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INTRODUCTION: The prevention o f  f i r e s  and explosions r e s u l t i n g  from 
e l e c t r o s t a t i c  discharges i n  a i r c r a f t  f ue l  systems i s  o f  special concern t o  
a i r c r a f t  designers and operators. The purpose of t h i s  Aerospace 
In format ion Report (AIR) i s  t o  a s s i s t  i n  reducing the  hazard by a review 
o f  the physics o f  e l e c t r o s t a t i c  phenomena, a b r i e f  survey o f  e l e c t r o s t a t i c  
inc idents  and accidents, and a recounting o f  design prac t ices  which reduce 
the  hazard. This  document i s  no t  a complete design guide; extensive 
research and t e s t i n g  w i l l  be required t o  produce a successful design. 

An exce l l en t  review o f  the  l i t e r a t u r e  by Leonard (Ref, 1) and a record o f  
experiences and prac t ices  by the  American Petroleum Indus t ry  (API, Ref. 2 )  
are useful supplements. The A P I  has summarized the  cond i t ions  necessary 
f o r  an incendiary e l e c t r o s t a t i c  discharge as f o l  lows: 

o There must be a mechanism t o  generate e l e c t r o s t a t i c  charge 
o There must be a means t o  accumulate e l e c t r o s t a t i c  charge i n  enough 

quant i t y  t o  produce an incendiary spark 
o There must be a means o f  discharging the  accumulated e l e c t r o s t a t i c  

charge i n  the  form o f  an incendiary spark, t h a t  i s ,  a spark gap 
o There must be a combustible vapor i n  the  spark gap 

The hazard, then, may be el iminated by designing t o  prevent one o r  more o f  
these necessary condit ions. 
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2. PHYSICS OF ELECTROSTATIC CHARGE GENERATION AND ACCUMULATION IN AIRCRAFT 
FUEL SYSTEMS: When a hydrocarbon liquid such as j e t  fuel flows past a 
surface, positive and negative electrostatic charges can be separated 
along the surface. 
n o t  known, i t  appears t o  be associated w i t h  the presence of minute 
quantities o f  ionic  impurities i n  the hydrocarbon. Ionic impurity 
mechanisms for charge generation on either metaïlic or non-metallic 
surfaces have been proposed by Leonard and others (Ref 1 ) ;  whatever the 
actual mechanism, i t  i s  an observed fact  t h a t  a hydrocarbon 1 i q u i d  flowing 
over a surface can acquire a charge, w i t h  the contact surface acquiring 
the opposite charge. Figure 1 shows a p i p e  wall w i t h  an aff ini ty  fo r  

While the precise nature of the charging mechanism i s  

FUEL NEAR PIPEWALLS IONIC 
IMPURITIES ABSORBED AT INTERFACE 

DURING FLOW CHARGES 
SEPARATE, ARE CARRIED BY FUEL 

PIPE WALL 

+ + + + + 

f+, *f+ , f+ , f+ ,*+ ,+ , f  + +  + + +  
A 

GROUND GROUND 

a. b. 

Figure 7, Proposed Charge Generation Mechanism (Ref 7) 

(a) Fuel Near Boundary Experiences Absorption of Ionic Impurities at Pipe Wall 

(b) Separation of Charge as Fuel Flows Through Pipe 

negative charge, resulting i n  a net positive charge i n  the body of the 
fuel. I f  the fuel. i s  s e t  into motion and charge i s  separated, the 
immediate re-association of the separated charges i s  hindered by the very 
low electrical  conductivity of highly refined hydrocarbon fuel s.  
is  therefore convected away by the l i q u i d  flow, i n  opposition to  the 
electr ic  f ie ld  between the l i q u i d  and i t s  surroundings, creating a 
poten t i  al ly  hazardous condi ti  on. Whether the fuel becomes posi t i  vely 
charged (as  shown i n  Figure 1 )  or negatively charged depends on the 
combination of fuel, impurities and containers involved. 

Charge 
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One of the main charge generators during a i rc raf t  refueling i s  the ground 
refueling equipment d i r t  f i l  ter/water coalescer-separator u n i t  (F ig .  2) ;  

FI LTER GOALESCE R WATER SEPARATOR 

FUEL FLOW 

- - 
A. SEPARATOR ADDS CHARGE 

B. SEPARATOR NEUTRALIZES CHARGE 

NET 
STREAM1 NG 
CUR RE NT 
IN FUEL ----- 

Figure 2. Charge Separation in a Filter/Separator (Ref I )  

the separator may add t o  the charge produced by the f i l  ter-coalescer 
(Fig. 2a) or tend t o  neutralize i t  ( F i g ,  2b) ;  with another fuel, the net 
charge produced migh t  be of opposite sign, 
potential t o  be a prolific charge generator because of the very large 
surface areas i nvol ved. 

In general, any f i l t e r  has the 

D 

B 
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As  charged fuel f l o w s  through refueling hoses and pipes and enters the 
a i rc raf t  tanks (Fig .  31, charges have an opportuni ty  t o  be'eliminated by 

1 AIRCRAFT- 
I l 

FILTER/ I I SEPAR_ATOR : 

Figure 3. Generation and Neutralization of Electrostatic 
Charge During Aircraft Fueling (Ref 1) 

migrating to  the walls and re-associating w i t h  the opposite charge, a 
process described as relaxation. The process of the recombination of 
charges can be described as  a function o f  time. I f  the fuel flows i n t o  a 
grounded container, and i f  the flow i s  terminated a f te r  a t o t a l  charge 
Qo has been accumulated i n  the container, experiments show t h a t  the 
mutual repulsion o f  the l ike charges irr the fuel tends t o  cause them t o  
migrate i n  the direction o f  the l i q u i d  fuel boundaries which are the 

 
Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

62

https://saenorm.com/api/?name=9b97e178d0b9e1518628bd8bac9f9987


- 6 -  

normally grounded container walls and the electrically isolated fuel-air 
interface. The charge remaining i n  the container a f te r  a time T from the 
start  o f  an observation interval can be approximated as 

-7k - 
E &  t = e  O 

where Qo i s  the ini t ia l  charge (Coulombs) 
Q T  i s  the charge a t  time T (Coulombs) 
7 i s  elapsed time (seconds) 
k is the fuel res t  electrical conductivity (Siemens/m) 
E 

eo i s  the dielectric constant of vaciium (8.854xlO-lZ ampere 

is the relative dielectric constant compared t o  vacuum (for  
hydrocarbons, E 'L 2 )  

seconds/vol t meter) 

I t  i s  customary to  quote a characteristic "relaxation" time for electrical 
charges, normally the time required for the original charges t o  be reduced 
by a factor l / e  as they flow to the grounded walls. Defining the 
relaxation time as { , i t  follows t h a t  

- -  & E  0 %  18x10-12 
{=T  k or gk - 1  

E €  O 

I t  i s  also customary to describe the electrical conductivity of fuel i n  
terms of conductivity units ( C U )  

3. CU = 1 picoSiemen/meter(pS/m) 
= 10-12 Siemen/meter 
= FlOi2 ohm meterl-1 

J e t  fuel electrical conductivity without ant is ta t ic  addi t ive normally 
ranges from 0.1 t o  20 CU (Ref. l ) ,  so that typical relaxation times range 
from 180 to  0.9 seconds according to  the above equation. In actuality, 
the relaxation time for fuels of very low conductivity is  shorter than the 
prediction bf the equation, and accepted practice i s  t h a t  30 seconds i s  
sufficient t o  remove most of the charge from fuel af ter  the end of a 
f i  1 t e r i  ng operati on (Ref, '2). 

e 

o 

B 
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During f u e l  f low i n t o  a rece iver  such as an a i r c r a f t  f u e l  tank, charge may 
be in t roduced with the  f u e l  a t  the  same t ime t h a t  the  charge already 
present i s  re lax ing.  
re laxat ion,  then charge w i l l  cont inue t o  accumulate i n  the  tank and create 
p o t e n t i a l l y  hazardous s i tua t ions .  As shown i n  F igure  4, the  res idual  

I f  the charging r a t e  i s  more r a p i d  than the  r a t e  o f  

Figure 4. Discharge from Fuel Surface to Tank lR& I )  

charge which migrates toward the  f u e l - a i r  i n t e r f a c e  tends t o  produce a 
charged reg ion near the surface, causing strong e l e c t r i c  f i e l d s  which can 
l e a d  t o  discharges t o  nearby grounded objects.  

I n  some m i l i t a r y  a i r c r a f t  which conta in  explosion suppressant foam i n  
t h e i r  tanks, charge may a lso  be produced w i t h i n  the  f u e l  tank depending on 
how the  r e f u e l i n g  f l ow  i s  introduced i n t o  the  tank. Even though the  f u e l  
may n o t  be charged as i t  enters  the  tank, i f  the  incoming f u e l  impinges on 
t h e  foam wi th  substant ia l  f l ow  r a t e  o r  ve loc i ty ,  the  foam presents a very 
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large surface area on wh 
will reside on the foam. 

- a -  

ch charges can be separated. One charge type 
while the opposite charge will be convected away 

as the fuel percolates through the foam. In this case, the charge 
residing on the foam i s  the. principal hazard, and can be of either 
polarity depending on the type of foam used. 

3 .  INCENDIVITY OF ELECTROSTATIC DISCHARGES: The strength of the electr ic  
f ie ld  produced i n  the vapor space (ullage) above a fuel i s  roughly 
proportional to  the quantity of charge present. If  the electr ic  f ie ld  
strength reaches a cri t ical  val ue, cal 1 ed "the breakdown val ue" , a 
d i  sc harge w i  1 1 occur. 

In case a discharge occurs from a dielectric surface (such as fuel 
explosion suppressant foam, or a convenient experimental analogue such as 
plexiglas) t o  a grounded metal object i n  the vapor space, only the charge 
on or near the dielectric surface will be involved, and further, only 
limited areas on the charged surface will participate ( F i g .  5 ) ;  the reason 
i s  t h a t  the mobility of charge i n  the dielectric i s  very low because of 
the low conductivity of the dielectric and because of the short duration 
of discharges. I t  has also been observed that the discharge a t  i t s  origin 
a t  the dielectric surface is  diffuse, tending to coalesce i n t o  a b r i g h t  
filament i n  the vicinity of the metal object. In a number of instances, 
simul taneous mu1 t i p 1  e discharges have been observed i n  experiments w i t h  
plexiglas; indirect measurements suggest the same phenomenon occurs i n  
discharges from fuel. 

Under some circumstances, a dielectric can discharge to  a metal object 
w i t h  l i t t l e  hazard. In these circumstances, a design which prompts a low 
intensity discharge or discharges w h i c h  can relax the electr ic  f ie ld  may 
be beneficial. Under other consequences the discharge may be incendiary. 
The difference between the circumstances may be due to  more than a single 
variable i n  practical fuel system designs. 
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Figure 5. Multiple Discharges from Dielectric Surface (Ref 6) 
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Discharges i n  fuel tanks may also be from one metal surface t o  another. 
I f  a fuel or foam surface comes i n  contaet w i t h  an ungrounded metal o b j e c t  
l n  the fuel tank, some o f  the charge contained i n  the fuel or foam will 
ms’grate into the metal object (Fs’g. 6). I f  the accumulation o f  charge on 

EMERGETBC SPARK 
DISCHANG E 

HIGH ENERGY METAL 
SPARK DISCHARGE PROJECTION 

UMBOMDED CHARGE LOW ENERGY 
CORONA 
SPARK BISCHARGE 

- - 
Figure 6. Soumes of Static Discharge in a Tank 

the ungrounded metal object causes ts voltage t o  reach a sufficient 
valueg i t  can i n  turn discharge to  a grounded metal object; a t i g h t  are 
will result  and al l  o f  the charge collected will be transferred i n  a very 
short time. 
situation can be very hazardous. 

Because o f  the length and temperature o f  the arcg this 
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4. CRITERIA FOR IGNITION: The p r o b a b i l i t y  o f  an e l e c t r o s t a t i c  i g n i t i o n  event 
depends on whether t h e  discharge occurs between metal objects, o r  between 
a d i e l e c t r i c  (e.g., fue l ,  explosion suppressant foam) and a metal object ,  
and on t h e  f lammabi l i ty  o f  t h e  ul lage, the  energy o f  the  discharge, and 
the energy densi ty  (energy per  u n i t  volume) o f  the discharge. 

4.1 Metal t o  Metal Discharge - I g n i t i o n  C r i t e r i a :  Th is  s i t u a t i o n  can a r i s e  
i n  f u e l  tanks when a discharge occurs between an unwounded o b j e c t  i n  
contact  w i t h  f u e l  ( o r  exploston suppressant foam) and a groundid metal 
ob jec t  i n  the  u l lage space; such discharges have h igh  energy density. It 
i s  poss ib le  t o  measure t h e  vo l tage ($3) a t  t h e  t ime o f  t h i s  discharge, 
and t o  measure t h e  capacitance ( C )  o f  t h e  system comprised o f  t h e  metal 
objects. With t h i s  data, the energy ( E )  stored i n  the  system immediately 
p r i o r  t o  discharge can be calculated: 

By vary ing f u e l - a i r  r a t i o  and the  conf iguraton o f  the  metal objects, the 
minimum i g n i t i o n  energy and most e a s i l y  i g n i t e d  (optimum) f u e l - a i r  r a t i o  
could be found, a t  l e a s t  i n  p r i n c i p l e  (Fig. 7). 

 
Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

62

https://saenorm.com/api/?name=9b97e178d0b9e1518628bd8bac9f9987


- 12 - 

rc 
O 

a- 
d .< u -  
z - 
W 
1 

ö 

o 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

62

https://saenorm.com/api/?name=9b97e178d0b9e1518628bd8bac9f9987


SAE AIR*Lbb2 84 8357340 0005473 3 

- 13 - 

In actuality, the experiment just described has not been performed, and 
instead tests have been made us ing  the configuration o f  Figure 8. 

SPARK GAP 
VESSEL CONTAINLNG 
COMBUSTIBLE MIXTURE 

kt'&OüRCE 
VOLTMETER 

Fîgure 8. &hematic of Standard Minimum Energy Measurement Apparatus 

A reaction vessel containing two electrodes is  f i l l e d  with a fuel-air  
mixture. The electrodes are connected through a switch t o  a capacitor 
which can be charged t o  various voltages. The above equation i s  used t o  
compute the energy stored i n  the capacitor, and th i s  energy i s  assumed t o  
be dissipated i n  the gap between the electrodes dur ing  the discharge. As 
the result of measurements of this type, the minimum ignition energy tha t  
has been calculated is  0.26 millijoules (mJ) for glass flanged metal 
electrodes w i t h  a 0.5 cm gap and the optimum hydrocarbon fuel-air  ra t io  
(Ref. 3 ) .  I f  the gap distance, mixture ra t io  or electrode geometry are 
changed, the ignition energy will also change. The cited value (0.26 mJ) 
i s  usually taken a s  the m i n i m u m  i g n i t i o n  energy, and any configuration in 
a fuel tank w i t h  values of C and VB whlch cannot exceed this energy 
value i s  usually regarded a s  safe. 

However, the assumption that  a l l  the capacitor's stored energy i s  
dissipated i n  the gap i s  questionable. 
discharge times from an oscilloscope trace (Fig.  91, i t  is  clear that  

By measuring the extremely shor t  
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O DISCHARGE FROM 

O 1 INCH BALL 

O 0.7 INCH GAP 

200mV 20nS 
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1 O0 150 200 250 300 

TIME (NANOSECONDS) 

Figure 9. Typical Oscillograph Trace and Trace A ftèr Data Reduction (Ref 6) 
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very h i g h  frequency phenomena are involved, and that  substantial amounts 
of energy can be expected t o  be radiated by the wires carrying the 
capacitor energy t o  the gap. 
the capacitor energy can be radiated (Ref. 4) ;  t h u s  the actual energy 
dissipated i n  the gap a t  the minimum i g n i t i o n  condition may be less.  . A 
series of experiments us ing  the f i rs t  proposed configuration would go fa r  
t o  resolve this  uncertainty. 

Estimates are that between 10 and 50% of 

Dielectric t o  Metal Discharge - Ign i t ion  Criterion: T h i s  s i t u a t i o n  
applies t o  the case of discharges from a foam or  fuel surface t o  a 
grounded metal object i n  the ullage space. In such discharges, the 
energy density i s  low near the dielectric,  and high near the metal 
object. Measurement of the voltage and capacitance of a dielectric 
surface relative t o  a metal object i s  essentially impossible, so the 
techniques of Section 4.1 are not useful i n  making minimum i g n i t i o n  
energy determinations. Discharge energy cou1 d al  so be calculated i f  the 
product of current and voltage could be integrated over the time of 
discharge; while the current can be measured (F ig .  9 ) ,  a s  already noted 
the voltage cannot. Some estimates of spark energy have been made us ing  
a photomultiplier t o  observe incendiary sparks; these estimates show that  
an energy of 4.7 mJ is  sufficient for  ignition, b u t t h i s  value i s  not  
necessarily the minimum i g n i t i o n  energy (Ref. 5 ) .  

As an alternative t o  spark energy, the total  charge transferred dur ing  an 
event has been proposed as a measure of spark incendivity for  
diel ectr i  c-metal di  scharges. The  t o t a l  charge transferred i s easi ly 
computed by integrating current vs.  time d u r i n g  the discharge event; this 
calculation involves f i n d i n g  the area under the curve of Figure 9. 
measurements of discharges from explosion suppressant foams separated 
from a 1 inch (2.5 cm) diameter metal sphere by a 1/2 inch (1.2 cm) a i r  
gap, the minimum i g n i t i o n  charge transfer for  an optimum propane/air 
mixture was approximately 45 nanocoulombs ( n C ) ,  and for JP-4 vapor/air 
was 70nC (Ref. 6) ;  no lower values have been reported i n  the l i terature.  

In  
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4.3 In f luence of Temperature: The in f luence o f  temperature on minimum 
i g n i t i o n  energy has been invest igated. The preponderant e f f e c t  o f  
temperature i s  t raceable t o  i t s  e f f e c t  on the  f u e l - a i r  r a t i o  i n  the 
u l lage space o f  fue l  tanks. For s i t ua t i ons  i n  which the  fue l  i s  a t  
equ i l ib r ium w i th  i t s  vapor, an increase i n  temperature increases the  'fuel 
vapor pressure and thus the f u e l / a i r  r a t i o  (Fig.  10). The f lammabi l i ty  

TOO 
RICH 

TOOMUCHHYDROCARBON 
VAPOR PRESENT AT HIGH 
TEMPE RATU RE 

FLAMMABLE RANGE 
o " o " , o "  

FUELVAPOR-AIR MIXTURE ~ 0 o o O 

WILL SUPPORT COMBUSTION 0 0 
O0 O o 

O 0  0 

o 0 0 0 0  

TOO 
LEAN 

TOO LITTLE HYDROCARBON 0 0  U 
VAPOR PRESENT AT LOW 
TEMPERATURES o o 

Figure 10. Flammability Concept (Ref I )  
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l i m i t s  o f  common fuels  ( including av ia t ion  gasoline and diesel  fue l  
marine) are  shown i n  Figure 11; evident ly the vapor space 

120 QI .- 
KEROSENE b 

Figure 11. Approximate Tempcrature Flammability Limits for Common Fuels. This is the 
Fuel Temperature Range at Sea Level Within Which the Vapor in Equilibrium 

With the Fuel will Form a Flammable Mixture With Air. (Ref 1) 
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i s  not  flammable when the fuel/air  ra t io  i s  below the lean l imit  or above 
the rich limit, independent o f  spark ignition energy. Within the 
flammable zone, there is  an optimum fuel/air  ra t io  a t  which the fuel i s  
most easily ignited, and above or below which the ignition energy 
required increases. Figure 12 shows the decrease i n  minimum ignition 
energy with increased temperature for  a fuel-air  spray. 

100.0 I I I I I I 

80.0 - 
60.0 - - 
40;O. 

20.0 

10.0 
8.0 
6.0 

4.0 

2.0 

1 .o 
0.8 
0.6 

Oi4 t i A- FLASH POINT TEMPERATURF 
FOR INDICATED FUELS 

0.2 I I I I I I 4 1 
75 100 125 -50 -25 O 25 50 

TEMPERATURE, OF 

Figure 12. Minimum Spark Ignition Energies for Fuel/Air s)orev Mixtures (Ref I )  

4 .4  Effects of Fuel Mists: In the event t h a t  the fuel i s  n o t  in equilibrium 
with i t s  vapor, the usual temperature-vapor pressure expression for fuels 
does not apply. 
equilibrium relations would indicate the fuel-air r a t i o  i s  too  lean t o  
burn. For example, in high speed fueling when mists can be created in 
the vapor space, the fuel mist can produce a flammable condi t ion  even a t  
very low temperatures, This i s  because the vapor pressure in proximity 

This i s  of special concern a t  temperatures where 
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t o  a fuel droplet can be significantly higher than the vapor pressure of 
the b u l k  fuel. The effect  is given, a t  l eas t  approximately, by the 
fol 1 owing equation (Ref. 7 )  : 

M i s  the droplet mass 
p is  the droplet vapor pressure 
po i s  the bu1 k fuel vapor pressure 
R i s  the gas constant ( f o r  a i r  t o  the accuracy of 

the equation) 
T i s  the temperature (absolute) 
r i s  the droplet radius 
p i s  the fuel density 
y is the fuel surface tension 

l n  (PI =RTpi. 2My where: 
PO 

T h i s  increase i n  vapor pressure i n  mist f i l l ed  ullages accounts for the 
flammability of fuel mists of otherwise room temperature safe fuels such as 
kerosene. 
temperatures well below the commonly accepted flash p o i n t .  

Figure 12  shows that  kerosene-air sprays can be ignited a t  

5. CAUSE AND PREVENTION OF ELECTROSTATIC. HAZARDS IN AIRCRAFT: A number of 
mechanisms have been identified which can introduce electrostat ic  charge i n t o  
fuel tanks. As soon as charge is introduced, there i s  a tendency (because of 
the resultant e lectr ic  f ie lds)  for  the charges t o  separate from each other, 
and t o  migrate toward grounded metal surfaces. For a given electr ic  f ie ld ,  
the mobility of the charges varies directly as the fuel conductivity. If  the 
rate of introduction of charge exceeds the rate  a t  which charge either 
migrates t o  the walls o r  i s  otherwise neutralized, charge will  accumulate, 
the resultant e lectr ic  f ie lds  will intensify, and a discharge will result .  
If  there are flammable vapors present and i f  the discharge has sufficient 
energy, an i g n i t i o n  may occur. 

5.1 Causes of Electrostatic Hazards: The cause of electrostatic hazards i s  
traceable t o  mechanisms t o  generate charge and t o  permit the charge t o  
accumulate. These mechanisms are not always obvious. 

o Fuel flowing through a p i p e  a t  h i g h  velocity will acquire a net charge. 
I f  the pipe is  metal and grounded, the opposite charge which i s  l e f t  on 
the pipe surface will flow t o  ground. I f  the pipe i s  a non-conductor such 
as nylon or teflon, n o t  only i s  charge carried off by the fuel, b u t  i n  
addition the opposite charge will b u i l d  up  on the surface o f  the pipe, and 
can accumulate t o  the p o i n t  t h a t  pinhole electrostatic discharge punctures 
o f  the pipe i t s e l f  are produced. 

o In a i rc raf t  ground refueling systems, the fi l ter-separators used t o  remove 
d i r t  and water present large surface areas over which charge can separate 
i n  flowing fuel. 
separator can create up t o  200 times the charging ra te  t h a t  would 
otherwise occur i n  the refueling l ines  (Ref. 2 ) .  

In  hydrant o r  tank truck refueling systems, the f i l t e r  
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o Some military aircraft  use explosion suppressant foam i n  their fuel tanks 

Unless precautions are 

t o  reduce combat vu1 nerabil i ty ,  These foams are a sponge-1 i ke material 
composed of skeletal networks of tiny lightweight strands o f  
polyester-polyurethane or polyether-polyurethane. 
taken, entering fuel can impinge on the foam and depending on the p'orosity 
of the foam, the impingement velocity, and the surface area impinged upon,  
can constitute a potent charge generator. In such a case, as w i t h  plastic 
pipes, one charge i s  l e f t  on the foam, and charge of the opposite si.gn i s  
convected away by the fuel. The charge which resides on the foam ( w h i c h  
i s  a good insulator) cannot easily migrate t o  ground, and so can quickly 
accumulate t o  levels where an incendiary discharge can occur. Incidents 
traceable t o  the presence of explosion suppressant foam began t o  surface 
i n  1974 (F ig ,  13) and continue t o  be a problem for the military services. 

O 
W 

a 
(1) 12 INCIDENTS WITH AVGAS (1958-1963) 
(2) 23 KNOWN INCIDENTS SINCE 1980 (USAF AIRPLANES 

WITH FOAM IN TANKS) 

JP4 

ir KEROSENE 

JP4 IN FOAM FILLEDTANK 

NOTE : 

'55 '60 '65 '70 '75 '80 
YEAR 

Figure 13. Aircraft Accidents Attributed to Static Electricity (Ref I )  

When incendiary events induced by discharges occur i n  foam protected 
tanks, the foam prevents explosion, and prevents large scale f i r e  
spreading; however, the charred foam must be replaced which i s  an 
expensive, time consuming task. Subtle prob1 ems w i t h  expl osion 
suppressant foam found i n  the past have included the follofing: 
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