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TECHNICAL OBJECTIVES

The objective of this project was to develop a series of bench-scale

tests that can predict the fire suppression and burnback performance of

candidate foams in accordance with Military Specification MIL-PRF- Sy
24385F (SH), Amendment 2. 24385F

28 ft? Fire Tests and Required Extinguishment Time (s)
Fresh Water 1/2 strength <45
Fresh Water full strength <30
Saltwater 1/2 strength <45
Saltwater full strength <30
Fresh water Quintuple Strength <55

Burn Back Time (s)

et SEs = Pk e Fresh Water 1/2 strength >300
+ 28 ft? test fire + 50 ft? test fire Fresh Water full strength >360
+ 6 ft diameter steel pan | + 8 ft diameter steel Za'lttwatter %/ﬁ Strengtn 323
altwater tull streng
+2 gprln MILSPEC gan MILSPEC Fresh water Quintuple Strength >200
+
nozzie gpm 50 ft2 Fire Test and Required Extinguishment Times (s)
+ 30 second max nozzle (saltwater Only)
extinguishing time (full | + 50 second max i eishment y( ) <0
strength fresh water) extinguishing time TR ~350
40 second summation >320
C ) BSERDPGESTCP
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UNDERLYING PHYSICAL MECHANISMS

» Suppression: * Burnback:
» Foam fluidity and ability to spread * Foam stability under influence of
over fuel. radiative heat.
* Foam stability under influence of « Foam stability over heated fuel.

radiative heat.

SUPPRESSION BURNBACK

Qualification
Fire Tests

Stability
With
Radiation

Foam
Fluidity

Bench-Scale
Mechanism Tests

Stability Without

Ol hobi
SRPIRMNG Radiation

© B SERDP{ESTCP
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PERFORMANCE OBJECTIVES

Performance Objective
Quantitative Performance Objectives
Foam Quality o Expansion Ratio Measurements of ER and DT equal to 2 GPM nozzle
Equal foam quality to 2 GPM MIL-SPEC nozzle o Drainage Time
Foam Fluidity . Rate of Spread Spread of foam relates to MIL-SPEC 28ft? extinguishing
. Area Coverage performance
Stability on Heated Fuel . Rate of foam drainage Vapor retention of foam relates to MIL-SPEC 28ft?
. Rate of foam/fuel evaporation extinguishing and burnback performance
. Prevention of ignition of fuel vapors

Stability under Radiation . Rate of foam drainage Vapor retention of foam relates to MIL-SPEC 28ft?
. Rate of foam/fuel evaporation extinguishing and burnback performance
. Prevention of ignition of fuel vapors

Extinguishing Quantity of foam needed to extinguish small fire Extinguishing time and foam application density relate to
Time to extinguish fire MIL-SPEC 28ft? extinguishing performance

Burnback Time to prevent 25% burnback at reducing quantities of Burnback time and foam application density relate to
foam MIL-SPEC 28ft? burnback performance

Qualitative Performance Objectives
Scale of tests Tests can be conducted at bench-scale in Jensen Hughes No scale up of tests needed beyond bench to correlate
Laboratory to MIL-SPEC 28ft? extinguishing and burnback testing
Consum n of foam concentration Limit foam solution used Require less total foam than MIL-SPEC 28ft?
extinguishing and burnback testing

BSERDPGESTCP
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25% Burnback Time {sec)

g

C6 HC AFFF
C6 HC AFFF
C6 HC AFFF
C6 AR AFFF
C6 AR AFFF
HC-PFF
AR-PFF
AR-PFF

AR-PFF

JENSEN HUGHES

Minimum
Requirement

No BB
data
available

AFFF1  AFFF2  AFFF3  AFFF4  AFFF5 PFF1 PFF2 PFF3

PFFa

Concentrate

Type 3 (3%)
Type 6 (6%)
Type 3 (3%)
Type 3 (3%)
Type 6 (6%)
Type 3 (3%)
Type 3 (3%)
Type 3 (3%)

Type 3 (3%)

28 ft2 MIL-SPEC Tested All Foams

MIL-SPEC
Qualified

28 ft? test fire

6 ft diameter steel pan

2 GPM MIL-SPEC nozzle

30 second max extinguishing time (full
strength fresh water)

60 second additional foam application before
burnback

360 second burnback resistance

MIL-SPEC PERFORMANCE

120 Did Not Extinguish
Before 90 sec End of
S 100 Test
[
ki) O O
-4}
E g0
=
=
=
-4}
£ 60
=
8 .
E Maximum
2 a0 Requirement
=
u>j ...................... - . A
20
0
AFFF1  AFFF2  AFFF3 AFFF4 AFFFS PFFL  PFF2  PFF3  PFF4
800
700
T 600
an,
£ 500
E Minimum
& 400 Requirement
[ o7
5 300
o
Eﬁ No BB
200 data
100 available
0
AFFF1  AFFF2 AFFF3  AFFF4 AFFF5  PFFL  PFF2  PFF3  PFF4
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BENCH-SCALE TEST METRICS

Suppression and Burnback
» Directly assess the ability of a foam to suppress a fire and to resist burnback in a bench-scale pool fire.
» Performance metrics:
* Directly related to full-scale (time to extinguishment, time to 25% burnback).
Stability
» Assess foam stability with and without radiative heating, over a heated and non-heated fuel layer.
» Performance metrics:
* Mass of foam drained and evaporated, rates of drainage and evaporation, time to ignition.

Fluidity |_Mechanism | ___Foam Fluidity __| _Stability With Radiation | Stability Without Radiation |
. T Foam Flow Over Liquid ~ Foam Layer with Radiation ~~ Foam Layer on Heated Fuel
Ability of foam to spread over a layer R et e R
Of fuel- + Foam height + Drainage rate T Foam breakdown
° Performance metrics: + Spretad' velocity + Ev?Poration rate + Tim.e to ignition
) . + Radiation Effects + Critical foam mass T Drainage rate
° VGlOClty of foam as it Spreads +  Burnback velocity +  Time to ignition +  Expansion ratio
over fuel, coverage rates, mass of *  Radiation effects
foam applied.
C) BSERDPGESTCP
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FOAM QUALITY

9.0

* Measured using 2 gpm| .,
MIL-SPEC nozzle and | .

backboard

AFFF1 AFFF2 AFFF3 AFFF4 AFFFS PFF1  PFF2 PFF3  PFF4

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

25% Drainage Time (min)

90.00

520 515 402 419 4.22

AFFF1 AFFF2 AFFF3 AFFF4 AFFFS PFF1 PFF2 PFF3  PFF4

JENSEN HUGHES

7

16.5 in.
(4181 mm)

237% in. (606.4 mm)
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FOAM QUALITY — REDUCED NOZZLES

Foam directed against back wall
Spills into trough

« Attempted to reproduce MIL-SPEC foam
with reduced flow nozzle

 Limited success, not achieved for all foam
formulations with same nozzle

14.5 x 14. 5 inch square trough 5.5 inch high back and side walls

* For consistency, developed a diverter to
maximum foam usage from 2 gpm nozzle

2 gpm aerated MILSPECnozzle
100 psi discharge
Fixed Nozzle at rim of trough

Nitrogen
Supply

Control and
Indicator N/

nnnnnnnnnnnnnnnn

h sq opel
de, 1 inch de h
angle
wwwwwwwwww
' Flow is split by a diverter plate 2
23" from the channel edge, leaving a gap of 2.5 inch for secondary flow, 1.0 inch for primary flow @SERDP ESTCP
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FLUIDITY

2 gal/min

MILSPEC Nozzle

Flow diverter
causes 0.59
gal/min foam
to spill onto

test pan

H H 1 ”
FOam IS Spllled OntO /2 Total Foam Application Density
water in pan 0.031 gal/ft? (1.3 L/m?)

D seconds of foam spray

Waste foam is

discarded or used
for stability or Foam is routed

suppression around

teSting- circular path *+— 1.34 GPM secondary foam for collection
for stability and ext/B8 testing

Curved path of foam

Foam spreading rate and
coverage area is measured
continuously by image

analysis tool. & SERDPQESTCP
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FLUIDITY

 AFFF are consistent

* PFF generally more
sluggish at start

 All foams achieve
comparable final
spread area

Coverage Area (m”)

0.400-
0.375-
0.350-
0.325-
0.300
0.275-
0.250-
0.225-
0.200-
0.175-
0.150
0.125-
0.100°
0.0750-
0.0500-
0.0250°
0.00
o

13 141516 |I|!NZI12ﬂZ‘IEZ‘ZTHZ!II
Time (soc)

B SERDPQESTCP
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FLUIDITY RESULTS

« Spread of foam on water surface oo
» Coverage velocity early in test distinguishes foams o
* V,:>0.04 m%s ; V; ,.>0.035 m?/s %gii
» AFFF spreads faster than PFF foams <o —
* Final coverage areas are about equal for same mass/time 00 ——PFF
0.070 N 0.00

N

N 0 10 20 30 40 50 60
0.060 \ Time
£ 0.050 0.08

<
£
& \Q; —— AFFF
g 0.040 = 0.0 ——PFF
Q ~
g £ 0.05
0.030 r
] ]
< s 0.04
© 0.020 g 003
T < 0.02
o
0.010 0.01
0.00
0.000 0 10 20 30 40 50 60
AFFF1 AFFF2 AFFF3 AFFF4 AFFF5 PFF1  PFF2 PFF3  PFF4 Time
‘D W avg 0-2s MW avg 0-5s avg 0-10s avg 5-10s M avg 10-15s @SERDP)ESTCP
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STABILITY

« Radiation source:

, . , A
* Conical heater same as used in the cone calorimeter bench-scale fire test.
. . . . . 25 mm - Foam
» Capable of producing a uniform irradiance over a 4 inch (10 cm) square = 9 : Y
region below the heater. 120 mm v 10 mm - Fuel
* Fuel/foam vessel: E—
o 50':.’;:\9!\ el | 60 mm
+ Clear, so that levels of fuel and foam may be observed. Ak Red Dyed  Mastoscer
Y Yy Water e
* Deep, so that different thicknesses of foam layer may be applied.
« Fused quartz vessel with ~3-1/8 inch (8 cm) inside diameter and 4-3/4 - ggom’:‘n’“
inch (12 cm) outside height. Calibrated to 20 KW/ or 40 KW/ 4 : - ;
« Positioned 1 inch (2.5 cm) below the cone heater. e topsurcestieb el £
+ Scale: / 4
» High accuracy scale positioned under the heater. Measure the mass of
fuel and foam in the vessel over time. (250 Foam
¢ Video: 120 mm E ! :1Cmm-Fuel
A
* Image analysis used to differentiate foam drainage from evaporation. 60 mm
Red D ass Load Cel
1 | Wa':'ed /(T(Jlgl-resol‘t:nl:)n
C) BSERDP$ESTCP
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* Fuel is suspended over dyed water.
* Red dye is detected by the image processing algorithm.

* Interface between fuel and red water raises over time
as foam drains through the fuel.

» Thickness of fuel layer stays relatively constant while
the foam layer is present.

* As the foam layer decomposes, fuel vapors escape
through the foam and are ignited by a pilot flame.

* Rate of mass drainage determined by image analysis;
rate of evaporation determined by scale measurement
and conservation of mass.

O
JENSEN HUGHES

STABILITY

lloted ignition

Applied heat flux at
vessel surface

Foam layer

Ethanol-free gasoline

Water (red dye)

Weight scale platform

BSERDPQESTCP
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0 kW/m? - Stability — On Hot Fuel

—

S

2
=
=

o

e

—~
N

—

S
e
S
<

Start 1 min 3 min 5 min 7 min 9 min 11 min 13 min 14 min 15 min
(ign.)
C) BSERDPGESTCP
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I v
ST

Start 1 min 3 min 4:04

_ e (flash) | | | | ,(_igﬂ-)
© B SERDPQESTCP
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2 min 5 min 6:16 8 min 11 min 14 min 17 min 19 min 19:20

(flash) (ign.)
Cj B SERDPQESTCP
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Start 2:36 Smin | 8min | 12

(flash) min min min min min (ign.)
© | | | | | | | B SERDP{ESTCP
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Start | 2:36 | 5min min

Start

0 kW/m? - Stability — On Hot Fuel

S d

25 sec
(flash)

AFFF1 (Typical AFFF)

> 4

min

30 sec

1 min

2 min

3 min

4 min

4:55
(ign.)

BSERDPQESTCP
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TIME TO FLASH IGNITION

] kAR AR AR R AR aF 4P
i 1200.00 - 2

~@—AFFF1
—8—AFFF2
—@-AFFF3
—®- AFFF4

1000.00

800.00

e s K
—@- AFFFs | Bl e |
~@-PFF1 .
~{@-PFF2

== PFF3

400.00

200.00

Time to flashing ignition (from
SOT)
(%}
=
8

0 10 20 30 40 B T

AFFF do not flash Exposure Heat Flux (kW/m?)

Flash ignition at 0 kW/m? over heated fuel seems to be best indicator of
performance

)

* tigash > 400 s to pass / near pass of MilSpec o

* FF4 (worst performer) shows shortest flash and sustained ignition times
© B SERDPQESTCP
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FOAM DRAINAGE THROUGH FUEL

« Mass drained out of foam, cools fuel
« All AFFFs similar, PFF have significant increase with increase in heat flux

* More mass drained in AFFF compared with FF at all heat fluxes at over 30 s, 60
s, and 180 s of test

* Measured by video analysis algorithm — depth of water layer below fuel

Drained Mass - 0 kW/m? Drained Mass - 20 kW/m?
14 16
12 @30s = 14 @ 30s —
210 E60s 2 B 60s
© © 10
2 2 B180s % a B 180s
O (1]
s 6 =g
c c
E 2 E 2
0 |_| | s | | | 0 1]
AFFF1  AFFF2 AFFF3  AFFF4 AFFFS PFF1  PFF2  PFF3  PFF4 AFFF1 AFFF2 AFFF3  AFFF4 AFFF5  PFF1  PFF2  PFF3  PFF4
C) BSERDPGESTCP
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SUPPRESSION AND BURNBACK

* Fire pan:
- Fire pan size of 1 ft (0.30 m) sufficiently large to generate turbulent pool
fire. I 3
» The largest size that can be handled for bench-scale testing. WA -~

* Flame height around 3 ft (1 m), heat release rate around 100 kW
(steady burning).

* Contains 500 mL fuel (ethanol-free gasoline) over 1000 mL of water.
* Burnback pan:
« ~3-1/8 inch (8 cm).

~100 kW free burn
0.6-0.9 m (2-3 ft) flames

« Contains 50 mL fuel (ethanol-free gasoline). som. - A
» Foam application: -i "y
- Foam is sprayed into collection bucket, weighed, and poured into the 2™ @
fire pan.
© B SERDPQESTCP
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FOAM APPLICATION

Foam is collected from
secondary distribution channel
and weighed according to Test
Scenario

After preburn duration, foam is
poured from top of flames into X
the center of the pan /

A - 405 grams
B - 136 grams
C-125grams
D - 125 grams

‘A_._\

EVALUATION CRITERIA

B SERDPQESTCP
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BURNBACK

A wire and hooked rod was used to place
the burnback pan into the center of the
foam

8.5cm (3.3 in.) diameterby 3.9cm (1.5in.)

BUrnbaCk Fuel Pan deep steel pan

Pan

If the foam blanket is too deep, the hook
was used to suspend the lip of the pan
above the foam blanket to prevent
spillage of foam into burnback pan

15 mL of gasoline

Ignited and placed into center of the foam

Burnback pan removed after 5 minutes
If flames extinguished pan was returned and
removed again after 7.5 minutes

Sustained burning on the fuel without
burnback pan

O
JENSEN HUGHES

P SERDPGESTCP
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25% BURNBACK

 All shapes equal to 25% of
pan area burnback

BSERDPQESTCP
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TEST BASIS AND METHOD

Test method:

- Ignite the fuel and pre-burn for a set time, then apply foam based on application density in MIL SPEC tests and measure the time to
extinguishment.

- After a set time, place the burnback pan into the center of the fuel pan, and ignite.
- After a set time, remove the burnback pan and measure the time for 25% of the pan area to reignite.

A series of four progressively more severe tests were developed:

ot s loewn

MIL 28 ft? - 90 seconds of 2 gpm foam

10 s pre-burn, add all foam based on 90 s duration (405 g),

A application (30 s extinguishment, 60 s before [T AL W S
burnback).
MIL 28 ft? - 30 seconds of 2 gpm foam to 10 s pre-burn, add foam based on 30 s duration (136 g), if
B extinguish fire + 60 seconds of 2 gpm foam extinguished add foam based on 60 s duration (269 g),
before burnback. burnback test
MIL 50 ft? - 50 seconds of 2 gpm foam to 10 s pre-burn, add foam based on 50 s duration (125 g), if
C extinguish fire + 40 seconds of 2 gpm foam extinguished add foam based on 40 s duration (98 g),
before burnback. burnback test
MIL 50 ft? - 50 seconds of 2 gpm foam to 20 s pre-burn, add foam based on 50 s duration (125 g), if
D extinguish fire + 40 seconds of 2 gpm foam extinguished add foam based on 40 s duration (98 g),
(D before burnback. burnback test ®SERDPQESTCP
JENSEN HUGHES AFFF PROJECT MEETING
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AFFF SUPPRESION PERFORMANCE

Severity A Severity B

Severity D

© BSERDPQESTCP
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SUPPRESION TEST RESULTS

Time to Extinguish Fire (mm:ss)

Time to Extinguish Fire (mm:ss)

AFFF1 AFFF2 AFFF3
D D D g
C C C
B B s
S 8 g .
R : 3 E
E E E H
0000 0007  00:14 0021 0028 00335 0000 00:07 0024 0021 0028 0035 B o000 o007 ooia 0021 0028 0035
Time to Extinguish Fire (mm:ss) Time to Extinguish Fire (mm:ss) Time to Extinguish Fire (mm:ss)
AFFF5
o D
¢ C
B B
k= - =
o= ofic
x - :
= ce
00:00 00:07 00:14 00:21 00:28 00:35 00:00 00:07 00:14 00:21 00:28 00:35

PFF1 PFF2 PFF3 PFF4
4 | Méthod Nét Tested D | Method Not Tested : o
! ] C |::Method:Not Tested - : :
3 | DoesNot Eﬁtinguish -Controlled by 15t foam, extinguished }JV2ni:l foam C Method Not Tested 7
] 1 B | Method Not Tested

2 B | Does Not Extinguish - Controlled by 2nd Foam Addition ———
£ E £ = A
8 &l E F
o 1 o A g ¢
E g L,':’ E 0:00 0:00 0:00 0:00 0:00 0:00

00:00 00:07 00:14 00:21 00:28 00:35 00:00 00:07 00:14 00:21 00:28 00:35 00:00 00:07 00:14 00:21 00:28 00:35 Time to Extinguish Fire (mm:ss)

Time to Extinguish Fire (mm:ss) Time to Extinguish Fire {[mm:ss) Time to Extinguish Fire (mm:ss)
A
BSERDPQESTCP

JENSEN HUGHES

AFFF PROJECT MEETING

2021 4 PFAS-Free Firefighting Foams



PFF SUPPRESION PERFORMANCE

Severity A
AFFF

Severity B

Severity A
PFF

Severity B
PFF

© BSERDPQESTCP
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BURNBACK TEST RESULTS

AFFF1 AFFF2 AFFF3
D D b |
c c c |
B B B |
= PN Sli> >
o= Al m
P - & - § |
= E E &
00:00 0200 0400 0600 08:00 10:00  12:00 00:00 0200 0400 0600 0800  10:00  12:00 00:00 0200 0400 06:00 0800  10:00  12:00
Burnback Resistance Time (mm:ss) Burnback Resistance Time (mm:ss) Burnback Resistance Time (mm:ss)
AFFF4 AFFF5
D
D
¢ C No Burnback 14 min, Test Ended
D ——————— ———— ————
B B No Burnback 14 min, Test Ended
= = =  ————
S E 3
Nz A 5 N No Burnba . Ended
s s>
= E
B 00:00 0200 0400  06:00  08:00  10:00  12:00 N 0000 0200 0400 0600 0800  10:00  12:00
Burnback e Time (mm:ss) Burnback Resistance Time (mm:ss)
PFF1 FFF2 PFF3 PFF4
O | Methed Mot Tested 0 | Method Not Tested o
D | Method Not Tested
[ B Mot T c
€ | No Burnback Conducted C | Mcthod ot Tested ethod Mot Tested
B | g | Mo Burnback Conducted B | Mo Burnback Conducted B
2' R= PN Daed Nat Extinguidh Test A&
g A | ZlE A | MoBumback 18 min, Test Ended A a | MoBurmback tests conducted
@
00:00 02:00 04:00 06:00 08:00 10:00 12:00 0000 0200 04:00 0600 0800 1000 12:00 0000 02:00 04:00 0600 0&00 10000 1100 00:0) 00200  0:04:00 0:06:00 00800 01000 0200
Burnback Resistance Time (mm:ss) Burnback Resistance Time [mm:ss) Burnback Besistance Time [mmess) Burnback Resistance Time (mimcss)
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TEST A
NO CONTROL
CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES
SION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1
EXTINGUISHED > 20 SECONDS
EXTINGUISHED <= 20 SECONDS
TEST B
TEST NOT CONDUCTED - FAILED PREVIOUS TEST
APPLICATION 1 - NO CONTROL
APPLICATION 1 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES
APPLICATION 1 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY
APPLICATION 1 - EXTINGUISHED > 20 SECONDS
APPLICATION 1 - EXTINGUISHED <=20 SECONDS
APPLICATION 2 - NO CONTROL
APPLICATION 2 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES
APPLICATION 2 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER
APPLICATION 2 - EXTINGUISHED

TEST NOT CONDUCTED - FAILED PREVIOUS TEST

APPLICATION 1 - NO CONTROL

APPLICATION 1 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

APPLICATION 1 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY

APPLICATION 1 - EXTINGUISHED > 30 SECONDS

APPLICATION 1 - EXTINGUISHED <=30 SECONDS

APPLICATION 2 - NO CONTROL

APPLICATION 2 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

APPLICATION 2 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY

APPLICATION 2 — EXTINGUISHED

TEST D

TEST NOT CONDUCTED - FAILED PREVIOUS TEST

APPLICATION 1 - NO CONTROL

APPLICATION 1 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

APPLICATION 1 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY

APPLICATION 1 - EXTINGUISHED > 30 SECONDS

APPLICATION 1 - EXTINGUISHED <=30 SECONDS

APPLICATION 2 - NO CONTROL

APPLICATION 2 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

APPLICATION 2 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY
| APPLICATION 2 — EXTINGUISHED
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CORRELATION OF SUPPRESSION RESULTS

TEST A

CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

120 “ 47 P F F SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY
EXTINGUISHED > 20 SECONDS

~ EXTINGUISHED <= 20 SECONDS

1 40 l NO CONTROL

- TESTB

100 A A FFF TEST NOT CONDUCTED - FAILED PREVIOUS TEST
’ A -~ APPLICATION 1 - NO CONTROL

80 PFFZ&PFF3 ~ - APPLICATION 1 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES

Se

Known >90 DR

60 Calculated ™

~a

(93 and 99) Ao

40 S

[ APPLICATION 2 EXTNGUISHED |

s o= & = - - _ -0.00SX - e = e == -—‘.-'--y__: APPLICATION 2 - EXTINGUISHED
y =126.316e

20

R?=0.992
0
0 50 100 150 200

28 FT?> MILSPEC EXTINGUISHING
TIME

EXTINGUISHING SCORE

Scoring method shows good ability to predict T B e B —

. I . APPLICATION 1 - NO CONTROL
MiI L_S PEC exti nguis h Ing time APPLICATION 1 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES
APPLICATION 1 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY
APPLICATION 1 - EXTINGUISHED > 30 SECONDS
APPLICATION 1 - EXTINGUISHED <=30 SECONDS
APPLICATION 2 - NO CONTROL
APPLICATION 2 - CONTROL - FIRE IN MULTIPLE CORNERS OR AROUND EDGES
APPLICATION 2 - SUPPRESSION - FIRE NEARLY EXTINGUISHED BUT REMAINS IN 1 CORNER ONLY
APPLICATION 2 — EXTINGUISHED
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CORRELATION AND ANALYSIS

« Numerous metrics evaluated for each test
* Rate of mass drainage, evaporation of fuel
* Video analysis algorithms developed
* Machine learning analysis used to correlate to MIL-SPEC performance

» Strongest correlations from:
* Occurrence / Time of flash ignition on heated fuel (tigflash_0)
* Mass of foam drained in 30 seconds on heated fuel (mdrn30_0)
« Mass of foam drained in 60 seconds on heated fuel (mdrn60_0 )

* Foam fluidity velocity in the first 5 seconds gy Variable Analysis
Thresholds

400

11

Flash Ignition, 0 kW/m? (s) tigflash_0

Mass drained after 30 s, 0 kW/m? (g) mdrn30_0

Mass drained after 60 s, 0 kW/m? (g) mdrn60_0 3.0
Foam Velocity (Area Covered per Time), 0 — 5.0 s (m%s) VOto5 0.035
C) BSERDPGESTCP
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INCONSISTANCIES IN CORRELATION

* |In several cases the trends for AFFF and PFF actual reverse

* For example, high drainage in AFFF indicates good performance, but increased
drainage in PFF may correlate to worse performance

« Same for rate of fluid coverage, increased spreading in PFF correlate to worse
MIL-SPEC extinguishing time

© AFFF ® AFFF
140 140
% APFF A P < PFF i A P
e U R FIT AL §°? 120 y=5705.7x+-49.0, 2 . FIT ALL
78 i L R?=0.95
= o 100 . = = FIT_AFFF 2= 100 - = = FIT_AFFF
2E * FIT PFF g E A FIT_PFF
S5 80 |, ALL FOAMS - S5 80 =
2c ., o ¥ "
F- .., y=-19.5x+79.7 AFFF - ALL FOAMS
ig e ... R=0.43 y=1.1x+24.6 £3 .| y=-2680.2x+144.3
] Eﬂ A ., = y, Y te, 2_
25 4 " R2=0.33 2 £ ~ - R=0.34
v ¥ ° -—-- s v ~ <~ lg AFFF
au -ty P = - — = = o
£ - @ g Tl ® 20 *G--.._ y=-954.9x+64.8
o -
T~ R=0.68
0 0 -

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Mass of foam drained from 0to 30 s {g) (mdrn30_0) Avg Rate 0-5 s (m?/s) (VOto5)
Stability 0 kw/m? Foam Fluidity
C) BSERDPGESTCP
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LIMITATIONS

* Full suite of tests is time consuming and expensive
« Staff training
* Instrumentation
* Video analysis algorithm development

* Limited correlation of fluidity and stability results
* Qualified AFFF and commercially available PFF tested only
« Lower quality foams or experimental batches may show greater distinction

» Tests intended to ID MIL-SPEC capable foams, these tests may not be
needed

» Use of 2 gpm MIL-SPEC nozzle is still an issue
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Conclusions

Most PFF appear to have difficulty meeting suppression time, not burnback

Bench-scale pan fire suppression and burn-back test
 Series of tests with increasing difficulty

» Good test for ranking performance and identifying whether foam might pass MIL-SPEC or if still a
needs further development

* Does ID parameters to improve to achieve performance

Stability test
« Test with no heat (0 kW/m?) - best data to distinguish foams
* 0 kW/m? mdrn60s > 3.0 g, tig,flash > 400 s
» Test with 20 kW/m? also provided distinguishing mass drained metric to assess foam performance
* 20 kW/m?> mdrn60s > 4.5 g

Fluidity test

« Spread velocity early in test distinguishes foams
+ V2.55>0.04 m?/s ; V5.0s>0.035 m?/s
» Test has more uncertainty and difficult to perform

Full set of tests — 0.045 gal (0.17 L) of concentrate, only a few milliliters to run S/BB only
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OUTCOME

« 2021 SERDP AFFF Challenge

» https://www.serdp-estcp.org/News-and-Events/Blog/2021-SERDP-
AFFF-Challenge

* https://www.youtube.com/watch?v=9S2XEpmXMJw&ab channel=SE
RDPandESTCP

* 1 ft? pan extinguishing challenge
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TEAM

* Dr. Brian Lattimer — Virginia Tech

« Jerry Back, Matt DiDomizio, Brianna Gillespie, Lindsay Huffert,
Michelle Addai — Jensen Hughes

 John Farley, Stanley Karwoski — NRL
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BURNING
QUESTIONS?
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