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INTRODUCTION

FIRE T'IGETING

Foam consists of rnillions of different size air bubbles,
surrounded by a mixture of water and surfactant- The
United. States Department of Agriculture Forest Setrrice
recognizes five aifferent tlrpes of f9am, dependent on
watei, air, and surfactant concentration. The structure
of the foam bubbles are either spherical (perfectly
round) or polyhed.ral (rnany flat sides) . spherical
bubbles .r" ="pirated by'tlri-k walIs of solution, while
polyhedral uubules are separated by very thin walls of
solution

The solution is continuousty draining through the foam,
carrying the smaller bubbles to the bottom of the foam'
rnouln solution d.rains from around the top bubbles,
leaving a thin waII of solution, that eventually breaks'
ift" diaining solution surrounds other bubbles lower in
the foam. The bubbles themselves never change in size
only their solution wall thickness around the bubble
changes. Eventually the waIl of solution becomes too
thin to support tLe bubble and it breaks. This process
eontinues unlit tfr" solution is completely drained from
the bubbles and the foam is gone.

The foam has certain measurable properties such as
drainage rate, and electrical conductivity. we are able
t; qrlantify, with actual f ield measurements, the
drainige ratl of different foam types and the electrical

"""a""[ivity 
of the solution in tlt" foam over tine.

These measurements are irnportant in characterizing the
different foam types for more accurate eguipnent design
and field p"r=onnli training. But tlr" most important
field. measurement turned. out to be the drainagre of
solutj-on over two specific tirne periods, 30 minutes and
60 minutes.



PAGE 2

GENERAI, FOA}T UODEL PER TII{E

I'OAII{ TYPE 5 (-FET FOAI'{)

TYPTCAT, QUAT,TTATTVE CEARiACTERISTICS :

- Watery
- Very runny on vertical surfaces
- gublle siie varies froru large to small
- More r*ater than air
- No ttbodytt

QUANTITATIVE CEAR.ACTERISTICS :

TIUE = 0 minutes

The bubbles of the TTTYPE 5rr foam are spherical and
evenly dispersed, throughout the solut|on. The bubbles
are separatea by a large arnount of solution, relative to
other foam typei. The solution content is at a maximum
witfr the rilio being 1 gallon solution to 8.8 gallons
foam. The d.rainage rite and electrical conductivity
are at a maximum.

TII'IE = 0 to 10 minutes

with gravity acting on the solution, the solution begins
to ariin. a= the iolution drains from the foam, the
solution content of the foam changes from a ITTYPE 5rr to
a TTTYPE 4rr.

TIlrtE = 10 to 30 ninutes

The drainage rate and electrical conductivity decrease'
The solutioi in the foam continues to drain at a medium
rate arra-tn" solution content becomes a "TYPE 3 t' . with
the reduction in the amount' of solution, the bubbles
become closer Packed.

trIl,tE = 30 TO 50 minutes

The drainage rate and electrical conductivity continue
to decrease until they reach their minimum. when this
point is reached, the ITTYPE 5'' foam has the
Lharacteristics of a I'TYPE 2rr foam'
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FOA}{ TYPES 4 AND 3 (UEDIITU FOAI{)

TYPICAL QUALITATIYE eEARACTERISEICS:

TYPE 4

- VerY wet
- RunnY on vertical

surfaces
- Medj-um large to small bubbles
- Has little 'rbodyrl

QUANTITATM CEARACTERISTTCS :

TItrtE = O minutes

TYPE 3

- Watery shaving cream
- Does not hold Peaks
- ImmediatelY runs on

vertical surfaces
- Medium to small

bubbles

The bubbles of "TYPE 4 AND 3rr foams are sti11 spherical,
the bubble waI1s are not touching. With the bubble wall
thickness moderate the electrical conductivity is qreat,
due to the large amount of solution and the great number
of paths around the bubbles in the foam. The solution
contlnt is mediun with the ratio bej.ng 1- gaIlon solution
to t]- gallons foam for ttTYPE 4tt and 1 gallon solution to
L4.6 gillon= foam for "TYPE 3rt. The drainage rate and
electrical conductivity are high.

TIIIE = O to 20 minutes

with gravity acting on the solution, the solution begins
to driin. es the solution drains from between the
bubbles, the solution content of the foam changes from
T|TYPE 4tt to TTTYPE 3 rr .

IIUE = 20 to 35 minutes

The drainage rate and. electrical conductivity have
decrease t; a minimum. The solution in the foam
continues to d.rain at a slow rate and the solution
content becomes TITYPE 2rr. With the reduction in the
amount of solution, the bubbles become closer packed and
start to become polyhedral in shape'

TIUE = 35 to 6O minutes

The drainage rate and electrical conductivity continue
at a mininufr. At this point ttTYPE 4 AND 3rr foams have
the characteristics of I'TYPE ztt foam'
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FOAU TYPES 2 AIID 1 (DRY FOA}{)

TYPICAT QI'AI,ITATIVE CEARACTERISTICS :

TYPE 2 TYPE 1

- Shaving or r+hipped' cream - Mostly air
-Holdspeaks-Verylldrytl?ndfluffy

Does not- in immediately on - Blows away in wind
vertlcal surfaces Clings to vertical

- Medium smalI to smal1 bubbles surfaces
- Ho1ds Peaks for a

- ,*:l? liili,"=

QUAIiITTTATTVE CEARACTERTSTTCS :

TIME = 0 minutes

The bubbles of 'TTYPE 2 AND 1r' foams are no longer
spherical.Thebubblesarenowpolyhedral.inshape.
Bubble walIs are very thin due to the smal1 amounts of
soluti-on between tne firfnles. The solution content is
at a ninimum with the ratio being L gaI1on- solution to
22 gallons foam for 'TTYPE ztt and L gallon solution to 44

gallons foam for I'TYPE 1tr. The drainagie rate is minimum
buttheelectricalconductivityismoderate.

TIUE = O to 30 minutes

withgravityactingonthesolution,theverysmall
amount oi soiution begins to drain. As the solution
drains frorn the top oi tfre foam, the solution content of
the foam changes fiorn 'TTYPE ztt to ttTYPE ltr. The bubbles
remain in tn6 polyhedral shape. Because the bubble size
is so =ru-if , ""r1, 

thin walli of solution can stil1
contain -t;; aii inside, thus breaking of "TYPE 1rr

bubbles o"",rt= very slowly, compared to any other foam

'ITYPEII .

TIUE = 30 to 60 minutes

The drainage rate decreases to a minimum but the
electrical conductivity remains fairty constant. The

=olrtio1 in the foam iontinues to drain at an extremely
;i;; iate in fact the solution content becomes so low
that the solution stoPs draining'
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DRAINAGE RATE I'IODEL

TYPE 5

EIUE = 0 to 30 minutes

The drainage rate is fast
(initiallY L.7 gallons/minute) '
inis is due to the great amount
of solution in the foarn, and
the large sPace between the
bubbles which alIows the
solution to drain.
(see FIGURE 1)

TIIIE = 30 to 60 uinutEs

The drainage rate is low
(initiallY o.Ls galluinute )'
irti.s is due to the smaller
amount of solution in the foam,
and a greater concentration of
snaller bubbles left in the

FIGURE 1

FIGI]RE 2

foam. The bubbles are
shape which

solution to
2)

polyhedral in
allows much less
drain. (see FIGURE

IIIIE = 60 uiuutes to 2l hours

The drainage has stoPPed'
This is due to the verY small
auount of solution left in the
foam. The foam consists of
very small bubbles vith very
thin walls of solution. (see
TTGURE 3)

FIGURE 3
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DRAINAGE RATE

EYPE { A}ID 3

I:IIIE = O to 30 ninutes

The drainage is moderate
(initially 0.4 gallon/rninutes) .

itris is due to the amount of
solution surrounding a lot of
uedium sized bubbles that
dominate the foam. The bubbles
are just beginning to touch,
due to the reduction in the
amount of solution in the foam.
(see FIGURE 4)

FIGT'RE 4

FIGI'RE 5

TIIiE = 30 to 60 uinutes

The drainage rate is slow
(initiallY o.02 gal.lon/
rninutes) . This is due to the
very smalt amount of solution
in the foam. The bubbles are
polyhedral in shaPe .which
lffows nuch less solution to
drain. (see FIGURE 5)

TIIiE = 60 niautes to 2l bours

The drainage has stoPPed. This
is due to the very sma1l amount
of solution left in the foam.
The foam consists of very sma1I
bubbles with very thin walls of
solution. (see FIGITFE 5)
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DRAITIAGE RATE I.{ODEL

trYPE 2 }I{D 1

FIGURE 5

TIXE = O to 30 uiuutes

The drainage rate is low
(initialty o. os
gal1ons,/rninutes) - This is due
f,o the small amount of solution
in the foam. The bubbles are
polyhedral in shaPe, allowing
inair amounts of solution to
drain. (see FIGITRE 5)

TII'iE = 30 to 50 ninutes

The drainage rate is very 1ow
(initiallY .01 gallons/minute)'
ifris is due to the smaIl amount
of solution in the foam, and
the polYhedral shaPe of the
small bubbles. (see FIGURE 5)

TII{E = 60 niautes to 2l bours

The drainage has stoPPed. This
is due to the very small amount
of solution left in the foam'
The foam consists of very snall
bubbles with very thin walls of
solut,ion. (see FIGURE 6)
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ELECTRICAL COIIDUCTIVITY I{ODEI'

trYPE 5

D fI}ttE = 0 to 30 niuutes

ConductivitY is relativelY high
(about fZxfO-e mhos) because of
ifr" large amount of conductive
solution between the bubbles'
The solution itself is the Path
for conductivitY. The
ieiativerY large amount of big
bubbles in a tYPe five foam,
causes fewer conductive Paths
which decreases the initial
conductivitY, but onlY
slightlY. (see FIGURE 7)

flltE = 30 to 60 uinutes

ConductivitY is low (about
1x1O-5 rnohs) , because the
solution has drained seParating
the bubbles into three laYers'
The big bubbles at the toP,
nedium iuubles in the rniddle
and, sma1l bubbles at the
bottom. There are more
conductj.ve Paths in the niddle
of the foam at this time, but
the Paths are thin. (see
FIGURE- 8) The conductivitY
stabilizes at this time.

FIGURE 7

FTGT'RE 8

IIUE = 60 ninutes to 2a hours

ConductivitY remains low (about
1x1O-6 rntros) , because 99t of
the solution has drained, and
the conductive Paths are fewer
and very thin. (see FIGURE 9)

FIGI'RE



PAGE 9

EI/ECTRICAL CONDUCTIVTTY UODEI,

TYPE { AIID 3

fltlE = 0 to 3O uiautes

The conductivitY is high (about
2Ox1O-6 mtros) because of the
Iarge amount of conductive
solution between the medium
sized and sma11 bubbles.
(see FIGURE l-0)

trIltE = 30 to e0 minutes

The conductivitY is low (about
1.7x10-6 mhos) because the
solution has drained,

FIGI'RE 10

FIGURE 11

separating the bubbles into two
layers. The medium bubbles at
the top and the sma1l bubbles
at the bottom of the foam. The
conductive paths are manY but
very thin. The conductivitY
staLilizes at the end of this
tine intenral. (see FIGURE 11)

III,IE = 60 niautes to 2l hours

ConductivitY remains low (about
1.7x10-6 mtros),' because 99t of
the soLution has drained, and
the conductive Paths are fewer
and very thin. (see FIGIIRE 11)
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ELECTRICAL COIIDT'CTTIrIEY }IODEL

IYPE 2 AIID 1

FIGURE L2

TII{E = 0 to 30 niuutes

Conductivity is moderate (about
8.3x10-5 mtros) because of the
tremendous number of conductive
paths available, even though
each is very thin. The bubbles
are polyhedral in shaPe and the
wal1s of the small bubbles are
touching each other. (see
FTGURE L2)

:ffUE = 30 uiuutes to 2{ hours

Conductivity is moderate (about
5x1O-5 mhos) and most of the
excess solution has drained
from between the bubbles. The
smaIl bubbles are velar stable'
with very thin walls of
solution able to maintain the
polyhedral bubble shaPe for
long periods of time.
(see FIGUF.E 12)
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FOA}{ TO SOLUTION RATIO

IYPE 5

TIME = O TO 30 minutes

The ratio of the volumes of foam to solution is between
l_ and. 9.3 which is Iow, because of the large amount of
solution present in the foam. The different size
bubbles are mostly spherical and they are separated by
large amounts oi iolution. By the end of this time
period most of the sotution has drained from the foam.

TIttE = 1 TO 24 HOURS

The ratio of the volumes
stabilized between I and
completeness of the draining

of foam to solution has
8.8, because of the

process after one hour.

TYPE 4

TIIIE = 0 TO 30 miuutes

The ratio of the volumes of foam to solution is between
9.3 and L2. This is because the foam had a moderate
amount of solution to begin with and most of it has
drained from between the rnedium sized spherical bubbles,
during this time Period.

TIIIE = 1 TO 24 hourE

The ratio of ;the volumes of foam to solution has
stabilized between 8.8 and 11, because of the
completeness of the draining process after one hour.

o
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FOA}{ TO SOLIIETON RATIO

TYPE 3

TIilE = O TO 30 minutes

The ratio of the volumes of foam to solution is between
12 and 16.5. This is because the foam had a moderate
amount of solution to begin with and most of it has
drained. from between the nedium sized spherical bubbles,
during this time Period.

TIUE = 1 TO 24 hours

The ratio of the volumes
stabilized between L1 and
completeness of the draining

of foam to solution has
L4.6, because of the

process after one hour.

TYPE 2

TIIrIE = O TO 30 minutes

The ratio of the volumes of foam to solution is between
16.5 and 23.5 which is hiqh, because of the smaller
amount of solution present in the initial foam. The
foam has a majority of smaIl polyhedral shaped bubbles
that are separated by thin i+aIIs of solution.

flltE = 1 TO 2{ hours

The ratio of the volumes of foam to solution has
continues to be stable between L4.6 and 22, because of
the structure of the small polyhedral bubbles'
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FOA!{ TO SOLUTION RATIO

IYPE 1

tltitE = O EO 30 minutes

The ratio of the volumes of foam to solution is between
23.5 and 44, which is the highest ratio yet- The foam is
very stable from the beginning, with very small
polyhedral bubbles holding the very thin wa1Is of
solution into the foam.

rIUE = L TO 24 hours

The ratio of the volumes of foam to solution remains
stable between 22 and 44, because of the completeness of
the draining process.
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CONCLI'STON:

FIRE trIGETING FOEU

DRAINAGE RATE

The drainage rate as a field measurement required very
iirr" graduai,ions of the volume scale. The volume scale
i-".ri"y is only a half ga11on. The drainage rate also
failed Lo identify TYPE 4 from TYPE 3 and TYPE 2 from
iipr L. This is not a6eguate with the desire to
identify each trrYPErr of foam available'

ELECTRICAT CONDUCTTVITY

The conductivity as a field measurement failed to
identify TYPE a fron TYPE 3 and TYPE 2 from TYPE 1. The
conauctivity is changed rapidly by wildt The
temperature also effects the electrical conductivity of
each type, regui-ring tests to be perfor*"d in the field
atways iL the same temperature. This r.rould be to
restrictive for field training purPoses'

POA!{ EO SOIJUTION

As a result of field tests on the fire fighting fo1*r it
was found, that solution drainage during a specified tirne
is the most repeatable field measurenent. The
TIREFIGETING FoAl{ tr rt AI{ALYZER is based on this
Lechnique, rather than the valve settings of the foam
g"tt"t.ding eguipment, ds previously taught (see FIGURE

13).

NoltE: The Previous
conducted bY C.I.L.
that led to the
I}T.AGINEERING.

was a sumrnary of the field research
INSTIIUEE during the summer of 1988

development of the F F ANALYZER bY
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