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This invention relates to an improved bullet
and spatter proof air entrance grid which may he
used to cover the ventilation opening of an arm-
ored structure, for example the engine door of a
tank. Such a ventilation opening may he vertical
as in the side, horizontal as in the top, or inclined
through any point in the surface in an armored
structure, and it is extremely important that the
opening provide adequate ventilation in permit-
ting a high rate of air flow therethrough. It is
further extremely important that such a ventila-
tion opening be provided with protection when
exposed to fire from bullets and bullet spatter.

In Patent No. 2,392,215, issued January 1, 1946,
jointly to Victor R. Abrams and myself, there is
disclosed a bulletproof grid for an opening in an
armored structure, which is designed to dissipate
the force of a bullet or its spatter without per-
mitting entrance thereof into the enclosure, the
grid comprising an open frame member having a
series of spaced parallel bars, each bar having an
outwardly facing concave surface and a pair of
inwardly converging lateral faces. These bars
are substantially of heart shape design, in cross
section, and for the sake of simplicity will be
hereinafter referred to as heart shape bars. The
grid containing these bars as disclosed in the pat-

" ent has excellent ballistic characteristics and pro-
vides the desired protection.

As above pointed out it is also extremely im-
portant that the opening in the armored struc-
ture provide adequate ventilation in permitting a
high rate of air flow therethrough. Excellent
ventilation with the desired high rate of air flow
could be realized with a grid having therein but
one row of spaced parallel bars, each of standard
airfoil or tear drop design in cross section, due to
the resultant Venturi effect, the air entrance
shock losses and leaving edge turbulence loss
being thus kept very low. Such a grid, however.
would obviously have very poor ballistic charac-
teristics, providing very poor protection from bul-
lets and their spatter.

It is therefore an object of this invention to
provide an improved air entrance grid having ex-
cellent ballistic characteristics to afford the de-
sired protection and also having the desired aero-
dynamical characteristics to afford a high rate of
air flow therethrough.

Another object of this invention is to provide an
improved air entrance grid which, while retaining
substantially the same excellent ballistic charac-
teristics and protection against bullets and bullet
spatter as the above grid containing only heart
shape bars, will permit g greatly increased air
flow thereover for a given pressure drop.
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Another object of this invention is to provide
an improved air entrance grid having desired
aerodynamical characteristics permitting a high
rate of air flow at least approaching or even ex-
ceeding that of g grid containing only spaced par-
allel bars of standard airfoil or tear drop design,
while at the same time having greatly increased
and desirable ballistic characteristics thereover
thus affording excellent protection from bullets
and bullet spatter.

These and other objects as will be apparent
from the following description are accomplished
by means of particular configuration and ar-
rangement of the bars in the grid frame. In gen-
eral, this particular configuration and arrange-
ment of the bars includes a first or outer series of
parallel bars which, as shown in Figures 2 to 6 of
the drawing and as hereinafter described, are of
slightly modified, but in general having a sub-
stantially standard, tear drop or airfoil design in
cross section in that each of these bars has a gen-
erally convex outward face and a pair of in-
wardly generally converging lateral faces. These
bars of this first or outer series are arranged in

25 pairs such that the laterally adjacent opposing
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faces of the bars of each pair which form an air
passage are substantially parallel, but may be
slightly diverging, forming a Venturi-like passage,
while the other lateral face of a bar of each pair
is opposite a similar face of a bar of an adjacent
pair, forming an inwardly greatly divergent air
passage. Displaced inwardly from the outer edge
of the first or outer row of bars is a series of paral-
lel bars each having inwardly converging lateral
faces and being of general heart shape design in
cross section and which may have sireamline
means provided thereon as hereinafter described
by the addition of a header to the outward face,
each of these bars being disposed at least partly
within each divergent air passage between ad-
jacent pairs of outer bars and in effect inwardly
bisecting each divergent air passage. Also dis-
posed inwardly from the outer series of bars is a
series of parallel bars each having inwardly con-
verging lateral faces and being heart shape design
in cross section which may have streamline
means provided thereon by the addition of a
header to the outward face as hereinafter de-
scribed, each of these bars being disposed in-
wardly of and opposite one of the air passages
formed by the inside adjacent opposing faces of
the bars of each of the pairs of outer bars. FEach
series of bars is parallel lying between two parallel
surfaces. 'Thus, the surface containing the outer
edges of the bars of each series is parallel to a
surface passed through corresponding points of
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the respective bars or to a surface containing the
inner edges.

An illustration of the invention is disclosed in
the following description and drawing in which:

Figure 1 is a plan view of an air entrance grid
embodying my invention as applied to the hori-
zontal ventilation opening in the top of a combat
tank.

Figure 2 is a section on the line 2-—2 of Figure 1.

Figure 3 is a section similar to Figure 2, but
showing a streamline modification of the inwardly
displaced bars.

Figure 4 is a section similar to Figure 2, but
showing the addition of turning vanes on the
inner ends of the outer bars.

Figure 5 is a section similar to Pigure 2, but
embedying the features of both Pigures 3 and 4.

Figure 6 is a section similar to Figure 2, em~
bodying the features of both Figures 3 and 4, but
in which only one series of the inwardly displaced
bars is streamline modified.

Pigure 7 is a section of an air entrance grid il-
lustrating bars of standard airfoil or tear drop
design.

Figure 1 indicates a portion of my air entrance
grid disposed horizontally in an armored struc-
ture, hinged as in the fop of a combat tank.
Mounted in an opening in the structure is a
frame 3 of an air entrance grid, which may com-
prise the engine door of the fank, designed to
admit ventilating air and containing spaced par-
allel bars to provide protection from hullets and
bullet spatter. As above indicated, this inven-
tion consists of the particular configuration and
arrangement of the bars in the grid frame.

A first or outer series of parallel bars 4 suitably
of steel are of slightly modified airfoil or tear drop
design in cross section, in general substantially
corresponding to the standard airfoil or tear drop
design cross section illustrated in Figure 7. Bars
4 are arranged in pairs, as shown in Figures 2 to
6, such that wide laterally adjacent interiorly op-
posing faces of the bars of each pair are substan-
tially parallel or but slightly inwardly divergent,
forming an air entrance passage 5 therebetween.
The remaining wide exterior lateral face of each
bar 4 of one pair is opposite a similar face of a
bar of an adjacent pair, thus forming an inwardly
greatly divergent air passage 6 between each pair
of bars 4.

Displaced inwardly from the outer edge of the
outer series of parallel bars 4 is a second series of
parallel bars 7, each of which is disposed directly
inward of one of the divergent air passages 6
formed between the adjacent pairs of outer bars
4. Bars 7 have inwardly converging lateral faces.
Displaced inwardly from the inner ends of bars 4
is a third series of parallel bars 8, each of which
is disposed directly inward of one of the air pas-
sages B formed between each pair of bars 4. Bars
8 are displaced inwardly a greater distance than
bars 7. Similar to bars 1, bars 8 have inwardly
converging lateral faces.

The lateral faces of bars 4 at their converging
inward edges have indentations or cut-away por-
tions 9 and {9 as shown in Figure 2, in order to
secure integrally thereto as by welding, the turn-
ing vanes {1 if desired, and as shown in Figures
4, 5 and 6, providing a substantially increased
rate of air flow. Turning vanes {! are of sheet
metal and form as shown a widely divergent ex-
tension of each air passage 5 in which extension
Is one of bars 8 so located centrally that there is
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an ample air passage on each side of the latter.
Turning vanes [l further serve to confine the
flow of air through greatly divergent air passage
8 between adjacent pairs of outer bars 4 to a
passage inwardly on each side of second series
bars 7.

As above pointed out, the inwardly displaced
bars 7 and 8§ constituting the respective second
and third series of parallel bars have inwardly
converging lateral faces. In order to provide
protection from bullets and bullet spatter, each of
bars T and 8 has an outwardly facing concave
surface, broadly, which may be either curved or
dihedral, forming a pocket facing outwardly in
the nature of a concave surface, merging at its
outward extremities into the inwardly converg-
ing lateral faces. Bars T and 8 are suitably of
armor steel. In order to increase the rate of air
flow, bars T or bars 8, or both bars T and 8, may
have streamline means provided thereon as above
pointed out, if desired. As shown in Figures 3, 5
and 6, such provision on the bars 7T is accom-
plished by securing in suitable manner to the
outer surface of the outwardly facing concave
surface or pocket of each of bars T a header 12
of wood or suitable plastic material, having out-
wardly converging lateral faces. In similar man-
ner, such provision on each of bars 8 is accom-
plished by suitably securing thereto a header 13
of wood or suitable plastic material having out-
wardly converging lateral faces. This provision
of streamline means on bars T and/or 8 in this
manner results in increased air flow by elimina-
tion of the obstruction to flow inherent in the
outwardly facing concave surfaces or pockets of
bars T and 8, and by the use of wood or suitable
plastic material for the headers in accomplishing
this streamlining the desirable bullet and spatter
protection afforded by the outwardly facing pock-
ets or concave surfaces of the steel bars is
retained.

Illustrative of the greatly increased rate of air
flow through air entrance grids embodying my in-
vention, the following table shows the compara-
tive results of actual air flow tests under the same
conditions with various air entrance grids, in
which the figures represent cubic feet of air per
minute expressed as a percent, on normal air fow
through the grids:

Type of Grid Percent
1} Figure 7, Standard Airfoil._..._..___._______.__ 100.0
2 | Allheartshape bars, 3 series, as in Patent No, 61.2
8| Figare 2. ... 78.7
4 | Figure3... 87.2
& | Figured ._ - 94.4
6 | Figure 6.._ 98.3
7 | Figure 5 105.3

Actual air flow tests under the same conditions
for reverse flow resulted in percentage figures
comparable with those above for normal air flow.

It will thus be seen that by embodying the air

‘entrance grids of my invention, while retaining
_substantially the same desirable bullet and spatter

protection afforded by the air entrance grid em-
Ploying only three rows or series of substantially
heart shape bars, as disclosed in Patent No.
2,392,215, a greatly increased rate of air flow
thereover is realized, providing effective and ef-
ficient ventilation.

Specific embodiments of my invention have been
shown and described, but it will be understood
that various modifications may be made without
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departing from the spirit or scope of my inven-
tion as set forth in the following claims.

WhatIclaim is:

1. An air entrance grid comprising an open
frame member having secured therein a series of
spaced parallel outer bars, each being of sub-
stantially tear drop design in cross section and
having a generally convex outward face and in-
wardly generally converging lateral faces, said
outer bars being arranged in pairs, the bars of
each of said pairs being arranged in an opposite
configuration to provide a Venturi-like air pas-
sage between adjacent lateral faces of the bars of
each of said pairs and an inwardly divergent air
passage between each of said pairs, and addi-
tional parallel bars displaced inwardly with re-
spect to said first series, each of said additional
bars including an outer pocket surface and a pair
of inwardly converging lateral surfaces, said ad-
ditional bars being secured in said frame member
directly inward of said Venturi-like and inwardly
divergent air passages.

2. An air entrance grid comprising an open
frame member, a first series of spaced parallel
outer bars, each of substantially airfoil design in
cross section with a generally convex outward
face and inwardly generally converging lateral
faces, said oufer bars being secured in said frame
member, said outer bars being arranged in pairs,
the bars of each of said pairs being arranged in
a relatively opposite configuration to provide a
Venturi-like air passage between adjacent lateral
faces of the bars of each of said pairs and an
inwardly divergent air passage between each of

said pairs, a second series of spaced parallel bars 33

displaced inwardly of said first series and secured
in said frame member directly inward of said
divergent air passages, and a third series of
spaced parallel bars displaced inwardly of said
first series and secured in said frame member di-
rectly inward of said Venturi-like air passages,
each of the bars of said second and third series
having a substantially concave outward protective
surface and g pair of inwardly converging lateral
surfaces.

3. An air entrance grid comprising an open
frame member, a series of spaced parallel outer
bars, each of substantially airfoil design in cross
section with a generally convex outward face and
inwardly generally converging lateral faces, said
ouber bars being secured to said frame member,
said outer bars being arranged in pairs to pro-
vide an inwardly divergent air passage between
each of said pairs and a Venturi-like air passage
between adjacent lateral faces of the bars of each
of said pairs, a turning vane secured to the inner
edge of each of said outer bars, said turning vanes
" on each pair of outer bars providing an inwardly
divergent extension of said Venturi-like air pas-
sage, a series of spaced parallel bars having outer
pocket surfaces and inwardly converging lateral
surfaces displaced inwardly of said outer hars and
secured to said frame member within said inward-
ly divergent extension between said turning vanes,
and a series of spaced parallel bars having outer
pocket surfaces and inwardly eonverging lateral
surfaces displaced inwardly of said outer bars and
secured in said frame member directly inward of
said divergent air passages.

4. An air entrance grid comprising an open
frame member, a series of spaced parallel outer
bars in said frame member, each of substantially
airfoil design in cross section with an outward
substantially convex surface, said outer bars be-
ing arranged in pairs to provide an inward air
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passage between the bars of each of said pairs
and inwardly widely divergent air passages be-
tween adjacent pairs, additional spaced parallel
bars displaced inwardly from said outer bars and
secured in said frame member directly inward of
said air passages, each of said additional bars
having an outward concave-like protective sur-
face and a pair of inwardly converging lateral
surfaces, and a header having outwardly converg-
ing lateral surfaces secured at its inward surface
to said outward concave-like surface of each of a
plurality of said additional bars to provide
streamline means thereon while retaining pro-
tection afforded by said outward concave-like
surfaces.

5. An air entrance grid comprising an open
frame member, a series of spaced parallel outer
bars, each of substantially airfoil design in cross
section with an outward generally convex face,
said outer bars being secured and arranged in
said frame member in pairs to provide a widely
inwardly divergent air passage between each ad-
jacent pair and also a slightly inwardly divergent
Venturi-like air passage between opposing lateral
faces of the bars of each of said pairs, a second
series of spaced parallel bars displaced inwardly
of said outer bars and secured in said frame mem-
ber directly inward of said widely divergent air
passages, a third series of spaced parallel bars
displaced inwardly of said outer bars and secured
in said frame member directly inward of said
Venturi-like air passages, each of the bars of said
second and third series having a protective sub-
stantially concave pocket-like outward face and

‘a8 pair of inwardly converging lateral faces,

streamline headers, each of said headers pre-
senting a pair of outwardly converging lateral
faces, said headers being secured at their inward
faces to said inwardly displaced bars at said
pocket-like outward faces thereof, thereby pro-
viding for streamline air flow while retaining
protection afforded by said pocket-like outward
faces, and a turning vane secured to the inner
edge of each of said outer bars, said turning vane
on each outer bar of each pair being of opposite
configuration to provide an inwardly divergent
extension of said Venturi-like air passages.

6. An air entrance grid comprising an open
frame member, a series of spaced parallel outer
bars, each of substantially airfoil design in cross
section and having a generally convex outward
surface and inwardly generally converging lateral
surfaces, said outer bars being secured in said
frame member and arranged in pairs, the bars
of each of said pairs being arranged in an oppo-
site configuration to provide a widely inwardly
divergent air passage between each adjacent pair
and also a slightly inwardly divergent Venturi-
like air passage between the opposing lateral
faces of the bars of each of said pairs, turning
vanes secured to each of said outer bars at the
inward edge thereof, said turning vanes being of
opposite configuration with respect to the bars of
each of said pairs to provide an inwardly diver-
gent extension of saild Venturi-like air passage,
additional bars displaced inwardly of said outer -
bars and axially paralle]l thereto, one of said ad-
ditional bars being secured in said frame mem-
ber directly inward of each said inwardly diver-
gent extension between said turning vanes, and
one of said additional bars being secured in said
frame member directly inward of each said widely
divergent air passage, each of said additional bars
being of substantially heart shape design with an

5 outward protective concave surface and a pair
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of inwardly converging lateral surfaces, and
streamline means secured to each of a plurality
of said additional bars at the outward concave
surface thereof, said means comprising s pair
of outwardly converging lateral surfaces, thereby
providing for streamline air flow while retaining
the protection afforded by said outward concave
surface.

7. In a bullet-proof grid air entrance grid com-
prising an open frame member with inwardly dis-
placed spaced parallel protective grid bars of out-
wardly divergent design secured therein, a series
of spaced parallel outer bars, each of substantially
airfoil design in cross section and having an out-
ward generally convex face and inwardly gen-
erally converging lateral faces, said outer bars
being secured in said frame member and arranged
in pairs, the bars of each of said pairs being ar-
ranged in an opposite configuration to provide a
widely inwardly divergent air passage between
each adjacent pair and also a Venturi-like air
passage between the opposing lateral faces of the
bars of each of said pairs.

8. In a bullet-proof air entrance grid compris-
ing an open frame member with inwardly dis-
placed grid bars of outwardly divergent protec-
tive design secured therein, a series of spaced
parallel outer bars, each of substantially airfoil
design in cross section and having an outward
generally convex face and inwardly generally
converging lateral faces, said outer hars being se-
cured in said frame member and arranged in pairs
to provide an air passage between opposing lateral
faces of the bars of each of said pairs and pas-
sages between adjacent pairs, and turning vanes
secured to the inward edges of said outer bars,
said turning vanes with respect to the bars of
each of said pairs of outer bars being of opposite
configuration to provide an inwardly divergent
extension of said air passage bhetween the bars of
each of said pairs.

9. In a bullet-proof air entrance grid compris-
ing an open frame member having secured therein

10

20

80

35

40

8 1
spaced parallel grid bars of a protective design
embodying outward substantially concave protec-
tive surfaces and inwardly converging lateral sur-
faces, streamline air flow means on said bars con-
sisting of headers secured on said bars at their
outward concave surfaces and having outwardly
converging lateral faces blending inwardly with
said inwardly converging lateral surfaces of said
bars, thereby providing for streamline air flow
while retaining bullet protection afforded by said
outward concave surfaces.

10. In an armored structure, a bullet-proof air
entrance grid comprising an open frame member
with inwardly displaced spaced paralle] protective
grid bars of outwardly divergent protective design
secured therein, a series of spaced parallel outer
bars, each of said outer bars being of substantially
airfoil design in cross section with an outward
generally convex face and inwardly generally coi~
verging lateral faces, said outer bars being se-
cured in said frame member and arranged in
pairs, the bars of each of said pairs being ar-
ranged in an opposite configuration to provide a
widely inwardly divergent air passage between
each adjacent pair and also a Venturi-like air
passage between the opposing lateral faces of the
bars of each of said pairs.

WALTER W. KENNEDY.
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