va r - rub le ,r n-n uta ~ onnevi t ed i vi lab It’ N - -\ ii

t e s t s  wet - i’ coirduc ted at a t e s t  tenn per -at uv’o o f  12l 8 C (ho-T I ) oseopt  for t es t  n umbers

• i ,  and 2~~ w hic h were conducted at a t e s t  t empera t tire at 2812 ‘ 1 IN - i l “I

I I irene h is a p lot  of ( l i t’  Visu a l Rat . i nrqs of the hea t o r’  t ubt ’ de pos i t s  f ur al l test s

conduct ed a t. $112 ” (uO I I ) .  Note t.ha t UOfIO a I t he tube d~pos it s n-a ted a Code 12

or q,’ ’a ten ’ a lt houqh sev er - a l of the heat or - tubes did h a v e  ahnrorm v 1 dopes i t s  i, r - e

blue or- qn’a~ in co lo r )  . Severa l tests co niduc ted a t the I owe n’ test pv~’s sOrt’’,

~avv abntwina I ttt’p es ii Ia 11~ r- i’s . but as the te st pros ‘~orr I iii re1ased. the number’ of

Inst  s I v i nq a hnorvna 1 depos it  s t ended to  dec r-ea so . At the st anda v’d f t ’ s

pr-o -, s ore o f 12 - .112 MPa , none of the four t ost  s I a lie d due to a boo v-ma 1 depo’~ r t s

I iquro I i - . a plot of the TUR v-a t inys plot ted ,rq,r mis t the dl 101 t e s t s

l u 1- t ’- ,s r r r (~ Al t houqh th or - n is a ~r-eat deal at dat a s~ at ten , ,‘speu I al h a t  t h e

l ower- tt ’st pv-essu res , there is a t rend toward lower tube dopes i t  1 PR rat 1 ~~~

(hi’ t e s t  pr-essui-e is I ni reasod - ihe da t a  s t a t  t en app e a r- s to  he espet I all ~

so yo re at t t ’s t press ores be low t he es ima ted f no 1 hubb lo po iii t , I - e - a bo ut

t .0 MP~% (I t’() ps nil ) -
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TABLE 5

JFTOT TEST DATA FOR JPTS BATCH 81 WITH TEST PRESSURE AS VARIABLE

Test JFTOT Test Pres. Visual SPUN Delta Delta P Date of
Mr. SIN Temp (°C) IMPa) Code TDR SPUN TDR (m Hg) Test (Mo/Yr)

2704 008 318 0. 83 2A 17. 19. 0 3/76
270-8 008 318 1.38 1 3. 3.5 0 3/76
‘716 008 318 1.03 1+ 3.3 5. 0 3/76
“7l~ 002 318 0. 96 2 5.5 6. 1 4/76
~~~ 008 318 0 8 6  2A 5. 

- 
7. 0 4/76

~~91 008 283 0.69 1 1. 2. 0 4/76
“7”’ 002 28~ 0.55 1 “.6 3. 1) 4/76
‘)7~5 ~~ 283 0.41 1 0. 3. 3 4/76
“918 008 318 1.21 1 5. 6.5 0 8/76
2819 002 818 1.03 1 7. 7. 0 8/76
2320 008 318 2.41 1 8. 5. 0 8/76
2321 002 318 1.72 1+ 12. 12. 0 8/76
2822 002 318 3-43 1 4. 6. 0 8/76
2328 002 313 3.43 1 6. 6.5 0 8/76
2329 303 318 3.43 1 3. 7. 0 8/ 76
2830 002 318 3.43 1 5. 6.5 0 8/76
2831 008 318 1.72 1 6.5 10. 0 8/76
2846 002 313 1.38 2 15.5 16.5 0 9/76
2347 008 318 1.38 2 7. 8. 0 9/76
2348 002 318 1.72 2+A 12.5 16.5 0 9/76
“849 008 318 2.41 2+A 5. 6.5 0 9/76
2q7,1 002 318 1.03 l+A 6.5 10. 0 9/76
“~ 7c 108 318 0.83 2 24. 25.5 0 9/76
“‘iR~ 008 318 0.83 1+A 14. 15. 0 9/76
‘)(~~~1 002 318 0.33 2 8. 12. 0 9/76
2905 002 318 1 .21 2 14 .5 13. 0 10/76
2906 008 318 ‘1.21 11. 10. 1) 10/76
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• During the seven months that the data were being obtained , i t a ppeare d

tha t the TDR ratings for repeat tests became slightly higher as ti m e passed .

Consequently, a plot was made of tests run at the same test conditions but

separated in time by a period of 2 months or greater. This plot is shown in

Fi gure 8. Note that for 3 of the 4 cases , a very definite increase in TDR

ratings was obta i ned . Figure 8 includ es the rate of TDR increase per month

for the four sets of data . The average of these four rates is abou t 1 .24 TDR

units per month increase , but this may be slig htl y high due to the one set of

data at 1.21 MPa that was only for a period of 2 months . If we arbitrarily

select a rate inc rease of 1 TDR unit per month due to fuel aging, then the TDR

data points of Table 5 can be corrected for the effects of fuel aging .

Figure 9 is a plo t of the De l ta SPUN TDR data corrected for fuel aging as

plotted against the JFTOT test pressure . A marked reduction in data scatter

is seen when Fi gure 9 is compared to Figure 7. This indicated that the fuel

was changing  in thermal s tab i l i ty dur ing  the seven months tha t the test data

were being obtained . Al so , note that the four correc ted tests points of

Fi gure 9 at 3.43 MPa agree relatively well with the earlier test data plotted

in Fi gure 5 at 318°C (604cF).

Figure  9 , w i t h  the re duced data scatter , indicates that the JFTOT test

pressure is a major variable. The present ASTM 0 3241 test pressure specified

is 3.43 MPa (500 psiq). This appear’s to be a qood choice from the s tandpo in t

of minimum da ta scatter , but may require ~i hiqher’ test temperature than would

be required for a l ower test pressure .

“r~ reasons for test pressure affectin q the tes t severi ty are nc~ ‘
~ N’i’

s tood. At test pressures at or below t he bubble point of the fuel . the , io-

poase fuel flow can be cited , aitnough exactly how two— phase flow a f f oct c the

25

-— ‘~~~~~~~~~~~~~~~~~~ — -~~ - •  .-~~~~~~ - ~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~----~~~~~~~~~~~~~~~~~ --~ k—-— ~~~~~~~~



3 0 -

2 5 -

2 0-
(~) 
~ ~~0 —~~~~~~ u- a , -U .25 TDR/ ~ 

‘ L10.

~~~I5

. -‘-
--- ••

•(~)
•

flONTH OF 1975

FIGURE 8. EFFECT OF FUEL AGING ’ ON ~J FTO T RESULTS FOR BATCH 81

26

— — ~— —a--——— — ~~~~~~~~~~



-i

U)

*1) .
0

C_) o  -ci) ~D
H r 1 Z
C,) (n

~Q c~
~~~qj~~~

b O c ~~ W
.‘~~O~~ -4

- .

€00 ~ -
‘

o~~~~a) a__ c
-

~ (I) U~

.1,) Q) Q) 0 (D i— LU
- • 

~~~
_ 

UJ C..)

~‘c .r1 O

~~ c c
U

• LUo ‘0 
~~ 

UJ ~~~U
- •

~~ IA (0
0 1  j~5 CI~~~~~~~

LU -I

~~~il
L U — I

- .

I- L~~~~
,1

0 0 0
LU

- . u_ c
— W L ~

0 0 0
0)

0 0 0
LU

~~~~ 0
— — .

0 — —

00 0

I I I I 9

ID 0 0 00— —
~OL mi~ urw O~i1~~O3

- 
27

L _____________
- •  ~~~~~~~~ ‘ -- ~~~~~~~~~~~~ ~~~~~~~~ k - -- ~~~~~~ - -_-- —— ~~~~~~~~~~~~~~~ • —



rate of deposition is not understood. Previous work ha indicated that , for

s ome fuels , t~’io—phase f low s iqn i f icant ly  a f fec t s  the fo rma t io n of deposi t s on

JFTOT ica ter tubes (f ~cference 10) .  In add it ion , the data p”es-~nt~d i.i th is r ‘poet

i ’ i ~~~ ’ that pressure has an effect on test results at nrescurps well above

the huhb 1r~ ooint- . It shoulc~ he noted , howev~r, tha t the effec t of chanqes in

nressur~ is n’-~uch r~ore r-rrcrnounced at pressures near the bubble point than at

pressures wr~1l ahove tbp buhble point.

1~ cy~~~i~~~~v

The tests on ~PTS . atch ~1 fuel demonstrated that the test nressure of the

12FTOT was a si qnifi cant variable, w ith test seve n tv decreasi nq w i th  increas inq

~‘st oressure . At and below the bubble point of the JPTS fuel , the re peat ahi l i t ~
of the ALCOR i-kirk 3A TOR ratings becomes increasingly poor.

T)re k)el ta SPUM TOR ratings were found to be muc h more usefu l than Visua l

~at i ngs.  A Visua l Rating of Code 3 or greater was not recorded for’ the batch

-~l JPTS fue l at test temperatures of 283°C and 313°C over a wide r~nue of test

pressures. However, the del t3 SPUN TOR ratings ranged from a low of 12 to a

hiq h o~ 5.5. Thus, the TOR is much more sensitive than the Tuherator to

‘lenosIts on the heater tube .

Th” d if ference In oneratino pressures of the Fuel Coker and the JFTOT may

accoun t ~or ccw ~re ~f the dif ficulti es in obtalnlnq a good correlation between

the t.~o 1ns~ rurw~ntc . The lower test oressure for the Fue l Coker mny also parti ally

~iccoun t ~nr its noor orecislon .

The JPTS Ratch $1 test fuel apparentl y declined siqnl ficant ly in therma l

stab i lity dur ing the seven.’month period that the JFTO T da ta were bcing obtained .

A simple correction to the Delta SPUN TDR data for the effects of fuel ag ing

reduced tu e data scatter significant ly .

-- • -• • -•



SECTION V

THE JFTOT AS A QUALITY CONTROL TEST FOR JPTS FIFL

1 . BACKGROUND

The Air Force Aerospace Fuels Laboratory (SFQLA) located at Wriqht-Patterson

AFB , Ohio , regularl y receives samples of J PTS fuels for quality control tests.

As of the end of 1978 , SFQLA has tested over 130 samples of JPTS fuels using

the JFTOT . The JFTOT tests were conducted at a tube temperature of 335°C (635-’F)

for 2.5 hours at a pressure of 3.43 MPa . These conditions were selected with

the expectation that they would produce the same test conclusions as produced

by the Fuel Coker at 45O/55O~F.

2. TEST RESULTS AND D I SCUSS .I ON

The results obtained by SFQLA using the JFTOT at a test  temperature of 335~
’C

(635~F” are presen ted i n Ta b le 6 . Only four of these JPTS fuel  sam u p i es fa i le d

the JFTOT ; Sample Numbers 76-F-2572 , 77-F-813 , 78-F-l 068 and 78-F-Li’97. A l l  of

these samples were from Batch 79 stored in drums at Eielson AFB . Alaska . Sample

Number 76-F -2572 was received 3 December 1976 , Sam p le Num ber 77-F- 8l3 was

received 3 May 1977 , Sample Number 78-F-l068 was received 10 May 1978 , and Sample

Num ber 78- F-l297 was received 6 Jun 78 . A summat ion of the fuel i ns pect i on

reports for the first of these two samples and also for the Batch 79 fuel when

produced is presented in Table 7.

Subsequent to the failure of fuel samples 76-r-2572 and 77-F-8l3 in  the

J FTOT , both samples were tested using the Fuel Coker at 400/500”F test conditions.

Both samples passed with a Visual Rating of Code 1 and 0.0 inch Hg pressure drop.

A series of additional JFTOT tests were conducted on the two samples by the

AFAPL /SFF Fuels Branch. The results of these tests are given in Table 8 and are
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TMLE 6

JFTOT TEST RESULTS FOR JPTS FUEL SAMPLES

JflOT Ri~~lts
Sample Nr. Location Visual Code ~~~~~~~~~~~~ 

‘
~1ta P ç m H~J

76-F-2501 Wallo ps <2 4 0.0
76-F-2524 Wallops 1 5 0.0
76-F-?5?5 Wallops - 1 4 0.0
76-F-2526 Wallops 1 4 0.0
76-F-257l Ames 1 4 0.0
76-F-2572 Eielson AFB 3A 39 0.0
76-F-2573 Eielson AFB 1 5.5 0.0
77-F-ti] Wallops 1 4 0.0
77-F-62 Wallops 1 . 3 0.0
77-F-63 Wallops <2 4 0.0
77-F-74 Beale 1 3,5 0.0
77-F- 145 Wallops 1 2.5 0.0
77-F-174 Wallops 1 2 0.0
774-175 Wallops 1 4 0.0
77-F-181 Moffett 1 3 0.0
77-F-22 1 Exxon 1 1.5 0.0
77-F-254 Elelson AFB 1 1 0.0
77—F-?Qq Wallops 1 2 0.0
77-F-?~9 Wallo ps 1 2 0.0
77-F-7Q0 Wallops 1 3 0.0
77-F-425 Paul Marcus 1 3 0. 0
‘7-F-457 Ames 1 1 0.0
77—F- 594 Ames 1 1 0.0
77-~-6l 5 Wa h oos 1 1,5 0. 0
~7-F-616 Walloris 1 1.5 0.0
77—F-617 Wah oos 1 1.5 0.0
77—F-618 Chem-Trix 1 ~.5 0.0
77-F-768 Wallops 1 5.5 0.0
77-F-767 Wallops 1 5 .5 0.0
77-F-769 Wallops 1 ~,5 0.0
77-F-806 Exxon 1 4 0.0
77-F-812 Ame s 1 5 0.0
77-F-81 3 Elelson 4 48 0.0
77-F-814 Eielson 1 4.5 0.0
77-F-8l5 Elelson 1 3 0.0
77-F-816 Elelson 1 3.5 0.0
77-F-905 Wallops 1 9 0.0
77-F-906 Wallops 1 5.5 0.0
77-F-907 Wallops 1 5.5 0.0
77-F-1031 Ames 1 4 0.0
77-F-1077 1 5 0.0
77-F-1082 Wallops 1 6 0.0
77-F-1083 Wallops <2 1 0.0
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TAB kE t~ ( C0N T1 N UED ’
~

JF T O T ~~sui t s —

Sa~pie Nr. Loca tion Visual Co~1~ 
- 

fle lta SPI N T PR De lt a r (uuu H~~
Wal lops  1 12 .!~ 0.0

77- F— 1l 50 Paul ~arcus 1 12.0
77 — F— 11 53 Ames 4

— F - 13 $12 Ames 1 5 12 - 0
, — F —  1 :~b$ Ames 1 t’ 0.0

Wallops 1 6 0.0
-
. 

— F— i  89$ Wall ops 1 5 0.0
7-’-F-1899 Wallops 1 0.0
7~
’— F— l 9O 5 E-~’,on 1 5 0.0

7~
’-F— l9O6 Ames 1 3.5 0.0

77— F—1200 4 Wallops 1 5 0.0
7’-F-2005 Wallops 1 0.0
77—F—20 06 Wal lops 12 4 . 5  0. 12
77-F-20l3 NASA Houston 1 0 0.0
77-F—2 l .~7 Ames 1 3 0.0
7 7 — F — 2 2 1 2 0  HiPort m d .  1 4 0.12
7~
’— F— 1223 $ Wallops 1 4 0.0

77 - F-223 9 Wal lops 1 4 12 .0
~1—F— 22 4 0 W al lops 1 3 12 .0
77—F—2408 Wallops 1 8.5 0.0
77-F-2409 Wallops 1 3 0.12
77-F- 241O Wal lops 1 3 .5 0.0
78 - F— i Ames 1 5 0.0
78-F-~4S Ames 1 5.5 0 0
78— F— 159 Exxon 1 4.5 0.12
78-F—l66 Wallops 1 3 0.12
78-F-l67 Wallops 1 12.5 0.0
78-F-l~$ Wallo ps 1 12 0.0
78-F-2O4 HiPort Ind. 1 3 0.0
78-F-205 Pease AFB 1 12 0.0
78-F-206 HiPort m d .  1 3 0.0
7$-F-420 Wallops 1 6 0.0
78-F-5l8 Moffett 1 3.5 12.0
78—F-543 Wallo ps 1 5 0.0
78-F-544 Wal lops 1 4 0.0
78-F-809 Wal lops 1 0 .0
78-F-810 Wallo ps 1 12 .5 0.0
78-F-832 HiPort Ind . 1 12 0.0
78-F-946 Pease AFB 1 12 0.0
78-F—1067 Elelson AFB 1 3.5 0.0
78-F-l068 Fielson AFB 4 50 0.0
78-F-l079 HiPort Ind . 5 0.0
78-F-1108 Beahe 1 1 0.0
78-F- 1109 Beale 1 4 0.0
78-F-l lll Wallops 1 6 0.0
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TABLE 6 (CONTINUED)

JFTOT Result s~Samijple Nr. Location V i s u a l  Code D~~ta~~~ ~~~ 

- - - 

~~~~~~~~~ H

Wal lops  1 5.5 0.0
Ames 1 4 0.0

1 4.5 0.0
‘5-1 - 11224 Eli sworth AIB 1 - 

0 . 0

78-1-1260 rease AFB 1 4 0.0
Ei oi son 415 4 .

~~.$ 0.0
78— — 1333 Seale AFH 1 3 . 5  0 .0
‘5 — F — l 3 5 3  ~5u11 ops 1 5 .1 0 .0
7 — F  — 1 3 5 4  ~a 1 lops 1 5 .2 0.0
:3— 1 — 1 4 1 3  H i Por t  i rid . 2 9.8 0.0
7$— F— 156~

’ 1 5.5 0.0
~.i11op s -.2 4.8 0.0

7$-F-15~’ Wai~ ops -.2 5 0.0
“~o f f o t t  1 5.8 0.0 V

7$— F— i $5 ~‘.a ii ops 1 7 .3 0.0
1 4 3  0.0

7 $ — F — 1 $ 5 $  Hi Port m d .  1 6 .2  0 .0 L

~offett 1 5.6 0.12
78-F-lQ71 Pease AFR 1 4 .2 0.0
8-F-1922 Pease AFB 1 5.0 0.0

‘1 2 - F - 1~~3f l  Ll lswo rth 1 6 . -I 0.0
7 8 —1—19 31 1\\ Ofl  1 0 .8 0.0
‘3- 1-2020 El lswo rth  1 3.9
73-1 -2055 Wal lops 1 6.8 0.0
‘5-1-2056 Wallops 1 6.9 0.0
7 8 — F - 2 0 5 7  Wallops 1 6.9 0.0
78 -F -12160 Exxon 1 2.0 0.0
$-F-2i61 Johnson 1 3.0 0.0
7$-F-217$ Pease AFB 1 5.0 0.0
‘$-F-225 5 Moffett 1 4.6 12.0
‘$-F-2339 Wallo ps 1 4.9 0.12
78-F-2340 Wallops 1 5.0 0.0
7$-F-234l Wallops 1 3.0 0.0
7$-F-2433 Pease AFB 1 .7,4 0.0
78-F-2457 Anchor Tank 1 - 0.0
7$-F-2536 Wallops — 2 5.4 0.0
78-F-2537 Wallo ps 1 4.2 0.0
78-F- 2538 Wallops 1 3.5 0.0
78- 1—2571 HiPort m d .  1 1.2 0.0
7$-F-2622 Pease AFB 1 2.7 0.0
78-F-2645 Wallops 1 6.7 0.0
78- F- 2646 Wallops 1 5.8 0.0
78-.F-2647 Wallo ps 1 6.6 0.0

- -
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TABLE 7

FUEL DATA SUMMARY FOR JPTS BATCH 79

Sample Mr. Sample Mr . Batch 7
Test 764-2572 77-F-8l 3 Data (l

Savbolt Color , D 156 +3(3 +30 -

Distillation , D 86
Initial BP , °F 345 346 343
1 0°’. Recovered , °F 358 358 359
2O~. Recovered , °F 360 360
j Q.~, Recovered , °F 365 365 366
90% Recovered , °F 379 380 381
Final Boiling Point, °F 436 432 410

Flash Point, D 56, °F 125 124 125
• Gravity , API (60°F) 49.7 49.7 49.7

Freezing Point , °F B-64 B-64 -80.5
Aniline —Gravit y Product 7554 - 7435
Copper Strip Corrosion 1A - lA

• Thermal Stability

Fuel Coker (D l 660)(2)
Visual Code 1 1 1
Olf . Pressure, in .  I1c~. 0.0 0,0 0.3

J~~r)~ (o 3241
Y:l)

Visual Code 3A 4 -

Max fl if . TOR 39 47 -
Oif. Pressure , mm Hg. 0.0 0.0 -

Existent Gum 0 381 , mg/lO(3 ml 0.2 0.(3 0.2
Particulates , mg/gal 0.4 0.4 —

Anti -Icing Additi ve , vol % 0.12 0.11 0.144

NOTE : Fuel stored i n Drums , Eielson AFB , Alaska . Both samples from Batch 79
produced 8 August 1974 by Exxon Corporation.

(1) From original data sheet submi tted when fuel was produced .

(2) Fuel Coker test conditions were 400/500°F for sampl es 76-F-2572 and 77-F- 8l3
and 450/550°F for Batch 79.

(3) JFTOT test temperature was 335°C.
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p lo t ted in F I qures 1(1 and 11 . As evident in Ii (lures 10 and 11 , the two s~ i p  i t

~ive similar results indicating tha t the two samples . even though taken at d i t-

oren t I imes and possibly from different storage drums , were esse nti a l l-j  I den ti —

( - i l  . A breakpo int temperature based on Visual Ratings is estima ted to t o

~~~~~ 1 ~~t >7  ) i f abnorma l colored deposits (i.e. , blue or blue— i,reen color) are

tie red . The test tempera ture mi ust he l owered to about 12H0 C ~~ 4~’ F) to e l im i no t c

(0 t ) Iror r~( 1 dopes i ts . Us i rig the Al cor Mark $A TDR , a breakpoint temperature of

i t s r t  I 3051 ( ~l 1) is estimated for a SPUN TDR pas s/fail ratin g of 112 TOR unit .s

~~ t i i t t  c t - es  t in Table 6 is the 1 ock of any i nc,-ease In pressure d i f fe ren t i a l

it ross th e  ~JF !0I test fil t er for the 131 quality contro l fuel samples of JPTS

• I . 5P Wt V ( ’ ~~ , OS can be seen i n  Table 8. fuel Samp le Number 77—F -013 did ~• 

-

H (V  ~~ n~e measurab le increase in  pressure drop across the test f i l t e r -  at l owe r

c— . t t i il:pord tures - This may indic ate that at JFT0T test temperatures much

• t ~~ c 30(1 8 , the format ion of f i l ter plugging deposits lessens.

h sequen t I y ,  a drum of the B a h  79 fuel  was oh to i ned a mid addit Ional 3 FTOT

u i  ( oke r tests were conducted by SFQ LA . The results are ta bulated in

I le H . I hese JFTOT data along with previous do to obta i ned by SFQLA are

p it t ted in Figures 12 and 13. The breakpoint temperature s based on Visual  and

F 

TD R - i  t inos  ar e  320 8 (607’F) and 305~C (580 1), respectively. These re sults

t- e I ri e xce l  lent agreement with the results obtai ned by AFAPL /SF F for JPTS

5i rn l t le s /0— r—12 5/2 and 77— F— $13. The Fuel Coker da ta t -oni lahi e ~ , a b u t  ~i iii

i t  4 .t f t  I u - u i  urev out s Le ts , a r e  p lo t t e d  in Figure 14 and indicate a brea kpoint

e~ per r I t i re of -131 I -

In summa ry, a ll of the 1 Ii JPTS f uel  saisu los submn i I ted to Si Qb.A for  qua l i t

i t  on I t e s t  j ug during approximately ‘5 months of 1976 through 1 ~~ passed the
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TABLE 0

JETOT flATA FOR JPTS FUEL SAMPLES 76-F-7572 AND 77-F-al I

Tes t flelta
Samnie Test Temn ~!lsua l SPUN Del ta P
M r.  

- - - 
(°C) Rat ino TnR 

- ~n~11I~9)
• - ~ r~-i” — 1A 11 0

— 3A 30 0

2572 3011 340 <4A 41 9

2572 30l~ 335 -.3A 0

813 3084 32b 4A 44 10
• 813 303~ 285 1 2.5 12

813 3088 305 ~4A 24 7

813 3090 295 IA 7.5 14

813 3097 300 —2A 8 0

813 3100 305 1 4 0

811 3103 310 2A 5. ’ 8

013 11 06 115 — 2A 11.5 8

~13 110~ 125 — 3A 11 5

NOTF~ The ~‘lsu~1 Ra tin i of A (Thnnrmal” deposIt colors were blue or
blue-green in color .
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TABLE 9

JFTOT AND FUEL COKER DATA FOR JPTS BATCH 79

Test Test Visual Del ta
Device Temperature 

- 
Code S~UN JpJ~ 

D~ej.~ _P

JFTOT 335°C 4 48 0.0 nuu-Hg

320°C 4A 32.1 0.0 mm-Hg

310°C 3A 18 .8 0.0 imum-Hy

300°C 1 2.9 0.0 nyu-Hg

Fuel Coker 450/550°F 4 0.2 in .

425/525°F 3 0.0 in.

415/515°F 1+ 0.0 in.

400/500°F 1 0.0 in.

3$
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JFTOT test at a test temperature of 335 C with the exception of four samples,

all from Batch 79 located at Elelson AFB. Extensive testing of the Elelson

Satch 79 fuel indicates that the breakpoint temperatures as determined by the

JFT OT and t he Fuel Co ker are :

JFTOT V i s u a l  Del ta Fuel
~ Code 3 Abnorma l SPUN TDR Coker

328°C 290°C 305°C 431 ’F

Assuming a one-to-one breakpoint temperature relationship between the JFTOT

and the Fuel Coker for the Batch 79 fuel , the followin g comparison results for

a Fuel Coker breakpoint temperature of 450°F .

JFTOT Visual Delta Fuel
Code 3 Abnorma l SPUN TDR Coker

339°C 306°C 316°C 450’5F

Thus, it appears that the selection of 335°C (635°F) as the JFTOT temperature

ant icipated to be equivalent in performance to Fuel Coker test conditions of 
J

450/550/6 is very close if the JFTOT tubes are rated visually and abnormal

deposits are ignored . If abnorma l deposits are regarded as failures then the

test temperature of 335°C is about 30°C too high. Similarly, the data ind i cates

that for a SPUN TDR pass/fai l  rating of 12 , the 335 °C test tempera ture is about

20°C too high.

3. FUEL ANALYSIS

Based on the observance of blue or blue-green deposits on the JFTOT heater

tubes for Fuel Samples 76-F-2572 and 77-F-813 , the 77-F-8l3 fuel sample was sub-

jected to trace metals analysis. Of particular concern was copper , as copper

at concentrations as low as 50 ppb has been found to give blue and blue-green

deposits along with reduced therma l stabil i ty.
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Monsanto Research Corporation , under Air Force Contract , performed

an analysis for copper using an acid extraction method followed by

atomi c absorption spectrophotometry . Only 4 ppb copper was found

(Reference 11). Subsequently the same fuel sample was analyzed using

emission spectrometry by Monsanto (Reference 12) with the following

results:

Silicon 30 ppb
Magnesium <100 ppb
Iron <30 ppb
Aluminum <30 ppb
Copper Not Detected
Chromium Not Detected
Nickel Not Detected

These levels of trace metals appear to be much too low to account for the

observed reduction in thermal stability or the abnormal deposits . The

existent gum measurements for the two samples are also quite low (see

Table 7) and do not explain the thermal stability reduction observed .

In summary , the cause of the reduced thermal stability of fuel Samples

76-F-2572 and 77-F-813 is unknown .

I
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SECTION VI

CONCLUS IONS

1. The JFTOT , us i ng the Mark 8A Tu be Deposit Ra ter , is a suitable replacement

for the ASTM-CRC Fuel Coker for use in spec ify ing the therma l oxidat ive stabil i ty

of JPTS type fuels.

2. A JFTOT test temperature of 335°C (635°F) is estimated to be roughly equiva-

lent in performance to the ASTM-CRC Fuel Coker at a test condition of 450/550’F.

3. JPTS may boil in the Fuel Coker at the specification test tempera ture of

450 /550/6.

4. The higher operating pressure of the JFTOT (3.43 MPa) as compared to the Fuel

Coker (1.03 MPa ) is believed to significantly increase the test precision of the

JFTOT .

5. The ALCOR Mark 8A TDR is significantly superior to the Visual Rating method

for JPTS type fuels. The maximum SPUN TDR limi t is best determined by subtracting

the pretest tube rating from the post test rating to decrease the effects of

tube variations.
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SECTION V I I I

REC OMMENDATIONS

It is recommended that military specification MIL-T-25524 be changed to

permit the use of the JFTOT in lieu of the ASTM-CRC Fuel Coker for the therma l

ox idative stability quality control determinations for JPTS fuels. A single

JFTOT test temperature of 335°C (635°F) is recommended . The JFTOT heater

tube deposits should be rated using the Alcor Mark 8A Tube Deposit Rater with

a Delta SPUN TDR ratin g of 12 as the pass/fail limit.

I 45
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