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RAPID FIRE SUPPRESSANT DISCHARGE 

SUMMARY OF THE INVENTION 

The present invention relates to a unique discharge 
passage con?guration for a ?re-suppressant bottle. In 
a known bottle arrangement the pressurized suppres 
sant is discharged downwardly from the bottle and 
thence laterally through a control valve to the ?reball 
zone; the discharge path is in the nature of a right angle 
bend. Flow through a right angle bend produces a pres 
sure drop and high velocity heads which can result in 
vaporizing the suppressing agent prematurely and de 
tracting from the effective mass flow rate. In the pro 
posed bottle design the pressurized suppressant is dis 
charged from the bottle in a horizontal trajectory, 
thereby eliminating the detractive pressure drop‘and 
high velocity heads that accompany a right angle bend 
type of discharge. 

THE DRAWINGS 

FIG. 1 is a schematic plan view of a military vehicle 
interior space equipped with three ?re extinguisher 
bottles. 
FIG. 2 fragmentarily illustrates a prior art bottle de 

sign. 
FIGS. 3 through 5 are charts illustrating the effect 

that passage configuration has on ?ow rate. 
FIGS. 6 and 7 fragmentarily illustrate a bottle design 

under the invention. 
FIG. 8 illustrates a variation of the bottle design 

shown in FIGS. 6 and 7. 

GENERAL ARRANGEMENT (FIG. 1) 

FIG. 1 schematically shows in top plan a military ve 
hicle interior space 10 comprising a fuel tank zone 12, 
engine compartment 14, driver’s area 16, and person 
nel space 18; the arrangement corresponds in a general 
fashion to that of the US. Army personnal carrier 
known as M-113. ' 

Three upright ?re extinguisher bottles 20, 22 and 24 
are arranged within space 10 to direct pressurized ?re 
suppressant into selected areas of the space in response 
to electrical signals transmitted from optical sensors 
26, 28 and 30; the sensor signals actuate electrically 
triggered valves located on the bottles. Each optical 
sensor may be of the type that responds to infra-red, or 
ultra-violet radiation or dual wavelengths generated by 
explosive type ?res, e.g., hydrocarbon fuel ?res; re 
sponse time for such sensors is on the order of micro 

‘ seconds, (?ve milliseconds maximum). 
In the extinguishment of explosive fires it is impor 

‘tant that the pressurized ?re suppressant be delivered 
to the ?reball very rapidly. It has been estimated by the 
U.S Bureau of Mines that a ?reball for a given hydro 

' carbon fuel spreads several feet within the ?rst one-half 
second after ignition. A ?reball generates toxic pyroly 
sis by-products that can cause death due to excessive 
lethal concentrations or asphyxiation. Therefore, it is 
desirable that the ?re suppressant be delivered to the 
fireball area as quickly as possible. 
Suppressant delivery time may be considered as the 

_ response time for the optical sensor, plus the time re 
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quired for actuation of the control valve on the bottle, ' 
plus the time required for the suppressant to travel 
from the bottle to the target zone (potential propaga 
tion space of the ?reball), plus the time required for re 
action of the suppressant with the fuel and/or oxidizer 
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2 
to inert the atmosphere. The present invention is con 
cerned with reducing or minimizing the travel time 
from bottle to target. This is accomplished by designing 
the bottle to minimize directional changes of the sup 
pressant as it moves from the bottle interior to the bot 
tle exit opening; such directional changes produce 
pressure drops that limit or reduce the velocity head at 
the exit opening. 
The military vehicles for which the system is particu 

larly suited pose unavoidable constraints on the bottle 
design and dimension. Thus, each bottle is preferably 
oriented in an upright position closely adjacent a side 
wall of the vehicle to avoid undue projection into the 
personnal space. Also, for proper coverage of the per 
sonnal space, the suppressant trajectory should be hori 
zontal, not vertical. 
FIG. 2 fragmentarily illustrates a fire extinguisher 

bottle considered to be representative of the prior art. 
The cylindrical bottle 31 is located in an upright posi 
tion with its central longitudinal axis 32 vertical and its 
transverse diametrical dimension 34 horizontal. A bot 
tle constructed to deliver 5 pounds of suppressant, e.g., 
Halon 1301 (CFaBr), might have an internal length 
along axis 32 of approximately 12 inches and an inter 
nal diameter of approximately 5 inches. The suppres 
sant is ordinarily pressurized to approximately 750 
p.s.i. at 70° F with an inert pressurizing gas such as ni 
trogen; if the bottle were charged only with pure Halon 
1301 the driving pressure head would be effectively 
limited to the vapor pressure of the Halon which is ap 
proximately 200p.s.i. at 70°F. In a bottle system 
charged with nitrogen and Halon 1301 the liquid Ha 
lon, with some dissolved nitrogen, occupies the lower 
portion of the bottle; the pressurizing agent, with some 
Halon vapors, occupies the space above the liquid Ha 
lon. The bottle is ordinarily charged to a pressure in the 
vicinity of 700-800 p.s.i. 
During the operating period pressurized suppressant 

(Halon 1301) flows from the bottle through a discharge 
port 36 that communicates with a squib-operated valve 
38. Valve 38 may be similar to the valve shown in US. 
Pat. No. 3,491,783 issued on Jan. 27, 1970 to O. L. 
Linsalato. As shown in attached FIG. 2, the valve com 
prises a rupturable disk or diaphragm 40 suitably se 
cured within a valve body 42 that slidably mounts an 
annular cutter element 44. An electrically triggered ex 
plosive squib 46 generates high gaseous pressures on 
the order of 2500-4500 p.s.i. in annular space 48 to 
drive cutting annulus 44 through disk 40, thereby per 
mitting pressurized suppressant to ?ow from port 36 
through valve passage 50 and into a curved tube or noz 
zle 52. The nozzle sprays the ?uid suppressant toward 
the target in a horizontal direction, as denoted by nu 
meral 54. A spreader rod 56 extends across the diame 
ter of tube 52 at its exit end to promote lateral diver 
gence of the spray pattern and reduced impact forces 
on personnel in the line of discharge. The overpressure 
in bottle 31 necessary to achieve a given mass flow rate 
may be determined in accordance with such factors as: 

1. minimum velocity head at the outlet end of tube 

52, 
2. maximum pressure drop experienced between port 
36 and the tube 52 outlet, 

3. need to prevent ?ash vaporization within tube 52, 
4. loss of pressure head within the bottle due to with 
drawal of Halon from the bottle (i.e., expansion of 
the nitrogen pressurizing agent), and 
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5. changes in system pressure due to ambient temper 
ature variations. 

The velocity head at the outlet end of tube 52 deter 
mines the linear velocity through the tube. Therefore, 
working back from the desired mass ?ow rate, we can 
ascertain the necessary velocity head to achieve such 
a rate. Assuming a desired suppressant ?ow rate of 5 
pounds in 50 milliseconds through a tube 52 having a 
diameter of 1 inch, the corresponding linear velocity is 
approximately 2200 inch per second. The pressure re 
quired at the exit end of the tube for such a flow may 
be calculated from the formula: 

00V2 

2:: 

where P is pressure in lbslinz, a) is weight of the sup 
pressant per unit volume in lbs/in“, V is linear velocity 
in inches per second and g is acceleration due to gravity 

(386 inchlsecz). 

.058 X (2200)2 , 

_‘——“2 X 386 — 362 p.s.i. 

If this velocity pressure head is to exist at the exit end 
of tube 52 then an estimation of the frictional pressure 
drop in tube 52 is desirable to gage the overpressure re 
quirements in bottle 31. 
The pressure drop in a curved tube can be visualized 

as the pressure drop that would occur in an equivalent 
length of a straight tube, plus a correction based on the 
tube curvature. ln HYDRAULIC SYSTEM ANALY 
SlS_ by George R. Keller, at page 51 thereof, the pres 
sure drop is said to follow an equation essentially as fol 
lows: 

, _ I__ _ in!” 
Al — f d + C X KB 28 

where 
fis a dimensionless friction factor, 
d is the tube diameter in inches, 
1 is the tube length in inches, 
KB is an experimental correction factor for a 90° tube 
bend, and 

C is a‘ correction adjustment of [(8 for bend angles 
different than ninety degrees. 

Friction factorfis dependent on the Reynolds Num 
ber NR. However at high Reynolds Numbers in the tur 
bulent zone the friction factorfis approximately 0.01 
for a wide range of ?ows. 
Tube bend correction factor KB relates the effect of 

bend radius and the tube diameter on friction. At 
tached FIG. 3, taken from the aforementioned HY 
DRAULIC SYSTEM ANALYSIS, plots KB versus Rey 
nolds Number NR for six different “bend radius - tube 
diameter?’ ratios. At low Reynolds Numbers the value 
of K,, for any given r/d ratio varies substantially with 
variation in Reynolds Number. However as NR goes be 
yond 106 the value of KB for any given r/d ratio remains 
relatively constant. For purposes of analyzing the FIG. 
2 ?ow system we can use KB values for NR = 106. FIG. 
4 illustrates how KB varies at different r/d ratios when 

NR iS 
FIG. 5, taken from HYDRAULIC SYSTEM ANAL 

YSIS plots correction factor C against an angle 0 repre 
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4 
senting change in ?ow-direction as the ?uid traverses 
the bend between the starting and ending planes 1 and 
2. In the FIG. 2 system the starting direction would be 
vertically downward and the leaving direction would be 
horizontal; angle 0 would be ninety degrees, giving C a 
value of 1.0. 
The FIG. 2 bottle is here assumed to have a tube 52 

diameter of 1 inch, a tube bend radius r of one inch, 
and a tube length l of 1% inches. Using these figures on 

the above equation: 
I 

AP= [.01 X 
AP = 67 p.s.i. 

As previously noted, the system pressure should be 
such as to preclude ?ash vaporization of Halon 1301, 
particularly while it is ?owing through tube 52. The 
vapor pressure of Halon 1301 at 70°F is approximately 
200 p.s.i. Considering bottle 31 and tube 52 as a “sys 
tem,” the system pressure must at all times be main 
tained above 200 p.s.i. to preclude ?ash vaporization. 
The curved nature of tube 52 is detrimental in this re 
spect in that it tends to produce localized low pressure 
at the inner radius zone 57. Thus, inertial effects tend 
to produce a concentration of the ?uid near the outer 
radius zone 59, leaving inner radius zone 57 relatively 
vacant. The resultant ‘low pressure head in zone 57 
tends to permit ?ash vaporization in that zone even 
though the average pressure head may be above the 
lower limiting value of 200 p.s.i. Flash vaporization 
produces gaseous bubbles of lessened density than the 
liquid phase; such bubbles detract from the mass ?ow 
rate, and hence from the ?re-suppressant action. 
As previously mentioned, the mass flow rate is also 

affected by expansion of the pressurizing agent during 
the course of the discharge period. As the Halon 1301 
level in the bottle is lowered the volume of the pressur 
izing agent is increased or expanded, thereby resulting 
in a reduction in suppressant pressure within the bottle. 
Such a pressure reduction constitutes a lowering of the 
driving force and a consequent lowering of the suppres 
sant ?ow rate. The initial nitrogen overpressure should 
be set high enough to avoid a low “dribble” ?ow rate 
during the latter stages of the discharge operation. 
However the initial overpressure should not be set so 
high that excessive amounts of nitrogen go into solution 
with the Halon. At high partial pressures of the nitro 
gen the nitrogen solubility in liquid Halon 1301 is in 
creased. Therefore, if a bottle of a given capacity were 
charged to an abnormally high pressure with liquid 
Halon 1301 and gaseous nitrogen, then the liquid phase 
might contain a significant quantity of dissolved nitro 
gen. During the operating period dissolved nitrogen 
would be carried along with the Halon 1301; the nitro 
gen would tend to come out of solution in the form of 
bubbles. Such bubbles would detract from the effective 
mass flow rate of Halon 1301. Therefore a useful high 
mass ?ow is not necessarily achieved by merely pres 
surizing the bottle to a high value with nitrogen. The 
“nitrogen solubility” problem could be overcome by 
separating the nitrogen and Halon from each other, as 
by the use of a piston or diaphragm. However such an 
expedient adds to system complexity and cost. 

In general, the physical arrangement of FIG.'2 poses 
some problems in selection of bottle overpressure. 
Thus, the curved nature of tube 52 requires an increase‘ 
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in bottle pressure to take care of the frictional pressure 
loss and flash vaporization capability near the inner 
surface of the tube curvature. The higher overpressure 
requirement tends to accent the adverse effects due to 
the nitrogen solubility problem. 
Some of the disadvantageous characteristics of the 

FIG. 2 structure are overcome with the structure frag 
mentarily shown in phantom lines in FIG. 2. In the 
phantom line structure a tube 52a, having a relatively 
large bend radius r‘. replaces the tube 52. The larger 
bend radius provides a higher r/d ratio, a lower KB fac 
tor and a lesser pressure drop. Tube 52a has a more 
uniform velocity across the tube diameter, hence less 
ened likelihood of localized flash vaporization near the 
inside radius of the tube. As before noted, vaporization 
would contribute to low mass ?ow rates. 
Tube 52a suffers operationally in that it offers a 

longer passage length, hence higher boundary layer 
friction and longer travel time prior to entry into the 
atmosphere. A practical difficulty with tube 52a is that 
it projects a considerable distance from the bottle. both 
vertically and horizontally; it thus constitutes an attrac 
tive nuisance to personnel who would be apt to use the 
tube for a handhold and/or foothold. 
FIG. 6 illustrates a bottle design of the present inven 

tion arranged for improved flow capability and com 
pactness. The structure comprises a control valve 38 
connected to an opening 36a in the bottle side wall; liq 
uid suppressant is discharged in a horizontal trajectory. 
Dashed lines 52b illustrate an imaginary curved duct 

de?ning an idealized flow path around an imaginary ra 
dius of curvature rl having substantially the same mag 
nitude as radius r1 in FIG. 2. Angle 0 in FIG. 6 is sub 
stantially less than 90°. The values for radius rl and 
angle 0 provide relatively low values for KB and C 
(FIGS. 4 and 5), hence low pressure losses. 
Angle 6 is shown in FIG. 6 to have a constant value. 

In actuality its value varies as the liquid level moves 
down in the bottle. The flow force lines are generated 
at the free surface of the liquid; in the idealized case the 
force lines would be generated near wall 60 to produce 
the ?ow path 52b. Initially the free liquid surface is ele 
vated appreciably above opening 36a so that angle 0 
then has a value approaching ninety degrees; as the liq 
uid level is lowered angle 0 becomes less because the 
force lines are directed more predominately in the hori 
zontal direction. The illustrated angle 0 represents what 
might be termed the average angle. 

FIG. 6 represents the flow in one plane. Actual flow 
- is three dimensional and convergent in the zone near 

,opening 36a; such convergent three dimensional ?ow 
implies a lower value for 0, hence lower losses. The 
losses upstream from‘ opening 36a are probably not 
much greater than the losses upstream from opening 36 
in FIG. 2. FIG. 6 avoids the use of a curbed tube 52 or 
52a, and the accompanying losses. At the same time 
the FIG. 6 structure is considerably more compact than 
the structure of FIG. 2. Additionally the FIG. 6 struc 
ture has a shorter passage length, hence a slightly 
shorter time before entry to the atmosphere. 
The FIG. 6 structure includes a spherical lower cavity 

surface 62 that has the effect of minimizing the liquid 
quantity in horizontal alignment with opening 36a. 

_ When the free surface of the liquid drops to the level 
of opening 36a the driving force is dissipated so that 
liquid then remaining in cavity 62 is discharged by a 
relatively slow boiling-off process. Minimizing the 
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6 
quantity of boil-off liquid is beneficial when the liquid 
is expensive, as in the case of Halon 1301. 
The spherical cavity 62 allows wall areas 64 to be 

thickened without forming protrusions on the bottle; 
the thickened wall areas can accommodate a recessed 
gage and/or blow-out disk. However cavity 62 should 
be sufficiently large to provide a ?ow space 66 at least 
approximately twice the diameter of d of opening 36a 
to insure a gradual convergence to the opening. 
FIG. 8 illustrates a slight variant of FIG. 6 structure 

designed to provide a slightly greater recessing of con 
trol valve 38 within the bottle, hence a lesser projection 
of the valve into the personnel space. Operationally the 
FIG. 8 structure will probably not perform quite as well 
as the FIG. 6 structure, due to a slightly lower effective 
radius r‘ and a slightly higher approach angle 6. 
The present invention is concerned with the arrange 

ment of FIGS. 6 and 8, wherein discharge port 36a is 
located in the bottle side wall for directing pressurized 
suppressant in a generally horizontal direction; the con 
trol valve is arranged to provide a linear flow path that 
constitutes a continuation of the horizontal path pro 
vided by port 36a. The bottle preferably has an internal 
transverse dimension (horizontal direction) that is at 
least twice the diameter d of the discharge port 36a for 
attainment of the desired large curvature radius r‘. For 
example, the bottle can have a transverse diameter in 
the range of 3 to 5 inches, and a port 36a diameter in 
the range of 1 to 1% inches. The discharge port is lo 
cated as close as possible to the lower end of the bottle 
to minimize boil-off liquid. The arrangement also con 
serves bottle materials. 

I wish it to be understood that I do not desire to be 
limited to the exact details of construction shown and 
described, for obvious modifications will occur to a 
person skilled in the art. 
We ‘claim: 
1. In a military vehicle, a stationary ?re extinguisher 

comprising an upright pressure-resistant bottle contain 
ing pressurized ?re suppressant of the ?ashable vapor 
type; said bottle being located within the personnel 
space of the vehicle in close proximity to a vehicle side 
wall for discharge of suppressant into the personnel 
space; said bottle having an internal length dimension 
extending essentially vertically, and an internal trans 
verse dimension extending essentially horizontally; said 
bottle having a discharge port in its side wall for direct 
ing pressurized suppressant from the bottle interior in 
a generally horizontal direction, said port being located 
in a portion of the bottle side wall immediately adjacent 
its lower end; and a control valve connected directly to 
the discharge port, said valve having a linear ?ow pas 
sage therethrough constituting a horizontal continua 
tion of the bottle discharge port; the control valve flow 
passage constituting a nozzle for discharging the pres 
surized suppressant directly to the personnel space in 
a horizontal trajectory; the internal transverse dimen 
sion of the bottle taken along the axis of the discharge 
port being at least approximately twice the diameter of 
the discharge port; said bottle defining a single cham 
ber in open communication with the discharge port, the 
fire suppressant being pressurized by means of an inert 
gas in physical contact with the suppressant. 

2. The combination of claim I: said bottle having an 
internal transverse diameter in the range of approxi 
mately five inches, and the discharge port having a di 
ameter in the range of approximately 1 inch to 1% inch. 

* * * >l= * 


