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(54) Adjustable nozzle

(57) A nozzle (12) for fire suppression includes a first
portion (26) and a second portion (28). The first portion
(26) has a first passageway (42) with a gas inlet (30) and
a gas outlet (44). The first portion (26) has a cavity (38)
therein with a liquid inlet (40) and a liquid outlet (46). The
cavity (38) is disposed around at least a portion of the
first passageway (42) such that the gas outlet (44) is dis-

posed radially inward of the liquid outlet (46) from the
cavity (38). The second portion (28) is connected to the
first portion (26) and has a second passageway (48) with
an outlet (32). The second passageway (48) has a first
region (50) with an increasing diameter toward the outlet
(32) and a throat (52) communicating with both the outlet
(44) of the first passageway (42) and the outlet (46) of
the cavity (38).
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Description

BACKGROUND

[0001] The invention relates generally to nozzles, and
more particularly to an adjustable nozzle for fire suppres-
sion.
[0002] A wide variety of fire suppression systems and
apparatuses are commercially available. Fires are iden-
tified according to one or more fire classes. Each class
designates the fuel involved in the fire, and thus, the most
appropriate extinguishing agent. The classifications al-
low for the selection of appropriate extinguishing agents.
The appropriate agent is selected based on effectiveness
at putting out the class of fire, as well as avoiding un-
wanted side-effects. Multiple classification systems exist,
for example the United States has a classification system
that differs from that of Europe and Australia.
[0003] Fires whose fuel is a flammable or combustible
liquid or gas can be treated by inhibiting the chemical
chain reaction of the fire. One form of fire suppression
system that accomplishes this is a "clean agent" gaseous
fire suppression system. Clean agent fire extinguishing
systems extinguish fires by creating a fire extinguishing
atmosphere consisting of agent vapor or gas that is mixed
with the air within the protected space. Clean agent sys-
tems are used in enclosed areas to suppress fires without
water, powder or foam so not as to destroy or damage
an enclosed area.
[0004] Most commonly, the chemical that forms the
agent for the clean agent system is stored in liquefied
form under normal storage conditions but should be va-
porized to form a gaseous mixture with air once released
into the atmosphere of the enclosed area. Once released,
the agent mixes with the ambient air of the enclosed
space to inhibit combustion and extinguish the fire.
[0005] Ideally, liquefied-gas agents exist in liquid form
when confined in a closed container but exist as a gas
when not confined in the container. However, this is not
always the case. In some instances, the liquid agent does
not become entrained and evaporate rapidly in the am-
bient air of the enclosed area. If the agent remains a liquid
for too long during discharge it can contact objects within
the enclosed area and fall to the floor to pool. Pooling of
agent is wasteful and limits the effectiveness of the agent
to fight the fire.

SUMMARY

[0006] A nozzle for fire suppression includes a first por-
tion and a second portion. The first portion has a first
passageway with a gas inlet and a gas outlet. The first
portion has a cavity therein with a liquid inlet and a liquid
outlet. The cavity is disposed around at least a portion
of the first passageway such that the gas outlet is dis-
posed radially inward of the liquid outlet from the cavity.
The second portion is connected to the first portion and
has a second passageway with an outlet. The second

passageway has a first region with an increasing diam-
eter toward the outlet and a throat communicating with
both the outlet of the first passageway and an outlet of
the cavity.
[0007] The first portion may include a conically shaped
member that has a cross-sectional area which decreases
from an inlet side to an outlet side. The first passageway
may have a slightly converging or constant cross-sec-
tional area and extend through the member from the inlet
side to the outlet side. The housing may be connected
to and surrounding a portion of the member. The housing
may form an outer wall of the cavity and the member
forms an inner wall of the cavity. The conically shaped
member and the second portion may form a venturi stage
with a converging section adjacent the outlet of the cavity
and a diverging section distal to the outlet of the cavity.
[0008] The second passageway may have a second
region with an increasing diameter that is disposed within
or adjacent to the outlet of the cavity. The second portion
may be adjustable relative to the first portion such that
the area of the outlet of the cavity can be varied. The
area of the outlet of the first passage may be between
one and ten times larger than the area of the outlet of the
cavity. In one particular embodiment, the area of the out-
let of the first passage is four times larger than the area
of the outlet of the cavity.
[0009] In another aspect, a method entraining a liquid
in a gas to facilitate evaporation of the liquid includes a
nozzle having a venturi stage with a converging section
and a diverging section. The method additionally includes
flowing a gas through the nozzle to the diverging section,
flowing a liquid agent through the converging section,
and mixing the gas with the liquid agent in the diverging
section.
[0010] The method may draw the gas from air in an
ambient source surrounding the nozzle. In one embodi-
ment, the nozzle utilized is adjustable to vary the flow of
both the gas and the liquid agent. The flow of gas passes
through a first outlet and the flow of liquid agent passes
through a second outlet, and an area of the first outlet
may be one to ten times  larger than an area of the second
outlet. In a particular embodiment, an area of the first
outlet is four times larger than an area of the second
outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is an elevated side view of a fire extinguisher
employing a nozzle according to the present inven-
tion.
FIG. 2 is a sectional view of the nozzle of FIG. 1
showing a first portion and a second portion that to-
gether form a venturi stage within the nozzle.
FIG. 3 is a further sectional view of the nozzle of FIG.
2 which illustrates two outlets from the first portion.

1 2 



EP 2 671 616 A1

3

5

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION

[0012] The invention comprises a nozzle and method
of mixing a gas with a liquid to facilitate evaporation of
the liquid using the nozzle.
[0013] The nozzle described hereinafter facilitates
mixing utilizing first and second portions. The first portion
has two inlets. One inlet allows the gas to communicate
through a first passageway. The second inlet allows the
liquid agent to communicate with a cavity that surrounds
the first passageway. The second portion of the nozzle
is adjustable fastened to a distal end of the first portion
of the nozzle and has a second passageway that com-
municates with both the first passageway and the cavity.
[0014] Effective mixing of the fluids leading to rapid
evaporation of the liquid agent evaporation (gasification
of the liquid agent in 0.5 meters after discharge) is
achieved by the design of the first portion and second
portion. Without as described herein, the liquid agent
would form a cohesive stream many meters long, with
little gasification. More particularly, the first and second
portions form a venturi stage with a converging section
adjacent the outlet of the cavity and a diverging section
distal to the outlet of the first passageway and the outlet
of the cavity. The venturi stage allows liquid agent to en-
train with the air and accelerates the flow of the mixture
of liquid agent and air from the nozzle to achieve a desired
length of discharge. The second portion of the nozzle is
adjustable relative to the first portion to change the size
of the outlet from the cavity, and thereby, regulate the
flow of the liquid agent. Thus, the nozzle can be adjusted
to achieve a desired discharge speed and length based
upon the type of enclosure the nozzle will be applied in.
For example, if  the enclosure has restricted space or
obstructions, the nozzle can be adjusted to restrict the
flow of agent for a smaller discharge. In larger spaces
the nozzle can be opened for a more rapid discharge and
greater length of discharge.
[0015] FIG. 1 shows a portable fire extinguisher 10 with
a nozzle 12 according to the present invention. Although
illustrated on a portable device, the nozzle described is
equally applicable to other fire suppression apparatuses
and systems including ceiling mounted remote tank sup-
pression systems. In addition to nozzle 12, fire extin-
guisher 10 includes a releasing mechanism 14, a hose
16, and a canister 18. In the embodiment shown, releas-
ing mechanism 14 is of conventional design and has a
handle 20, an actuating lever 22, and a ring pin 24. The
nozzle 12 includes a first portion 26 and a second portion
28. The first portion 26 includes an inlet 30 and the second
portion 28 includes an outlet 32.
[0016] Hose 16 is connected to nozzle 12 at a first end
and at a second end to releasing mechanism 14. Releas-
ing mechanism 14 is mounted to canister 18 and acts to
regulate the flow of compressed agent from canister 18
through hose 16. Nozzle 12 itself is constructed of first
portion 26 and second portion 28. Second portion 28 is
adjustably joined with first portion 26 by methods such

as threads, sliding adjustment, or other known means.
This configuration allows second portion 28 to be adjust-
able relative to first portion 26 to achieve a desired dis-
charge (size and flow composition). Although described
as adjustable herein, second portion 28 can be fixed rel-
ative to first portion 26 as needs dictate. This would allow
nozzle 12 to be preset to certain applications.
[0017] As fire extinguisher 10 is a portable device, han-
dle 20 allows the individual to carry the fire extinguisher
10 to locations experiencing a fire. Hose 16 and nozzle
12 allow the individual to direct the flow of fire suppressing
agent at the fire. Ring pin 24 acts to prevent accidental
discharge of agent.
[0018] The fire suppressing agent is housed in canister
18. The agent can be any fire suppressant capable of
evaporating in a gas. In one embodiment, agent com-
prises a suitable Halon replacement. When actuating le-
ver 22 of releasing mechanism 14 is actuated a valve is
opened and compressed liquid agent is rapidly dis-
charged through hose 16. Once free of the canister, the
pressure upon the liquid agent decreases and the agent
begins to gasify becoming a gas/liquid mixture. The mix-
ture (hereinafter called a liquid because it contains a liq-
uid portion) flows through hose 16 to nozzle 12 and enters
first portion 26.
[0019] As will be discussed subsequently, liquid agent
passes through a venturi stage within nozzle 12 and mix-
es with ambient air that enters nozzle through inlet 30.
Ambient air (gas) is pulled through nozzle 12 by the pres-
sure differential created by liquid agent and discharged
from first portion 26 radially inward of liquid agent. Thus,
the liquid agent surrounds or partially surrounds the am-
bient air (gas) upon mixing within nozzle 12. The advan-
tage of this arrangement is that evaporation of the liquid
agent can occur on both the radially inner portion of the
gas/liquid stream (i.e. within the gas/liquid stream) as
well at the outer radial boundary of the gas/liquid stream.
The arrangement of the air introduced within the liquid
agent stream provides for improved gasification (i.e.
evaporation in less than 0.5 meters) and hence the im-
proved nozzle performance.
[0020] Although described in reference to ambient air
from the enclosure surrounding the nozzle 12, nozzle 12
can utilize virtually any type of gas including gas from a
contained source. Venturi stage allows liquid agent to
entrain with the air and accelerates the flow of the mixture
of liquid agent and air from nozzle 12 to achieve a desired
length of discharge. In one embodiment, the entrained
mixture of liquid agent and air is discharged from outlet
32 as a turbulent flow facilitating rapid evaporation of the
remaining liquid agent. Such a turbulent flow is possible
because air stream is volumetrically much larger (one to
ten times) than liquid agent stream. It is understood that
the embodiment of nozzle 12 illustrated and described
is exemplary and in other embodiments various aspects
of nozzle 12 such as inlet 30 can have different configu-
rations, sizes and locations.
[0021] FIG. 2 shows a cross-section of nozzle 12. In
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addition to inlet 30, first portion 26 includes a housing 34,
a member 36, a cavity 38 contained within the housing
34, a second inlet 40, a first passageway 42, a first outlet
44, and a second outlet 46. In addition to outlet 32, second
portion 28 includes a second passageway 48. The sec-
ond passageway 48 includes a first region 50, a throat
52, and a second region 54. Second portion 28 and first
portion are disposed to create a venturi stage 56 that
includes a converging portion 58 and a diverging portion
60.
[0022] In the embodiment shown in FIG. 2, second por-
tion 28 includes threads on its outer surface that are pro-
vided to be selectively secured to a distal end of first
portion 26 by complementary threads 62. Housing 34
extends about portions of second portion 28 and member
36 (i.e., housing 34 partially receives portion 28 and
member 36). Member 36 is connected to housing 34 and
has a semi-conical shape that terminates into a generally
cylindrical shape. The member 36 includes a hollow in-
terior that traverses each of the semi-conical and cylin-
drical shapes. Member 36 has a cross-sectional area that
decreases from an inlet side to an outlet side. Member
36 extends from a base portion of housing 34  to allow
inlet 30 to be exposed to ambient air A. Housing 34 is
hollow and has cavity 38 therein into which member 36
extends. Cavity 38 surrounds member 36 and extends
to second portion 28. Thus, cavity 38 is formed by hous-
ing 34 and member 36, with member 36 forming an inner
wall of cavity 38.
[0023] Second inlet 40 is configured to be coupled to
hose 16 (FIG. 1) and allows liquid agent S to enter cavity
38 from hose 16 (FIG. 1). In the embodiment shown,
second inlet 40 is about generally half of the inner diam-
eter of inlet 30. Cavity 38 is separated from first passage-
way 42 by member 36. First passageway 42 is generally
coextensive with the length of member 36 to communi-
cate with inlet 30 and first outlet 44.
[0024] Second outlet 46 for first portion 26 comprises
the outlet for cavity 38. Second outlet 46 is disposed out-
ward of and is located around first outlet 44. First outlet
44 and second outlet 46 interface with and are received
in second passageway 48 of second portion 28. Thus,
second passageway 48 communicates with first outlet
44 and second outlet 46. Second passageway 48 ex-
tends the length of second portion 28 from outlet 32 to
cavity 38.
[0025] Second passageway 48 has regions with differ-
ent geometry. First region 50 extends from outlet 32 prox-
imally toward first portion 26. First region 50 has a tapered
flow surface with an angle θ that is offset from a centerline
axis CL of nozzle 12. In one embodiment, flow surface is
offset by between 10° and 40° from the centerline axis
CL. First region 50 is tapered to facilitate expansion of
the air/agent mixture. Expansion causes a pressure drop
in the mixture which results in evaporation of the liquid
agent. Taper angle θ also affects the length of discharge,
and therefore, can be varied based upon desired appli-
cation of nozzle 12.

[0026] First region 50 ends at throat 52 which compris-
es a region of constriction where second passageway 48
has a smallest diameter. As shown in FIG. 2, throat 52
is positioned downstream of and communicates with first
outlet 44 and second outlet 46. Second region 54 extends
from throat 52 and has a radius which increases the
cross-sectional diameter of second passageway 48 ad-
jacent cavity 38 near outlet side of member 36. In the
embodiment shown in FIG. 2, second region 54 is dis-
posed within or adjacent to the second outlet 46 of cavity
38.
[0027] Venturi stage 56 is formed by the disposition of
conically shaped member 36 and second portion 28.
Venturi stage 56 is characterized by converging portion
58 with a  region of decreasing cross-sectional area ad-
jacent and up to second outlet 46 of cavity 38. Diverging
portion 60 is disposed downstream and distal of second
outlet 46.
[0028] In operation, when releasing mechanism 14
(FIG. 1) is actuated, liquid agent S flows from hose 16 to
cavity 38 through second inlet 40. Liquid agent S passes
through converging portion 58 to second outlet 46. While
passing through converging portion 58 and diverging por-
tion 60, liquid agent is subject to the venturi effect. As a
result of this effect, the velocity of the liquid agent S (and
the velocity of ambient air A drawn through first passage-
way 42 by the pressure differential caused by the flow of
liquid agent S) is increased. This increased velocity al-
lows nozzle 12 to achieve desired discharge lengths.
[0029] Mixing of liquid agent S and air A takes place
downstream and distal to first outlet 44 and second outlet
46 in second passageway 48. In one embodiment, first
outlet 44 is sized in relation to second outlet 46 to achieve
a turbulent flow in the resulting entrained mixture. Tur-
bulent flow in the mixture can be achieved in embodi-
ments where the area of first outlet 44 is between one
and ten times larger than the area of second outlet 46.
A turbulent flow helps to facilitate rapid evaporation (gas-
ification within about 0.5 meters after discharge) of liquid
agent. Thus, a turbulent flow is desirable in applications
where the enclosure has restricted space or obstructions.
Because the length of second portion 28 within first por-
tion 62 is adjustable by threads 62, the area of second
outlet 46 can be increased relative to first outlet 44 by
rotating second portion 28 in a direction that facilitates a
linear movement of second portion 28 toward or away
from first portion 26 in order to achieve a selected laminar
flow in the resulting mixture of air A and liquid agent S.
A laminar flow is desirable in applications where a greater
length of throw and a controlled discharge is desired to
approach and accurately target a burning object.
[0030] FIG. 3 shows a cross-section of nozzle 12 taken
through housing 34 and second portion 28 adjacent the
outlet side of member 36. Thus, FIG. 3 illustrates the size
of second outlet 46 relative to first outlet 44. In the em-
bodiment shown, the area of first outlet 44 is four times
larger than the area of second outlet 46. This configura-
tion achieves a laminar flow in the resulting mixture.
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[0031] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the scope
of the invention.

Claims

1. A nozzle (12) for fire suppression, comprising:

a first portion (26) having a first passageway (42)
with a gas inlet (30) and a gas outlet (44), where-
in the first portion (26) has a cavity (38) with a
liquid inlet (40) and a liquid outlet (46), the cavity
(38) disposed around at least a portion of the
first passageway (42) such that the gas outlet
(44) is disposed radially inward of the liquid out-
let (46) from the cavity (38); and
a second portion (28) connected to the first por-
tion (26) and having a second passageway (48)
with an outlet (32), wherein the second passage-
way (48) has a first region (50) with an increasing
diameter adjacent the outlet (32) and a throat
(52) communicating with both the gas outlet (44)
of the first passageway (42) and the liquid outlet
(46) of the cavity (38).

2. The nozzle of claim 1, wherein the first portion (26)
comprises:

a conically shaped member (36) having a cross-
sectional area that decreases from an inlet side
to an outlet side, wherein the first passageway
(42) extends through the member (36) from the
inlet side to the outlet side; and
a housing (34) connected to and surrounding a
portion of the member (36), wherein the housing
(34) forms an outer wall of the cavity (38) and a
conically shaped outer surface of the member
(36) forms an inner wall of the cavity (38).

3. The nozzle of claim 2, wherein the conically shaped
member (36) and the second portion (28) form a ven-
turi stage (56) with a converging section (54) adja-
cent the outlet (46) of the cavity (38) and a diverging
section (50) distal to the outlet (46) of the cavity (38).

4. The nozzle of any preceding claim, wherein the sec-
ond passageway (48) has a second region (54) with
an increasing diameter, and wherein the second re-
gion (54) is disposed within or adjacent to the outlet
of the cavity (38).

5. The nozzle of any preceding claim, wherein the sec-
ond portion (28) is adjustable relative to the first por-
tion (26) such that the area of the outlet (46) of the
cavity (38) can be varied.

6. The nozzle of any preceding claim, wherein the outlet
(44) of the first passageway (42) is between one and
ten times larger than the outlet (46) of the cavity (38).

7. The nozzle of claim 6 wherein the outlet (44) of the
first passageway (42) is four times larger than the
outlet (46) of the cavity (38).

8. The nozzle of any preceding claim, wherein the inlet
(30) to the first passageway (42) communicates with
a gas that is passed through the nozzle as a gas flow.

9. The nozzle of claim 8, wherein the inlet (40) of the
cavity (38) allows a liquid agent to enter the cavity
(38).

10. A fire suppression device employing the nozzle of
any of the preceding claims.

11. A method of entraining a liquid in a gas to facilitate
evaporation of the liquid, comprising:

providing a nozzle (12) with a venturi stage (56)
having a converging section (54) upstream of a
diverging section (50);
flowing a gas stream through the nozzle (12) to
a gas outlet (44) adjacent the diverging section
(50);
flowing a liquid agent stream through the con-
verging section (54) to a liquid outlet (46) dis-
posed radially outward of the gas outlet (44); and
mixing the gas stream with the liquid agent
stream in the diverging section (50), wherein the
liquid agent stream initially mixes with the gas
stream at an outer radial portion of the gas
stream.

12. The method of claim 11, further comprising drawing
the gas from air in an ambient source surrounding
the nozzle (12).

13. The method of claim 11 or 12, wherein the nozzle
(12) has a second portion (28) that is adjustable rel-
ative to a first portion (26) to vary the flow of both the
gas and the liquid agent.

14. The method of claim 13, wherein the flow of gas
passes through a first outlet (44) and the flow of liquid
agent passes through a second outlet (46), and
wherein an area of the first outlet (44) is one to ten
times larger than an area of the second outlet (46).

15. The method of claim 13, wherein the flow of gas
passes through a first outlet (44) and the flow of liquid
agent passes through a second outlet (46), and
wherein an area of the first outlet (44) is four times
larger than an area of the second outlet (46).
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