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2 (Cains. (C. 98-36) 

The present invention relates to an apparatus for re 
stricting air convection between two spaces interconnected 
by a wall opening, e.g. the intericr and the exterior of 
a building, by screening such opening with the aid of a 
curtain of air passing across the opening. 

It is the object of our invention to provide improved 
means for producing air curtains of the character de 
scribed to screen openings communicating between regions 
of chambers of air at markedly different temperatures 
whereby cool air may be prevented from entering a 
heated chamber and warm air from entering a cooled 
chamber. We have found that conventional air curtains 
are deflected at least at the lower portion of the opening 
by a convection current of cool air moving toward the 
region of higher temperature and rising from the higher 
density of the cool air. Thus, the air in a cold chamber 
at -20° C. is about 18% more dense than the external 
air, which is at a temperature of, say, --20° C., and con 
sequently the pressure exerted by a column of cold air 2.5 
meters high in the chamber exceeds by about 0.53 kg/ 
m.8 that of a column of the warmer air of the same height. 
it is, accordingly, a feature of our invention to provide 
an air-curtain-producing apparatus adapted to screen such 
openings with a curtain of air directed preferably down 
wardly thereacross at an adjustable slight angle of, say, 
15 to 25, thereby defecting a preferably minor portion 
of the stream in counter-current to the aforementioned 
convection current of cool air and counterbalancing the 
normal pressure gradient across the opening. An air cur 
tain so oriented will deflect a stream of entering air to 
produce a secondary circulation in the region of the open 
ing between two transverse limiting surfaces, such as, for 
example, the ground and a ledge forming a seal between 
the wall and the source of air flow supported thereon. 
This source, in turn, should include a plenum chamber, 
supplied with air from one or more blowers, and an elon 
gated nozzle communicating with it, the nozzle having 
as its outlet an elongated slot extending along an edge 
of the usually rectangular wall opening. In order to in 
sure the existence of the aforementioned angie, the nozzle 
is advantageously defined, along the major sides of the 
slot, by two panels having the desired inclination with 
respect to the adjacent wall surface. A system of this de 
scription has been disclosed in our copending application 
Ser. No. 706,171, filed December 30, 1957, and now 
abandoned, of which the present application is a continu 
ation-in-part. .. 

Devices of this character have proved themselves use 
ful not only at building doors and windows but also, to 
an ever-increasing extent, on mobile equipment such as 
refrigerated trucks. In many instances a highly compact 
arrangement is cailed for along with some mechanism 
for effectively controlling the flow of air under different 
operating conditions. It is, therefore, a further object 
of the present invention to provide simple and depend 
able means for maintaining an optimum rate of air flow 
in Such devices and, preferably, for enabling adjustment 
of this rate within wide limits. A more particular cb 
ject of the inevntion is to provide means for equalizing 
the flow rate over the entire length of the nozzle through 
out its range of adjustability. - 

Advantageously, the apparatus according to our inven 
tion has not only means for controlling the quantity of 

2 
air Q and the velocity V thereof in forming the air cur 
tain, but also means for adjusting the angle 3 between 
the plane of the screened opening and the nozzle of the 
apparatus and, consequently, for setting the complemen 
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tary impact angle ox between the impinging air curtain 
and ground or ledge. The air curtain, upon impact, 
divides into a forward stream generally directed toward 
the warm region and a rearward stream which establishes 
the secondary circulation to counterbalance the effect of 
the cold-air convection current. We have found that 
optimum screening results, for openings between regions 
having the usual temperature differentials (e.g. 20 to 
50° C.) therebetween, may be obtained when the ratio 
of the flow rates Q and Q of the rearward and forward 
streams is equal to about 1/2. Since the flow-rate ratio 
may be given by the expression - 

01-1-cos cy 
(Q, 1+cos a 

the angle C will be found to have a value of about 20 
although the cptimum angle for each installation may 
have to be determined by the particular conditions pres 
ent at the screened opening. in general, we have found 
that the angle C should be equal to about 20-i-5. 
Although the optimum selection of the other air-cur 

tain parameters, e.g. nozzle width and flow rate, may 
also be determined individually for each installation, 
highly satisfactory air curtains were obtained with nozzle 
20 to 30 mm. in width and flow rates from 8 to 12 meters 
per second to screen out cold air; with nozzles up to 60 
mm. in width and flow rates from 12 to 18 meters per 
second to screen out warm air, breezes and, occasionally, 
high winds; and with nozzle widths from 120 to 150 mm. 
and flow rates of 15 to 20 meters per second for air cur 
tains adapted to repel insects from an opening. 

It should be noted further that the lower the speed at 
which the air-curtain stream impinges upon the opposite 
wall or ledge, the smaller is the quantity of air which 
constitutes the rearward stream. When the air-curtain 
flow rate is reduced below a predetermined value, deter 
mined by the conditions (e.g. temperature) present at 
the opening, no rearward stream is able to flow counter 
current to the convection-current stream at the base of 
the opening and to provide a balancing effect therefor. 
There are, however, limits to the maximum and minimum 
values of the impact angie and to the flow rate of the air 
curtain stream. For example, the Smaller the impact 
angle ox is made, the larger will be the unprotected tri 
angular area between the main air-curtain stream and 
the plane of the opening, thereby decreasing the effec 
tiveness of the curtain since screened-out air tends to 
penetrate the air curtain via this unprotected region. 

It is, therefore, another feature of the invention to pro 
vide means for setting the nozzles of the air-curtain-pro 
ducing apparatus at the correct angle and to control the 
flow of air therethrough, thereby enabling the apparatus 
to be used equally well for openings of relatively low 
height where relatively low flow rates are desirable and 
for relatively high openings where high flow rates are 
required. Generally, an opening of reduced height will 
require an apparatus having a smaller nozzle angle than 
an apparatus employed for air-curtain screening of higher 
openings. 
A further feature of the invention resides in the provi 

sion of means for screening the lateral portions of the 
aforementioned triangular region, included between the 
main air-curtain stream and the plane of the opening, by 
secondary air curtains, thereby preventing the penetration 
of Screened-out air through the air curtain via this region. 

in order to reinforce the secondary stream of the air 
curtain, which generally flows toward the cooler region, 
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the air-curtain-producing apparatus may be provided with 
Venturi-type aspirating means, e.g. a tube communicating 
with the interior of the nozzle and the space defined by 
the latter, the building-wall portions adjacent the open 
ing and the sealing or baffle means in the gap between 
the nozzle and the wall, adapted to accelerate the sec 
ondary stream. While it is usually preferable to dispose 
the air-curtain apparatus above the opening to be screened 
within the warm region, we have found that space-saving 
considerations, especially for screened openings of re 
frigerated vehicles, often require the positioning of the 
apparatus within the cooled area in which case the pri 
Inary air-curtain stream is directed in counter-current 
to the convention current of cool air toward the opening. 
To minimize the excess of the primary stream over the 
convention current, the impact angle of the main air 
curtain flow is set as close to 90° as is practical. More 
over, it frequently is desirable to position a pair of such 
air-curtain-producing devices along each vertical edge 
of a generally rectangular opening whereby the nozzles of 
the two devices direct opposing air-curtain streams to 
ward the median plane of the opening. While the op 
posing streams may be designed to merge at a straight 
angle (i.e. 180') whereby substantially equal forward 
and rearward streams may be established, it is prefer 
able that the two air-curtain streams include an angle 
less than 180' whose vertex is directed toward the warmer 
region, thereby resulting in a forward stream whose flow 
rate may be in the aforementioned desirable ratio of 2:1 
to the flow rate of the rearward stream. 

In accordance with another aspect of this invention 
there is provided, in an air-curtain-producing appara 
tus of the character hereinabove described, a tubular ele 
ment open at one or both ends, defining a plenum cham 
ber, which is formed on one side with a longitudinal slot 
extending over a major part of its length, this slot termi 
nating in a nozzle extending substantially tangentially 
of the tubular element whereby air admitted under pres 
sure from the open end or ends is deflected sideways and 
then outwardly through the nozzle; between the source 
of air and the plenum chamber proper, i.e. the region 
defined by the longitudinal slot, there is formed within the 
tubular element a generally cylindrical space or anti 
chamber free from internal obstructions whose axial 
length is Sufficient to enable the turbulent incoming air 
to revert to laminar flow. This axial length is advan 
tageously of the order of the width of the element, or 
at least as large as its radius, and may in practice range 
between about 10 and 25 cm. with tubes of 20 to 40 cm. 
in diameter. The plenum chamber beyond this space 
is preferably provided, according to a further feature of 
the invention, with guide means partly obstructing the 
air flow through the slot whereby a substantial part of 
the air is deflected further along the tube so as to pass 
through the nozzle at locations remote from the inlet; 
in this manner the velocity of the outflowing air can be 
Substantially equalized over the length of the plenum 
chamber. The guide means may comprise a set of axially 
Spaced, laterally offset ba?iles within the tube or, in sim 
pler cases, a perforated screen spanning the slot. 
We have found, in this connection, that the velocity 

of the outflowing air can be substantially equalized over 
the length of the nozzle in the absence of such baffles 
under certain conditions although, even under such cir 
cumstances, it is advisable to use the baffles to insure a 
minimum velocity gradient from the portion of the nozzle 
proximal to the inlet of the plenum chamber to the por 
tions of the nozzle remote therefronn. More specifically, 
we have determined that the ratio Vo/V of the velocity 
V of the outlet air at a location of the elongated nozzle 
remote from the closed end of the plenum chamber to 
the velocity V of the outlet air at a location proximal 
thereto is proportional to V1-- (a/A) where (a/A) is 
the ratio of the outlet cross-sectional area a to 
the cross-sectional area A of the inlet to the plenum 

5 

0 

20 

40 

60 

70 

4. 
chamber. Thus, the maximum gradient between the 
velocities V and V may be maintained below any 
desired value by a suitable dimensioning of the inlet and 
outlet cross-sectional areas; for instance, if, as is generally 
the case, the velocity Vo ranges from Vo=V1 to V=1.1 

1, the ratio (a/A) will be found to range from a/A = 0 
to about a/Ass: 0.48. 

Advantageously, a plurality of angularly adjustable 
transverse plates, which function as dampers, may be 
spacedly positioned along the elongated mouth of the 
nozzle to provide a final means for adjusting the velocity 
of the outlet air therealong and for correcting the direc 
tion of flow of the outlet air. These dampers may be 
independently adjustable or provided with common ac 
{uating mcans for regulating the air outflow. The outlet 
tip of the nozzie may, according to a more specific feature 
of the invention, be angularly displaceable about an axis 
parallel to its major dimension to permit correction of 
the angle of impact. We have also found that, when 
nozzles extending subsiantially tangentially from a ple 
Illum chamber are employed, air turbulence in the region 
wherein the tangential nozzle opens into the cylindrical 
plenum chaniber may be obviated by the provision of a 
deflecting strip extending from the common inner wall 
of nozzle and plenum chamber into the latter and includ 
ing with the plane of the nozzle an angle of about 
20 to 40. 
The above and ciher objects, features and advantages 

of the invention will become more fully apparent from 
the following detailed description, reference being made 
to the accompanying drawing in which: 

FIG. 1 is a perspective view of an air-curtain-producing 
apparatus embodying the invention; 
FG. 2 is a side view of the apparatus (parts broken 

away) taken on the line I-II of FIG. 3; 
FIG. 3 is a cross-sectional view taken on the line 

ii-Ei of FIG. 2; 
F.G. 4 is a view (parts broken away) of the left-hand 

portion of FIG. 2, drawn to a larger scale and illustrated 
in a different position of adjustment of its inlet-control 
mechanism; 

F.G. 5 is a cross-sectional view taken on the line V-V 
of FIG. 4; 

F.G. 6 is a view similar to FIG. 2, showing a modified 
cimbodiment; 

F.G. 7 is a cross-sectional view taken on the line 
VII-VI of FIG. 6; 

FIG. 8 is a side-elevational view, partly in section, of 
the nozzle of an air-curtain-producing apparatus provided 
with aspirating means according to the invention; 

FiG. 8A is a front-elevational view, partly in section, 
of the apparatus shown in FIG. 8: 

FIG. 9 is a view similar to FIG. 8 of a nozzle according 
to another embodiment of the invention; 

FIG. 10 is a side-elevational view of an air-curtain 
producing apparatus illustrating means for adjusting the 
angle included between its air curtain and the plane of 
the screened opening; 

FIG. 11 is a view similar to FIG. 10 of an apparatus 
having a register disposed at the base of the opening below 
its nozzle for deflecting the air stream; 

FIG. 12 is a perspective front view of an apparatus 
whose air intake has an axis parallel to the nozzle; 

FIG. 13 is a front-elevational view of an apparatus 
whose air intake has an axis extending transversely to the 
elongated nozzle; 

FIG. 14 is a cross-sectional view taken along the line 
XIV-XIV of FIG. 13; 

FIG. 15 is a front-elevational view, partly in section, of 
an apparatus whose plenum chamber is supplied with air 
via two tangential blowers; 

F.G. 16 is a view similar to FIG. 15 of another appara 
tus in which the blower means are disposed within the 
plenum chamber; 
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FIG. 17 is a cross-sectional view taken along the line 
XVI-XVI of FIG. 16; 
FGS. 18-21 are side-elevational views of air-curtain 

producing devices according to further embodiments of 
the invention, illustrating the operation thereof somewhat 
schematically; 

FIG. 22 is a view similar to FIG. 7 of a plenum cham 
ber and its tangential nozzle, showing additional means 
for suppressing turbulence; 
FIG. 23 is a cross-sectional view taken along line 

XXIII-XXIII of FIG. 22; 
FIG. 24 is a front-elevational view of a wall opening 

provided with lateral air-curtain-producing devices; 
FIG. 25 is a cross-sectional view taken along the line 

XXV-XXV of FIG. 24; 
FIG. 26 is a view similar to FIG. 24 of an opening hav 

ing an air-curtain-producing apparatus thereabove and 
provided with supplemental means for preventing the flow 
of air between the chambers interconnected by the open 
ing according to another embodiment of the invention; 
FG. 27 is a cross-sectional view taken along line 

XXVI-XXVII of FIG. 26; 
F.G. 28 is a perspective front view of an air-curtain 

producing apparatus whose inlet axis extends transversely 
to the nozzle; - 
FIG. 29 is a front-elevational view of a slightly modified 

apparatus; and 
FIG. 30 is a side view of the apparatus of FIG. 29. 
As shown in F.G. 1, an air-curtain-producing appara 

tus 10i is fastened upon a vertical wall i3A, above an 
opening 32 therein, by means of brackets (not shown) 
engaging lugs 139', 30' of which several pairs are pro 
vided at different peripheral locations to afford a choice 
of mountings. The apparatus 10, of generally tubular 
elongated shape, is provided on one end with an adjust 
able air intake 105 having a port screened by a mesh guard 
186 for the admission of an air flow at a rate controlled 
by an adjusting mechanism i2). An elongated nozzle 
127 has an outlet slot 37 and slants downwardly from 
the cylindrical main part (92 of the apparatus. Air issues 
from the nozzle 127 at high speed, the main air stream 
forming an angle (3 with the wall E3. Depending upon 
various conditions, such as the dimensions of nozzle i27 
and the temperature gradient in opening i32, the optimulia 
angle of incidence o. for achieving the best screening 
effect may vary between approximately 15 and 25 as 
previously noted, the complementary impact angle (3 be 
tween the impinging air stream and ground being therefore 
about 65 to 75°. The space between wall 31 and the 
diverging lower end of nozzle 127 is sealed by a pack 
ing 29. 
The air intake 165 of the apparatus 10i comprises, as 

shown in FIGS. 2, 4 and 5, in a head 1 restrictedly rotat 
able on the hollow cylinder 82 whose interior defines a 
plenum chamber 103 and an antechamber 128. A plu 
rality of vanes (97 made of mild steel or other conven 
ient material, e.g. sheet aluminum, are spot-welded to 
sleeves 09 swingable around arms 150, the latter extend 
ing radially from a central boss it8. Any convenient 
number of vanes may be provided, eight being shown in 
the illustrated embodiment. The inner end of each sleeve 
109 has welded to it a bent lug 12 which extends through 
a slot 113 in a disk 114 rigidly attached (e.g. by welding) 
to a central support shaft 25 traversing the boss 08. 
The shaft 115 is carried by a spider 116 having a plurality 
of bars whose outer ends are welded to cylinder 62 from 
the inside. On its end remote from disk 14 the shaft 
15 supports a fan constituted by an electric motor i7 
baring blades 18 (FIG. 4). 
The arms it extend radially to the intake head : 

to which the outer ends of the arms are attached by bolts 
19. On its circular edge embracing cylinder 102, head 
111 supports a rack 121 bearing a graduated scale. A 
worm 122 mounted on a shaft 23 engages the rack 121, 
and a pointer 124 registers the relative angular displace 
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6 
ment of head 11 and cylinder 162 on the scale, thereby 
also indicating the degree of opening of the air intake 
1895. Shaft 123, journaled in bearings 125, terminates at 
one end in a milled knob 34. The mesh guard 06 is 
fastened to the air intake by means of cleats E26. 
The fan 118 forces air from the entrance port of intake 
{S into the plenum chamber 103 and expels it through 

the nozzle 527. As shown in FIG. 3, the nozzle 27 is 
tapered to provide a constriction which concentrates the 
air flow to produce a downwardly directed jet. The air 
on the downstream side of the fan 18 is turbulent, hence 
the antechamber 28 is formed as a free space devoid of 
baffles and projections so that the air flow is smoothened 
when passing through this section. The plenum chamber 
163, on the other hand, is provided with axially spaced 
and laterally offset baffles 133a, 233b, 33c, 133d which 
direct the outlet air into the nozzle 127. In order to 
insure an equal exit velocity along the whole length of 
the duct 27, the plenum chamber 103 is divided by the 
baffles 133a to 33d into compartments of equal cross 
sectional areas; for this purpose the centrally located 
baffles 33b, 33c are nearer to each other than to the 
outer baffles 33a, 133d. As a result of this arrangement 
the air velocity prevailing in the compartments defined by 
the baffles is substantially uniform. 
As shown in FEG. 3, the upstream edges of the baffles 

A33a to 333d are inclined to the vertical; each baffle com 
prises a curved downstream portion which directs the 
air from plenum chamber 183 into the nozzle 27 and 
merges with an upstream portion extending longitudinally 
of the plenum chamber. Advantageously, the proximal 
edge of at least one baffle lies at the junction of ante 
chamber 28 and plenum chamber 103 as here shown for 
the baffe 33a. 

It has been found that with plenum chambers arranged 
in this manner it is possible to minimize any variations in 
the velocity of the air leaving the plenum chamber at dif 
ferent points, the maximum velocity variation being 5% 
of the mean velocity. 

In FIG. 2 the vanes 107 are shown in a fully closed 
position, thereby obstructing the flow of air into the 
plenum chamber 93. The vanes 167 can be moved in 
unison from this position toward a partly or fully open 
position, as shown in FIGS. 4 and 5, by causing a rela 
tive rotational movement between the intake head 15 and 
the cylindrical chamber housing 92 by means of the 
adjusting mechanism 129 operated by knob 134. Rota 
tion of the arms 6 connected to the head Eli causes 
the lugs 2 to co-operate with the slots 113 in disk 4 
to rotate the vanes 567 on their sleeves 1899 around the 
arms 10 into the open position. The disk 14 does not 
ove because it is rigidly fixed to shaft 1:5. Advan 

tageously, the disk is somewhat resilient or covered by a 
Soft elastic layer to cushion the impact of the vanes 87 
upon closure. - 

It is, therefore, possible to move the vanes 107 from 
their coplanar closure position (FIG. 2) through a conti 
Inuity of intermediate positions (FIGS. 4 and 5) into a 
fully open position, in which the air flow through the in 
take is substantially unimpeded, and vice versa. 

In the modification illustrated in FGS. 6 and 7 the 
baffles are dispensed with, and in their place there is ar 
ranged a perforated partition 133' located between the 
plenum-chamber housing 622 and the nozzle 127 while 
extending along the entire length of the nozzle. The 
partition has the effect of distributing the air pressure 
so that throughout the length of the duct 127 the air 
velocity will again be substantially uniform. The device 
10 shown in FIG. 6, centraily subdivided by a partition 
A41, has two oppositely positioned air intakes 105", 105' 
whose heads 1:1", iii' are jointly controlled by a thermo 
static device 40 to regulate the rate of inflow. Evidently, 
a symmetrical arrangement such as that shown in FIG. 6 
may also be used for the type of device illustrated in FIGS. 
1-5, particularly with plenum chambers of great length. 
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In FIG. 8 we show an air-curtain-producing apparatus 
whose plenum chamber feeds air to a nozzle 4, mounted 
upon a wall 7 above an opening therein. A suitable 
Sealing means in the form of a resilient packing 10 is dis 
posed between the nozzle 4 and the wall 7 and forms 
therewith a downwardly open space as illustrated, for 
example, in FIG. 20. As clearly though somewhat dia 
grammatically shown in the latter figure and in FIGS. 18, 
19 and 21, the nozzles 4 and 4" (FIG. 19) include angles 
f3 with the plane of the opening whereby the air-curtain 
streams 5, issuing from the nozzles, includes a comple 
mentary impact angle c with the fioor 6 and, upon impact, 
forms the aforementioned primary stream and a secondary 
circulation 9 of air. The latter comprises a stream ex 
tending along the floor 6 in counter-current to any cool 
air flow along the latter from the cooler chamber A 
(FIG. 18) toward the warmer chamber B. The circu 
lating stream 9 is deflected upwardly within the cooler 
chamber A whence it returns to the nozzle 4, 4 to be 
conie entrained by the downwardly flowing air curtain. 
Whereas in the embodiment illustrated in FIG. 18 the 

apparatus including its fan 2, plenum chamber 3 and noz 
zle 4 is mounted directly upon the wall without any gap 
therebetween whereby the nozzle-forming plates serve to 
direct the circulating stream 9 back into the main air 
curtain flow, in the embodiment of FIG. 19, which is 
shown to have a nozzle 4" formed with two parallel 
mouths adapted to produce a double-layer curtain of par 
ticular effectiveness, a resilient packing 10 is disposed 
between the nozzle and the wall 7 to prevent the accumu 
lation of non-circulating air therein. Depending upon 
the specific operating conditions, the packing 10 may 
completely fill the gap of triangular cross-section between 
the nozzles 4" (FIG. 19) to prevent the formation of a 
dead Space therein or may leave therein a recess 10a (FIG. 
20), Swept by the secondary circulation 9, adjacent the 
outlet end of the nozzle. Frequently, the air-curtain ap 
paratus must be disposed at some distance from the plane 
of the opening (FIG. 21) to, say, permit the passage of 
a sliding door or the like between the nozzle 4 of the ap 
paratus and the opening. In this case, we prefer to dis 
pose a sealing plate it between the nozzle 4 and the wall 
7. This plate functions fully as effectively as the packings 
6 and 8' described above. 
Although the sealing means 10, 40' and 11, illustrated 

in FIGS. 18–21, effectively prevent the accumulation of 
stagnant air between the nozzles 4, 4' and the wall 7, 
We have found that the use of such sealing means along 
the elongated mouth of the nozzle, liable to encumber 
the apparatus and to prevent needed adjustment of the 
angle f3, may be dispensed with if suction or Venturi 
means are provided on the nozzle to draw any air present 
in the gap into the main air-curtain streams. Thus, the 
nozzle 4 of the apparatus illustrated in FIG. 8 is provided 
with a Suction tube whose upper extremity 2 terminates 
in the gap between the nozzle 4 and the wall 7 while its 
lower extremity 13 opens downwardly in the nozzle 4. 
At least part of the secondary circulation 9 is, as a con 
Sequence of the Venturi effect at the extremity 13 of the 
tube, drawn into the other end 12 of this tube, thereby 
preventing stagnation of any air in the gap. 

in FIG. 9 we show another air-curtain apparatus where 
in the nozzle 4' is swivelable about a longitudinal axis 
on its ball-and-socket joint 15 relatively to the plenum 
chamber 3 whereby the angle 3 included between the noz 
Zle and the wall 7 (FIGS. 18-21) may be adjusted to 
provide optimum results as previously noted. To lock 
the nozzle in its optimum angular position, it is formed 
with a link 16 having an arcuate slot engaged by a locking 
Screw affixed to the wall 7. In this embodiment the noz 
Zle 4' has an opening at its upper end communicating 
with the gap between the nozzle and the wall 7 and is 
formed internally with a plate 4' terminating at the upper 
nozzle opening whereby air is sucked by a Venturi effect 
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from the gap into the nozzle as indicated by the broken 
ine arrows. 
A more convenient method of mounting the air-curtain 

producing apparatus so that its nozzle angle is adjustable 
is shown in FIG. 10. The plenum chamber 3 and its 
nozzle portion 4 are pivoted at a hinge 17 to the wall 7 
while a turnbuckle 8, interconnecting the apparatus and 
the wall, is disposed above the hinge 7 so that the angle 
(8 may be increased by decreasing the effective length of 
the turnbuckle 18 and vice versa. 

FiG. 11 illustrates an apparatus mounted in accordance 
with another embodiment of the invention wherein the 
angle f3 between the wall 7 and the nozzle 4 of the 
apparatus is substantially 0' and the complementary angle 
cy is substantially 90°. The impact-receiving surface 6 
directly below the nozzle 4 is formed with a slotted or 
otherwise apertured plate 9 which covers a depression 
21 in the surface 6. In this depression, which is formed 
with upwardly diverging walls, there is disposed an air 
guiding cylinder 20 with its axis substantially parallel to 
the nozzle & whereby the air-curtain stream entering the 
depression is deflected slopingly upwardly and outwardly 
from the substantially planar curtain. 

In FIG. 12 we show an air-curtain-producing arrange 
ment wherein an axial blower 2 feeds a plenum chamber 
which, in contradistinction to the plenum-chamber hous 
ing 02 (FIG. 1) of cylindrical configuration through 
out its length, has a turbulence-suppressing cylindrical 
antechamber 22 flanged at 25 to the angularly adjustable 
flared distributing portion 23 of the plenum chamber 3. 
The distributing portion 23 is formed with a generally 
C-shaped nozzle outlet whose elongated intermediate 
portion extends parallel to the plane of the opening 1 and 
emits a downwardly directed main air-curtain stream of 
the type shown at 5 in FIGS. 18-21. The side portions 
4a, 4b of the outlet extend transversely to the elongated 
main portion 4c thereof and form lateral air curtains 
which enclose the sides of the space of triangular cross 
section between the main air-curtain stream and the plane 
of the opening. The width of the lateral air curtains 
may be adjusted with the aid of a pair of lateral regu 
lators 8 hinged to the plenum-chamber housing. 

Instead of having axial blowers or fans disposed at one 
or both longitudinal extremities of the apparatus as shown 

5 in FIGS. 1-7 and 12, the cylindrical plenum-chamber 
housing 28 in FIGS. 13 and 14 is equipped with a cen 
trifugal blower 26 whose outlet communicates with the 
plenum chamber 3 at a central location, the chamber 3 
being provided with deflecting guides 27 to direct the in 
coming air stream toward each end of the chamber, 
thereby equalizing the outlet flow velocity along the 
nozzle 4 of the chamber. 
FIG. 15 shows two centrifugal blowers 26 axially 

supplying air to the cylindrical housing 28 whose plenum 
chamber 3 contains a plurality of laterally offset baffles 
27', generally similar to the baffles 133a to 133d of FIGS. 
2 and 3, at each side of the chamber to render the velocity 
of the outgoing air substantially uniform over the length 
of the nozzle. 

In FIGS. 16 and 17 we show another embodiment 
wherein a centrifugal impeller 29, driven by a motor 31, 
is journaled in the housing 28 with its axis parallel to 
that of the housing but offset therefrom whereby air may 
be sucked into the plenum chamber 3 thereof via the 
longitudinal slot 30 in housing 28 and expelled via 
the longitudinally extending nozzle 4 parallel to that slot. 
A particularly advantageous construction of the gen 

erally cylindrical plenum chamber described above is 
shown in FIGS. 22 and 23. The cylindrical housing 53, 
Surrounding a plenum chamber 53, merges into a tan 
gential nozzle 54 which extends Substantially parallel to 
the axis of housing 58 and is formed by a pair of spaced 
longitudinal panels 56, 54''. At the junction between 
the inner panel 54" and the housing 58 we provide a 
relatively narrow longitudinally extending flap 55 (e.g. 
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of a width equal to about that of the spacing between 
the plates 54, 54') which is bent inwardly and includes 
an angle between substantially 20 and 40 with the plane 
of panel 54'. The flap 55 has been found to reduce 
turbulence in the nozzle 54 as the air, under the high, 
substantially static pressure in the chamber, enters the 
nozzle. - 

In order to adjust the outflow from nozzle 54 to elim 
inate any substantial deviation of the flow. from a por 
tion of the nozzle out of the main air-curtain sheet of air 
and to reduce any remaining variation in the velocity 
of the air at different locations along the nozzle, we 
provide an array of relatively closely spaced, individually 
adjustable dampers 56 extending between the main panels 
54, 54' tranversely to the latter at the mouth of the 
nozzle. The dampers, of a length equal to a fraction 
(preferably about one quarter) of the effective height of 
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the nozzle as seen in FIG. 23, may be frictionally en 
gaged by the panels or, as shown in FGS. 22 and 23, 
pivoted on their pins 57. The latter carry ratchet wheels 
58' respectively engaged by manually retractable pawls 
59 to hold the baffles 56 in the positions to which they 
are set. The dampers 56 are, advantageously, spaced 
apart by distances approximately equal to their length. 

In FIGS. 24 and 25 we show two air-curtain-producing 
units 20' and 201', each generally similar to the ap 
paratus 10 illustrated in FIG. 1, whose nozzles extend 
longitudinally along opposite lateral edges of an open 
ing and direct respective air-curtain streams 205", 205' 
toward the median plane of the opening. The major 
portion 296 of the air stream merging at the median 
plane flows away from the cold chamber 207 while sec 
ondary circulations 269 (similar to the circulation 9 
previously described) are established between the open 
ing 1 and the nozzles which are inclined, as before, at 
the angles (3 to the plane of the opening. Since the 
air curtain shielding the opening 1 must withstand larger 
cold-air currents at the base of the opening than at its 
top, we design the baffles (which are generally similar to 
the baffles 133a-33d) of the units 201, 20' so that 
the velocity V of the air curtain at the base of the open 
ing 1 is from 10 to 40% greater than the velocity Vo 
of the air curtain at the top of the opening. 
FIGS. 26 and 27 illustrate another air-curtain-pro 

ducing arrangement according to our invention wherein. 
an intake head 305 containing an axial blower of the 
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type housed in the head 105 (F.G. 1) is flanged to an 
intermediate plenum-chamber housing 320' which, to 
gether with another housing 320' flanged to the main 
cylindrical housing 328, produces lateral air curtains at 
each side of the principal air curtain as previously de 
scribed. For this purpose, the housings 320', 320' en 
ciose extensions of the main plenum chamber and have 
nozzles 325', 321' which extend perpendicularly to the 
longitudinal nozzle 354 that lies parallel to the upper 
edge of the doorway 1. We have found that it is possible 
to increase the efficiency of the air-curtain screen, espe 
cially for relatively high openings, by providing a me 
chanical barrier, at least at the lower part of the open 
ing, between the cool-air chamber and the secondary cir 
culation balancing the convection-current outflow from 
this chamber. Advantageously, the mechanical barrier 
may comprise resiliently deflectable sheet means, e.g., of 
rubber, interposed between the main air curtain and the 
cold chamber and extending over a substantial portion of 
the doorway from its base. The sheet means may com 
prise a pair of Swinging rubber doors 330', 330' mounted 
along the lateral edges of the doorway (FIGS. 26 and 27) 
upon vertical rods 33, 331' so as to be deflectable 
by a cart or the like thrust through the doorway into 
th dot-dash position and, upon passage of the cart there 
through, to swing back to their solid-line position. 
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In FIG. 28 we show another air-curtain-producing ap 
paratus having an axial fan 2, of the type shown in FIGS. 
8-11, which feeds a downwardly flared plenum chamber 75 

O 
3 and its elongated nozzle 4. The latter is adjustable, e.g. 
as illustrated in FIG. 9, about a longitudinal pivot and is 
bracketed by a pair of lateral air-curtain nozzles 3' which 
are adjustable about respective transverse pivots. The 
nozzles 3' produce lateral air screens which enclose, to 
gether with the main air screen, the space of triangular 
cross-section between the latter and the plane of the open 
ing as described hereinabove. A plurality of velocity 
equalizing and distributing baffles. 27a are spacedly posi 
tioned in the plenum chamber 3 to direct the air stream 
substantially uniformly to the nozzles 4 and 8. 

FIGS. 29 and 30 of the drawing show another appara 
tus, generally similar to the one illustrated in FiG. 28 but 
with the curved bafflies 27a of the latter replaced by the 
planar baffles 27b. 
The construction of the apparatus may of course be 

modified without departing from the scope of the inven 
tion as defined by the appended claims. Thus, for ex 
ample, some of the features herein disclosed will also be 
useful where the air leaves the plenum chamber by a plu 
rality of axially spaced lateral outlets rather than by a 
continuous slot. 
What is claimed is: 
1. An apparatus for producing an air curtain to screen 

a generally rectangular door opening in an enclosure wall 
against penetration by convection currents, comprising an 
elongated plenum chamber extending substantially hori 
Zontally above said opening, blower means coupled with 
said plenum chamber for supplying air thereto, an elon 
gated nozzle on said plenum chamber communicating 
with the interior therewith, said nozzle having a pair of 
longitudinally extending parallel panels inclined with re 
Spect to said wall at an angle between substantially 15 and 
25 for producing an air current across said opening 
downwardly diverging from said wall at said angle, said 
panels forming between them an air-outlet slot extending 
substantially over the full width of said opening and fac 
ing a floor surface near the bottom of said opening, one of 
said panels lying closer than the other to said wall, and 
Sealing means between said one of said panels and said 
Wall above the lower edge of said one of said panels form 
ing a reflecting surface for upwardly circulating air 
branched off said air current at said floor surface, said one 
of said panels being provided with air-entrance means 
below said reflecting surface for aspirating part of said 
upwardly circulating air into said nozzle. 

2. An apparatus for producing an air curtain to screen 
a generally rectangular door opening in an enclosure wall 
against penetration by convection currents, comprising an 
elongated plenum chamber extending substantially hori 
Zontally above said opening, a source of air under pres 
Sure in said chamber, an elongated main nozzle on said 
plenum chamber communicating with the interior there 
With, Said nozzle having a pair of longitudinally extending 
parallel panels inclined with respect to said wall at an 
angle between substantially 15 and 25° for producing a 
primary air current across said opening downwardly di 
Verging from said wall at said angle, said panels forming 
between them an air-outlet slot extending substantially 
Over the full width of said opening and facing a floor sur. 
face, and a pair of auxiliary nozzles disposed near the 
ends of Said main nozzle and bridging the space between 
Said panels and said wall, said auxiliary nozzles communi 
cating with said source for producing downwardly directed 
Secondary air currents substantially transverse to said pri 
mary air current, thereby screening off three sides of a 
region of generally triangular cross-section adjacent said 
opening. 

3. A device for screening an opening in an enclosure 
Wall by an air curtain, comprising a body of generally 
cylindrical configuration open on at least one of its ends, 
said body including a peripherally closed first section 
forming an antechamber next to said open end and a sec 
ond Section axially adjoining said first section, said second 
Section forming a plenum chamber communicating with 
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said antechamber and being provided along its side with 
nozzle means forming an outlet slot, said slot communi 
cating with the interior of said plenum chamber and ex 
tending over substantially its entire length, and a Source 
of air under pressure having a discharge end within said 
body ahead of said open end, said antechaniber constitut 
ing a free space of sufficient length in axial direction to 
convert the stream of air entering said plenum chamber 
from a turbulent state to substantially laminar fiow. 

4. A device according to claim 3, further comprising 
air-distributing means in said plenum chamber extending 
generally longitudinally thereof adjacent said nozzle for 
substantially equalizing the velocity of the outgoing air 
flow along said slot. 

5. A device according to claim 4 wherein said air-dis 
tributing means comprises a series of baffles having trans 
veresly spaced upstream portions and laterally curved 
downstream portions directed toward said nozzle, said 
upstream portions extending in longitudinal direction of 
said plenum chamber, said downstream portions being 
relatively staggered in longitudinal direction. 

6. A device according to claim 5 wherein at least one of 
Said baffles terminates substantially at the junction of 
said plenum chamber with said free space. 

7. A device for preventing the flow of air from a colder 
region to a warmer region through a door opening in a 
wall separating said regions, comprising a body on said 
wall above said door within said warmer region, said body 
forming a generally cylindrical plenum chamber extending 
substantially horizontally across the width of said open 
ing, and air-circulating means on said body having an in 
take in said warmer region and a discharge end communi 
cating with said plenum chamber; said body being pro 
vided with a slot forming a lateral air outlet for said 
plenum chamber over substantially its entire length, said 
outlet being trained upon an opposite floor surfaced at a 
downward angle of inclimation relative to said wall at 
which the air current issuing from said slot is split, upon 
inpinging upon said floor surface, into a major compo 
nent directed toward said warmer region and an oppositely 
directed minor component sufficient to prevent the intru 
sion of air from said colder region along said floor sur 
face, said major and minor components being related in 
Substantially the ratio of 2:1. 

8. In a door-screening system comprising, in combina 
tion, a device for preventing the fiow of air from a colder 
region to a warmer region through a door opening in a 
wail separating said regions, comprising a body on said 
wall above said door within said warmer region, said body 
forming a generally cylindrical plenum chamber extend 
ing substantially horizontally across the width of said 
opening, and air-circulating means on said body having an 
intake in said warmer region and a discharge end com 
municating with said plenum chamber; said body being 
provided with a slot forming a lateral outlet for said 
plenum chamber over substantially its entire length, said 
outlet being trained upon an opposite floor surface at a 
downward angle of inclination relative to said wall at 
which the air current issuing from said slot is split upon 
inpinging upon said floor surface, into a major component 
directed toward said warmer region and an oppositely di 
rected minor component sufficient to prevent the intru 
sion of air from said colder region along said floor sur 
face, and Swingable gate means at a lower portion of said 
door opening extending over substantially less than the 
full height thereof. 

9. A method of preventing the flow of air from a colder 
region to a Warmer region through a door opening in a 
Wall separating said regions, comprising the steps of cre 
ating a downwardly directed air curtain across said open 
ing toward a floor surface at the bottom thereof, said air 
curtain diverging downwardly from said wall at an angle 
So chosen as to split said air curtain, upon its impinge 
ment on said floor surface, into a major component di 
rected toward said Warmer region and an oppositely di 
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2 
rected minor component sufficient to prevent the intru 
sion of air from said colder region along said floor Sur 
face; and compensating for changes in the temperature 
difference between said regions by varying said angle to 
an extent maintaining the ratio of said major and minor 
components at a value of substantially 2:1. 

10. A device for preventing the flow of air from a 
colder region to a warmer region through a door opening 
in a wall separating said regions, comprising a body on 
said wall above said door within said warner region, said 
body forming a plenum chamber extending substantially 
horizontally across the width of said opening, and air 
circulating means on said body having an intake in said 
warmer region and a discharge end communicating with 
said plenum chamber; said body being provided with a 
slot forming a lateral air outlet for said plenum chamber 
over substantially its entire length, said outlet being trained 
upon an opposite floor Surface at a downward angle of in 
clination relative to said wall at which the air current issu 
ing from said slot is split, upon impinging upon said floor 
surface, into a major component directed toward said 
Warmer region and an oppositely directed minor compo 
nent sufficient to prevent the intrusion of air from said 
colder region along Said floor surface, said major and 
minor components being related in substantially the ratio 
of 2:1. 

11. In a door-screening system, in combination, a de 
vice for preventing the flow of air from a colder region to 
a warmer region through a door opening in a wall separat 
ing said regions, comprising a body on said wall above 
Said door within said warmer region, said body forming a 
plenum chamber extending Substantially horizontally 
across the width of said opening, and air-circulating means 
on said body having an intake in said warmer region and 
a discharge end communicating with said plenum cham 
ber; said body being provided with a slot forming a lateral 
outlet for said plenum chamber over substantially its en 
tire length, said outlet being trained upon an opposite 
floor surface at a downward angle of inclination relative 
to said wall at which the air current issuing from said slot 
is split, upon impinging upon said foor surface, into a 
first component directed toward said warmer region and 
an oppositely directed second component opposing the 
intrusion of air from said colder region along said floor 
Surface, Said major and minor components being related 
in substantially the ratio of 2:1, and swingable gate means 
at a lower portion of said door opening extending over 
Substantially less than the full height thereof. 

12. A device for screening an opening in an enclosure 
Wall by an air curtain, comprising a body forming an elon 
gated plenum chamber of generally cylindrical configura 
tion open on at least one of its ends and being provided 
along its side with nozzle means forming an outlet slot, 
Said slot communicating with the interior of said plenum 
chamber and extending over substantially its entire length, 
and a source of air under pressure having a discharge end 
within said body ahead of said open end, said discharge 
end being separated within said body from said chamber 
by a free space of Sufficient length in axial direction to 
Convert the stream of air entering said plenum chamber 
from a turbulent state to substantially laminar flow. 
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