
- 1 - NOZZLE WITH HELICAL SPRING WHICH SETS LIQUID IN WHIRLING MOTION
Description                        The present invention relates to a
nozzle in particu-                   lar for a spray head. 



DE-A-2524856 discloses a nozzle in which a helical                   spring
is arranged upstream of the orifice of the nozzle                   in such
a manner that liquid is made to flow in the helical                   path
between the loops of the spring and thereby set the
liquid in a whirling motion.                       The aim of the invention
is to provide a new nozzle                   which is especially suitable
for use in such spray heads                   which are capable of
operating at a high driving liquid                   pressure.
Accordingly, the present invention provides a noz-                   zle,
in particular for a spray head, with a housing, a spin-
dle element insertable into an essentially cylindrical
passage in the housing, and a helical spring arranged 



upstream of the orifice of the nozzle in such a manner
that in use liquid is made to flow in the helical path
between the loops of the helical spring so as to set the
liquid in a strong whirling motion before being dis-
charged through the orifice, the helical spring being dis-
posed around the spindle element and at its one end                   being
supported adjacent the orifice; characterized in                   that the
helical spring is adapted to exert a force on the                   spindle
element tending to bias the spindle element                   away from the
orifice towards a stop, the spindle ele-                   ment being
axially movable in the direction of the essen-                   tially
cylindrical passage in accordance with forces                   acting
thereon, the forces comprising the force of the 



helical spring and the pressure of the liquid.                       As the
operating pressure decreases, the helical                   spring expands
gradually, whereat the spindle element                   follows along and
is removed from its bottom position                   near the orifice of
the nozzle. This results in a decreas-                   ing flow
resistance before the orifice, partly because the
distance increases between adjacent loops of the heli-
cal spring and the cross section of the helical flow path
thus increases, and partly because the axial length of
the helical flow path becomes shorter.                       Thus, the
amount of discharged liquid per unit time                   will remain
essentially constant in spite of variations in                   the
operating pressure In many cases it is of advantage 



-2- to employ one or several hydraulic accumulators as a drive unit for the
liquid, whereat an essentially constant rate of liquid spray can be
obtained in spite of a decreasing operating pressure as the hydraulic accu-



mulators are gradually discharged.     Preferred embodiments of the present
invention will now be described hereinbelow by way of example only with
reference to the accompanying drawings, in which:       Figure 1 shows an
axial section of a spray head      having nozzles in accordance with a
first embodi-      ment of the present invention;      Figures 2, 3 and 4
show in enlarged scale an axial      section of an individual nozzle of the
spray head of      Figure 1, under the influence of different liquid pres-
sures,      Figure 5 shows an axial section of a spray head 



having nozzles in accordance with a second      embodimentof the present
invention;      Figures 6 and 7 show in enlarged scale an axial
section of the central nozzle of the spray head of      Figure 5, under the
influence of two different liquid      pressures;      Figures 8 and 9 show
in enlarged scale an axial      section of the side nozzles of the spray
head of Fig-      ure 5, under the influence of two different liquid
pressures;      Figures 10, 11 and 14 show axial sections of a      spray
head having a central nozzle in accordance      with a further embodiment
of the present invention, 



under the influence of different liquid pressures;      Figures 12 and 13
show views of the conical end      surface of the spindle of the spray head
of Figures      10,11 and 14; and      Figure 15 shows an axial section of
a spray head      provided with a release ampoule incorporating the
nozzles of the spray head of Figures 1 to 4.       In the drawings
reference sign 1 indicates a hous- ing of a spray head having an inlet 2
for a liquid, prefer- ably of a high pressure, even up to about 300 bar.
The inlet 2 continues as an axial channel 3 which in Figure 1 leads to a
centrally disposed nozzle 4 and from which 



lead branch channels 5 to side nozzles 6 directed obliquely outwards. The
central nozzle 4 and the side nozzles 6 in Figure 1 are in accordance with
a first pre-                                   -3-  



ferred embodiment of the present invention and shall be described in more
detail hereinbelow with reference to Figures 2, 3 and 4 which show a side
nozzle 6.      Each side nozzle 6 has a body or holder 7 which by means of
a thread 8 is screwed in a seat which is in communication with a branch
channel 5 of the spray head. Through the holder 7 runs a connection which,
when viewed in the direction from the branch channel 5. has a cylindrical
portion, the wall of which is indicated by reference sign 9 and which ends
at an annular stop 10, and a conically tapering portion. A whirl chamber
element 11 is disposed in the conically tapering portion. The whirl chamber
element 11 includes a conically 



tapering whirl chamber 12 and an orifice 13.     Between the inner end of
the holder 7 and a stop 14 formed in the nozzle seat is arranged a filter
15, prefer- ably a disc-like sintered metal filter, having a central
opening through which passes an end pin 16 of a spin- dle. The spindle has
a cylindrical portion 17 which extends into the cylindrical portion of the
holder 7 and terminates in an end surface 18 which matches the con- ical
surface of the whirl chamber 12 and which is pro- vided with, for example,
two to four oblique grooves 19.     Around the cylindrical portion 17 of
the spindle is disposed a helical spring 20, with one end bearing agaiinst
the stop 10 and/or the inner end of the whirl 



chamber element 11 or the conical surface of the whirl chamber 12 and the
other end bearing against a flange 21 of the spindle, said flange 21 in
turn bearing against the filter 15. The spring 20 thus tends to bias the
spindle away from the whirl chamber 12 and press the filter 15 against the
stop 14. The diameter of the flange 21 is a little smaller than the
diameter of the cylindrical portion of the holder 7, such that there is an
annular passage 22 between the circumference of the flange 21 and the wall
9 of the cylindrical portion of the holder 7 when the spin- dle is driven
against the conical surface of the whirl chamber 12 (as shown in Figure 3).
In the annular space between the cylindrical portion 



17 of the spindle and the wall 9 of the cylindrical portion of the holder 7
is formed a helical path 23 along and between the loops of the spring 20.
The cylindrical por- tion 17 of the spindle and the spring 20 are
preferably so dimensioned that practically all of the passing liquid fol-
lows the helical path 23, and thereby the liquid is put in a strong
whirling motion in the whirl chamber 12 and fur-       



-4-  ther out through the orifice 13.     In Figure 2 the spray head is
either inactive or the active liquid pressure is so low that the force of
the spring 20 is sufficient to force the filter 15 into abutment against
the stop 14. The spring 20 is in an expanded configuration and the cross
section of the helical path 23 is relatively large. In this state there is
a gap 24 between the filter 15 and the end of the holder 7, and 



preferably a conical extension 26 of the pin element 16 extends into and
closes the branch channel 5 of the spray head. Further, that surface of the
flange 21 against which the spring 20 bears is essentially co-pla- nar with
the inner end of the holder 7.     In Figure 3 the spray head is activated
and the liq- uid pressure is high. The pressure drop especially over an
annular passage 27 between the conical extension 26 of the pin element 16
and the surrounding edge of the branch channel 5 of the spray head and over
the annular passage 22 between the flange 21 of the spin- dle and the wall
9 of the cylindrical portion of the holder 7, and to some extent also over
the filter 15 and the hel- 



ical path 23, is so great that the spring 20 is compressed until the filter
15 abuts the holder 7, and the end surface 18 of the spindle, with
continued movement because of the pressure drop over the annular passages
22 and 27, contacts the conicat surface of the whirl chamber 12. Thus, the
helical path 23 has a much smaller cross sec- tion than in Figure 2. In
use, a violently whirling fog-like liquid spray is discharged through the
orifice 13.     For spray neads contemplated by the present invention it is
often convenient to utilize one or a plurality of hydraulic accumulators as
a drive unit and a source of liquid.      In using such hydraulic
accumulators the driving 



gas pressure, and thus the liquid pressure, will gradually fall to a value
so low that the spring 20 forces the spindle loose from the whirl chamber
element 11. The pressure drops especially over the annular passages 22 and
27 now balance the force of the spring 20. As the drive pressure continues
to fall, the spring 20 expands further until the conical extension 26
eventually blocks the branch channel 5 of the spray head, whereat the
filter 15 is close to or against the stop 14.      In the state of Figure
4, a desired centered position- ing of the spindle is, in spite of the
lateral or radial clear- ance between the filter 15 and the stop 14 and the



-5-  clearance 25 between the pin element 16 and the filter  15, ensured by
means of the conical extension 26 of the  pin element 16. A centered
position is desirable in order  to obtain an even circumferential width for
the annular  passages 22 and 27 and thus obtain an essentially pre- 



determinable flow resistance through those passages.  The liquid flow past
the conical extension 26 automati-  cally centers the spindle structure. It
should be noted,  however, that a satisfactory result could be achieved in
many cases without the conical extension 26, that is  with the pin element
16 ending at or slightly beyond the  filter 15, for example, in the manner
of pin element 32 of  the nozzle of Figures 6 and 7.      By varying the
axial length of the pin element 16 and/or the tapering angle of the conical
extension 26 it is possible to close the branch channel 5 at a predeter-
minable liquid pressure as the spring 20 with decreas- ing drive pressure
gradually expands from the state of 



Figure 3 through the state of Figure 4 back to the state of Figure 2. In
the embodiment of Figures 1 to 4 the con- ical extension 26 doses the
branch channel 5 just before or just as the filter 15 contacts the stop 14.
The conical extension 26 may of course alternatively have the general form
of a truncated cone. If the grooves 19 are omitted, the nozzle will be
closed in the position of Figure 3 and will open at a predeterminable
decreased pressure. The filter 15 plays only a minor part in creating a
pressure drop which governs the function of the noz- zle, but a filter is
preferred for cleaning the liquid.     In the state of Figure 4 the cross
section of the hel- ical path 23 is greater than in Figure 3. The result of
this 



increased cross section is that the rate of liquid flowing out of the
orifice 13 does not decrease in proportion to the decreasing liquid
pressure but remains at a surpris- ingly constant rate, although the
whirling motion of the liquid fog successively decreases and the droplet
size increases.     The force of the spring 20, as well as the dimen- sions
of the annular passages 22 and 27, can be varied according to varying
considerations with respect to liq- uid rate, droplet sizes, desired drive
pressures, etc. at different stages of a fire extinguishing procedure.
Differ- ent spray heads in an installation for fighting fire may be
individually adapted, likewise individual nozzles in one 



spray head may be individually adapted.     In the latter case it is
primarily the central nozzle of a spray head, as in Figure 1, that is
adapted to differ                                -6- from the side nozzles;
for example in such a way that 



the spring of that nozzle is somewhat stronger than the springs of the side
nozzles, whereby at a decreased liq- uid pressure it is possible to
maintain a relatively force- ful liquid spray or jet in the main direction
for a longer period of time. This can be utilized for example in a port-
able pistol-like fire extinguisher device, as shown for example in Finnish
patent application no. 924119, in such a way that simultaneously with a
forceful liquid jet in the main direction through a central nozzle, a
shield of liquid fog is provided by means of the side nozzles, whereby it
is possible to approach close to a violent fire developing intense heat.
Such a manually manoeuvra- ble device can without difficulty be constructed
in such a 



way that the operating or liquid pressure can be varied as desired during
the extinguishing procedure.     By means of nozzles in accordance with the
inven- tion a particularly favourable effect is achieved when hydraulic
accumulators according to Finnish patent application no. 924752
(corresponding to WO-A- 94,06517) are used as a drive unit Such hydraulic
accumulators have an outlet tube with wall apertures, so that drive gas is
mixed into the extinguishing liquid after the gas pressure has decreased to
a predetermi- nable level. In the initial state according to Figure 3 a
violently whirling liquid fog with small droplets and a good penetration
power is achieved. At the onset of the 



state according to Figure 4 larger droplets with a good capability for
cooling hot surfaces and smouldering fires is achieved. Thereafter, with
gradually decreasing drive pressure and increasing amounts of intermixed
gas, and gradual return to the state of Figure 2, a total flood- ing with
even smaller droplets than during the initial state of Figure 3 can be
maintained for a long period of time.     In fire fighting installations
employing a liquid pump as a drive unit, the nozzles in accordance with the
invention make it possible to vary the mode of liquid spraying during the
extinguishing procedure, by varying the operating pressure of the liquid
pump, or by arrang- 



ing valves for throttling the liquid flow and thereby adjusting the
pressure. The operating range of each spray head can therefore be extended
and one can manage with fewer spray heads.
-7- 



The spray head shown in Figures 5 to 9, with a cen- tral nozzle 30 and side
nozzles 31, has in the central nozzle 30 a spindle pin 32 with an axial
channel 33 ter- minating in a throttle 34. A helical spring 35 is disposed
around the spindle pin 32 to form a helical flow path 36 along and between
the loops of the spring 35. The cen- tral nozzle 30 produces in general a
rather forceful spray that creates a suction which brings along liquid fog
produced by the side nozzles 31. The side nozzles 31 can have a solid
spindle pin 37 with a helical spring 35 disposed therearound to form a
helical flow path 36. The solid spindle pin 37 preferably has an expanded 



head portion 38 in order to form an annular passage 39 between the head
portion 38 and the surrounding wall of the housing 1, for the same purpose
as the conical extension 26 in the embodiment of Figures 1 to 4. The head
portion 38 may be formed to block the branch channel 5 in the position of
Figure 8.     Figures 6 and 7, and 8 and 9, show, like Figures 2 and 3, the
situation at no or low liquid pressure and at a high liquid pressure,
respectively. Naturally, the situation corresponding to Figure 4 will occur
in use as well.     A spray head incorporating nozzles in accordance with a
further embodiment of the present invention is shown in Figures 10 to 14.
Side nozzles 6 of the spray 



head are of the same kind as the side nozzles in Figures 1 to 4. The
central nozzle 60 has a holder 61 screwed into the lower end of the central
channel 3 of the spray head and includes a whirl chamber 62 at the nozzle
ori- fice. A helical spring 63 is at one end supported against the conical
surface of the whirl chamber 62 and at the other end supported against an
enlarged plunger-like portion of a spindle 64 which is movable in the
central channel 3, said plunger-like portion forming approxi- mately that
half of the spindle 64 which is disposed towards the inlet of the central
channel 3. Between the plunger-like portion of the spindle 64 and the wall
of the central channel 3 there is an annular passage 71. 



Through the spindle 64 runs an axial channel 65 with a throttle 66 at its
inlet and branches 67 to the central channel 3 at a position beyond the
plunger-like portion of the spindle 64. The narrower portion 69 of the
spindle 64, around which the spring 63 is disposed, can be solid. The loops
of the spring 63 form a helical path 70 between the narrow portion 69 of
the spindle 64 and the cylindrical portion of the holder 61 screwed into
the end      



-8- of the central channel 3.     In the inactive state (as shown in Figure
10) the spring 63 forces the spindle 64 to abutment against the inlet of
the central channel 3. A high pressure liquid flowing therethrough causes
such a pressure drop over the throttle 66 and over the annular passage 71
between the plunger-like portion of the spindle 64 and the wall of the
central channel 3 that the spindle 64 is driven to the bottom towards the
central nozzle 60 (as 



shown in Figure 11) with the solid narrow portion 69 of the spindle 64,
having a preferably conical end, in abut- ment against the conical surface
of the whirl chamber 62. The spring 63 is compressed and the helical path
70 formed by the loops of the spring 63 is narrow and con- tinues beyond
the end of the spring 63 in a passage 72 formed between the end of the
spindle 64 and the coni- cal surface of the whirl chamber 62 which leads to
the nozzle orifice.     A preferred passage 72, which is not clearly
visible in Figure 11, is shown in Figures 12 and 13. The conical end
surface of the narrow portion 69 of the spindle 64 is indicated by
reference sign 73 and a number of prefera- 



bly oblique grooves, for example two to four grooves, in the conical
surface 73 are indicated by reference sign 74. With the arrangement of
Figure 12 the central noz- zle 60 thus produces a violently whirling liquid
fog, in the same manner as the side nozzles 6. The grooves 19 in the
embodiment of Figures 1 to 4 are preferably arranged in the same manner. If
the grooves 74 are omitted, the nozzle would be closed in the position of
Figure 11.     After the liquid pressure has decreased sufficiently, the
spindle 64 adopts a position substantially as in Fig- ure 14. In this
position the pressure drop over the annu- lar passage 71, the throttle 66
and the helical path 70 



balances the force of the spring 63. The helical path 70 is now wider as in
Figure 4, and the branch channels 5 to the side nozzles 6 are essentially
blocked by the plunger-like portion of the spindle 64. Most of the liquid
is now-discharged through the central nozzle 60 as a forceful concentrated
spray.     An effective pressure fall in the state of Figure 14 can
alternatively be brought about by means of the annular passage 71 alone,
that is with the throttle 66 blocked. The annular passage 71 would in that
case be widened and would permit a correspondingly freer con- nection to
the side nozzles 6 in Figure 14.  



-9-      In general, the spray head of Figures 10 to 14 pro- vides for a
wide variation range with respect to droplet sizes through the central
nozzle 60, because the move- ment of the spring 63 is proportionally long
with a corre- 



spondingly wide variation in the cross section of the helical path 70.
Consequently, the operating range of the central liquid jet is extended in
the position of Figure 14.     Figure 15 shows a spray head with a number
of side nozzles of the same kind as the side nozzles in Fig- ures 1 to 4.
In place of the earlier described central noz- zle there is arranged a
holder 100 for a release ampoule 101 which melts or breaks at a certain
temperature. A spindle 102 disposed in the central channel 3 of the spray
head is arranged to be forced by a helical spring 103 against the ampoule
101 with a force which alone is not capable of breaking the ampoule 101,
but which 



after the ampoule 101 has melted or broken drives the spindle 102 downwards
from the position of Figure 15 and thereby opens liquid connections from
the inlet 2 to the side nozzles 6.     The spindle 102 has an axial channel
104 which starts from the end at the inlet 2 and via branches 105 ends in
an annular chamber 106 between the wall of the central channel 3 and the
opposite end part 107 of the spindle 102, said end part 107 being inserted
into the ampoule holder 100 in sealed relation thereto. Towards the inlet
end of the spindle 102, the annular chamber 106 is bounded by a plunger
portion 108 sealed in rela- tion to the wall of the central channel 3. The
annular sur- 



face 109 formed by the plunger 108 is equal to that surface of the inlet
end of the spindle 102 which is under the influence of the liquid pressure
acting in the inlet 2. The liquid pressure in the inlet 2 is thus balanced
by the annular surface 109. Therefore, the spray head can be subjected to
very high pressures in the inlet 2, including pressure shocks, without risk
of breaking the ampoule 101. A spray head as shown in Figure 15 can be used
to govern the activation of a plurality of other spray heads according to
any of Figures 1 to 14.    



Claims  1.  A nozzle, in particular for a spray head, with a hous-     ing
(7; 61), a spindle element (16, 17; 32; 37; 64)     insertable into an
essentially cylindrical passage in     the housing (7; 61), and a helical
spring (20; 35; 63)     arranged upstream of the orifice (13) of the nozzle



in such a manner that in use liquid is made to flow     in the helical path
(23; 36; 70) between the loops of     the helical spring (20; 35; 63) so as
to set the liquid     in a strong whirling motion before being discharged
through the orifice (13), the helical spring (20; 35;     63) being
disposed around the spindle element (16,     17; 32; 37; 64) and at its one
end being supported     adjacent the orifice (13); characterized in that
the     helical spring (20; 35; 63) is adapted to exert a force     on the
spindle element (16, 17; 32; 37; 64) tending     to bias the spindle
element (16, 17; 32; 37; 64)     away from the orifice (13) towards a stop
(14), the     spindle element (16, 17; 32; 37; 64) being axially 



movable in the direction of the essentially cylindrical     passage in
accordance with forces acting thereon,     the forces comprising the force
of the helical spring     (20; 35; 63) and the pressure of the liquid.  2.
A nozzle according to claim 1, wherein the helical     spring (20) at its
other end bears against a flange     (21) of the spindle element (16, 17),
the flange (21)     having a diameter smaller than the diameter of the
essentially cylindrical passage and defining an     annular passage (22)
between the flange (21) and     the wall of the essentially cylindrical
passage for     creating a liquid pressure drop over the annular 



passage (22), which pressure drop creates a force     that acts in a
direction opposite to the direction of     the force of the helical spring
(20).  3. A nozzle according to claim 2, wherein the spindle     element
(16, 17; 37) has a tapered extension (26;     38) which forms an annular
passage (27; 39) with a     surrounding housing (1).  4. A nozzle according
to claim 3, wherein the tapered     extension (26) is arranged to block a
feed channel     (5) at a predeterminable liquid pressure.  



- 11 -  5. A nozzle according to claim 2, wherein the move-      ment of
the spindle element (16, 17) against the      force of the helical spring
(20) is limited by the con-      ical surface of a whirl chamber (12).  



6. A nozzle according to claim 1, wherein the helical      spring (63) at
its other end bears against a plunger-      like portion of the spindle
element (64) which in use      is arranged in a channel (3) in a spray
head, and the      movement of the spindle element (64) in the chan-
nel (3) is in one end position limited by a stop at the      inlet (2) of
the spray head and in the other end posi-      tion limited by the housing
(61) adjacent the orifice,      and comprising an annular passage (71)
between      the plunger-like portion of the spindle element (64)      and
the surrounding wall of the channel (3), the      passage (71) being in
communication with the heli-      cal path (70). 



7. A nozzle according to claim 6, wherein the move-     ment of the spindle
element (64) is in the other end     position limited by the conical
surface of a whirl     chamber (62).  8. A nozzle according to claim 6,
wherein the spindle     element (64) has an axial channel (65) which
beyond the plunger-like portion of the spindle ele-     ment (64), as
viewed in the direction from the inlet     (2) of the spray head, is in
communication with the     helical path (70) running between the loops of
the     helical spring (63). 



9. A nozzle according to claim 8, wherein the axial     channel (65) has a
throttled inlet (66).  10. A nozzle according to claim 1, wherein the
spindle     element (16, 17; 32; 37; 64) contacts the conical     surface
of a whirl chamber (12; 62) by means of an     end surface (18; 73) which
has a plurality of oblique     grooves to provide a path between the
abutting end     surface (18; 73) of the spindle element (16, 17: 32;
37; 64) and conical surface of the whirl chamber     (12; 62).  



11. A nozzle according to claim 1, wherein the spindle     element (16, 17;
64) by means of an end surface     (18; 73) sealingly engages against the
conical sur-     face of a whirl chamber (12; 62).    






