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[57] ABSTRACT

A jet engine blast fence comprising a blast shield plate
made of an expanded metal, a retaining frame to
which said blast shield plate is affixed and a base for
fixing the retaining frame to the ground in such a man-
ner that the retaining frame is inclined toward the jet
blast, the said expanded metal having strands sloping
upward in the lee direction, the said strands defining
openings which are also horizontally clear so that a_
part of the blast is positively allowed to pass horizon-
tally through said openings of the expanded metal and
is raised upward by a part of the blast which part is de-
flected obliquely upward in the lee direction along the
strands of the expanded metal.

5 Claims, 11 Drawing Figures
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1
JET ENGINE BLAST FENCE

BACKGROUND OF THE INVENTION

1. Field of the Invention .

This invention relates generally to a jet engine blast
fence and more particularly to a blast fence to be dis-
posed on the ground behind large jet engines on an air-
craft or the like to deflect upwardly most of the hot and
high velocity exhaust streams from the jet engines.

2. Description of the Prior Art

A recent trend has been toward competition for
larger pay loads on airplanes and higher speeds thereof,
resulting of necessity in requiring the engines mounted
on aircraft to develop greater power outputs. With the
advent of powerful jet engines, much attention has
been attracted by hazardous rearward jet blasts which
never posed any serious problem in the era of propell-
er-driven airplanes of small and medium sizes.

This tendency is particularly pronounced with the
current development of jet engines for use in aircraft,
some of which are turbojet airplanes designed to be
propelled directly by rapid jets produced by accelera-
. tion. of high temperature, high velocity combustion

gases through several stages of turbines: The engines of
. such turbojet planes generate jet blasts of considerably
high temperature and velocity even at such times when
the engines are started on the ground, when the air-
planes start running, and when they are taxiing, besides
exhaust blasts of higher temperature and velocity dur-
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fences have been developed directly from the technical
idea concerning engine blasts which was conceived in
the days of propeller-driven aircraft, and can not be
used as fences for the above-mentioned high velocity

5 jet blasts.
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ing take-off. Such blast gases have created a serious ;

problem involving various troubles successively occur-
ring on the ground such as ladder tipping, damage to
glass in facilities on the ground, and disturbance of
maintenance work and loading operations for other
nearby aircraft. More particularly, while the turboprop

aircraft known as the Douglas DC7C has a blast veloc- .

ity of about 35 meters per second at 60 feet behind the
engines, the turbojet airplanes known as the Boeing

707 and Boeing 747 have engines which produce ex-

tremely powerful hot blasts having velocities of 106
m/sec. and 150 to 170 m/sec., respectively, at the same
distance aft of the engines. In the vicinity of the nozzle
of such turboject engines, the blast has a temperature
above 300°C and the blast pressure exceeds 1,000
kg/m® Moreover, the jet blast pulsates. Thus, the blast
must be handled or controlled in an entirely different
manner from that for natural wind of 50 to 60 m/sec.
or the blast behind a propeller-driven aircraft.

In order to obviate the above-mentioned problem,
various blast shielding structures have so far been de-
vised. However, these are not suitable for practical use.

Such conventional structures include blast fences
each constructed of an adequate frame member and a
plate attached thereto, the plate being a concrete plate,
a corrugated steel plate, a slit metal plate or the like.
Nevertheless, the blast fences incorporating the first
and second types of plate are dangerous because of not
providing any forward' visibility therethrough and the
fences must be so rigid as to withstand the blast pres-
sure exerted all over, which gives them a heavy appear-
ance. In addition to these and other drawbacks, there
is'a defect that a negative pressure and turbulence are
produced behind any such blast fence which pulls up a
cloud of dust. The blast fence including the third or slit
metal plate is not capable of effective shielding of the
of the aforesaid turbojet: engine. All these prior blast
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There is also an improvement on the above described
conventional blast fence employing plates as shielding
members which improvement has been proposed with
a view to enhance the blast shielding effect and which
comprises a frame member furnished with a multiplic-
ity of somewhat cambered vanes adapted to divert the
blast upwardly. Just like the predecessor blast fences,
however, this improved fence has the drawback of in-
hibiting forward sight through the fence. Also, since
such blast fence redirects all the blast upwardly of the
fence, the blast exerts a large overall pressure on the
fence so that the fence must be very rugged. In addi-
tion, the construction of the fence is complicated.
Hence, the manufacturing cost is extremely high. This
fact is a serious defect and the increase of the fence
manufacturing cost can not be ignored especially when
it is necessary to use a large blast fence, which is re-
quired for large-sized aircraft.

SUMMARY OF THE INVENTION

This invention overcomes such defécts by providing
a jet engine blast fence characterized by comprising a
biast shield plate made of an expanded metal, a retain-
ing frame to which said blast shield plate is affixed and
a base for fixing the retaining frame to the ground in
such a manner that the retaining frame is inclined
toward the jet blast, the said expanded metal having
strands sloping upward in the lee direction, the said
strands defining openings which are also horizontally
clear so that a part of the blast is positively allowed to
pass horizontally through said openings of the ex-
panded metal and is raised upward by a part of the blast
which part is deflected obliquely upward in the lee di-
rection along the strands of the expanded metal.

An object of the present invention is to provide a
blast fence which is sufficiently resistant to the pressure
of the blast issuing from a large jet engine and has an
excellent shielding effect on the jet blast to such an ex-
tent that, behind the blast fence disposed aft of the jet
engine, vehicles can travel safely and workers can per-
form their duties in safety and without any decrease in
working efficiency.

Another object of the invention is to provide a blast
fence having the above described blast shielding effect
and also capable of providing forward visibility through
the blast fence so that it is possible to inspect the oper-
ating and other conditions of the jet engine.

Still another object of the invention is to provide a
blast fence including a blast shield plate which can be
of extremely light construction without losing the nec-
essary strength, so that the fabrication cost of the fence
can be markedly lowered. .

These and other objects of the present invention will
be more clearly understood when the following de-
scription of preferred embodiments is read in conjunc-
tion with the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a portion of a blast
fence embodying the present invention, as viewed from
the lee side.
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FIG. 2 is a side view of the blast fence shown in FIG.
1.
FIG. 3 is a front view of a part of the blast fence illus-
trated in FIG. 2.

FIG. 4 is an enlarged cross-sectional view taken along
the line IV—IV of FIG. 1, showing the principal con-
struction of a retaining frame.

FIG. § is an enlarged cross-sectional view taken along
the line V—V of FIG. 1 showing the construction of'a
part of the retaining frame.

FIG. 6 is a front view corresponding to FIG. 5.

FIG. 7 is an enlarged perspective view of a strut shoe
of the blast fence.

FIG. 8 is an enlarged fragmentary perspective view
showing in detail the construction of a blast shield plate
for use in the blast fence of the present invention.

FIG. 9 is an enlarged cross-sectional view taken along
the line IX—IX of FIG. 8.

F1G. 10 is a perspective view of another blast fence
embodying the invention:

FIG. 11 is a graph showing an exemplary shielding
effect of a blast fence according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference is now made to the drawings, in which
blast fences embodying the present invention are illus-
trated.

A blast fence F made in accordance with the present
invention comprises, as main components, a retaining
frame 1, struts 11 and a shield plate 21 affixed to the
retaining frame 1.

The retaining frame 1 includes an upper horizontal
member 2, a lower horizontal member 3 and a middle
one 4, each being made of H-section steel beams.
These three members extending horizontally are
equally spaced apart stepwise. The upper horizontal
member 2 is connected to the middle horizontal mem-
ber 4 by a plurality of upper longitudinal members §
made of H-section steel beams which are laterally
spaced at regular intervals. In the same manner, the
middle horizontal member 4 is coupled to the lower
horizontal member 3 by lower longitudinal members 6.
Thus, the retaining frame 1 has a plurality of laterally
disposed pairs of upper and lower sub-frames.

As shown in FIG. 4, the upper horizontal member 2
is secured to the upper longitudinal members § in such
a manner that the flanges 2a of the H-section steel
beam of the upper horizontal member 2 are made to
abut the flanges 5a of the upper longitudinal members
5, the flanges 2a and 5a being welded together at the
abutments.

The middle horizontal member 4 is positioned with
the web da of the H-section steel beam extending sub-
stantially horizontally. The upper and lower edges of
the flange 4b are made to abut against and are welded
to the flanges 5a of the upper longitudinal members 5
and the flanges 6a of the lower longitudinal members
6, respectively. The lower longitudinal members 6 thus
fastened to the middle horizontal member 4 are in
slightly bent relationship to the upper longitudinal
members § with the middle horizontal member 4 there-
between.

The lower horizontal member 3 is firmly connected
to the lower longitudinal members 6 by making the
flanges 3a of the H-section steel beam of the lower hor-
izontal member 3 abut the flanges 64 of the lower longi-
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tudinal members 6 and welding the flanges 3a and 6a
at the abutments.

A pair of aligned intermediate members 10 are dis-
posed between each pair of upper and lower longitudi-
nal members 5 and 6 and a similar pair adjacent to the
former, in parallel with the longitudinal members S and
6. As shown in FIG. §, each intermediate member 10
is an L-section steel beam, the webs 10a of which are
integrally attached face to face, with the flanges facing
outward, or rearward. The upper and lower ends of one
of the alighed intermediate members 10 are welded to
the upper and middle horizontal members 2 and 4 re-
spectively, while the upper and lower ends of the other
are welded to the middle and lower horizontal mem-
bers 4 and 3 respectively. The intermediate members
10 not only stiffen the retaining frame 1 but also allow
the shield plate 21 to be securely attached to the retain-
ing frame so as not to bulge leeward under the pressure
of the jet blast.

As apparent from the above description, all the mem-
bers composing the retaining frame 1 are joined by
welding so as to make up a strong Rahmen structure.

Brackets 7, 8 and 9 are welded to the front surface
(the surface on the right side in FIGS. 2 and 4) of the
retaining frame 1 thus formed, at an upper portion of
each upper longitudinal member § and an upper and a
lower portion of each lower longitudinal member 6, re-
spectively.

Struts 12, 13 and 14 made of L-section steel beam
are secured to the brackets 7, 8 and 9 respectively by
means of bolts 15. The struts 12 and 13 slope down-
wardly and forwardly, while the strut 14 extends hori-
zontally. The leading ends of the struts 12, 13 and 14
bracketed to each pair of longitudinal members 5 and
6 are connected to a strut shoe 16 by bolts 17 at a place
where the said ends come together.

As illustrated in FIGS. 2 and 4, the horizontally ex-
tending strut 14 is fixed to the bracket 9 so as to make
an angle B8’ of about 50° to 55° with the lower longitudi-
nal member 6.

The blast shield plate 21 is made of a marketed ex-
panded metal 24, which is produced by forming zigzag
slits in a thin or medium-thickness plate by means of a
recticulating cutter and expanding the slit plate into a
meshwork.

The expanded metal 24, produced by stretching the
raw plate, has strands 25 inclined in relation to an en-
veloping plane E of the expanded metal 24, and the
angle of the inclination is now referred to as *‘the open-
ing angle v." (Refer to FIG. 9.) Also, when the ex-
panded metal 24 is projected on a plane parallel to the
expanded metal plane E, the ratio of the area of the
rhombic mesh or opening 26 enclosed by the strands 25
to the whole area of the expanded metal 24 is called the
**the clearance ratio.”

The opening angle is determined by the thickness ¢,
feed width W and clearance ratio of the expanded
metal 24 and other factors.

The blast shield plate 21 thus formed is affixed to the
retaining frame 1 in the following manner: Previously
the expanded metal is cut into rectangular sections
matched to the full size of the sub-frames formed by the
component members of the retaining frame 1. The
rectangular sections of the expanded metal 24 are
pressed to the inside surfaces (facing forward) of the
rear flanges 2a, 3a, 4b, 54, 6a, and 10b of the said mem-
bers, and welded to the flanges along the circumferen-
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tial sides of the rectangular sections of the expanded
metal 24. In the blast shield plate 21 affixed to the re-
taining frame 1, the openings 26 of the expanded metal
24 face slantingly upwardly in the lee direction. The
blast shield plates 21 are divided into an upper portion
22 and a lower portion 23 by the aforesaid middle hori-
zontal member 4. ’

The blast fence F fabricated as described above is se-
cured to the ground G as shown in FIGS. 1 and 2. In the
ground there are embedded foundation blocks 18 and
19 spaced regularly apart. On the other hand, the
brackets 9 of the retaining frame 1 have base plates 9a
through which anchor bolt holes 9b are provided. An-
chor bolts 19a are embedded at their lower portions in
the foundation blocks 19 and passed through the bolt
holes 9b to fasten the rear part of the blast fence F to
the ground. Likewise, anchor bolts 184 partly embed-
ded in the foundation blocks 18 are passed through an-
chor bolt holes 16) in the base plates 16a of the strut
shoes 16, thereby securing the front part of the blast
fence F to the ground G.

As mentioned already, the angle B’ between the
Jlower longitudinal member 6 and a horizontal plane is
approximately 50° to 55°, so that the blast fence F fas-
tened to the ground has a forward inclination, that is,
an inclination toward the jet engine exhaust blast.

The height of the blast fence F as anchored depends
on the size and mounting level of the jet engines and
the height of the objects to be protected, and a nor-
mally preferable fence height for a large jet liner is 3.5
to 4.5 meters. The width of the blast fence F depends
on the size and arrangement of the Jet engines. For
large jet liners, the overall transverse width of each
type of airplane parked with its longitudinal axis per-
pendicular to the blast fence F is considered to be the
minimum fence width.

In the preferred embodiment heretofore described
the members of the retaining frame 1 are formed of H-
section steel beams and L-section steel beams. It is nev-
ertheless clear that the said members are not limited to
these shapes but may be made of other types of shaped
steel. The strength of these members is determined in
accordance with the height of the blast fence F and the
energy of the jet blast. Besides, the use of H- and L-
section steel beams as in. the present embodiment to
construct the retaining frame 1 makes the whole blast
fence F a light structure and also facilitates secure at-
tachment of the blast shield plate 21 to the retaining
frame 1.

The construction of the heretofore described blast
fence F will be explained in more detail while the func-
tion and effect of the blast fence F are described.

The present invention has taken into consideration
the fact that jet gases are high in temperature. As
shown in FIG. 2, the blast fence F is inclined toward the
blast with a high clearance ratio so that the horizontal
blast A from the jet engines is positively passed rear-
wardly, and the cooperative effect of the upward flow
of the jet gases B and C deflected upwardly upon im-
pingement against the strands 25 of the expanded metal
24 of the blast shield plate 21, the tendency of these
gases to rise due to high temperature of the blast gases
D flowing over the blast fence F, and the phenomenon
of ascent of the passed gases themselves, causes most
of the blast gases blowing up the blast fence F to rise
up immediately behind the blast fence F.
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As previously described, the retaining frame ‘has a
bend between the upper and lower ‘portions thereof,
substantially at the height of its middle. The upper blast
shield plate 22 slopes upwardly toward the blast at an
angle of approximately 10° to 15° with respect to a ver-
tical plane (the angle a in FIG. 2), while the lower
blast shield plate 23 is likewise inclined at an angle of
approximately 35° to 40° (the angle 8 in FIG. 2).

As compared with the case where the blast fence F
is inclined at one and the same desired angle from the
bottom to the top, the blast fence F inclined as in the
present invention provides a broad working area in
front of the blast fence F, with a resultant higher work-
ing effeciency.

Since the present invention has the lower blast shield
plate 23 inclined at an angle 8 of approximately 35° to
40°, the blast gases C are turned through a large turning
angle, thus raising the blast gases B redirected at the
upper blast shield plate 22, so that the weak wind re-
gion behind the blast fence F has a maximum area. The
above described matters have also been taken into ac-
count in deciding that the inclination angle a of the
upper blast shield plate 22 to be about 10° should 15°.

The -essential structural factors of the expanded
metal 24 constituting the blast shield plate 22 have lim-
its for the following reasons:

In view of the fact that the blasts issuing from the en-
gines of turbojet aircraft produce high pressures on the
order of 1,000 kg/m? on the blast deflector walls so that
conventional blast walls can not withstand such high
loads, the present inventor investigated the maximum
tolerable wind belocity in the weak wind zone at the
rear of the blast fence and contemplated allowing posi-
tive passage of blast gases rearwardly of the blast fence
within the ascertained limit.

From this it has been confirmed that the thickness r
and clearance ratio of the expanded metal 24 have sig-
nificant influence upon the intended effect, and after
having conducted various experiments and studies, it
has been found that the plate thickness ¢ and the clear-
ance ratio should be 4.0 to 7.0 mm and about 60 to 80
percent respectively.

If the plate thickness 7 is below 4.0 mm, the expanded
metal 24 can not withstand the pulsating blast and may
become fatigued and rupture at the welds thereof,
Meanwhile, if the thickness exceeds 70 mm, the ex-
panded metal 24 receives such a high pressure that the
blast fence F is in danger of tipping.

If the clearance ratio is less than 60 percent, a smaller
part of the blast can pass rearwardly through the blast
fence F. As a result, the pressure exerted on the blast
fence F is increased while the visibility therethrough is
decreased, and also dust may rise up at the rear of the
blast fence F. On the other hand, if the clearance ratio
is higher than 80 percent, too much jet gases flow
through the blast fence F, which therefore can not play
its role.

As previously described, the opening angle y of the
expanded metal 24 is determined in accordance with
the thickness r, the feed width W and the clearance ra-
tio. When the thickness r and the clearance ratio are
within the aforesaid ranges, that is, 4.0 to 7.0 mm and
60 to 80 percent respectively, the opening angle vy is ap-
proximately 20° to 45°.

In terms of the opening angle y of the expanded
metal 24 and the inclination angle « or 8 of the retain-
ing frame 1, the inclination angle of the strands 25 of



3,797,787

7

the expanded metal 24 in relation to a horizontal plane
H or the ground G can be expressed as follows:

0=a+vy for the upper blast shield plate 22

=8+ for the lower blast shield plate 23

Hence, the inclination angle 0 of the strands 25 of the
expanded metal 24 is practically 30° to 60° in the upper
shield plate 22 and 55° to 85° in the lower shield plate
23.

The inclination angle 0 is the angle at which the jet
gases are in practice diverted upward. Conversely
speaking, the inclination angle « and B of the retaining
frame 1 are determined so that the inclination angle 8
of the strands 25 of the expanded metal 24 in regard to
the ground G comes within the said ranges. The open-
ings 26 of the expanded metal thus obliquely positioned
are also horizontally clear. The clearance ratio, with
respect to the vertical plane, of the expanded metal 24
inclined in relation to the ground as stated above is as
high as approximately 20 to 60 percent so that a part

of the blast passes through the expanded metal 24 in 2

the horizontal direction. The blast portion which has
passed horizontally is lifted up by a portion of the blast
which has been redirected slantingly upwardly in the
lee direction along the strands 25 of the expanded
metal 24,

According to the blast fence F of the present inven-
tion, the jet gases B and C deflected upwardly by the
strands 25 of the expanded metal 24 of the blast shield
plate 21 and the jet gases D flowing over the blast fence
F serve to raise most of the gases which have passed
horizontally through the shield plate 21. Thus, even
when the blast velocity is 100 m/sec., the wind velocity
at a point 5 meters behind the blast fence F and 3 me-
ters above the ground is below 15 m/sec., that is, below
the maximum velocity which allows maintenance and
other work on aircraft. Also, since almost all of the gas
blast is deflected upward, the jet gas temperature at the
point 5 meters behind the blast fence F and 3 meters
above the ground falls below 22°C, even when the ex-
haust temperature in the vicinity of the engine nozzle
is 50°C. thus posing no problem. Furthermore, since
the clearance ratio is high, the pressure exerted on the
blast fence F is so low that the blast fence F stands in
safety and with sufficient visibility.

FIG. 11 shows an example of the blast shielding ef-
fect of the blast fence F of the present invention, and
more particularly illustrates the blast velocity distribu-
tion at various distances from the jet engine nozzle J
when the blast fence F is at a point 15 meters behind
the said nozzle.

In the same figure, a chart 31 shows the distribution
of blast velocity values (m/sec) at vertical intervals of
one meter from the ground to a height of 4 meters at
a position 12 meters behind the jet engine nozzle J and
3 meters ahead of the blast fence F, and charts 32 and
33 indicate the blast velocity distribution at positions 5
meters and 11 meters behind the blast fence F, respec-
tively.

When objects to be protected are small in height, the
upper section 22 of the blast fence F can be omitted,
with the lower section 23 left as a one-step blast fence
F'. This blast fence F’, although a one step fence, ex-
hibits the same blast shielding effect as the two-step
blast fence F. '

As is apparent from the foregoing description, the
blast fence of the present invention can active a suffi-
cient shielding effect against high velocity jet gases ex-
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8

hausted from large jet engines, and ensures structural
safety.

It will be understood that other various modifications
of the typical blast fence of the present invention will
appear to those skilled in the art and fall within the
scope of the appended claims, which are also intended
to cover, by their wording, all novel patentable features
residing in the present invention.

What is claimed is:

1. A jet engine blast fence comprising:

a retaining frame to which the blast shield plate is af-

fixed,

a base on which said retaining frame is mounted for
fixing the retaining frame to the ground with the
retaining frame inclined toward the jet blast, and

a blast shield plate made of an expanded metal hav-
ing a plate thickness of 4.0 to 7.0 mm and a clear-
ance ratio relative to an enveloping plane of the ex-
panded metal of approximately 60 to 80 percent,

said expanded metal having the strands thereof slop-
ing upwardly in the lee direction, the said strands
defining openings which are also clear in the hori-
zontal direction, '

whereby a part of the blast is allowed to pass horizon-
tally through said openings of the expanded metal
and said part is raised upwardly by a part of the
blast which is deflected obliquely upwardly in the
lee direction along the strands of the expanded
metal.

2. A blast fence as defined in claim 1 wherein said re-

taining frame comprises:

a middle horizontal member of shaped steel,

an upper and a lower horizontal member, both being
of shaped steel and substantially equally spaced up-
wardly and downwardly from said middle horizon-
tal member, and

a multiplicity of longitudinal members of shaped steel
which are arranged perpendicularly to the middle,
upper and lower horizontal members and spaced
transversely at regular intervals,

said horizontal and longitudinal members together
constituting a Rahmen structure wherein a plural-
ity of upper and lower sub-frames are formed.

3. A blast fence as claimed in claim 2 wherein said
members of said frame have flanges thereon and said
blast shield plate is secured to said retaining frame all
over said retaining frame, the said blast shield plate
consisting of plate sections the circumferential sides of
which are welded to the flanges of the said horizontal
and longitudinal members.

4. A blast fence as claimed in claim 2 wherein said
blast shield plate is comprised of separate upper and
lower sections which are bent in respect to each other
with the middle horizontal member disposed therebe-
tween and the angle of inclination of the upper blast
shield plate in relation to a vertical plane is slightly
smaller than that of the lower shield plate,

whereby the jet stream having passed through the
lower shield plate serves to raise the jet stream
which has passed through the upper shield plate.

5. A blast fence as claimed in claim 4 wherein the
angle of inclination of said upper blast shield plate in
relation to the vertical plane is approximately 10~ to
15° while the angle of inclination of said lower blast
shield plate in relation to the vertical plane is approxi-
mately 35° to 40°.

* * * * *



