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This invention relates to a diffuser tube used 
for the aeration of liquid or for the dispersion 
of gases or ‘vapors therein-and, more particularly, 
to such aerators or di?‘users into which the air 
lordgas is supplied under pressure, and passes-into 
the liquid through ori?ces provided “for \lt-hat pur» 
‘pose. Such diff-users are employed in the -‘acti 
vated sludge process-of treating sewage,1orelflota— 
tion processes, treatment of industrial ‘Wastes, 
and various “fermentation processes, ‘for example, 
for the manufacture of yeastandi-penicil-limand 
pertain-chemicalprocesses where gas-liquid ‘con 
tact-is essential. 
Although many types of materials ‘have been 

used in the fabrication of porous diffusers, few 
have been e?icient to an extent to warrant wide 
commercial use, and these generally "have not 
been entirely satisfactory in use. One type of 
“porous diffuser of the prior art, which .proved 
impractical, was made of porous iwood. Another 
type that ‘found little use commercially, was 
made by pulling a slitted or needled-punctured 
rubber'sleeve-over a perforated, thick metalpipe. 
vThis type of ‘diffuser proved to be impractical 
because of the weight thereof, and because of ‘the 
‘very “large and costly head Ylosses developed in 
forcing the air through ‘the normally closed 
“openings ‘in the “rubber sleeve. 

The ‘most commonly used tubular air-diffusers 
of the prior art are made of porous --carbon and 
ceramic ‘material, Lboth ‘natural ‘and ‘artificial. 
These carbon and ceramic‘tubular diffusers "have 
‘been generally formed‘ of packed granular -mate— 
‘rial with the grains bonded vto one another vby 
cementing or sintering, the voids between the 
grains forming irregular passages for the semis 

These porous tubesare of un 
certain and ‘non-uniform-structure, :and the re 
isulting diffusion is necessarily likewise‘uncertain 
‘and noneuniform. The ‘passages through ‘these 
media are haphazard and tortuous and, for the 
sake of strength, there must be considerable 
‘thickness. In consequence, “the diffusers “are 
heavy and the air passages therethroug'h are 
very‘long relative "to ‘the diameter thereof. Con 
siderable pressure is ‘required to force "they-air 
or gas through the tortuous passages and ‘the 
‘passages clog easily, either-from ‘dust in ithe-air, 
particles of scale, or rust from the vair i-main. 
Additionally, pore clogging in the-ceramic tube 
'is caused when‘the air ‘supply is cut off, and ithe 
surrounding ‘liquid 'back?ows through the ‘minute 
‘.passages, carrying with it bits of ‘debris that 
.are not initially removed when the ‘flow of-air 
is resumed. 

Another .methodof forming diffuser tubes that 
‘has ‘found some usage .has been to ‘wind cord ‘or 
Irojpe in ayp‘lurality of layers around aperforated 
metal tube, the "diffusionbccurring as ‘a result 
‘o'fthe par'tialstoppage of "the *holes‘iin the-forami 
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nous core, and the chance labyrinth of passages 
formed between the coils and through the rope. 
The high head loss and the unsatisfactory char 
actor of the diffusion were the ‘main factors re 
:sponsible'for the impracticability of this diffuser 
tube. Another method of forming diffuser tubes 
which have proven to ‘be impractical is to ‘wind 
‘wire of circular cross section around a forami 
nated heavy metal tube. 

I have discovered that the defects and objec 
lvvtions inherent in the prior art porous tubular 
diffusers are minimized and substantially elimi 
nated by {wrapping-a cord of non-circular cross 
section around a rigid, relatively ‘light ‘weight, 
:hollowwcore?providi-ng that but one layer of wrap 
ping is used and the coils tightly pressed to 
-gether. The hollowcore is fabricated in a form 
in which flutes or corrugations are ‘formed 1on 
gg‘itudinallyacross this core. In the valleys of the 
corrugations ,or ?utes, there are ori?ces "for con 
trolling the passage of'air from the core'to ‘the 
air spaces under the .cord windings. The cord 
that is used for winding around the ‘hollow metal 
cores possesses helical grooves so that when ad 
,jacent coils are pressed tightly together, the 
grooves form minute slanting passages or pores 
,of substantially uniform character and dimen 
sions for the emission of air or ‘gas, Th‘isform 
of cord can ‘be formed by extruding a plastic-or 
by twisting two, three or more strands of textile 
or plastic cord into a cord of ‘the desired thick 
ness, in ‘the same manner that a rope'isformed, 
It is obvious that the size and spacing ;of ‘the 
.pores can be closely and positively controlled by 
‘selection 'of a cord of a desired size and by the 
tightness and compression of the winding, 
The cord-wound diffuser of the invention, 1. e., 

‘the ?ute‘d‘foraminated core and vthe winding, are 
fabricated from materials that are capable‘o'f re-. 
sisting deterioration "from *the'action of "the gas 
or liquid which may ‘be present in the process 
‘in which these tubes are utilized. 

The cord-wound diff-user tube of the present 
invention is characterized by its adaptability to 
be "fabricated in 1relatively "long lengths which 
"can be readily vjoined together into ‘diffuser pipes 
of any‘desired length. This featurevpermitsgthe 
‘tubes ‘to 'be combined into a diffuser and air 
main. :However, to accomplish the combining 
effectof an air main and ‘diffuser, the :rate of 
air feed along the length of the ‘tube must be 
compensated for the loss of pressure aa‘longrthe 
diffusers due‘to the friction of ‘flow. This com 
pensation may "be accomplished by either chang 
ing the-ori?ce size along the diffusers, or =by1e1e 
yating "the diffuser along its length so -as to ‘re 
‘lieve the outside ‘hydrostatic ‘pressure in pro 
iportionito :the frictional 1loss within "the-‘line. If 
#the'compensation is made ‘by-changing the ori 
i?ce size along the length of the main, thecom 
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pensation is good for any rate of ?ow since 
both the ori?ce loss and the friction loss will 
vary together, that is to say, as the square of 
the rates of air feed. 

If the compensation is made by elevating the 
far end of the diffuser main, and thus reducing 
the outside hydrostatic pressure, the compen 
sation will only give uniform diffusion for one 
particular rate of air flow. This method has 
a very apparent advantage. As for example, if 
the air main or diffuser tube is so set that the 
loss of pressure is compensated at'a low rate 
of air flow, there would then be a uniform rate 
of diffusion along the tank when a rate of air 
feed was low, and presumably when the sewage 
was weak, as at night. When the strength of 

' the sewage and the desired rate of air ?ow in 
creased, there would be more loss along the line 

' which would mean that the head end of the 
tank would receive a greater proportion of the 
air flow. In other words, this arrangement would 
lead to tapered aeration during the high ?ow, 
and uniform aeration at night. This then 
would be an automatically modulated tapered 

I aeration process. 
An advantage of ,the diffuser tube of the pres 

ent invention is its lightness of construction, 
which lends itself to be readily raised from the 

' liquid in which it is immersed. The lightness 
' in weight combined with the diffuser-air main 
feature, produces a construction that is inexpen 

' sive to manufacture and very simple in its in 

, stallation. 

In such an installation, the diffuser mains, 
one or more in spaced realtion, as desired, would 

‘I lie parallel to and adjacent the aeration tank 
wall. In a typical aeration tank of the acti 
vated sludge process of treating sewage, in a 
space of some 2 feet above the level of the dif 
fuser main, mixing of the alternate bands of 
rising air bubbles and water and rising bands 
of solid water takes place. There is some ad 
vantage in placing the di?user mains parallel 
to the tank wall because the lateral sweep of 
the water toward the wall effects thorough mix 
ing and distribution somewhat more rapidly 
than would be the case where the tubes are per 
pendicular to the wall. 
An important feature of the new diffuser tube 

is the uniformity of distribution of the gas or 
vapor across the length of the tube. It has 
been found that when air is being discharged 
through a diffuser tube at a non-uniform rate 
throughout its length, there are areas of exces 
sive discharge which cause the air bubbles to 
coalesce in these areas. In consequence, the air 
is not uniformly dispersed throughout the liquid 
surrounding the tube, and the system does not 
operate at a maximum efficiency. With the 
diffuser tube of the present invention, the uni-' 
formity of air diffusion through each tube can 
be controlled very closely by the amount of com 
pression and tension that is put upon the cord 
when wrapping around the hollow metal core, 
thus producing a very uniform diffusion and 
enabling the systems in which they are used to 
operate at a maximum efficiency. 
A problem that has always been present when 

utilizing diffuser tubes is the matter of head 
loss. In the diffuser tube of my invention, the 
head loss is relatively low, due to the character 
and the very short length of the pores through 
which the air passes from the tube to the liquid. 
The structures by which the various results 
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4 
are attained will be described in connection with 
the accompanying drawings, in which: 

Figure l is a fragmentary perspective view 
of an air main with a plurality of diffuser tubes 
embodying the invention extending therefrom; 

Fig. 2 is an enlarged view of one of the diffuser 
tubes showing the twisted strand cord about the 
foraminated core, partly in elevation and partly 
in section; 

Fig. 3 is a longitudinal sectional view taken 
along the line3—3 of Fig. 2; 

Fig. 4 is a cross sectional view taken along 
the line 4-4 of Fig. 3; 
Fig. 5 is a highly magni?ed longitudinal sec 

tional view taken along the line 5—5 of Fig. 4; 
Fig. 6 is a greatly enlarged side elevational view 

of a mono-?lament cord which may be used in 
accordance with the present invention; 

Fig. '7 is a magni?ed longitudinal sectional view, 
similar to Fig. 5, showing the cross sectional con 
?guration of the mono-?lament cord; 

Fig. 8 is an enlarged side elevational view of 
a modi?ed form of diffuser tube having inter 
mittent longitudinal ?utings; 

Fig. 8a is a longitudinal sectional view taken 
along the line 8a-8a of Fig. 8; 

Fig. 9 is a view, partly in section and partly 
in elevation, showing an elongated modi?ed form 
of diffuser tube; 

Fig. 9a is a longitudinal sectional view taken 
along the line 9a—9a of Fig. 9; 

Fig. 10 is a cross sectional view taken along the 
line lO-ll] of Fig. 9; 

Fig. 11 is a cross sectional view taken along 
the line ll—ll of Fig. 9; 

Fig. 12 is a fragmentary longitudinal sectional 
view showing a plurality of diffuser cores joined 
together to form elongated units which are 
clamped together to form diffuser mains of any 
required length; 

Fig. 13 is a cross sectional view taken along the 
line l3—l3 of Fig. 12; 

Fig. 14 is an enlarged fragmentary longitudinal 
sectional view showing the means for clamping 
together lengths of diffuser cores; and 

Fig. 15 is a cross sectional view taken along the , 
line i5—-l 5 of Fig. 14. 
In the drawings, the reference numeral 2 in- ) 

dicates an air main having a plurality of threaded ., 
openings 3 into each of which a diffuser tube 4 
is screwed. The diffuser tube comprises a hollow 
core 5, of steel or other suitable material, de 
pending upon the characteristics of the materials 
with which it is designed to come into contact 
with, a winding 6 of cord which covers the entire 
core, and a pair of end caps ‘I and 8 which may 
be formed of the same material as the core. The 
core is an open ended cylindrical tube to the ends ‘ 
of which caps 1 and 8 are secured in any suitable 
manner, preferably by welding. End cap 1 has a 
pair of apertures 9 and 9' through which the 
starting end of cord winding 6 is threaded and 
knotted, as indicated at in, to provide a ?rm 
anchor for the winding. End cap 8 has an ex 
teriorly threaded neck I l which ?ts into threaded , 
opening 3 in the air main. A bolt 12 is threaded i 
into end cap 8 to provide an anchor for the end ‘ 
of the cord winding. After the end of the cord 
is wrapped around the stem of the bolt l2 the 
bolt is screwed down to hold the cord securely. 

Core 5 is ?uted to provide alternate ridges I3 
and valleys i4 extending longitudinally of the 
core. One or more ori?ces l5 are provided in 
each of the valleys for the passage of air or gas 
from the inside of the core through the winding. 
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The cord, ‘which is in close contact with the 
ridges on the core, cooperates with each valley to 
form individual air spaces. The flow'of air into 
these spaces is controlled by the ori?ces. Prefer 
ably one or two ori?ces are provided for each two 
feet of valley for more effective control. 
The cord wound around the outside of the core 

may be formed 'of two or‘more strands of suitable 
material twisted into rope form. The preferred 
cord is formed of three strands of material 
twisted together as shown. The interstices be 
tween the twisted strands of cord when the latter 
is wound about the core form slanting pores 
through which the air which has passed from the 
inside of the core through ori?ces l5 passes in a 
diffused state from the pores into the ‘surround 

The cross sectional area of ‘these 
slanting pores can be accurately controlled by 
employing a cord of uniform, non-circular cross 
section, winding it under uniform tension, and 

- compressing the winding uniformly along the 
length of the tube. I 

In winding the cord on the core it is important 
to use only one layer of cord because the charac 
ter and size of the path made by the interstices 
of the strands can thereby be accurately con 
trolled by the compressive force used to squeeze 
the coils together. The addition of a second layer 
of cord causes the ?rst layer to be ?attened out 
somewhat and the accuracy of ‘pore size control 
is lost. Furthermore, the head loss is greatly in 
creased because the air must force its way through 
the pores of two layers, and the pores of the sec 
ond layer are not necessarily a direct continua 
tion of the pores of ‘the ?rst layer. This latter 
fact causes the diffusion to be uneven when two 
layers of cord are used. The increased head loss 
and the unevenness of the diffusion makes the 
use of tubes wound with two layers of cord pro 
hibitively expensive. 
The cord may be formed of any suitable ma 

terial, textile or plastic, capable of withstanding 
the corrosive effects of the liquid with ‘which it 
is to be brought in contact. A preferred ma 
terial is a vinyl resin of the type commercially 
known as "Saran” which is formed from a co 
polymer of vinyl chloride and vinylidine chloride. 
It will be obvious that any number of strands,'not 
less than two, may be used in forming the cord. 
The cross sectional con?guration of the cord 
formed from three twisted strands of “Saran” is‘ 
clearly shown in Fig. 5. 
The cord may be a mono-?lament of “Sarah” 

or similar material, as shown at IS, in Figs. 6 
and '7. This cord is formed by extrusion of the 
plastic while in a thermoplastic state with a 
plurality of helical grooves I‘! (here shown with 
three grooves) extending longitudinally _of the 
cord. If desired, the grooves may be straight and 
the cord twisted as it is wound around the core. 
In either case the paths ‘formed by the grooves 
can be controlled as in the case of the multi 
strand cord so that the diffusion of the air is 
substantially uniform throughout the length of 
the tube. 
The use of a cord of non-circular cross sec 

tion, as exempli?ed by both the multi-strand 
cord‘shownin Fig. 5 and the mono-?lament cord 
shown in Fig. 7, is of particular importance be 
cause it is this non-circular shape that causes 
the formation of tortuous paths that are-small 
‘enough to cause di?usion of the air passing there 
through. The advantages of the non-circular 
cross sectional area can best be appreciated by 
comparison of the results attained with those 
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attained by wrapping ‘wire ‘of circular cross sec"-~ 
tion around a similar core. With the latter struc 
ture the air passages formed between adjacent 
convolutions of wire may be regular, but they-are 
very long in comparison to their widths, and'are 
essentially continuous slits. Much larger bubbles 
are emitted vfrom a long slit thanfrom a seriesof 
pores of equal area, with the result ‘that coales 
cence occurs. The cord of non-circular cross 
section used in accordance with the present in 
ventioh forms pores of ‘substantiallycircul'ar ‘or 
elliptical cross section so spaced apart that the 
streams of bubbles emitted by them do not co 
alesce. __ 

In Figs. 8 ‘and 8a a modi?ed form‘o'f diffuser 
tube I8 is shown in which a plurality "of inter 
mittently spaced depressions l9 extendinglongi 
tudinally of ‘the diffuser are provided by fem 
bossing or otherwise forming the core. Ori?ces 
20, similar to ori?ces [5 are provided in ‘the-bot 
tom of each depression and end caps l’ and 8’ 
are'p'r'ovided to close ‘the ends as in the case ‘of 
the diffuser of Fig. 2. The core may becovered 
with a “single winding of cord, which maybe 
either multi-s‘trand or mono-?lament, as de 
scribed above. _ g 

‘The diffuser 2|, illustrated in Fig. 9, differs 
from that shown in Fig. 8 only in that it is of 
greater length. The increased length may be ob 
tained by forming a longer core with intermediate 
circumferential stiffening ribs 22 or by welding 
together a plurality of shorter cores. End caps 
23 and 24, similar to end caps -l and 8, ‘respec 
tively, are secured to opposite ‘ends of diffuser 2|. 

- The cord 25 maybe wound continuouslyaround 
the entire length of ‘the core, but it'is preferred to 
wind the cord in separate lengths with the'start 
ing en'd secured to end cap 23 as described in con 
nection with Figs. 2 and 3, in the case of the 
length adjacent that end, and to the ribs 22 by a 
knot'26 (Fig. 9a), in the case of the succeeding 
lengths. The other end of the cord for-each core 
section is secured to the stiffening rib 'at the end 
of each section except the last section, and to'end 
cap 24 in the "case of the last section, as'by bolt 
21. 
in the embodiment of the invention shown in 

Figs. 12 to ‘15, there is shown an air diffuser 
pipe 28. This pipe'compris‘es a plurality of sec 
tions bolted together'as shown in Figs. 12 and 14. 
A washer or sealing gasket 39 is positioned ‘be 
tween the ends of adjacent sections. Brackets 3! 
each comprise an inverted U-shaped portion 32 
and two oppositely directed ?anges 33 parallel 

. to the surface of ‘the pipe sections, which are 
secured adjacent each end of each section by 
welding, as shown in Fig. 15. Clamping bolts 
34 pass through brackets 3! on adjacent pipefse'c 
tions and secure the sections together. Each pipe 
section comprises a plurality of smaller sections 
welded together-at their ends, as indicated at’35, 
Fig. 12. Each pipe section is ?uted, the valleys 
provided with orifices and the ridges covered by 
a single layer of cord, as described above. 
From the foregoing it will be seen that I have 

devised a new and improved diffuser in which‘the 
diffusion of air or gas therejthrough can be regu 
lated with great accuracy. The diffuser pipe may 
be fabricated in any desirable length. While I 
have described a few preferred embodiments of 
my invention in considerable detail it will'be un 
derstood that the description is intended "to be 
illustrative, ratherthan restrictive, as many vde 
tails may be modi?ed or changed without depart 
ing from the spirit or scope of the invention. Ac 
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cordingly, I do not intend to be restricted to the 
limited by 

the appended claims. I v 

I claim: - 
1. A diffuser tube comprising a hollow core hav 

ing an inlet for air or a gas, a plurality of ori?ces 
in said core, a covering of compressible mono 
?lament cord coiled tightly around said core with 
the coils pressed tightly together, and means to 
hold said cord on said core in the said tightly 
pressed condition, said cord having a plurality of 
helical grooves extending longitudinally in sub 
stantially parallel relationship, whereby the in 
terstices between adjacent convolutions of said 
cord form substantially uniform pores for the 
emission of an aeriform body passing through 
said ori?ces. ' 

2. A diffuser tube comprising a perforated hol 
low core having an inlet for air or a gas, and a 
single layer of compressible cord coiled tightly 
around said core with the coils pressed tightly to 
gether and with the compressed sides of adjacent 
convolutions of said cord in contact with each 
other, said cord having a plurality of helical 
grooves extending longitudinally in substantially 
parallel relationship, whereby the interstices be 
tween adjacent convolutions of said cord form 
substantially uniform pores for the emission of 
air passing through said ori?ces, and means to 
hold said cord about said core in the aforesaid 
tightly coiled state. 

3. A di?user tube comprising a perforated hol 
low core having an inlet for air or a gas, and a 
single layer of compressible cord coiled tightly 
around said core with the coils pressed tightly to- :. 
gether and with the compressed sides of adjacent 
convolutions of said cord in contact with each 
other, said cord having a non-circular cross sec 
tion formed by a plurality of helical grooves ex 
tending longtudinally in substantially parallel re 
lationship, whereby the interstices between ad 
jacent convolutions of said cord form substantial 
ly uniform pores for the emission of air passing 
through said ori?ces, and means to hold said 
cord about said core in the aforesaid tightly 
coiled state. 

4. A diffuser tube comprising a perforated hol 
low core having an inlet for air or a gas, and a 
twisted, multi-strand, compressible cord coiled 
tightly around said core in a single layer with . 
the coils pressed tightly together and with the 
compressed sides of adjacent convolutions of said 
cord in contact with each other, whereby the 
interstices between adjacent convolutions of said 
cord form substantially uniform pores for the 
emission of air passing through said ori?ces, and 
means to hold said cord about said core in the 
aforesaid tightly coiled state. 

5. A diffuser tube comprising a plurality of 
core sections each of which has an inlet for air 
or a gas and each of which is perforated for the 
passage of said aeriform body, said core sec 
tions being secured together in end to end re 
lationship, and a single layer of compressible 
cord wrapped tightly around each of said sec 
tions with the coils pressed tightly together and 
with the compressed sides of adjacent convolu 
tions of said cord on each of said sections in con 
tact with each other, the cord on each of said 
sections having a plurality of helical grooves ex 
tending longitudinally in substantially parallel 
relationship, whereby the interstices between ad 
jacent convolutions of said cord form substantial 
ly uniform pores for the emission of air passing 
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through said-perforations, and means to hold the 
cord of each of said sections about said sections 
in the aforesaid tightly coiled state. . 

6. A diffuser tube comprising a plurality of 
core sections each of which has an inlet for air or 
a gas and each of which is perforated for the 
passage of said aeriform body, said core sections 
being secured together in end to end relationship, 
and a single layer of a twisted, multi-strand 
compressible cord coiled tightly around each of 
said sections with the coils pressed tightly to 
gether and with the compressed sides of ad 
jacent convolutions of said cord on each of said 
sections in contact with each other, whereby the 
interstices between adjacent convolutions of said 
cord from substantially uniform pores for the 
emission of air passing through said perforations, 
and means to hold said cord about each of said 
sections in the aforesaid tightly coiled state. 
., 7. A diffuser tube comprising a hollow core 
having an inlet for air ‘or a gas, said core being 
?uted to form ridges and valleys extending lon 
gitudinally of said core, each of said valleys hav 
ing an ori?ce for the passage of an aeriform body 
from inside said core, and a single layer of com 
pressible cord wound tightly around said core 
with the coils pressed tightly together and with 
the compressed sides of adjacent convolutions of 
said cord in contact with each other, said cord 
having a non-circular cross section formed by a 
plurality of helical grooves extending longitudi 
nally in substantially parallel relationship, where 
by the interstices between adjacent convolutions 
of said cord form substantially uniform pores for 
the emission of an aeriform body passing through 
said ori?ces, and means to hold said cord about 
said core in the aforesaid tightly coiled state. 

8. A diffuser tube comprising a hollow core 
having an inlet for air or a gas,’ said core having 
portions of its exterior surface depressed rela 
tive to the rest of said core,_ ori?ces extending 
through said depressed portions, and a single 
layer of compressible cord wound tightly around 
said core with the coils pressed tightly together 

‘ and with the compressed sides of adjacent con 
volutions of said cord in contact with each other, 
said cord having a non-circular cross section‘ 
formed by a plurality of helical grooves extend 
ing longitudinally in substantially parallel re-‘ 
lationship, whereby the interstices between ad-Z 
jacent convolutions of said cord form substan 
tially uniform pores for the emission of an aeri 
form body passing through said ori?ces, and 
means to hold said cord about said core in the 
aforesaid tightly coiled state. 
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