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[5 7] ABSTRACT 
A ?rst portion of water under pressure is mixed with a 
foam liquid concentrate and a gas such as air in a 
pump to form a primary foam upon discharge from 
the pump and a second portion of water under pres 
sure is mixed with the primary foam thereby enabling 
the generation of a given volume of foam by the use of 
a smaller pump than would be required by the prior 
practice of passing both portions of water through the 
pump. - 

16 Claims, 2 Drawing Figures 
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MECHANICAL FOAM GENERATHNG METHOD 
AND SYSTEM 

This is a continuation of application Scr. No. l70,786 
filed Aug. 11, l97l and now abandoned. 
This invention relates generally to a mechanical foam 

generating method and a system incorporating that 
method. It relates particularly to a method of operating 
an in-line foam pump system in which a foam liquid 
concentrate and a diluent such as water are mixed with 
a gaseous medium such as air in a rotary positive dis 
placement type pump, to form a foam upon discharge 
from the pump. it relates more particularly to a system 
in which only aportion of the diluent is passed through 
the pump, the remainder being mixed with a concen 
trate-rich foam at a point downstream from the pump. 

The foam generated by the system of this invention 
is generally called “mechanical foam” by those skilled 
in the art to distinguish it from foam produced by gas 
generating chemical reactions, which is called “chemi 
cal foam." Mechanical foam in which the gaseous me 
dium is air is called “air foam.” 
Mechanical foam is used to extinguish fires, to blan 

ket structures and equipment so that heat radiation 
therefrom is diminished, to blanket liquids and other 
materials so that the generation of ?ammable or (toxic 
vapors is diminished, to fill rooms and other enclosures 
wherein ?ammable or toxic vapors might otherwise 
collect, to blanket airport runways so that the friction 
spark hazard is reduced when an aircraft must land on 
its airframe, and to act as an insulating medium in many 
other situations. 
As indicated in Section 17, Chapter III of “Fire Pro 

tection Handbook" (National Fire Protection Associa 
tion, Boston, 1969, 13th edition) in-line foam pump 
systems are among the basic types of mechanical foam 
generating systems used. In systems of this type known 
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in the art prior to this invention the entire charge of 40 
water present in the foam generated had to pass 
through the pump. The conventional mechanical foam 
generating systems designed to produce foams having 
a low expansion ratio (i.e., about 30:] or less) but in 
systems comprising a rotary sliding vane pump it is not 
desirable to pass enough water through the pump to 
give a foam having an expansion ratio less than about 
l2:l at the maximum delivery rate of the pump. The 
expansion ratio of a foam delivered at the maximum 
delivery rate of the pump within the system is depen 
dent upon the liquid capacity of the pump since the ex 
pansion ratio is defined as the ratio ofthe volume ofthe 
foam to the volume of liquids present therein. Thus, a 
pump having a delivery rate of about 6,000 gallons per 
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minute (g.p.m.) of foam having an expansion ratio of 55 
12:1 has a liquid capacity of about 500 g.p.m. 
The load placed on the pump and the drive means 

therefor by a large liquid throughput requires the use 
of large pumps with heavily constructed components 
and a drive means having a high horsepower rating, all 
of which adds greatly to the cost of the system. The 
danger of breaking the pump under such loads is a fur 
ther disadvantage ofprior art systems designed to gen 
erate low expansion foam. 

It is a principal object of this invention, therefore, to 
vprovide an improved method of generating mechanical 
foam and a system incorporating that method. 
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2 
It is a further object of this invention to provide a me 

chanical foam generating methodand system wherein 
water, a foam liquid concentrate, and a gas, such as air, 
are mixed in a rotary positive displacement pump to 
form a foam upon discharge therefrom and additional 
water is mixed with the foam at a point in the system 
beyond the discharge port of the pump. - 

It is another object of this invention to provide a 
method and system for proportioning the amounts of 
foam liquid concentrate and water to be mixed in the 
pump. 
That these and other objects are fulfilled by this in 

vention will be evident from the following description. 

It has been found that a mechanical foam having a 
lower expansion ratio than previously possible from 
conventional mechanical foam systems comprising a 
rotary sliding vane pump operating at maximum capac 
ity may be generated by a system wherein only a por 
tion of the water required to make the desired foam is 
passed through a foam pump along with the foam liquid 
concentrate and a gas such as air, the remainder being 
by-passed around the pump to mix with the foam 
formed upon discharge of the concentrate-rich mixture 
from the pump. 
The mechanical foam generating system of this in 

vention comprises a pump having a gas inlet port, a liq 
uid inlet port and a foam outlet port, a liquid inlet con 
duit connected to the liquid inlet port, a main water 
conduit adapted for connection to a source of water 
under pressure, a pump water conduit between the 
main water conduit and the liquid inlet conduit, a foam 
liquid concentrate conduit adapted for connection to a 
concentrate reservoir and connected to the liquid inlet 
conduit, a foam conduit connected to the foam outlet 
port and a by-pass water conduit between the main 
water conduit and the foam conduit whereby a portion 
of the water by-passes the foam pump. 
The method of this invention comprises the steps of 

dividing a stream of water under pressure into first and 
second portions, mixing the first portion of the water 
with a foam liquid concentrate and a gas in a rotary 
positive displacement pump to make a concentrate 
rich mixture, discharging said mixture from the pump 
to made a primary foam, and mixing the second portion 
of water with the primary foam to make a diluted foam. 
The diluted foam is a mechanical foam having an ex 
pansion ratio between about 15:] and about 2:] or less. 
For most applications the ratio will be between about 
4:1 and about 12:1. _ 

The stream of water may be obtained from any suit 
able source as long as the water is under pressure at the 
point where it enters the system. The source may be a 
municipal water supply or a separate water reservoir. 
In the latter case the pressure may be created by raising 
the reservoir to a suitable height above the system or 
by pumping the water to the system by means of a cen 
trifugal pump or the like. . 

The relative sizes of the first and second portions into 
which the stream of water is divided will be determined ' 
by the capacity of the rotary positive displacement 
pump (i.e., the foam pump) in the foam generating sys. 

I tem, the amount of cooling required for the pump, the 
concentration of the foam liquid concentrate and the v 
expansion ratio desired. Usually the second portion will 
constitute the major portion but in cases where the ca 
pacity of the foam pump is only slightly less than that 
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required to deliver a given volume of foam having a 
given expansion ratio the first portion may be the major 
one. It follows that the two portions of water may be of 
equal volume. Most often the second portion will be 
from about 60 to about 90 percent, preferably from 
about 70 to 80 percent of the total volume of water. 
The water, and foam liquid concentrate, however, act 
as a coolant for the pump so that the pump will operate 
at‘ or near isothermal conditions. To effect the neces 
sary cooling the mixture of water and concentrate pass— 
ing through the pump is usually at least about 40 per 
cent of the liquid capacity of the pump. 
The foam liquid concentrate may be any one of the 

known products commonly used for the generation of 
mechanical foam. These include the protein and syn 
thetic types. The ?uorinated surfactants and the deter 
gents are examples of the latter type. 
The gas used in mechanical foam generation is com 

monly air since it is the most available one. Other non 
?ammable gases such as nitrogen may also be used, 
however. 
The proportions of the concentrate and the ?rst por 

tion of water are such that the primary foam will con 
tain all of the concentrate which will be present in the 
diluted foam. The conventional concentrates are desig 
nated as 3 percent and 6 percent concentrates which 
means that they are used in proportions of 3 percent 
and 6 percent by volume. 
The rotary positive displacement type pump used as 

the foam pump in this method is usually of the rotary 
sliding vane type as described in US. Pat. Nos. 
3,353,550; 3,234,962, and 2,827,858, which are 
hereby incorporated by reference into this disclosure. 
Other rotary positive displacement type pumps may 
also be used. 
The primary or concentrate-rich foam is formed as 

the concentrate-rich mixture is discharged from the 
pump into a conduit attached to the pump. This con 
duit serves as a mixing chamber when the second por 
tion of water is introduced into the conduit at a point 
downstream from the ' point of discharge from the 
pump. 
The foam resulting from the mixture of the second 

portion of water with the primary foam is a diluted 
foam and has an expansion ratio less than that of the 
primary foam. The reduction in the expansion ratio is 
determined by the amount of water added to the pri 
mary foam. For example, in 6,000 gallons of foam hav 
ing an expansion ratio of 6 the total volume of liquid is 
1,000 gallons, of which 60 gallons will be 6 percent 
foam liquid concentrate. To make 6,000 g.p.m. of 
foam, the 940 g.p.m. of water is divided into a ?rst por 
tion of 188 g.p.m. (20 percent) and a second portion 
of 752 g.p.m. (80 percent). The primary foam formed 
by mixing the ?rst portion of water with 60 g.p.m. of 
foam liquid concentrate and 5,000 g.p.m. of air will 
have an expansion ratio of 5248/248 or about 21:1. A 
primary foam generated from 464 g.p.m. of water, 36 
g.p.m. of6 percent concentrate and 5,500 g.p.m. of air 
will have an expansion ratio of 12. Adding 100 g.p.m. 
to the primary foam will give a foam having an expan 
sion ratio of about 101:]. 
The mixing of the second portion of water with the 

primary foam may take place in an open, unobstructed 
conduit or, at least partially, in a foam re?ner compris 
ing a screen or series of screens or a bundle of parallel 
tubes inserted in the conduit. The axes of the tubes are 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
parallel to the axis of the conduit. A laminar flow is . 
more conducive to the formation of substantially uni 
form bubbles and in applications where asubstantially 
homogeneous foam is desired the mixing of the diluted 
foam may include a refining step. In order to avoid too 
great a pressure drop during the re?ning step the cross 
sectional ?ow area of the foam re?ner should be at 
least equal to that of the conduit carrying the foam. 
The system incorporating the method of this inven 

tion will be better understood from the following de 
scriptions with reference to the drawings. 
FIG. 1 illustrates a ?re truck equipped with a foam 

generating system of this invention. 
FIG. 2 is a semi-diagrammatic view showing an em 

bodiment of this invention suitable for a stationary in 
stallation. _ 

In FIG. 1 truck chassis 10 supports foam liquid con 
centrate reservoir 11 upon which is mounted pump 12 
driven by a power take-off from the truck engine, a sep 
arate diesel engine, or the like. Pump 12 has air inlet 
port 13 and liquid inlet port 14 which is connected to 
liquid inlet conduit 15 which is connected to foam liq 
uid concentrate conduit 16, in which valve 17 is inter 
posed, and to pump water conduit 18, in which valve 
19 is interposed. Conduit 18 is connected to main 
water conduit 20 at a point upstream from valve 21 
which controls the flow of water from main conduit 20 
to by-pass conduit 22. Main conduit 20 is adapted for 
connection to a city water hydrant or other source of 
water under pressure. Flow rate indicator 23 is inter 
posed between main conduit 20 and by-pass conduit 
22. ' 

Foam conduit 24 is connected to outlet port 25 of 
pump 12 and to by-pass conduit 22 and foam re?ner 
26. Distribution conduit 27 is connected to foam re 
?ner 26 and is adapted'to be connected to a discharge 
turret, as shown, or to some other discharge apparatus. 
Distribution conduit 27- may also be extended at its 
lower end and adapted for sub-surface application of 
the foam and for various other modes of application. 

In operation foam liquid concentrate and water are 
drawn from reservoir 11 and main water conduit 20, 
through conduits 16 and 18, respectively, by pump 12. 
The proportions of foam liquid concentrate and water 
are regulated by valves 17 and 19, respectively. Only a 
portion of the water ?owing through conduit 20 passes 
through pump 12, the amount being regulated by valve 
19. The concentrate and water mix in liquid inlet con 
duit l5 and the mixture enters pump 12 through port 
14. Air is drawn through port 13 into pump 12 wherein 
it is mixed with the concentrate and water. A foam rich 
in concentrate is formed as the mixture is forced into 
conduit 24 through port 25; The remainder of the 
water ?owing through conduit 20 by-passes pump 12 
via conduit 22 and mixes with the concentrate-rich 
foam in foam conduit 24 at the junction of conduit 22 
and conduit 24. The diluted foam may then pass 
through foam re?ner 26 wherein the bubbles compris 
ing the foam are made uniformly small by passage of 
the foam through a screen, a series of screens, or a bun 
dle of parallel tubes which comprise refiner 26. 
The diluted foam ?ows into distribution conduit 27 

from which it maybe discharged through a nozzle or 
other means for application to the substance to be pro-v 

V tected. 

In FIG. 2, pump 40, mounted on a suitable support‘ 
(not shown), ahd having a suitable drive means (also 
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not shown), has air inlet 41. Liquid inlet port 42 of 
pump 40 is connected to liquid inlet conduit 43 which 
is connected to foam liquid concentrate conduit 44. An 
orifice plate or other ?ow-restricting means 45 is lo 
cated in conduit 44 which is adapted for connection to 
a liquid foam concentrate reservoir (not shown). Con 
duit 44 is provided with automatic valve 46 and manual 
shut-off valve 47. Pump water conduit 48 is connected 
to inlet conduit 43 and is provided with an ori?ce plate 
or other ?ow-restricting means 49 and pressure reduc 
ing valve 50. Main water conduit 51 is connected to 
pump water conduit 48 and is adapted for connection 
to a municipal water hydrant or other source of water 
under pressure. Check valve 52 is interposed between 
manual shut-off valves 53. 
Outlet port 54 of pump 40 is connected to foam con 

duit 55 which is provided with check valve 56 and is 
connected to bypass water conduit 57. By-pass con 
duit 57 is connected to main water conduit 51 and is 
provided with self-regulating valve 58 ?tted with tubes 
59 which are connected to by-pass conduit 57 on either 
side of an ori?ce plate or other flowrestricting means 
60. Distribution conduit 61 is connected to foam con 
duit 55 and by~pass conduit 57 and may optionally be 
provided with foam refining means 62 which may be a 
porous screen or series of screens or the like. Distribu 
tion conduit 61 is adapted for connection to a suitable 
discharge means. Drain valve 63 is located at the lower 
most point of the system, illustrated here as being at an 
elbow of bypass conduit 57. . 
Optionally, foam conduit 55 may be ?tted with pres 

sure gauge 64 and vent conduit 65 which is equipped 
with pressure relief valve 66. 

In operation the foam generating system illustrated in 
FIG. 2 differs from that of FIG. 1 in that it is adapted 
for automatic control of the liquid and foam flow. All 
manually operated shut-off valves, that is, valves 47 
and 53, may normally be open. 
The drive means for pump 40, in response to the 

stimulus of heat or a timing mechanism or the like, ro 
tates the vanes ofpump 40 and thereby creates a partial 
vacuum in conduits 43, 44 and 48 and air inlet 41. This 
partial vacuum causes valves 46 and 50 to open, allow 
ing foam liquid concentrate and a portion of the water 
under pressure in main conduit 51 to be drawn into 
pump 40. The proportions of the concentrate and 
water are controlled by the pressure head on each and 
the restriction imposed on conduits 44 and 48, sepa 
rately. At a given pressure, the flow rates of each will 
be determined by the ori?ce size in the respective con 
duits and thus the ?ow-restricting means may also be 
properly called proportioning means. Air is drawn into 
pump 40 as the vanes pass air inlet 41. The concen 
trate, water and air are mixed in pump 40 and a con 
centrate-rich foam is formed as the mixture is forced 
into foam conduit 55. This foam ?ows past check valve 
52 into the junction of conduits 55, 57 and 61. The 
pressure gradient created across ori?ce plate 60 by this 
flow is transmitted to valve 58 by tubes 59, causing 
valve 58 to open and allow water to ?ow through by 
pass conduit 57 and mix with the concentrate-rich 
foam. The diluted foam then ?ows through distribution 
conduit 61 to a nozzle or other suitable discharge 
means. If desired, the diluted foam may be re?ned by 
passing it through a screen or other foam re?ning 
means 62 situated in‘ conduit 61. 

25 

30 

6 
In the event pressure within foam conduit 55 exceeds 

a predetermined value, pressure relief valve 66 opens 
to permit vent conduit 65 to carry the foam out of the 
system. The predetermined value is usually no higher 
than about 50 p.s.i. but may vary according to the stress 
characteristics of the remainder of the system. 

It should be understood that the foregoing descrip 
tion of the invention is illustrative only and the scope 
of the invention should be determined from the follow 
ing claims. 

I claim: 
1. A mechanical foam generating system comprising 

a pump having a gas inlet port, a liquid inlet port and 
a foam outlet port, a liquid inlet conduit connected to 
the liquid inlet port, a main water conduit adapted for ' 
connection to a source of water under pressure, a pump 
water conduit between the main water conduit and the 
liuqid inlet conduit, a foam liquid concentrate conduit 
adapted for connection to a concentrate reservoir and 
connected to the liquid inlet conduit, a foam conduit 
connected to the foam outlet port and a by-pass water 
conduit between the main water conduit and the foam 
conduit whereby a portion of the water by-passes the 
pump. _ - 

2. The system of claim 1 characterized further by 
means for proportioning the amounts of foam liquid 
concentrate and water ?owing into the pump. 

3. The system of claim 2 wherein the proportioning 
means comprise ori?ce plates in the'foam liquid con 
centrate and pump water conduits. 

4. The system of claim 1 characterized further by a 
means for regulating the flow of water through the by 
pass water conduit. . 

5. The system of claim 4 wherein the regulating 
means comprises a valve responsive to a pressure dif 
ferential across a restriction in the by-pass water con 
duit. 

6'. The system of claim 1 characterized further by 
means for relieving pressure in excess of a predeter 
mined value in the foam conduit. 

7. The system of claim 1 characterized further by a 
check valve mounted in the foam conduit and arranged 
to permit flow of foam away from the pump only. 

8. The system of claim 1 characterized further by a 
check valve mounted in the main water conduit and ar 
ranged to permit flow of water to the pump water con 
duit and bypass water conduit and to check flow of 
foam from said conduits into the water source. 

9. A method for generating mechanical foam com 
prising the steps of dividing a stream of water under 
pressure into ?rst and second portions, mixing the first 
portion of the water with a foam liquid concentrate and 
a gas in a positive displacement pump to make a con 
centrate-rich mixture, discharging said mixture from 
the pump to form a primary foam, and mixing thesec 
ond portion of water with the primary foam to make a 
diluted foam. - t ‘ 

10. The method of claim 9 wherein the ?rst and sec 
ond portions of water are of equal volume. 

11. The method of claim 9 wherein the second por 
tion is a major portion of the water. 

12. The method of claim 9 wherein the second por 
tion constitutes from about 70 to about 80 percent of ' 
the stream of water. 

13. The method of claim 9 wherein the step of mixing 
the second portion of water with the primary foam in 
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eludes refining of the diluted foam toamass ofsubstan- is re?ned by passing it through a conduit having its 
tially uniform bubbles. crosssection ?lled with tubes having axes parallel to 

14. The method of claim 13 wherein the diluted foam each other and'the conduit. ' 
is refined by passing it through at least one screen. 16. The method of claim 9 wherein the gas is air. 

* 15. The method of claim 13 wherein the diluted foam 5 * * _' * * 
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