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(57) A mixing assembly (116) for a firefighting device
(102) is described. The mixing assembly comprises an
inlet (118) configured to receive pressurized fire extin-
guishing fluid from a firefighting device pump (108) along
a first flow axis (140). The assembly (116) further com-
prises a mixing section (124) with a differential pressure
injector (146) configured to accelerate the fluid along a
second flow axis (152) arranged at a first angle relative
to the first flow axis and to inject a foaming agent in the
fluid, thereby producing a mixture of the fluid and the
foaming agent. An outlet (122) of the mixing assembly is
configured to deliver the mixture along a third flow axis
(164) that is arranged at a second angle relative to the
second flow axis (152). Each of the first angle and the
second angle lies approximately between 60 degrees
and 120 degrees.
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Description

Technical Field

[0001] The present disclosure generally relates to the
field of firefighting devices. In particular, aspects of a fire-
fighting device configured to mix a fire extinguishing fluid
with a foaming agent are described.

Background

[0002] Water has long been used for extinguishing
fires. There exist nevertheless many situations in which
water is not the best choice. Water is typically not effec-
tive for extinguishing burning oil and similar non-polar
substances. For such substances, firefighting foams
have been developed.
[0003] Various types of firefighting foams are commer-
cially available. As an example, Aqueous Film Forming
Foam, also called AFFF or A3F, is often used to fight
burning non-polar liquids. AFFF is foam made by mixing
water and a synthetic foaming agent. The resulting foam
typically comprises 1 to 6 liters of foaming agent per 100
liters of mixture.
[0004] The mixture of water and foaming agent can be
produced prior to its use and stored in a tank of a fire-
fighting device until a fire has to be extinguished. Other
firefighting devices are configured to produce the mixture
during the firefighting process. EP 1 595 579 A2 discloses
a firefighting device of the latter type.
[0005] The firefighting device of EP1 595 579 compris-
es a pump for producing pressurized water and an injec-
tor for injecting the foaming agent into the pressurized
water so as to mix water and foaming agent. The injector
is realized as a differential pressure injector of the Venturi
type and arranged in a mixing section of the firefighting
device downstream of the water pump.
[0006] Differential pressure injectors typically com-
prise a linear pipe with a first pipe section having a de-
creasing cross sectional area followed by a second pipe
section of increasing cross sectional area. When feeding
pressurized water through the pipe, the water is accel-
erated along the first pipe section. As a result, the static
pressure in the region of smallest cross sectional area
(i.e., in the region between the outlet of the first pipe sec-
tion and the inlet of the second pipe section) will be lower
than the static pressure at the inlet of the first pipe section.
The resulting pressure difference leads to a suction effect
in the region of smallest cross sectional area. This suction
effect is exploited for injecting the foaming agent into the
flow of pressurized water.
[0007] The linear construction of differential pressure
injectors attributes to the axial extension of the firefighting
device. For this reason conventional firefighting devices
with differential pressure injectors have a certain mini-
mum length that cannot be decreased further without de-
creasing the size of other components such as, for ex-
ample, the pump or its motor. Due to prevailing pressure

requirements it is, however, often not possible to down-
size those components, so that firefighting devices with
a differential pressure injector can become quite bulky.
This drawback is particularly pronounced when the fire-
fighting device is to be realized as a mobile device.

Summary

[0008] Accordingly, there is a need for a solution that
permits a downsizing of firefighting devices with a differ-
ential pressure injector.
[0009] According to a first aspect, a mixing assembly
for a firefighting device is presented. The mixing assem-
bly comprises an inlet configured to receive pressurized
fire extinguishing fluid from a pump of the firefighting de-
vice, wherein the fluid is received along a first flow axis.
The mixing assembly further comprises a first mixing sec-
tion with a first differential pressure injector configured
to accelerate the fluid along a second fluid axis arranged
at a first angle relative to the first flow axis and to inject
a foaming agent in the fluid, thereby producing a mixture
of the fluid and the foaming agent. Further, the mixing
assembly comprises at least one outlet configured to de-
liver the mixture along a third flow axis, wherein the third
flow axis is arranged at a second angle relative to the
second flow axis. Each of the first angle and the second
angle lies approximately between 60 degrees and 120
degrees.
[0010] The second flow axis may be offset relative to
one or both of the first flow axis and the third flow axis.
In other words, the second flow axis, may, but need not,
intersect one or both of the first flow axis and the third
flow axis.
[0011] The inlet may be in fluid communication with
the first mixing section. Likewise, the first mixing section
may be in fluid communication with the at least one outlet.
One or multiple connecting sections may be arranged
between the inlet and the first mixing section and between
the first mixing section and the at least one outlet.
[0012] The first flow axis may approximately be parallel
to the third flow axis. As an example, the angle between
the first flow axis and the third flow axis may be less than
approximately 30 degrees. In one variant, the first flow
axis and the third flow axis may lie within a single plane.
[0013] Each of the first angle and the second angle
may lie approximately between 80 degrees and 100 de-
grees. As an example, at least one of the first angle and
the second angle may approximately be 90 degrees.
Generally, the second flow axis may approximately be
perpendicular to each of the first flow axis and the third
flow axis (e.g., within an angular range of approximately
85 degrees to 95 degrees).
[0014] The mixing assembly may further comprise a
second mixing section coupled between the inlet and the
at least one outlet. The second mixing section may com-
prise a second differential pressure injector configured
to accelerate the fluid along a fourth flow axis and to inject
a foaming agent in the fluid, thereby producing a mixture
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of the fluid and the foaming agent. The fourth flow axis
may be arranged at the first angle relative to the first flow
axis.
[0015] In one variant, the fourth flow axis may approx-
imately be parallel to the second flow axis. As an exam-
ple, the angle between the fourth flow axis and the second
flow axis may be less than approximately 30 degrees.
The fourth flow axis and the second flow axis may lie
within a single plane.
[0016] A fluid splitting section may be arranged be-
tween the input and each of the first mixing section and
the second mixing section. The fluid splitting section may
have a T configuration. The fluid splitting section may be
configured to split the pressurized fluid received via the
inlet in a first fluid portion towards the first mixing section
and a second fluid portion towards the second mixing
section. In one variant, the first fluid portion and the sec-
ond fluid portion are approximately equal. In another var-
iant, the first fluid portion and the second fluid portion are
different.
[0017] It will be appreciated that the mixing assembly
may comprise more than two mixing sections. In such a
case the fluid splitting portion section may be configured
to split the pressurized fluid in three or more fluid portions.
[0018] The mixing assembly may comprise a mixture
combining section arranged between each of the first
mixing section and the second mixing section (and any
further mixing section) on the one hand and, on the other
hand, the at least one output. The mixture combining
section may have a T configuration. The mixture com-
bining section may be configured to combine the mixtures
of fluid and foaming agent received from each mixing
section. The combined mixtures may then be delivered
via the one or more outlets.
[0019] The first mixing section, the second mixing sec-
tion, the fluid splitting section and the fluid combining
section may essentially form a rectangular (e.g., quad-
ratic) arrangement. As such, the first mixing section, the
second mixing section, the fluid mixing section and the
fluid combining section may essentially lie within a single
plane.
[0020] The mixing assembly may further comprise a
first connection section between the inlet and the first
mixing section. The first connection section may have a
first bend relative to the first flow axis and a second bend
relative to the first flow axis downstream of the first bend.
The first flow axis and the first bend of the first connection
section may essentially lie within a first plane. The second
bend of the first connection portion and the second flow
axis may essentially lie within a second plane intersecting
the first plane. The first plane may extend essentially per-
pendicular (e.g., at an angle between 85 degrees and 95
degrees) to the second plane.
[0021] The mixing assembly may further comprise a
second connection section between the first mixing sec-
tion and the at least one outlet. The second connection
section may have a first bend relative to the third flow
axis anda second bend relative to the third flow axis

downstream of the first bend. The second flow axis and
the first bend of the second connection section may es-
sentially lie within a third plane. The second bend of the
second connection section and the third flow axis may
essentially lie within a fourth plane intersecting the third
plane. The third plane may extend essentially perpendic-
ular (e.g., at an angle between 85 degrees and 95 de-
grees) to the fourth plane.
[0022] Also provided is a firefighting device comprising
a pump and the mixing assembly presented herein,
wherein the inlet of the mixing assembly is coupled to
the pump. As an example, the inlet may be coupled to
an outlet of the pump. Alternatively, a pipe or pipe system
may be used to couple the inlet of the mixing assembly
to the pump outlet.
[0023] The pump may define a pump axis. As an ex-
ample, the pump axis may be defined by an axial exten-
sion of a rotating member (e.g., a spindle of a pump motor
or gear stage) that drives the pump. As a further example,
the pump axis may be defined by the extension of a pump
piston pressurizing the fluid. In one variant, the second
flow axis extends essentially perpendicular (e.g., at an
angle between 85 degrees and 95 degrees) to the pump
axis.
[0024] The firefighting device may be a mobile device.
As an example, the firefighting device may be portable
and/or may be configured to be mounted on a cart with
two or more wheels.
[0025] According to a further aspect, a method of mix-
ing a fire extinguishing fluid and a foaming agent in a
firefighting device is provided. The method comprises
pressurizing the fluid, receiving the pressurized fluid
along a first flow axis, and accelerating the fluid by a
differential pressure injector along a second flow axis ar-
ranged at a first angle relative to the first flow axis and
injecting a foaming agent in the fluid, thereby producing
a mixture of the fluid and the foaming agent. The method
further comprises delivering the mixture along a third flow
axis, wherein the third flow axis is arranged at a second
angle relative to the first flow axis. Each of the first angle
and the second angle lies approximately between 60 de-
grees and 120 degrees.
[0026] The method may be performed by a firefighting
device as presented herein.

Brief Description of the Drawings

[0027] Further aspects, advantages and optional fea-
tures of the present disclosure will become apparent from
the following description of exemplary embodiments
when considered in conjunction with the drawings. In the
drawings,

Fig. 1 shows a perspective view of a mobile firefight-
ing system according to one aspect of the
present disclosure;

Fig. 2 shows a side view of the firefighting device of
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Fig. 1;

Fig. 3 shows a front view of the firefighting device of
Fig. 1;

Fig. 4 shows a perspective view of a mixing assembly
according to one aspect of the present disclo-
sure;

Fig. 5 shows a front view of the mixing assembly of
Fig. 4;

Fig. 6 shows a side view of the mixing assembly of
Fig. 4;

Fig. 7 shows a side cross sectional view of the mixing
assembly of Fig. 4;

Fig. 8 shows an equivalent fluid circuit for the firefight-
ing system of Fig. 1; and

Fig. 9 shows a diagram of a method aspect according
to a further aspect of the present disclosure.

Detailed Description

[0028] Fig. 1 illustrates an embodiment of a firefighting
system 100 comprising a mobile firefighting device 102
and a reservoir 104 for a liquid foaming agent such as
AFFF. The reservoir 104 is coupled via a hose 106 to the
firefighting device 102. Figs. 2 and 3 show different views
of the firefighting device 102, wherein the reservoir 104
has not been depicted.
[0029] The firefighting device 102 of Figs. 1 to 3 com-
prises a pump 108 with a pump inlet 110. The pump inlet
110 has a coupling configured to be coupled to a water
hose.
[0030] The firefighting 102 further comprises a pump
motor 112 configured to operate the pump 108. In the
present embodiment the motor 112 is realized as an in-
ternal combustion motor. A fuel tank 114 for the motor
112 is integrated into the firefighting device 102. It will be
appreciated that in other embodiments the motor 112
can be an electric motor, in which case the fuel tank 114
could be omitted.
[0031] As also shown in Figs. 1 to 3, the firefighting
device 102 comprises a mixing assembly 116. The mix-
ing assembly 116 has a fluid inlet 118 coupled to a fluid
outlet 120 of the pump 108. The mixing assembly 116
further comprises two fluid outlets 122. The fluid outlets
122 are, in a present example, configured with Storz-D
couplings. It will be appreciated that an alternative cou-
pling type could be used as well. Moreover, in other re-
alizations of the mixing assembly 116 only a single outlet
122 or more than two outlets 122 may be used.
[0032] The mixing assembly 116 further comprises two
mixing sections 124, 126 arranged between the fluid inlet
118 and the fluid outlets 122. Each mixing section 124,

126 comprises a differential pressure injector (not shown)
configured to inject foaming agent from the reservoir 104
into a water stream accelerated along the respective in-
jector. To this end, each mixing section 124, 126 (i.e.,
each injector) is fluidly coupled via the hose 106 to the
reservoir 104 as will be described in more detail below.
[0033] The various components of the mobile firefight-
ing device 102 described above are rigidly coupled to
each other and supported in a rack 128 with a handle
132. The rack 128 may be provided with wheels (not
shown) to form a cart. In other variants, the wheels may
be omitted, but the firefighting device 102 may remain
portable.
[0034] In the following, the configuration of the mixing
assembly 116 will be described in more detail with refer-
ence to Figs. 4 to 7.
[0035] As shown in Fig. 4, the inlet 118 of the mixing
assembly 116 is configured to receive pressurized water
from the pump 108 along a flow axis 140. The flow axis
140 is essentially defined by a straight pipe section con-
necting the inlet 118 with a fluid splitting section 142 of
the mixing assembly 116. The fluid splitting section 142
has a T configuration to split, or divert, the pressurized
water received along the flow axis 140 into two portions,
or streams, along a flow axis 144. The flow axis 144 ex-
tends perpendicular to the flow axis 140 along which the
fluid is received from the pump 140. A first water portion
is thus directed via a first bend of 90 degrees in the fluid
splitting section 142 towards the first mixing section 124
and a second water portion is directed via a second bend
in the fluid splitting section 142 in the opposite direction
towards the second mixing section 126. Then, at a third
bend of 90 degrees downstream the first bend, the first
water portion is fed to the first mixing section 124. In a
similar manner, the second water portion is fed via a
fourth bend of 90 degrees downstream the second bend
to the second mixing section 126.
[0036] Each of the mixing sections 124, 126 comprises
a differential pressure injector 146 of the Venturi type as
exemplarily shown for mixing section 124 in Fig. 7. The
differential pressure injector 146 comprises in a conven-
tional manner a linear arrangement of a first pipe section
having a decreasing cross sectional area followed by a
second pipe section of increasing cross sectional area.
In the region of smallest cross sectional area between
the first pipe section and the second pipe section an in-
jection inlet 148 for the foaming agent is arranged. The
injection inlet 148 is configured to be coupled to the hose
106 that leads to the reservoir 104 (see Fig. 1). The in-
jector 146 further comprises an adjustment element 150
configured to adjust the amount of foaming agent injected
in the pressurized water flow.
[0037] The injectors 146 in the two mixing sections
124, 126 are configured to accelerate the pressurized
water along a respective flow axis 152, 154 that is col-
linear with an axial extension of the corresponding mixing
section 124, 126. The corresponding axis 152, 154 is
arranged at an angle of 90 degrees relative to the axes
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140, 144. As can be seen from Figs. 4 to 6, the axes 144,
152 and 154 lie within a first plane and the axes 140 and
144 lie within a second plane that extends perpendicular
to the first plane.
[0038] The mixtures of water and foaming agent pro-
duced in the mixing sections 124, 126 are deflected by
a respective bend of 90 degrees at the downstream end
of each mixing section 124, 126 towards each other along
an axis 156. The two mixtures are then combined at a
mixture combining section 158 arranged approximately
in the middle between the two mixing sections 124, 126.
In the mixture combining section 158, the resulting com-
bined mixture is deflected at a respective bend of 90 de-
grees towards the two outlets 122. Each outlet 122 de-
fines a further flow axis 146 that is arranged perpendic-
ular to and offset from the flow axes 152, 154 defined by
the injectors 146.
[0039] As can be gathered from Fig. 5, the axes 144,
152, 154 and 156 lie within a single plane. Moreover, the
fluid splitting section 142, the two mixing sections 124,
126 and the mixture combining section 158 form a rec-
tangular pipe structure that is likewise located within a
single plane. The plane defined by the axes 142, 152,
154 and 156 extends perpendicular to the plane defined
by the axes 156 and 164 and to the plane defined by the
axes 140 and 144. Moreover, the plane defined by the
axes 156 and 164 extends at a certain offset defined by
the length of the mixing sections 124, 126 parallel to the
plane defined by the axes 140 and 144.
[0040] As has already been explained above, the two
outlets 122 may be combined into a single outlet. This
single outlet may have a larger cross sectional area than
each of the two outlets 122.
[0041] With reference to Fig. 4, it can be said that the
inlet 118 of the mixing assembly 116 is connected to the
mixing section 124 via a first connection section 170 that
has a first bend relative to the first flow axis 140 (towards
the flow axis 144) and a further bend relative to the first
flow axis 140 (from the flow axis 144 towards the flow
axis 152) downstream of the first bend. In a similar man-
ner a second connection section 172 can be identified
between the mixing section 124 and the outlets 122. The
second connection section 172 has a first bend relative
to the flow axis 164 (from the axis 152 towards the axis
156) and a further bend relative to the flow axis 164 (from
the flow axis 156 towards the flow axis 164) downstream
of the first bend. Similar connection sections may be iden-
tified for the other mixing section 126.
[0042] In the following the operation of the firefighting
system 100 illustrated in Figs. 1 to 7 will be described
with reference to Figs. 8 and 9. Fig. 8 shows an equivalent
fluid circuit of the firefighting system 100 of Fig. 1, and
Fig. 9 shows a diagram of a method illustrating the op-
erational principle of the firefighting system 100.
[0043] With reference to Fig. 8, the pump 108 is oper-
ated upon starting the motor 112 and draws in water via
water inlet 110. The water may be drawn in via a hose
178 coupled to a water supply 180. The motor 112 is

typically operated at up to 3500 or 4000 rpm, and the
pump 108 typically draws in 500 l/min.
[0044] The pump 108 pressurizes the water (step 902
in Fig. 9) and outputs the pressurized water via its outlet
120. The pressurized water is received at the inlet 118
of the mixing assembly 116 along the axis 140 (step 904).
[0045] The pressurized water received via the inlet 118
of the mixing assembly 116 is split at the fluid splitting
section 142 into two pressurized water portions that are
fed to the two mixing sections 124, 126, respectively. In
the mixing sections 124, 126, the pressurized water is
accelerated by the injectors 146 along the flow axes 152,
154, respectively. At the same time, the injectors 146
inject foaming agent from the reservoir 104 in the accel-
erated fluid portions, thereby producing a mixture of the
fluid and the foaming agent (step 906). The mixing ratio
of each injector 146 can be adjusted via the adjustment
element 150 (see Fig. 4). As an example, the resulting
mixture may comprise 3 to 4 liters of foaming agent per
100 liter of the mixture. The mixtures generated by the
injectors 146 are then combined at the mixture combining
section 158 and delivered along flow axes 164 via the
outlets 122 (step 908). The outlets 122 are connected
via a dedicated hose to a conventional firefighting pistol
that comprises a shut-off valve 182 as well as a flow
control valve 184 with a fixed or adjustable orifice.
[0046] In the mixing assembly 116 illustrated in Figs.
4 to 7, the axial extension of the injector 146 is not aligned
with (i.e., parallel to) the axes 140, 164 along which the
pressurized water is received and along which the result-
ing mixture is delivered. Rather, the flow axes 152, 154
defined by the injectors 146 have an oblige extension
relative to the axes 140, 164. As such, the axial extension
of the mixing assembly 116, and of the firefighting device
102 as a whole, can be reduced. The maximum length
reduction is obtained when the axes 152, 154 are ar-
ranged perpendicular to the axes 140, 164. It will be ap-
preciated that a substantial length reduction is still ob-
tained at angles between the axes 152, 154 on the one
hand and the axes 140, 164 on the other hand that lie
approximately between 60 degrees and 120 degrees.
[0047] In the present embodiment two mixing sections
124, 126 are provided. It will be appreciated that in other
embodiments the mixing assembly 116 may comprise
only one mixing section. In such a case the axis defined
by the injector arranged within the mixing section may
intercept the axis along which the fluid is received and
the axis along which the mixture is delivered. The provi-
sion of two or more mixing sections, on the other hand,
permits to efficiently increase the volume of foaming
agent that can be injected in the pressurized water de-
livered by the pump 108.
[0048] It is believed that may advantages of the present
disclosure will be fully understood from the foregoing de-
scription, and it will apparent that various changes may
be made in the form, construction and arrangement of
the exemplary aspects thereof without departing from the
scope of the invention, or without sacrificing all of its ad-
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vantages. Because the invention can be varied in many
ways, it will be recognized that the invention is limited
only by the scope of the claims that follow.

Claims

1. A mixing assembly (116) for a firefighting device
(102), the mixing assembly comprising:

an inlet (118) configured to receive pressurized
fire extinguishing fluid from a firefighting device
pump (108), wherein the fluid is received along
a first flow axis (140);
a first mixing section (124) with a first differential
pressure injector (146) configured to accelerate
the fluid along a second flow axis (152) arranged
at a first angle relative to the first flow axis (140)
and to inject a foaming agent in the fluid, thereby
producing a mixture of the fluid and the foaming
agent; and
at least one outlet (122) configured to deliver the
mixture along a third flow axis (164), wherein
the third flow axis (164) is arranged at a second
angle relative to the second flow axis (152);
wherein each of the first angle and the second
angle lies approximately between 60 and 120
degrees.

2. The mixing assembly of claim 1, wherein
the first flow axis (140) is approximately parallel to
the third flow axis (164).

3. The mixing assembly of claim 1 or 2, wherein
each of the first angle and the second angle lies ap-
proximately between 80 degrees and 100 degrees.

4. The mixing assembly of any of the preceding claims,
wherein
the second flow axis (152) is approximately perpen-
dicular to each of the first flow axis (140) and the
third flow axis (164).

5. The mixing assembly of any of the preceding claims,
further comprising
a second mixing section (126) coupled between the
inlet (118) and the at least one outlet (122), the sec-
ond mixing section (126) comprising a second dif-
ferential pressure injector (146) configured to accel-
erate the fluid along a fourth flow axis (154) and to
inject a foaming agent in the fluid, thereby producing
a mixture of the fluid and the foaming agent.

6. The mixing assembly of claim 5, wherein
the fourth flow axis (154) is approximately parallel to
the second flow axis (152).

7. The mixing assembly of claim 5 or 6, further com-

prising
a fluid splitting section (142) arranged between the
inlet (118) and each of the first mixing section (124)
and the second mixing section (126).

8. The mixing assembly of any of claims 5 to 7, further
comprising
a mixture combining section (158) arranged between
each of the first mixing section (124) and the second
mixing section (126) and the at least one outlet (122).

9. The mixing assembly of any of the preceding claims,
further comprising
a first connection section (170) between the inlet
(118) and the first mixing section (124), wherein the
first connection section (170) has a first bend relative
to the first flow axis (140) and a second bend relative
to the first flow axis (140) downstream of the first
bend.

10. The mixing assembly of claim 9, wherein
the first flow axis (140) and the first bend of the first
connection section (170) essentially lie within a first
plane, and the second bend of the first connection
portion (170) and the second flow axis (152) essen-
tially lie within a second plane intersecting the first
plane.

11. The mixing assembly of any of the preceding claims,
further comprising
a second connection section (172) between the first
mixing section (124) and the at least one outlet (122),
wherein the second connection section (172) has a
first bend relative to the third flow axis (164) and a
second bend relative to the third flow axis (164)
downstream of the first bend.

12. The mixing assembly of claim 11, wherein
the second flow axis (152) and the first bend of the
second connection section (172) essentially lie with-
in a third plane, and the second bend of the second
connection section (172) and the third flow axis (164)
essentially lie within a fourth plane intersecting the
third plane.

13. A firefighting device (102) comprising:

a pump (108);
the mixing assembly (116) of any of the preced-
ing claims, wherein the inlet (118) of the mixing
assembly (116) is coupled to the pump (108).

14. The firefighting device of claim 13, wherein
the pump (108) defines a pump axis, wherein the
second flow axis extends essentially perpendicularly
to the pump axis.

15. A method (900) of mixing a fire extinguishing fluid
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and a foaming agent in a firefighting device (102),
the method comprising:

pressurizing (902) the fluid;
receiving (904) the pressurized fluid along a first
flow axis (140);
accelerating (906) the fluid by a differential pres-
sure injector (146) along a second flow axis
(152) arranged at a first angle relative to the first
flow axis (140) and injecting a foaming agent in
the fluid, thereby producing a mixture of the fluid
and the foaming agent; and
delivering (908) the mixture along a third flow
axis (164), wherein the third flow axis (164) is
arranged at a second angle relative to the sec-
ond flow axis (152);
wherein each of the first angle and the second
angle lies approximately between 60 and 120
degrees.
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