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FOREWGRD

"This report was prepared by the Fuel Branch, Fuel, Lubrication and
Hazards Division of the Air Force Aero Propulsion Laboratory, Project
3058, Task 304805. The experimental data was partialiy collected -under

Contract F33615-69-C-1166 bv Southwest Research Institute under the

under the direction of Hr: Paul -C. Linder {APFE).
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EN Air Force Base, Ohio.

f This report was submitted by the author on 16 February 1970.
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ABSTRACT-

—

This,report describes the results of an experimental evaluation
of the Sta;ic,Chargc Reducer invented. by the American §il -Company and
marketed by the A.D. Smith Company. The Static Charge Reducer is a
device whichr automatically neutralizes an eiectrically charged fuel as
the fuel flows through it. The tests conducted coafirmed the claims
that the Static Charge Reducer would reduce the charge density of a
flowing hydrocarbon fuel to below 39 microcoulcombs per cubic meter. The
tests also indicate that two corrosion inhibitor fuel additives
significantly affect the electrical conductivity of fuel containing the

Shekl:-0il-Company's .ASA-3 antistatic acditive.
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- SECTION i
INTRODUCTION

The objective of this program was te eveiuate the effectiveness of

the Static Charge Reducer (SCR) in reducing the static charge in a
flowing hydrocarbon fuel. The Static Charge Reducer, invented by the
American 0i) Company and marketed by the A.0. Smith Company, is
claimed -to reduce the charge density of a f!owin§ hydrocarben fuel to
below 30 microcoulombs/cubic meter (Reference 1)}. This claim applies to
commercial aviation fuels, heating ciis, and gasolinés with a flow rate
tp to 1200 gpm and with a fuel temperature of 20°_£o 100°F. This report
»discusses the results of this evaluation. A brief discussion of various
methods used to prevent ‘static electricity initiated fires and explosions
is also included in this report to aid in the evaluation of the Static

Charge Reducer.
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SECTION I
BACKGROUND

i. STATIC CHARGE HAZARDS

Many fires and explosions occur -each year in the handiing of
hydrocarbon fuels. In a large number of these accidents; the ignition
sourca is»attributed to static electricity discharges. Hydrocarbon
fuels are normally exceilent electrical insulators and dielectrics, and
when a flowing hydrocarbon fuel contacts another material, static
electricity will be generated. Although all major -components of a
fueling system are electrically bonded”and grounded, the fuel itself
becomss charged. As fuel is an excellent insulator, static electricity
may be generated faster than it can bleed off aliowing a hazardous
charge to accumulate. This charge accumulation may subsequentiy
discharge as an incendiary spark to a tank wall, a fuel nozzle, or some
other grounded metal structure and ignite any fiammable vapor/air mixture

present.

Static discharge initiated fires and explosions have occurred during
the servicing of aircraft and in the loading and unloading of refueling

vehicles, tank trucks, storage tanks, barges, and tankers.

A e e s e 45

The American 0il Company has conducted a comprehensive study of ;
the mobile tank truck loading problem, probably the most common location ‘
for static electricity initiated fires and expiosions. |n their analysis,

a typical tank truck of £000 gallons capacity is divided into 5 equal

compartments of 1000 gallons capacity each. The maximum safe charge
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density in: the fuel duFing the loadiﬁg {or unloading) of the 1069 gallon
cbméaf;mbﬁg was féuqd:té bé. about 30 microcoulombs/cubic meter. Charge
dénsities in excess of gﬁ?s mgy-rés;le in static ;park’djscharges~with
suﬁffcfghg energy to ignipetany cqmﬁqétjblg vapor/air mixture. ‘Note,
however, tﬁét ghis-qhit{cal qhéfge-density:pf 30 microcoulombs/cubic
metgr\égpiie§*bnly‘tq tanks of idoﬁmggflons éqpac@;y*withA§~cqnfiguratjon
similar téfthét of a tank truck. Lifger tanks and: tanks -of «different
geémet[yamay~have»sdbstantigFly(Jowen cri@iéél charge densities

(Reference 2);

2, 'CHARGE GENERATION: [N FUELS.

'Electroétatfc*dhargg generation and accumulation: is a funét?oﬁAof
the fuel“s,élgqtriEaIHCOnduétivhtyg the charging. tendency of the fuel,
and .the erJ‘systém:deélgh‘éﬁd.ﬁlow condi-tions. fhe~chérgiﬁg tendency
of a. fuel is the least understood .as it may vary greatly from one fuel
to arother, but it is greatly affected by the presence of Na}iqug'er]
impurities. The fueT's,élgCtrigaﬂ‘condﬁctiyity which also affects :hg
fuel's chgrgﬁng:tenQency; directly controls the rate of charge bleed-of f
(relaxation). Thus one me thod of reducing charge hazards is to increase
the fuel's eiEctricgj conductivity to ensure that any. génerated .charge
will rapidly bleed off to .prevent. the:-accumulation of & hazardous charge.
A fuel conductivity of 50 conductivity units (conductivity unit is equal
to 1 picomho/meter) is generally .accepted as the minimum safe value.

Recommended practicte is to maintain the fuel's conductivity between 150

and 450 conductivity units (CU) measured at 60°F (Reference 4).

e s
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3. ANTISTATIC ASSITHVE
The feel addicwve, ASA-3, manufaciured &y the Thell 8if Compaay, is
widelv used as an axrrstiatic adfdciive o ‘ncrease the electrical com-

wezivizy of fuwel. PRecormanled concempraticns rasge fres adour 0.5 to

Cae

1.5 po. Althoogh this additive cay increase the chargirg tendency of 2
fuel, it «ill greativ increase the charge relazation rate by chour 2

grdars of ocagaiteda.

L. ECHAPEE CENERRATION PREVENTION

Any coverent of a hydrocarbon fuel in relation to scme other substance
w- 1} cous2 staric charge generaiion. However, the ragnitude of the
charge generated is proporticnal to the rate of flow, i.e., flow velocity.

High fiow velocities in 2 pipe will result ia much higher charge

ties in the feel theo will low Tiow velocities. Thus, one of the

LY

dens
corronly wused techmrigues to decrease charge dazards is to limit fuel
flow velocities. it is generally accepted that 3 ftf/sec is a safe flow
velocity. For example, in the top loading of tark trucks, the fuel
velocity through the drop tube is acimally limited to 3 ft/sec until

the tube outlet is covsred with fuel. This greatly decrzases turbulence,

spiasiiing, anu charge generation,

5. RELAXATION OF CHARGE

For any aiven fuel there is some finite time required for the
static charge to bleed off to scme fraction of its initial value. The
relaxation time (in seconds) is the time required for the charge to
bleed of f to }/e, i.e., about 237% of its initial value, and is directly

proportional to the fuel's conductivity. Another common value is the

PO SN
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half~tize value, i.=., the time (in saconds) for the charge to decrease

to 50% of>E£s initial valuas. See Appendix [ for the method of calculating

the relaxation time and for -typical relaxation values.

A relaxation chamber is citen used to allew any accumulated charge
time to bleed-off (relax) to a safe value. The relaxation chamber is
nothing more thar an enlarged pige or tank having @ minimum residence

tize of about 390 seconds. (At a flouw rate of 600 gpm this would require

a volume of 300 galions.) However, it is no longer .unusual to find

fuels with relaxstion times ni2gsured in the hundreds of seconds, and

2 residence time of 30 saconds may not be sufficient to ensure sufficient

charge bleed-of f. Larger relaxation chambers are often impractical.

"6. STATIC CHARGE REDUCER

The Static Charge Reducer consists of a flanged 10-inch pipe
36 inches long with a8 2-inch thick, full length polyethyiere liner.
Protruding through the liner are sharpened electrodes which are electrically
bonded to the outside pipe but project slightly above the inner surface
of the polyethylene liner. fn operation the charged fuel acts as one
plate of a capacitor with the outside metal pipe as the ather plate.
The 2-inch thick polyethylene liner separating the two plates of the
“capacitor' is an excellent dielectric material. As the 'capacitor"
is charged by the flowing fuel, the voltage potential between the fuel
and the outside pipe creates a very high electric field at the points
of the grounded electrodes. The high electric field creates a corona
discharge which effectively injects charges of the opposite sién into

the fuel. These injected charges subsequentiy neutralize most of the

O
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3 charges in the flowing fuel. There is a delay of up 'to: 30- seconds befcre
i the SCR becomes fully effective. -Also, the ECR is not effective in

preventing charge generation downstream (References 1 and 2).

2 7. TANK IMERTING
) Another way tec prevent static electricity initiated fires and
© o explosions is to remove or prevent the :formation of a combustible fuel/

¥ ] air mixture. This can be done by forced ventiiation to. remove fuel

3 vapors faster than they are released or by removing the oxygen necessary.

4 for combustion, i.2., inercing. Carbon dioxide and :nitrogen are. often

E - used to inert a fuei .tank. This technique has certain eccgomfcal

b
P

P - disadvantages which limits its use.
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SECTION: It

TEST RESULTS ANE DISCUSSION

1. TEST SETUP

As shown i Figures 1 and .2, the Static Chaﬁge Reducer was -instalied’

_in a°600 gpm te:t Joop -made up of tank number 2 and its deep-well

mufbing;pump;'tonnecting ‘8=§h§‘T0€1nch $§gellpiping~betwegn-the tank
andﬁgjdg.hzb; and the tést<quIpééﬁt'iﬁs;aiﬂed‘Wighfn thé main tést

bay .of BkﬁgiAZDp Area. B; MWright=Patterson AFB, .Ohio. Tank number 2 is a
horizontal -cykindrical underground: tank .of 155000 gallons -capacity -and is
iocgtéd,app?ogfﬁately 80 feét from the test bay. ,Wiih1n—thg:;gsg bay the
B=inch piping. was reduced to hfinth:piping;witﬁ the fuel passﬁng through
a §téainer, éxtOté1ﬁzing flowmeéer, fﬁrger~sep§répr, iﬁfTuent charge
density meter, the SCR, and ‘the efflueit charge density metsr. A
separaite L-inch bypass loop was used to vary the ‘flow rate through the
test Joop. Flow rates Qere determined 'using ‘the totaliizing flowmeter

and a stopwatch. A temperature probe was installed just upstream of the

filter-separator to measure the fu¢l temperature.. See Appendix Il for a.

Iisting of the test equipment.

To-measure the static charge density in the flowing fuel, two A.0:
Smith Static Charge Density Meters were used. These are described in
Referenceil but are basically rotating vane field strength meters which
measure the charge density of a given volume of fuel. An external drive
head assembly is used to rotate the vanes and an electrometer is used
to measure the current generated by the.rotating vanes. This current

is then converted to the charge density of the fuel through an appropriate

ARy e
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coriversion chart su§ﬁ£ied=with:the static charge density metefrs. Note
that inyvane drive ‘head assembly and: one el§¢tr6metéb were availabile.
?hege,wéze‘Switched between the inﬁiuent ahd«eéflqent Sta‘ic-chérge
meters for each sét. of réadings;i thus,, there was. always about a .60

second. Tag betweén: the infdueﬁt.aﬁd%éfﬁ}uént charggé density meter seadings.

The carbon steel piping; between the tank-pump.-and: the tesi :160p: is
approximately 16 years old. Thextest.loqb was fliushedwith cléan fiigl
Vprfér to use but it had not been operated for several years and -was
quite rusty~andidffty, Thé;userf various fﬁel-addit@wés dufing the
test -program -appsrently -loosened much scale and .rust as both the basket
strainer and the fthér=éepara;or plugged during; -the test:

2. TEST PROCEDURES

7 ‘Ptior to:each, test theV?ungwas circulatéd through the test ldop for
a ‘I5-minute period to allow .temperatures to.stabilize and to permit |
accurate adjustment of the fuel flow rate. Stgtig charge density
readings were “taken upstream and“downstream&of the SCR and the fuel
temperature measured at 10 to 15 minuteiintervals. Immediately before
each tést and approximately 15 minutes after each test the electrical

conductivity -of the fuel was measured using & Maihak fuel conductivity

meter.

The electrical properties of the fuel were varied by the addition of
Shell ASA-3 antistatic additive and by corrosion inhibitors Santolene C
(Edwin Cooper, Inc.) and AFA-1 (DuPont Corp.). The additives were

blended into the fuel as it was circulated and the circulation continued

10
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for several hours tc ensure the additives were homogenedusly dispersed

- throughout the fuel, Usually fhg"blgndihg was. done at ‘least 24 hours

prior to-each test..

" Some test fesuTts with the SCR were voided due to problems with. .the - ‘
charge dénsity meters. Thesé probiems were later traced to excessive
wéfgr in the fuel shorting. out the charge ‘dénsity meters and .giving

highly inaccurate readings..

3. TEST,§ESULT§ ,

a. ‘SCR Effectiveness.

The cﬂat@e—dens[ty of the fuel leaving :the Static Charge Reducer
was found to be. below 30 quﬁbcouibmbS/cubiq metér in all .cases, and was
less than 20"microcoulombs/cubic meter in all but 2 -cases. Charge
densities of up 10'594 microcoulombs/cubic meter ‘were méaéured at the
inlet to the SCR. When tested with fuels of -elatively high conductivities,
Pee, 75,to,iOO*£U, the-*SCR usually increased the charge density but
tie charge density was always well below 30 microcoulombs/cubic meter.
Table | and Figures 3 and 4 illustrate the measured change in the fuel's
charge density before and after the SCR for flow rates of 300 and 600 gpm.
Note ‘that these measurements are the mean .of 3 or 4 readings taken 10 to
15 minutes apart. The sign of the charge (i.e., positive or negative)

was ignored in plotting the data in Figures 3 and 4.

The effect of fuel conductivity on SCR performance was of interest
and the charge density of the fuel leaving the SCR appears to increace

with increasing fuel conductivity (Figure 5). The dashed-in curve is the
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TABLE 1
SUMHARY OF STATIC CHARGE REDUCER >T"ST DATA
:A;u‘?b/e.’ T Avaroge t o M‘ ‘ P -
:~T£i“ . E“?"; Jf: Chorge (#CXMS Fuel Composition
{Numbericonductivity| Density E1f lue; ) '

4 cu'at 60%

and 4 [b/ Mbbl Santolene C

L N ... 300:GPM:F L“oéﬂ ATE N

A R N ! 2408 T T Ngct JP-5 (Batch 24)

4 22 + 99 7 JP-5 with. 0.2 ppmASA=3

6 85 18 16 | JP-5 with | ppm ASA:3

.3 7 16 23 {JP5 with | ppm ASA-3, 41b/MbbI AFA-I
0 8 -268 o .| Neat JP-5. (Batch 25)

g f 22 -5 0 }JP-5 with 0.2:ppin ASA*3, 41b7Mbbl AFA-I
46 | 30 -100 -g | JP-5 .with 1| ppm ASA-3, 4 Ib/Mbbl.AFA-i
A0A o¥ -124 4 |'Néot yp~5 (Batch 28) '
A 2z =15 6 < JP-5 -with 0.2 ppm ASA-~3

8. 27 -17 -1 JP-5 with 0.2 ppm ASA-3

A2ZA, 85 i5 10 JP:5 with | ppm ASA=3
Jlsm 1 100 19 10 JP-5 with | ppm ASA-3, 4 1b/Mbbl ¢

: ) ‘Santolene C
-~ - ... 600 GPM . - S )
‘ o

12 ( 0 -494 7 ,Neat JP-5 {Batch 24)

2 3 22, -150 -8 JP -5 -{Batch-24) with -0.2 ppmASA-3 :
5 a8 -7 8. | JP-5 {Batch 24) with-1 ppm -ASA:3

7| 15 - 123 19 |.JP-5 (Botch 24) with | gpm- ASA=3 and
E - ) 4 |b/Mbb! AFA—|

) 3 -43] 0 | JP-5.(Batch 23)

AV T -396 -2 JP-5:(Batch 25) with 4'I1b/MEbl AFA-| e
12 9 -384 -10 JF-5{ Batch 25) with 4 Ib/Mbbl AFA-|
1i3 24 -262 -6 JP-5 (Batch :25) with 4'ib/Mbb! AFA-1

: and: 0.2'ppm ASA-3

15 32 =241 | -8 [Jr-5(Batch 25) with 4:Ib/Mbbl AFA-1

and | .ppm ASA-3

ioA o* 156 -8 |'Neat JP-5 (Batch 28)
Jria 28 -18 3 JP-5 (Bofch 28) with 0.2 ppm ASA-3

18 27 -27 -1 JP-5 (Batch 28) with 0.2 ppm ASA-3'

24 62 37 i5 JP-5 (Batch 28) with | ppm ASA-3

I3A 95 22 15 JP=5 ( Batch 28) with ! ppm ASA-3

¥ Fuel cannot have 2ero conductivity ; rathsr the instrument used is insensitive at
conductivities below about | conductivity unit ond registers zero.

NOYTE: Tasts | through 16 wera conducted by Southwest £ :aseorch Institute.

The remainder were conducted in-house by Air Force personnel.
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"SCR Influent="0pén Circles
SCR Effluent.-Closed Circles.

‘Charge Density (. microcoulombs/cubic meter)
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0 - 20 40 60 0
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Figure 3. Static Charge Reducer Performance - 300 gpm
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Figure 4. Static Charge Reducer Performance - 600 gpm
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.3 best fiz linezr curve using thz dethoed of J2asi sguares and has the

i eguation y = 3.55 + 0.128 x, ~bere y is th= charge Jdansity and x is ths
Tuel condectivity. This wasz caloclated neglecting the sign cf the foa)
o charge, <3 the magnitude was of primery interes:. The increase in he
charge deasity of the foel leaving the SCR with increasing feel comduciivicy
appears 1o B2 oF no consegwenca, howewer, 20d is believed to ke caused
by charge generatlicn betxcen the two charge density meters. The

- terbulence created by the abrupt change in giping diameter from & o

;1 5 inches and back to &4 inches {the SCR hes a 6-inch 1.9.) could pissikly
account for this charge ceazratica.

;»ﬁ The siagnificance of the sign of ipe charge deasity is uaknown, but
<é as can be observed fro= Tzbie I, the sign is normally negative except

for fuels hawing a Gigh conduciivizy.

b. Estimated Besulis With SCR Iacperative

tc better understand the rest resuits, the charge

)
]
-
i)

in as

he filter-separator oustier and at the effiuent charge

[

vf_ densities at

i density meter were calculated. The assurptions made imcluded: (1) the
SCR had been repiacec with an equivalent length of 6-inch pipe, €2) np
f'g additional charge generstion occurred, and (3) the relaxation rate was

K directly proportioned to the fuel's static conductivity.

The rate of charge bleed-uff (relaxation) was caiculated using the

equation:
-
p = poe T
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where Po is the ixitial charge deasity, t s the residence pims
iseconds), and T = 1.91 x W /6 {seconds) using a dielectric
ccaszant of 2.16 for the 2P-5 fezi. p is the conductivity in cho/m
{} conductivity wnit = 10732 ~ho/eeter) (see Aopendix !). fhe residence

tiz2s, based on the Filos velocities, the lenath of the pipiag, and the

v

iping diaoater, were estimated to be: C.45 seconds at 300 gpm and
0.23 seconds at 600 gpzr between filter-separator outler and infiuent
charge density meter, and 1.45 seconds at 360 gpm and 0.73 seccnds at
60D gpis betwzen influent charge density meter and efflueat charge

density meter.

Tabie 1l lists the measured charge density at influent and effluent
charge density meters fwith SCR in use), the estimated charge density
at the filrer-separator outlet, and the estimated charge density at the

SCR effluent with the SCR inaperative.

Examination of Table |1 and Figures © and 7 reveals several interesting
factors. It is shown that substantial static charge densities can be
generated by fuels with relatively high conductivities. Foi example,
with conductivities in the 20 to 30 CU range, charge densities may exceed
300 microcouiombs/cubic meter at the filter-separator outlet, and most

of this charge was still present at the SCR influent charge density meter.

The longer residence times associated with the 300 gpm flow rate
results in substantial charge relaxatior as opposed to the 600 gpn flow

rates for all but the very low fuel conductivities. With fuel
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E TABLE 11}

/ ESTIMATED CHARGE DENSITY ws. MEASURED CHARGE DENSITY

-
5 £ . . .
Run ~ ualA . Crorge Density (microcovicmbs / cubic mster )
i No. Corductivity . =
3 {ce) F/S Effiuent * | SCR Influent | SCR Effluent j SCR Effluent
- :‘ { Calcr:lotad) {Meosured} {xiecsured} | ( Calculoted)
. 300 gpm
3 ! o™ - 498 - 408 o - 408
- 4 22 -~ 1656 -~ 99 7 - 18
6 11 138 i8 15 i
- 8 77 100 16 23 1
- 10 8 - 330 — 268 o - 80
14 22 - 195 - 115 c - 21
. B 16 30 - 260 - 100 - 8 - 10
* 8 10A o —~ 124 - 124 4 - 124
B 1ta 22 - 25 - 15 6 - 3
L4 it 27 - 32 - 17 -1 - 2
- 12A 85 13 15 10 4
i 134 100 L 10 1C i
, 6CO0 gpm
3 2 o* - 456 - 496 7 - 496
3 22 - 195 - 150 -8 - 63
5 5 88 -~ 20 - 7 18 - 1
7 75 - 310 —-123 12 - 7
. ] 8 - 473 —431 0 -315
. Lt 7 - 430 - 396 -21 — 305
- ,., 12 9 - 427 - 384 -10 - 268
U 13 24 - 350 - 262 -6 - 102
3 15 32 - 382 ~ 241 -8 - 89
o 10A o™ - 156 - 156 -8 - 156
i 1Ha 28 - 25 - 18 3 - 6
118 27 - 37 - 27 -1 -9
k: 124 62 79 37 15 3
‘ I13A 95 69 22 15 |
~3‘-Culculmed using the measuied charge density at the influenl charge
meter and wurking backwards to eliminote chorge density ai fifter -
separator outlet.
**Colculcted by estimating churge reduction tetween influent and
effluent charge meter assuming that the SCR was replaced by
a pipe of equivalant diometer and length.
Fugel connot have zero conouctivily | the instrument used is
. insensitive below | Conductivity Unit and registers zaro.
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ki Figure 6. Escimated Charge Density Versus Measured Charge Density at
Static Charge Reducer Effluent - 300 gpm
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Figure 7. Estimated Charge Density Versus Measured Charge Density at
Static Charge Reducer Effiluent - 600 gpm
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conductivities below about 10 CU it is obvious that several seconds of

relaxation time would be required to reduce the charge density to below

30 microcouiombs/cubic meter.

With condrictivities in the 75 to 100 CU range substantial charge
densities may stiil be generated by the filter-separator but only a short
residence time equivalent to a few feet of travel is required for the

fuel to relax to a safe charge density level.

Note that for fuel conductivities below 10 CU the Maihak conductivity
meter is relatively insensitive and a 0 CU reading is somewhat greater
than 0. The calculated charge density values would not be greatly

different, for example, if the conductivity was 1 or 2 CU rather than

0 CU for the residence times involved.

Comparison of the measured charge densities with the calculaied
charge densities at the SCR effluent {assuming that the SCR was replaced
by an equivalent length of pipe) shows that the SCR is highly effective
with fuels having conductivities below about 40 CU. (See Figures 6 and 7).
However, for conductivities of about 60 and above the measured charge
density is higher than the calculated charge density. As discussed above,

this is believed to be caused by additional charge generation downstream

of the influent charge meter and is of no significance.

¢. Effectiveness of ASA-3 in Eliminating Charge Razards
The data presented in Table Il and Figures 6 and 7 illustrates the

effectiveness of increasing the fuel concductivity to reduce electrostatic

2]
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hazards. With conductivities of 85 to 100 CU only a few feet of pipe
are necessary for the charge to relax to safe values, t.e., to well

bejow 30 microcoulombs/cubic meter.

d. Effect of Fuel Additives on Fuel Conductivity
Table 1il and Figures 8, 9, and 10 summarize the measured fuel
conductivities {corrected to 60°F) with and without fuei additives. Two

primary observations .are made from this data.

The first observation is that the two corrosion inhibitors,
Santolene € and AFA-1, have no apparent effect on the conductivity of
neat JP-5. H;wever, when the fuel contains ASA-3 antistatic additive,
the addition of AFA-] tends to decrease the fuel's conductivity while
the addition of Santolene C tends to increase the fuel's conductivity
(See Figures 8, 9, and 10). This is in agreement with the resuits

reported by Jones and French (Reference 4).

The second observation is that the ASA-3 did not increase the fuel's
conductivity as much as anticipated. Shell 0il states that, usually,
0.75 ppm of ASA-3 is adequate to raise the conductivity of a typical
kerosene fuel of 1 to 5 CU to between 150 and 200 CU (Reference 3).
Jones and French reported conductivities ranging from 255 to 595 CU after
the addition of 1.0 ppm ASA-3 to JP-4 fuel (Reference 4). Figure 10 shows
the maximum conductivity obtained with 1.0 ppm ASA-3 added to JP-5 was

only 123 CU with similar runs below 100 CU.

22
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3 TABLE il

E: EFFECT OF FUEL ADDITIVES ON FUEL CONDUCTIVITY

Run Mean Conductivity
4 Numbe:s Corrocted to 60°F Fuel Additives and Amount
(Conductivity Unitz}
“- h, 2 0 None - Fuel Batch 24

- 3, 4 22 . 0.2 ppm ASA-3*
9 5, 6 86 i.0 ppm ASA-3

1 -

3 7, 8 76 1.0 ppm ASA-2 ond AFA-I

:

. 9, i0 8 None - Fuel Botch 25

L 1, 12 8 4 1b / Mbbl AFA-!

i 13, 14 23 0.2 ppm -ASA-3 ond AFA-I

?‘ 15, 16 31 1.LO ppm ASA-3 ond AFA-|

3

" 3A 1 None - Fuel Botch 26

X

2 4A L Santolene C

y 54 46 0.2 -ppm ASA-3 ond Santolene C***
€A 123 1.0 ppm ASA-3 and Saontolene C
ﬂ 7A 97 Same as 6A- Measured 3 days later
3 8A 94 Same as 6A- Measured 8 days later
; 9A 77 Same as 6A- Measured 21 days later
10A 0 None - Fuel Botch 28

1 1A 25 0.2 ppm ASA-3

" 1N:) 27 Same as IlA - | day later

'; 12 A 74 L0 ppm ASA-3

3 134 98 .0 ppm ASA-3 and Santolene C

2 % ASA-3 - Antistatic additive manufgctured by Shell Oil Company.
®EAFA-1- Corrosion inhibitor additive manufactured by DuPont Corp.

' % santolene C -Corrosion Inhibitor additive manufactured by Monsanto Corp.
Note. Both AFA-l and Santolene C were used ot concentration of 4 1b of additive
3, per 1000 Bbls of fuel

23
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The cause of this small increase in fuel conductivity with the
addition of 1.0 ppm ASAfBZis believed to be the adsorption of part of the

ASA-3 onto the pipe and tank walls and onto the many rust and scale

" particles in the test loop. Jones and French (Reference 4) reported

substantial decreases .in fuel conduetivity as the fuel was transperted
through different systems, and this was attributed to the adsorption of

the ASA-3 onto tank and pipeline walls. With the considerable quantities
of rust and scale present (sufficient to plug both the strainer and filter-
separator during the test series) and the small quantities of fuel and
additive used (10,000 gallons of fuel and 0.01 gallon of ASA-3), it

appears likely that §ignificant quantities of ASA-3 were lost through
adsorption. The continual decrease .in the fuel conductivity for runs

6A through 9A reinforces the belief that part of the ASA-3 was lost by

adsorption.

27
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N SECTION IV
g CONCLUSIONS

The Static Charge Reducer was found to ke azn effective ozans for
reducing the static charge of 2 flowing fusil o belor 32 microcoulonbss
. cubic meter at the o fiow rates measwsed (300 axd 600 gom). Howewer,

prior o adopiion of the SCX by the Air Forece, additional data is nesaded

_§ tc determine the possible magnitede of charge generatica downstreaa of
tha SCR.
_% it is conclud=d cthat corrosioca inhibitors such zs AFA-) and
75;’ Santolere € will significantly affect the elsctricsl conductivizy of 2
jf; fuel that contains Shell Oi! Cozpany’s ASA-3 amtistatic additive. B8y
Ti tnemsclves the corrosion inhibitors appear to have no affect oa the fuel's
4
_i% electrical conductivity.
f
ﬂ; It is concluded that a2 fuel with an electrical conductivity of 109 CU
:* or more would not constitute a static charge hazard due to the repid
,; relaxzation of any charge ia the fuel.
G

o
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SECTION V
RECOMMENDATIONS

It is recommended that an investigation be conducted (o better define
the magnitude of charge generation ancé accumeiation for kercosene and
JP-§ type fuels for various servicing operations. Of special interest
is the top-ioading of tank trucks and aircraft fuel tanks where splashing
of the fuel occurs as it free falls from the lozding nozzle to the fuel
level. The effecgts of flow velocity, tank configuration and size, degree
of splashing and turbulence, and fuel properties should be determined
so that definite guidelines for top loading can be established. This
information is also needed to aid in the selection of static hazards
preventive techriques, i.e., Static Charge Reducer, antistatic additive,

relaxation chambers, or low flow velocities.

29
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APPENDIX |

CALCULATION OF RELAXATION TIMES

In a homogeneous medium the continuity equation can be written,

d o
L]
ot €
which, when soived, is
-2, .
- € =
P =Pt =poe T

where p is the charge density {(coulombs/cubic meter}, P, is the charge

density at time = 0 (seconds), o is the conductivity of the fuel (mho/

meter}, and € is the permittivity of the medium (farad/meter).

7 is called the relaxation time, where T = '-gr , and is the time

required for the charge to decay to 1/e of its original value. The
permittivity € can be calculated { ¢ = Ke €o) from the dielectric

constant ( K. ) and the permittivity for free space ( €, = 8.854 x 10-12

farad/meter).

Typical values of conductivities and dielectric constants for

various hydrocarbon products are presented in the Table IV,

The relaxation times for various conductivities of a petroleum

nroduct with a dielectric constant of 2.0 are given in Table V.

31 Preceding page blank
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TABLE 1V

L
Lot o,

CONDUCTIVITIES AND DIELECTRIC CONSTANTS
FOR PETROLEUM PRODUCTS

Eixee

: Product Conductivity Dislectric Const.
{mho/metsr) (dimansionisss)
Benzens 7.6 x 107% to 1 x 107'® 2.3
Haptanc less than | x 107" 2.0
Hexane i x 107 1.9
Toluene less than I x 10™'2 2.4
) '. Xylene lsss than 1 x 10713 2.4
: Gasolens, Nophtho,Aviation | 10713 to 10~ 1
Turbine Fuels, Kerosenes
Very \oiaotils, Straight- down tg 10714
Run Fractions
k Aviction Gasolene at 60°F i.95°
‘ JP-4 at 60°F 2.07
4 JP-5 at 60°F 2.16

|
b

‘ % TABLE V

, RELAXATION TIMES VERSUS CONDUCTIVITIES

Conductivity
Relaxation Time

(Conductivity Units)* | (Mho/ Meter )

A 0.00! 107'° 5 hours

i 0.01 10-18 30 minutes
0.1 j0-13 3 minutes

i i.0 10~ 18 seconds

10.0 1o~ 1.8 seconds
100.0 10~10 0.18 seconds

* . - -1
A conductivity unit is equal to 10 mho/ meter

32
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APPENDIX 11
TEST EQUIPMENT AND ACCESSORIES

Static Charge Reducer, A.0. Smith Model SCN-6, Serial Numb=r 313-AM214
Static Charge Density Meters, A.0. Smith
Head Assembly, Model SH-1, Serial Numbers JK-260 and JK-261

Head Drive Assembly, Model SD-1, Serial Number JC-27

i;a Charge Density Meter Housing, Model H-44 (2 each)

? ; ’ Keithley Electrometer, Model 600B, Serial Number 59596

”;§ Liquia Separator Filter, Fram Corp., Warner Lewis Division, Model
“é FCS-1259-12E2, Serial Number 17596
'f Fuel Flow Meter, Brodie Company, Type B-820-BC, Serial Number 155036
f Strainer Assembly, Brodie Company, Model D-6, Size 6

i':i Temperature Probe, Model 410 Remote Probe with a Yellow Springs

Instrument Company Tele-Thermometer Model L6TUC, Serial Number 1087

Fuel Conductivity Meter, Maihak, Serial Number 64092

33
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