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AIR-CURTAINING APPARATUS FOR FORMING AN 
INTERNAL-ISOLATED ZONE 

The present invention relates to an improved air-curtaining 
apparatus for forming an intemal-isolated zone, and more par 
ticularly, relates to an improved air-curtaining apparatus for 
forming an internal zone pneumatically isolated from its sur 
roundings and, when particularly required, for exhausting 
harmful gaseous contaminant contained within the zone encir 
cled by the air curtain. 
When a substance productive of harmful gaseous contami 

nant is to be processed through various operations, it is neces 
sary to protect the operators concerned in the work from con 
tact with the harmful gaseous contaminant. For example, in a 
metal-plating process, various harmful gaseous substances are 
produced by the metal-plating bath and they tend to con 
taminate and pollute the air in the vicinity of the bath. In order 
to avoid such contamination and pollution of the air, it is 
necessary to completely isolate the source of the harmful gase 
ous contaminant from its surroundings and effectively exhaust 
the produced harmful gaseous contaminant out from the iso 
lated space. Conventionally, a canopy-type hood is often used 
for this purpose. However, in case of the conventional hood of 
this nature, it is necessary to make the opening of the hood 
considerably large so as to acquire a complete and sufficient 
exhausting of the harmful gaseous contaminant with a strong 
and reliable isolating effect by the air curtain. This resulted in 
expensive hood installation cost and considerably large power 
consumption. With the reason set forth above, the air curtain 
isolating system could not show a great penetration into the 
?eld of practical utilization and protection of the operators 
from contact with the harmful gaseous contaminant was 
mostly dependent upon the use of a protecting mask or the 
like. 
A principal object of the present invention is to provide an 

improved air-curtaining apparatus capable of producing an in 
ternal zone completely isolated from its surroundings with 
minimum power consumption and small installation cost. 
Another object of the present invention is to provide an im 

proved air-curtaining apparatus capable of producing a 
cleaned internal zone isolated from the surroundings by the air 
curtain. 

Still another object of the present invention is to provide an 
improved air-curtaining apparatus capable of protecting 
operators from contact with harmful gaseous contaminants. 

In conformity to the referred objects, the air-curtaining ap 
paratus of the present invention is characterized by forming an 
air curtain de?ning an internal zone in a condition completely 
isolated from its surroundings. In a particular embodiment, 
the air curtain is formed encircling a harmful gaseous con» 
taminant producing source and the apparatus is further 
characterized by generating a stratospheric gaseous ?ow for 
positively exhausting the harmful gaseous contaminant from 
the isolated internal zone. 

In the conventional-type air-curtaining system, the air ?ow 
ejected from a supply opening advances towards an exhaust 
opening while gathering air in the surroundings together with 
it. On arrival at the exhaust opening, the increased amount of 
air?ow further tends to gather air in the vicinity of the exhaust 
opening. Further, in case any change takes place in the condi 
tion of the surroundings, the advancing direction of the air 
tends to deviate from its correct position. Faced with the 
above-described increase in the amount of the air?ow to be 
exhausted and/or the probable change in the ?ow direction, it 
is necessary to design the dimensions of the exhaust opening 
larger than that of theoretical calculation. 
As is well known by persons in the art, the air?ow ejected 

from the supply opening advances towards the exhaust open 
ing in a gradually diverging condition and the exhaust opening 
has to be completely receptacle of the air ?ow of thus 
diverged size. The longer the distance between the supply and 
exhaust opening, the larger the degree of the ?ow’s divergence 
and the larger should be the dimensions of the exhaust open 
ing. That is, the enlargement of the exhaust opening dimen 
sions is further promoted by the ?ow divergence resulting in 
necessity for larger floor space. 
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2 
Further, when the air?ow is purposed for an air curtain, 

there are instances when the thickness of the curtain is 
required to be thin. For example, the air?ow is often used as 
an air curtain for isolating an operator from a harmful gaseous 
material of a produceable nature. The operator extends his 
hands from outside of the air curtain to the material deposited 
inside the air curtain through the air curtain. To accomplish 
this, the thickness of the air curtain must be thin enough to 
isolate the operator completely from the material in the inter 
nal zone of the air curtain. The above-described diverging ten 
dency of the ejected air?ow prevents making the air curtain as 
thin as required. 
A further object of the present invention is to provide an im 

proved air-curtaining apparatus capable of producing a rela 
tively thin air curtain without damaging its isolating effect. 
A still further object of the present invention is to provide 

an improved air-curtaining apparatus which requires only a 
small floor space occupation with the reduced exhaust 
opening’s dimensions. 
A still further object of the present invention is to provide 

an improved air-curtaining apparatus capable of presenting a 
strong isolating effect with considerable reduction in power 
consumption. 

In order to ful?ll the above-described objects, the air-cur 
taining apparatus of the present invention, utilizing hood 
characteristics basing on “Critical ?ow ratio method," com 
prising an exhaust opening whose size in the direction of the 
air curtain’s thickness is so designed as smaller than the 
thickness of the ordinary air curtain at the position of the ex 
haust opening. Based upon this principle, the referred size of 
the exhaust opening is adequately selected according to the 
conditional relationship between the surroundings and the iso 
lated internal zone. 

Further features and advantages of the present invention 
will be apparent from the ensuing description, reference being 
made to the accompanying drawings, in which; 

FIG. I is an explanatory side view of an embodiment of the 
air-curtaining apparatus of the present invention, 

FIG. 2 is an explanatory side view for showing a modi?ed 
embodiment of the air-curtaining apparatus shown in FIG. 1, 

FIGS. 3 and 4 are front and side explanatory views for show 
ing an embodiment of a practical utilization of the air-curtain 
ing apparatus of the present invention, 

FIG. 5 is an explanatory side view of a conventional air-cur 
taining system, 

FIG. 6 is an explanatory side view of an air-curtaining 
system according to the present invention. 

Referring to FIG. I, an embodiment of the air-curtaining 
apparatus is shown. In this case, the air curtain forming air?ow 
is advanced from a ?oor side to a ceiling side. The air supplied 
from a given supply source (not shown) is processed through a 
supply duct 1 passing through an air ?lter 2 disposed therein 
and conducted towards a supply opening 3 by a fan 4 also 
disposed in the supply duct 1. Being ejected from the supply , 
opening 3, the air is advanced towards an overhead canopy 
type exhaust hood 6 forming an air curtain 7 encircling an in 
side zone 8. Being received by the exhaust hood 6, the air is 
conducted to an air cleaner 9 passing through an exhaust duct 
11 and discharged outside the system by an exhaust fan 12 
disposed in the exhaust duct 9. Thus, the internal zone 8 is 
completely isolated from the surroundings by the air curtain 7 
formed encircling the same. The locational relationship 
between the supply opening 3 and the exhaust hood 6 and the 
dimensions of the two are adequately selected in confonnity 
to the dimension of the required internal zone 8. When 
desired, a source of harmful gaseous contaminant is placed 
within the internal zone and in this case, the produced harmful 
gaseous contaminant is also absorbed into the exhaust hood 6 
together with the air?ow forming the air curtain 7. 

During the ?owing procedure, the air curtain forming air 
?ow tends to attract additional amounts of air from its sur 
roundings facing the air curtain 7. Thus, generally, the total 
amount of the gaseous ?ow to be discharged through the ex 
haust duct ll is the sum of the supplied air curtain forming air, 
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the harmful gaseous contaminant and the attracted air. How 
ever, in the case of a certain kind of harmful gaseous contami 
nant, the above-described total amount may be required to be 
only larger than the sum of the supplied air curtain forming air 
and the harmful gaseous contaminant. 
The above-described air-curtaining apparatus can be used 

in a reverse manner too, i.e., the air curtain forming airflow 
may be advanced from a ceiling side to a ?oor side. This type 
of example is illustrated in FIG. 2 with some modi?cation for 
positively discharging the harmful gaseous contaminant from 
the internal zone. 

In the shown embodiment, the air supplied from a given 
supply source (not shown) is processed through a supply duct 
13 and conducted to a canopy-type supply hood 14 by a fan 16 
disposed in the supply duct 13. The supply hood 14 is divided 
into two parts by a de?ector 17 disposed therein, ie an air 
curtain ?ow supply opening 18 of a slit type and a ?ow supply 
opening 19 of a ?lter type. So, a part of the air?ow conducted 
by the fan 16 is advanced towards the air curtain flow supply 
opening 18 and ejected outside therefrom. Being ejected 
therefrom, the airflow advances towards the downwardly 
located exhaust opening 21 forming an air curtain 7 encircling 
an internal zone 8 and discharged outside the system by a fan 
22 through an exhaust duct 23 connected to the exhaust open 
ing 21. The thus-formed internal zone 8 is adapted for placing 
the source of the harmful gaseous contaminant (not shown in 
the drawing) and is completely isolated from the surroundings 
by the encircling air curtain 7. Aside from this air curtain for 
mation, the remaining part of the air?ow conducted by the fan 
16 is advanced towards the air?ow supply opening 19 and 
ejected into the internal zone 8 and this air?ow then advances 
toward a downward exhaust hood 24 while urging the con 
taminated gas in the internal zone 8 towards the exhaust hood 
24. Thus absorbed mixture of the ejected air?ow with the con 
taminated gas is then discharged outside the system by a fan 
26 through a discharge duct 27 connected to the exhaust hood 
24 and an air cleaner 28 disposed to the discharge duct 27. 
The discharged air may then be partly or almost completely 
circulated back to the supply duct 13 and the contaminated 
gas can be completely removed from the above-described 
mixture by the function of the air cleaner 28. Thus, the inter 
nal zone 8 can be always maintained clean and free from con 
tamination by the harmful gas. 
The air-curtaining apparatus of this type may also be ad 

vantageously utilized for making a clean isolated zone within 
contaminated surroundings. In this case, invasion of the con 
taminated air?ow into the zone is obstructed by the presence 
of the air curtain 7 encircling the internal zone 8 and the inter 
nal zone 8 can always be maintained in a cleaned condition 
because of a continuous supply of the air?ow from the supply 
opening 19. By a suitable selection of the nature of the air?ow 
to be supplied into the internal zone 8, any desired condition 
ing of the internal zone 8 can be attained. This is a great ad 
vantage when operators have to work within contaminated or 
polluted surroundings. It goes without saying that the 
direction of the air?ows can be reversed from that shown in 
FIG. 2. 

Referring to FIGS. 3 and 4, an embodiment of a practical 
utilization of the air'curtaining apparatus of the present inven 
tion is shown. In this case the air-curtaining apparatus is ap 
plied to a process for providing a roller with one or more 
rubber layers. It is well known that some harmful gas is 
produced during this process and operators must be complete 
ly protected from a physical attack by the harmful gas. For at 
taining this protection, it is necessary that the harmful gas be 
removed just after its formation without being scattered into 
the surroundings. 

In the shown embodiment, a supply duct 29 connected to a 
given supply source is branched off in the vicinity of its ?ow is 
suing termination, i.e., a part of the supplied air?ow is ad 
vanced to an operating station 31 and the remaining part of it 
is advanced to a drying chamber 32. On the operating area 
side, a branched supply duct 29:: is provided with an air ?lter 
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4 
33 disposed therein downstream of the branching point. At a 
position downstream of the air ?lter 33, a de?ector 34 is 
disposed so as to divide the supplied air?ow into two termina 
tions. A part of the supplied air ?ows towards supply openings 
36 being of a slit type and ejected therefrom towards respec 
tive downward exhaust openings 37 formed in the ?oor form 
ing an air curtain 7 encircling an internal-isolated zone 8. In 
connection with the de?ector 34, an internal duct 38 is 
disposed within the branched supply duct 290 with its 
downward termination directed to a porous plate 39 disposed 
within a space 41. The space 41 and a ?ow supply opening 42 
formed downward of the space are divided into sections by a 
plurality of partitions 43 disposed therein for the purpose of 
?ow recti?cation. So, the remaining part of the supplied air 
?ows towards the supply opening 42 passing through the 
porous plate 39, ejected therefrom into the internal zone 8 
and reaches the downward exhaust opening 37 together with 
the air?ow forming the air curtain 7. Being received by the ex 
haust opening, the mixture of the air curtain forming air, air 
enticed from the surroundings, air supplied from the supply 
opening 42, and the produced harmful gaseous contaminant is 
conducted outside of the system through an underground ex 
haust duct 44 and a ?ow rate regulating damper 46 disposed in 
the exhaust opening 37. Aside from the above-described air 
?owing system, another branched supply duct 29b runs from 
the supply duct 29 to the drying chamber 32 neighboring the 
operating station 31 by way of suitable drying equipment 47 
(See FIG. 4). A part of the air supplied through the supply 
duct 29 is conducted through the branched supply duct 29, 
brought into an upper space 48 of the drying chamber 32, 
ejected into the drying chamber 32 passing through a porous 
plate 49 and discharged outside the drying chamber 32 
through an underground discharging conduct (not shown). 
The upper space 48 may be divided into sections by partitions 
51 suitably disposed therein. 

In combination with the above-described arrangement of 
the apparatus, a roller 52 to be treated is ?rst brought to the 
operating station 31 into the intemaI-isolated zone 8 being 
carried on a suitable carrier 53. The carrier 53 may be moved 
either by a manual operation or by any known transportation 
means. The operator (not shown) standing outside the air cur 
tain 7 prosecutes necessary operation on the roller by extend 
ing his hands into the internal zone 8 passing through the air 
curtain 7. The harmful gaseous contaminant produced during 
the operation does not scatter into the surroundings being bar 
ricaded by the air curtain 7 and the operator can be complete 
ly protected from direct contact with the produced harmful 
gaseous contaminant. After the operation, the roller 52 
together with the carrier 53 is brought into the drying 
chamber 32 for drying and the harmful gaseous contaminant 
produced during the drying operation is also discharged out 
side the drying chamber 32 as already explained. 

In the actual utilization of the air-curtaining apparatus of 
the present invention, there is a fundamental requirement for 
decreasing the floor space necessary for the installation of the 
air?ow exhaust opening. This reduction in ?oor spacing 
should be preferably attained without lowering the shuttering 
effect of the air curtain and a wide adaptability of the ap 
paratus for use under various conditions of the surroundings. 
In this connection, the inventor of the present invention has 
discovered that the above-described requirement can be ful 
?lled by de?ning the dimension of the air?ow exhaust opening 
in relation to the mechanical condition of the whole system. In 
the following description, the term “opening’s width” refers to 
the size of the quoted opening in the direction of the formed 
air curtain’s thickness or, in a direction transverse to that of 
the air?ow. 
The term “shuttering distance” as hereinafter used refers to 

a distance to be shuttered by the air curtain. 
For a better understanding of the air-curtaining system ac 

cording to the present invention, a conventional type of air 
curtaining system will ?rst be discussed with reference to FIG. 
5, wherein an air curtain forming ?ow 54 ejected from a 
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supply opening 56 of a slit type advances in a gradually diverg 
ing condition and is received by an exhaust opening 57 located 
downward while attracting additional air from the sur 
roundings. 

Provided that the quantity of the air curtain forming air?ow 
is On, the quantity of the air attracted from the surroundings is 
Q‘, the quantity of the total airflow arriving at the exhaust 
opening 57 is Q2 and the quantity of the air attracted into the 
exhaust opening 57 from the surroundings in the vicinity 
thereof is Q3, the total quantity of airflow to be discharged 
outside the system through the exhaust opening 57 must be 
(Q2+Q:m)- Consequently, the exhaust opening’s width D is 
required to be at least larger than the thicknes's'o'f the air?ow 
whose quantity is Q2. Further, taking the diverging tendency 
of the air curtain forming air?ow into consideration, it is quite 
obvious that an increase in the shuttering distance H entails a 
corresponding enlargement in the exhaust opening’s width D. 
As already mentioned, such an enlargement in the exhaust 
opening dimension results in the requirement for an enlarged 
?oor spacing together with considerably increased power con 
sumption. 
The ?owing mode of the air curtain according to the art of 

the present invention is shown in FIG. 6, wherein the air cur 
tain forming ?ow 54 developed by the ?uid supply means and 
ejected from the supply opening 56 of a slit type advances in a 
gradually diverging condition to a certain distance. After 
passing a virtual plate A-B, the air?ow tends to be gradually 
converged and received by the ?uid-receiving means includ 
ing the exhaust opening 57 while enticing or inducing addi 
tional air from the surroundings. In accordance with the 
requirement in actual utilization, this virtual plane A-B is so 
selected that the distance H’ between the virtual plane A-B 
and the exhaust opening 57 corresponds to the required shut 
tering distance, i.e., the converging air?ow part 58 forms an 
air curtain whose shuttering e?ect is expected. After selecting 
the location of this virtual plane A—B, the exhaust opening’s 
width D’ is calculated by application of the “Critical ?ow ratio 
method" theory and in relation to the supply opening‘s width 
E, the air curtain‘s thickness E’ and the shuttering distance H’ 
asfollows. 

E’/5 E D’ (l) 
H'é 3 E’/2 (2) 
E/Sé D’5 E (3) 

Thus, it is possible to narrow the exhaust openings width D’ 
smaller than that of the conventional air-curtain without any 
decrease in the shuttering distance. 
A further preferable result can be obtained in the actual 

utilization of the apparatus of the present invention by giving a 
particularly de?ned dimensional relationship to the supply 
opening, exhaust opening and their related parts of the ?owing 
system. In that preferred embodiment, the air curtain forming 
airflow is ejected from the supply opening in a condition hav 
ing a uniform ?ow velocity distribution. The air curtain is 
mainly made up of a core portion of thus-ejected air?ow. The 
width of the supply opening is required to be larger than one 
?fth of a required shuttering distance and the width of the ex 
haust opening is required to be smaller than that of the supply 
opening. The mass of an exhausted ?ow must be so selected as 
is always larger than the mass of the supplied ?ow. 

In case there is a temperature difference between the sur 
roundings and the air curtain forming air?ow or an internal 
isolated zone encircled by the air curtain, a suitable compen 
sation should be applied to the ?owing system by mechani 
cally adjusting the value of the critical ?ow ratio. 
What is claimed is: 
I. An improved air-curtaining apparatus comprising, in 

combination: means de?ning a supply opening con?gured to 
eject an air?ow in the form of an air curtain to pneumatically 
encircle a space and isolate same from its surroundings, a 
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6 
supply conduit connecting said supply opening to a pneumatic 
supply source, means de?ning an exhaust opening dimen 
sioned to receive both said air curtain forming air?ow and ad 
ditional air attracted from the surroundings by said air curtain 
forming air?ow and positioned 1n spaced-apart relationship to 
and facing said supply opening, said exhaust opening have a 
width dimension de?ned by the relationships 

wherein D’ represents said width of said exhaust opening in a 
direction transverse to the ?owing air; E represents the width 
of said supply opening in a direction transverse to the ?owing 
air; H’ represents the desired shuttering distance; and E’ 
represents the thickness of said air curtain at a distance H’ 
from said exhaust opening, and an exhaust duct connected to 
said exhaust opening. ' 

2. An improved air-curtaining apparatus as claimed in claim 
1, further comprising means de?ning an additional supply 
opening con?gured and positioned to eject a stratospheric air 
?ow into said internal space encircled by said air curtain, 
means connecting said additional supply opening to said pneu 
matic supply source, means de?ning an additional exhaust 
opening dimensioned to receive therein said stratospheric air 
?ow and located in spaced apart relationship to and facing 
said additional supply opening independently from said ?rst 
mentioned exhaust opening, and an additional exhaust duct 
connected to said additional exhaust opening. 

3. An improved air-cutaining apparatus as claimed in claim 
2, including a common housing containing therein both said 
?rst-mentioned supply opening and said additional supply 
opening, and air de?ectors mounted in said common housing 
separating said ?rst-mentioned supply opening from said addi 
tional supply opening. 

4. An improved air-curtaining apparatus comprising, in 
combination: means de?ning a supply opening con?gured to 
eject an air?ow in the form of an air curtain to pneumatically 
encircle a space and isolate same from its surroundings, a 
supply conduit connecting said supply opening to a pneumatic 
supply source, means de?ning an exhaust opening dimen 
sioned to receive both said air curtain forming air?ow and ad 
ditional air attracted from the surroundings by said air curtain 
forming air?ow and positioned in spaced-apart relationship to 
and facing said supply opening, an exhaust duct connected to 
said exhaust opening, and means for delivering the air?ow 
through said supply opening in a condition having a uniform 
?ow velocity distribution, wherein the width of said supply 
opening is larger than one-?fth of the desired shuttering 
distance, and wherein the width of said exhaust opening is 
smaller than that of said supply opening. 

5. An apparatus for ?uidally isolating a space from its sur 
rounding space comprising: ?uid means for supplying a ?ow of 
?uid de?ning a ?uid curtain around a space to be isolated and 
including means de?ning a supply opening having a width E 
extending in a direction transversely to the direction of ?uid 
?ow; ?uid-receiving means spaced apart from said ?uid supply 
means in the direction of ?uid ?ow for receiving therein said 
?uid ?ow and cooperative with said ?uid supply means to 
completely isolate said space from its surrounding space, said 
?uid-receiving means including means de?ning an exhaust 
opening having a width D’ extending in a direction transverse 
ly to the direction of ?uid ?ow; means locating and dimension 
ing said ?uid supply means relative to said ?uid-receiving 
means to effect ?rst divergence and then convergence of said 
?uid ?ow between said ?uid supply and receiving means; and 
wherein said supply opening and said exhaust opening are 
dimensioned in accordance with the expression 


