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C)BJECTXW

Give guidance cm -theperformance of fire

suppression systems in engine nacelles.

(X’xmare Effectiveness of 3 Key .?Ments

‘Formula Designation HJI?ACName
,CF31 iodotrifluoromethane

C#IF~ HFC-125 pentafhoroethane
cJm’7 HFC-227ea heptafluoropropane
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Testing Solid Propellant Gas Generators

1. What
tion?

are key parameters controlling flame extinc-
... .

Flow Velocity

Air Temperature

Pressure
G
“ baffle height

Agent

Fuel

2. What is an appropriate test apparatus?

. . .. .-..
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‘CRa I/(RateConstant)= l/(13● exp[-E/RT])

127



..

.2

●j:

.17

1

.15

I

(

/

TOUJENE

GASOLINE

.131 I I
o

I
20 40 1

60 80
I

I00 120

VELOCITY (cnv’see>

128



<a

0
.
m“

129
-

d

2xo

.

I,—



a cm

I=tJELi-EGH-rAD.usT-MEmDEEN’CE

7

J-
.-

G!ASS BEADS

> ..-
--

..

:.X.-.”.:“ . .--:::”-- ‘.

130



....

1
L

I
)
1

I
1

1
I
1

I
1

1,
L

/
Z

IN

S
Z
I
-
W
H

........................................................................................

m
m

9
W
W

...........................................
.
M
.
.
.
*
+
=
.
.
.
<

....
.
.
+
.
>
.
.
.
-
.
>
.
.

..........................

8
1
S
-
0
S

.
:
.
:
.
:
.
:
.
:
.
:
.
:
.
:
.
:
<
.
:
.
:
.

Jiiiii#zz-”d
”

E
d

iiiia8L
z-3

E
5iiii2

o
..:.:...x:~

.:~
-...-..:.>

:<
.:.:.:...:-:+

.:.:.:{.:

E
s

1
1
1
1
1
1
,
,
,
,
1
,
,
,
,
1
,
,
,
,
,
,
,
,
,
,
,
,
,
,
~
,........
.
t

.......................
u
’
)

o
m

C
?
3

c
)

N

J
e
z
!
P
!
X
OU!

o-.
L

o
o

L
o

0

131



mU
2

B
I

iJ
I

1
I

1
A

I
I

1
I

I
I

1
I

E
#

I
1

,

11
I

1
l
?

1
I

c)L
n

0
$?

0
0

P
-
-
)

o
J’+—

0

-
J
u
a
6
1
f40

~
W
3
3
@
-
j
m
u
n
[
o
~

t
@

L
i-

V
)m

0v-2

132



III



L
L

i
i

.
..

.
..

..:
.“
‘

(3

.:;.
.

.+
”..

,<.’.
“;

,...

-.i
.>.,,.

..$:,

.
..r..
.:

:
I-’ ..

...s.
.

z
......L

u
..C

!s
aua

AIL

Jw=L

~
;

~
:;

I
~

;...
..::..

..
.

..
.

.
.

.
._

p
,

,:X
*

~
>

:>
:,x

;,:.
~

.:.:,:,:.:,:
<<,

:i,x,:,:,:,:,:,:,>:.:.:.:.:,:,:.:.:,
:.y,:.:,:.../.w

:.
!.:.!

:.;
.:.:.

!.:.,.,
.!.:.;.:.!.:.:.>!.>:.>!.!.;’

134



D

.,

RecirculationZone

L

t

. .. . .,

I L I
p+-+

Flow~> b

o

4--1 ‘

$?:.

/. ; ,;#ii:,

= 7.3cm (j=3.3cm :8:::,<{.:::#b ............+:+:.:.:.:@ b,’ :::::::::...:::::-::::::

K
.:$j$.i:::::.+:.:.:...:.:.::.:.:.:.:+:.:.45°::j’i.:;~

0

................;:::::::Y<::::............::::::::::::::::
+:‘o “::;*;:con:::::$>;::::>.:J:::;.>

<:; ‘g::::::::::<<<$?::::.,.:,,.. Y.. b

Fuel Tube Bluff Body

hollow
e spray

R=- ,3-6

R=118
135



n

cm

U3
u-l
m

w
w
m

deliveryinterval= 700 ms
20/l 111~111 l,illl, illl, nil, ,,, l ,,11, ~

15

10

5

0

—--e-,cF3Br
———————CF31
-f+- I-IFC-125

I

- cd

.,...



—

(n
\Eu
)
h-II>a)
>f-

Z

..

i
1

I
1

t
1

1
I
I
I
I
I
1

I
I
I
I
I

1

•
1

1

Q

00co

00u
)

00K
J
-

00N

I
I
I
I
1

I
I
I
I
I
I
I

I
I
I

I
I

I
I
I

0
0

0
~.

0
Kr

0
m

N
—

0
0-

0-
0-

0-
0-

nu)

EE>(-C
D

chf
-

(l)
>--mn



AGENT ENTRAINMENT 3X3X) RECIFMXJLATXON KM

@ Predict Xi as function of At, Velcxity

Assumptions

@ TO extinguish flame, Xi(At) > XC.

@ Zone length (L) assumed constant.

O Instantaneous mixing occurs.

O Spray characteristics unimportant.



. .

AGENT ENTWUNMENT INTO RECIRCULATION ZONl

. .

Results

xm(Atx)
xc(At)= —

1 – ~ ( -L&/~

OAt= injection interval.

:.

Limi~ation~

of

is not predicted, but is a function

agent chemistry.
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CONCLUSIONS

. In general, baffle stabilized pool fires are more
dan~erous tha’n baffle stabilized spray fires be-
cause:

ILIUJL19 MIJJ.-L11LJ

ikmt into the
against a wall.

1 Tnn/-em;*s.2_-times associated with, agent entra.i-
recirculatiofizone of an obstacle.

2. Higher agent
extinction.

concentration is required to achieve

A fke of this sort may occur in an, engine nacelle
when a fuel puddle is located downstream of a rib.

@ A fire with a heated oxidizer flow requires more
suppressant to extinguish.


