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PROTECTION DEVICE AGAINST PRESSURE AIR BLASTS

The invention relates to a protection device with means for
reducing the air blast of pfessure waves in ventilation
systéns of closed rooms. The invention also concerns the
nse of the protection device.

Protected rooms for persons. and/or equipment, containments
for nuclear power stations and other, offshore, equipment
mast firstly be ventilated and secondly resist pressure air
blasts. Defpending on the strength of the air pressure waves
expected and the use of the closed roéms,' appropriate
protective devices are fitted.

Explosion protection values are used for .the pressure-
resistant closure of supply and extraction air openings in
proteéted rooms or in other exposed objects. These providé
effective protection for people and equipment agains£ - the
effects of nuclear and conventional explosions including the
suction following each explosion, as a valve seat 1is
arranged on both sides of the valve closing body. '

In the valve housing, the valve closing body, usually
strﬁctured in the known manner as a valve disc, valve ball
et or valve plate, is suitably suspended on radial or
tangential springs (cf. for example CH~PS 482964) with a
large annular section clear from the valve housing. When a
strong pressure wave occurs, the valve closing body is
thrown against the sealing surface on the room side by the
‘atr blast and pressed into this valve seat, preventing the
passage of air after the valve has closed. With a powerful
subsequent suction, the valve closing body closes in a
similar manner in the opposite direction. After the short
phase of excess or reduced pressure subsides, the springs
automatically reset .the valve c¢losing body for normal
ventilation pperatiQﬁ.'—" _The.fl"egﬁlbé;ion protection wvalve works
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Although the valve closing body is thrown into the valve
seat like a projectile under a high explosion pressure, air
can pass for a period of the order of one millisecond, a
phenomenon known as residual air blast. |

Known explosion protection valves are wused both as
extraction air and supply air valves. Extraction air valvas
in wventilation systems for protected rooms, diesel cooling
systens or refrigerating plants have a degree of protection
of 3 bar for example. In this case, the extraction air
valves can sinmultaneously bec used as excess pressure valves
if they have a corresponding flap or similar on the room
side. As supply air valves for ventilation systems of
protected rooms, diesel cooling systems and refrigerating
plants with the same degree of protection, explosion
protection wvalves suitably have a downstream prefilter for
dust qeparation in the protected rooms.

In a nuclear explosion, the air blast load with a strong
excess pressure phase can last for a relatively long time,
for example 10 to 500 ms. The closing phase of the
explosion protection valve is at most a few milliseconds,
typically 1 to 3 ms. In contrast, with conventional
explosions, the phase with high excess pressure is very
short, for example 1 to 10 ms. A conventional air blast
load can therefore diminish during the closing phase of the
valve closing body. The duration of the excess pressure
phase of a conventional air blast may even be', similar to the
closing time of the explosion protection valve, so the mean
preasure load acting on the valve during ‘the closing process
is considerably lower than in the case of nuclear explosion.
Explosion protection  valves developed on the basis of
nuclear load data can also be used in the conventional range

for essentially higher pressure loads.
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seat is arranged on both sides of the valve closing body. In the valve
housi ng, the val ve closing body, usually structured in 3
as a valve disc, valve ball or valve plate, is suitably|sStipEnGEEd HN BERN
or tangential springs (cf. for exanple CH PS 482964) wijlh a |RERJAGEMuUI ar?’
section clear fromthe valve housing. ¥h8n-a strong pre *Wave occurs,
the valve closing body is thrown against the sealing surface on the room
side by the alr bl ast and pressed into this val ve seat, preventl ng the

passage of atter the vaI ve has cl W vverf seq
Dt ron, “tAESGal ShEC meSTH SRR BRELTAPLE CERF Shandithed 1RRToPRSE ( o

reg'ard to leakage are not relevant_ for convent:!.onal _a.1.r

blasts in view of the very short excess pressure period. In
conventional load cases, elements and components, for
example gas filters, downstream of the explosion protection
valve are exposed only' to load from a residual air blast
defined above, but would be damaged with correspondingly
strong explosion i:ressure waves.

To reduce the pulse and pPeak excess pressure occurring in |

the explosion protection valve as a residual air blast,
pressure reducers are known which are connected upstream in
relation to the direction of explosion pressure, for example
in the form of Dbaffles and/or other deflector elements.
These must have an extremely high mechanical strength or
they would be destroyed by the first front of an explosion
pressure wave and rendered useless.

EP,Al 0489183 describes an explosion protection unit with an
explosion protection valwve and an upstream Dpasasive
protection element which consists of a slotted inlet opetning
between two parallel metal elements leading to a connecting
chamber . The elements are guide surfaces arranged at an
angle in the direction of flow. Open longitudinal
reflection chambers connect with the connecting chambers in
the direction of the inlet opening and are in turn linked to

wv
bR
A

an expansion chamber via a side passage opening. This
expansion chamber has an outlet opening 1éad.ing to the
explosion protection valve. The explosion proteétion unit
according to EP,Al 0489183 with upstream passive protection
element is expensive and bulky because of the high
mechanical strength required. ' :

vent:.lat:.on pipes to protected rooms which consists of a
combination of & pressure J.mpact protection with path
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directton. After the short phase of excess or reduced pressure subsides

the springs automatically reset the val ve cl osing body|{TQt | -
ventilation operation. The  REPLACENENT SHEET 2 || THIsTHEET Hag geq l
expl osion protection val ve works passively, the valve S oy i

be brought -4 -

.deflec_tion and extension on one side and a dust filter on
the other side. The path deflection and extension is used
to extend the duration of the impact front occurring on the
valve c¢losing body. This air guide is designed as a
multicyclone with a nunber of mutually parallel cyclones,
but this secondary function is of no further interest €for
the present invention. The explosion protection valve to
DE,Al 3627490, in which the valve closing body is closed by
the main blast of the pPressure wave, is expensive and
complex with regard to the reduction of the residual air
blast. )

The task of the inventor is therefore to create a protection
davice of the type described above, which reduces the air
blast of pressure waves in .an explosion or similar
occurrence. In c.o-operation with the preceding explosion
protection valve, this protection device simply, safely and
practically completely eliminates the pulse pasasing through
before its closure, and the peak excess pressure of the
regidual air Dblast of. éxplosion pressure waves, in
particular those of conventional nature, which occur in
strong to very strong explosions. The explosion protection
-valve comprises a valve housing with an inlet and an ocutlet
connector, a dimensionally stable, mobile valve closing body
with peripheral annular sealing surfaces, fixing elements
for f£lcoating positioning of the valve closing body and
annular valve seats arranged on both sides of this in the

‘direction of the inlet and ocutlet connectors.

The task is solved according to the invention in that
mechanically strong means are mounted downstream in relation
to the pressure direction of the ventilation device and are
designed as basket-like air-permeable chicanes which retard
the air blast. ~Special and further design forms of the
explosion protectién_ valve according to the invention . are
the subject of dependent patent claims.

-~
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"to the-closed position by a control and/or actuator el enent. Although t he

val ve closing body is thrown into the valve seat |like g
5 high explosion pressure, ‘air can pass for a-period oTHISP‘EtHEEer'MSBEEN;{é
m | |isecond, a phenomenon known as residual air blast. KnovabRbNéE‘Pon

protection valves are used both as extraciion air and suppry afr varl Ves.
Extraction air vaI ves in ventilation systems for protect ed roons, diesel 10

cool ing sy plant a degree of tectl of, 3
bar for exa E&'g g%%%e‘é&%%e extrac |€(;n atf \F?"\’Per i %f’lanfé!b%sly

be used as m@ggt:.on device, an explosion-protection va.lve to prevent

damage preferably comprises mechanically strong basket-like
chicanes to reduce the residual air blast, which are
arranged at least partly downstream of the wvalve closing
body in relation to the explosion direction.

The basket-like chicanes arranged downstream of the
ventilation opening or valve closing body to reduce the air
blast, in particular the residual air blast, are preferably
attached with f£langes. ALl other Xnown removable and
permanent fixing methods can also be used. The mechanical
strength of the basket-like chicane must correspond- to that
of the other parts of the explosion protection valve where
applicable.

The alr molecules are reflected or deflected in the basket-
like chicane, which reduces the enerqy content of the
quantity of air; in particular the residual air blast,
during the short closing time of the valve closing body, is
reduced.

'As special design fonns, the basket-like chicanes may for
‘example consist of perforated sheets, slotted sheets or fine
wire mesh baskets which can be formed with one or more
layers. The clear cross-section is preferably a maximum of
508. The geometric shape of the basket may for example be
cylindrical, truncated coni_cai, spherical or hemispheriéal .
Irraespective of the geometrical shape

and design of the passage openings, the chicane must have an
essentially higher mechanical strength than for example a
conventional prefilter. However the mechanical strength of
chicanes arranged downstream of the valve closing body may
be considerably lower than that of upstream protective
elements which are expo_sed to the full destructive power of
unretarded explosion pressure waves.
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pressure valves if they have a corresponding flap or simlar _on the room .
side. As supply air valves for ventilation systens of &H % N “
di esel cooling systens and refrigerating plants-with t éﬂ% C%%ﬁgF
protection, explosion protection 15 valves suitably h

prefilter for dust separation in the protgcted roons. In a nucl ear
explosion, the air blast load with a strong excess pressure phase can | ast

for a relatimgl yq J{@:ﬂ‘?t{-éﬁﬁ éﬁcﬂwbsnl%éo %991 sad NGry 1P Seoof
the expl osi on protection valve I's at nost |secon ty |ca kx

to 3 ms. | ntheirc@imensand wpraPe onthft |56ﬁ§1 %I%‘T‘Eﬂs"ft H'é’% fii gh
EXCeSS presgilg@ahseVBe¥ween the holes etc. by experiment.

In addition to a downstream chicane, a simple protective
element can also be mounted upstream of the valve closing
body, for example in the form of a baffle plate with side
inlet oj:enings for an explosion pressure air blast.

In a variant of the invention with an explosion-protection
valve, ‘a small part of the explosion pressure wave may
activate means which act directly on the valve closing body
and 'bress this into the corresponding valve seat. The main
impact of the explosion pressure waves thus occurs only when
the valve closing body “has already closed partly, almost
completely, or completely. This means a significant
reduction in the residual air blast. By cambining the
measures described above, this residual air blast can be
reduced still further.

To activate the means acting directly on the valve closing
body, preferably approximately 1 -to 108, in particular
approximately 2 to 6% of the explosion pressure wave acting
on the inlet connectors can be deflected.

With the explosion protection valve equipped according to
the invention, the residual air blast, in particular of
conventional explosions, can be reduced. In this way the
pulse passing before complete closure and the peak excess
pressure are diminished such that there is no harmful effect
on humans, animals and/or equipment. Known technical
nmeasures c¢an be used to equip an explosion protection valve
according to the invention with an excess pressure flap or a
downstream prefilter depending on the specific application.

The explosion protection valves preferably used according to
the invention are wear-free and practically maintenance-
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short,for exanple 1 to 10 ns. A conventional air bl gsto re
di m ni sh during the closing phase of the val ve cl osi ‘gTMS(BHEEmngEQNI ?n
of the excess pressure phase of a conventional air bijast nREPEA®EDbe
simlar to the closing tine of the expl osion protecti-oFvaFvre—so—the=ean
pressure |oad acting on the valve duriry D5 the closing process is
consi derably lower than in the case of nuclear explosion. Explosion
prot ecti on Srzeres d'&heYOpmi obet heuppbiedowirhlc| aar ¢fbectibive @OFEPsEkPrbe

used in _th§> ;?na' ThaNge thide AUAR! hichidhan BbR588ES |dFadenowi SO,
t he requirénents I cable for the nuclear |load with regard to Ieakage are

not ma.ter:!. s of high impact resistance, for

nickel or chromium molybdenum nickel steel. Materials of
low density which have a shorter closing time and lower
impact energy of the valve closing body on the valve seat
are of particular importance. Valve closing bodies made at
least partly of titanium, a titanium alloy or a composite
material for example with aramide fibres (KEVLAR) have
achieved very good results.

Materia.‘l.-épecific weight savings on the closing mechanism,

in particular its moving parts, can be combined with design

measures for weight reduction for example by the inclusion .
of cavities and recesses. '

After an explosion, the explosion protection valves show no
greater pressure loss than before the explosion. '

The invention is now explained in more detail using design
exanples shown in the drawing which are the =subject of
dependent claims. The axial sections show: '

- Fig 1 a mouhted explosion protection valve of a known
" type,
- ¥ig 2 the explosion valve in Fig 1 with shock tube and
measurement tube flanged in place '
- Fig 3 an explosion protection valve with perforated
' sheet casing | '
- Pig 4 a variant according to Fig 3 with a perforated
sheet basket
- Fig 5 a variant according to Fig 3 supplemented with a
baffle plate
~ Fig 6 a combination of Figs 4 and §
- Fig 7 a variant according te Fig 3 with smaller
perforated sheet casing i
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30, retevant for conventional air blasts in view of the very short excess
pressure period. In conventional |oad cases, elenents {my ol -
exanple gas filters, downstream of the expl osi on prot e:tlﬂﬂg EJ AT BEEN
exposed only to load from a residual REPLACEMENT SHEET_3 PEPLAGED
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Fig 8 a variant according to Fig 4 with smaller
perforated sheet basket

- Fig 9 a variant according to Fig 8 with baffle plate

- Fig 10 an explosion protection valve with advanced
tripping of the valve closing body by a push rod

- Fig 11 an explosion protection valve according to Fig 8
with downstream prefilter '

- Fig 12 a variant of Fig 11 with baffle plate

- Fig 13 an explosion protection with pneumatic advanced
tripping of the valve closing body, and

- Fig 14 a wall . opening for ventilation with an internal

¢hicane.

Fig 1 shows an éxplosion protection wvalve 10, known in
itself, which is installed in a wall 12 of a closed room 14.
The -"éi-rplosion protection valve 10 comprises a wvalve housing
16 with an inlet connector 18 exténding through the wall 12
and a short outlet connector 20 arranged on the protected
room side.

The two-part valve housing 16 is attached to the wall 12
with fixings 21.

In the valve housing 16, an aerodynamically-shaped valve
closing body 22 is suspended floating on several springs 24
running in a radial direction. The valve closing body 22,
designed as a disc valve in the present case, consista of a
solid chromium nickel steel plafe approximately 2 mm thick.
Between the valve closing body 22 and the valve hous:i_ng' 16
is a large clear annular chamber. In this normal
ventilation position, the explosion protection valve 10 is
sensitive neither to c_:ontamination {dust, sand) nor icin(j'.

When explosion pressure waves occur, the valve closing body
22 is thrown in direction X, the direction of the explloaion
pressure, against the outlet connector 20 and pressed on a
first valve seat 26 to form a seal with a peripheral annular
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air blast defined above, but would be damaged with correspondi ngly strong

expl osi on pressure waves. To.reduce the pul se and peak ~
occurring in e expl osion protection valve as a resigdu ) h

th | t ect 5 | i E F EE&T?
pressure reducers are known which are connected upstrea F ta the

direction of explosion pressure, for exagplLe in the form of baffI es and/ or
ot her deflector elenents. These nust have an extrenely hi gh nmechani cal

strength of Loy vould.0g dsstroxad By e e St heCBlo8ing" 3 BF Phe

pressure Usél ess.
valve closing body 22, pressurised air can penetrate the

protected room 14, after which the explosion protectibn
valve 10 closes tightly. Under the subsaquent immediate
suction, the wvalve closing body 22 moves opposite to
direction X against a second valve seat 28 and is pressed
against this with a peripheral annular sealing surface . 22b
until the vacuum is filled and the valve closing body 22 is
returned by springs 24 to the rest position shown in dotted
lines. The two closed positions of the valve closing body
22 are shown in dotted lines.

Fig 2 shows a test arrangement for pressure impact tests

with explosion protection valves 10. On the inlet side is a

shock tube 30 with a weasuring sensor 32, on the outlet side

a meagsuring tube .34-w:Lth a second measuring sensor 36 and a -
third measuting sensor 38. The characteristic data for the

.exploéion protection valves 10 shown in Figs 3 to 13 were

measured and evaluated with the test arrangement in Fig 2.

All explosion protection valves 10 shown in these figures

are variants of the invention. '

According to the design form in Fig 3, the explosion
protection valve 10 has on the outlet side a perforated
sheet metal casing 40 which is suspended from an angled
circular profile 42 and sealed with a gas-tight cap 44. The
- perforated sheet .c'.'.as,ing 40 and cap 44 form a downstream
chicane which reduces the residual air blast according to
the invention in the case of an explosion. The sharp peaks
of the residual pulse of the pressure wave are smoothed.

In the variant according to Fig 4, the closing cap 44 is
also designed as a perforated sheet, the downstream chicane
consiasting of the perforated sheet casing 40 and the
perforated sheet cap 44 is known as the perforated sheet
basket. '
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iO_EP, Al 0489183 descri bes an expl osion protection unit wth-an explosion

protection valve and an upstream passive protection el emghtryuh |%°Et_§'
of a slotted inlet opening between two parallel -metal el ﬁment siﬁlgepegﬁ@é%

connecting chanber. The el enents are guide surfaces arra
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the direction of flow Open 15 Iongitudigpal reflection chambers connect
with the connecting chanber's in the direction of the inlet opening and are

in turn |igked tg %ggﬁgperlxl ar@lggi%lpas,g@getggem%la'ﬂ&,
expansi on Chanmber has™ an out t OPEI’II ng | eadi n to the
pressure direction the valve closing body 22 according

to Figs 5 and 6 correspond to Figs 3 and 4. on the inlet
side, on flange 48 of the inlet connector 18 is mounted a
solid baffle plate 46 as an upstream chicane which is
supported on four triangular feet 50 and leaves large side
inlet openings '52. clear. The baffle plate 46 takes the
first force of the explosion front and with the downstream
chicane effectively reduces the residual air blast.

Fig 7 differs from Fig 3 only in that the perforated sheet
40 is placed immediately over the outlet connector 20. The
downstream chicane formed by the perforated sheet 40 and
closing cap 44 has a smaller diameter and hence a smaller
volume than in Fig 3. Fig 8 differs from Fig 4 in the same
way, and Fig 9 from Fig 6.

In the design form according to Fig 10, the baffle plate 46
has a sleeve 54, coaxial with the explosion protection valve
10, which projects into the inlet connector 18, In this
sleeve 54 is guided a piston 56 lying against the inner wall
which is connected with the valve closing body 22 via a push
rod 58. The length of the sleeve 54 is such that the piston
56 remains in the sleeve on maximum travel of the valve
closing body 22 in the axial direction. fThe push rod 58 is
firmly anchored in the valve closing body 22. The push rod
itself is designed as a tube and, like the entire cleosing
mechanism, is made from chromium nickel steel.

If an explosion pressure wave spreads in direction X, a part
corresponding to the geometric conditions is passed into the
sleeve 54. The pistoh 56 is suddenly pressed down and thus
the valve closing body 22 bought into the closed posit:l.on.
The remaining explosion pressure enters the inlet connector
18 via the side inlet openings 52 in the baffle plate 46,
then spreads downwards and meets the already closing valve
closing ody 22. The early closing movement considerably

T




expl-osi'on protection valve. The expl osion protection unltbaccordlng to
EP, A1 0489183 wi th upstream passive protection el enent i;f P e .
bul ky 20 because of the high nechanical strength requijred.” } % g@@fﬁyol
descri bes an expl osion protection valve for ventilation . \ Pected[
roonms whi ch consists:-of a conbination of f,Pressure | mpact protectlon w th
path defl ecti on and extensi on on one side ﬁnd a dust filter on the other

side. The path 25 defl ection and extension is used to extend_ the_duration

of the inpatedueent thec weskdnah ase R ¢l o EVHGREdY., Thes the et s
desi gned asegrfiUihi Y6 206 Wi chivH{®d shown in the other figures can

also be used to reduce the residual air blaat further.

Fig 11 shows an explosion protection valve according to Fig
7 with a downstream prefilter 60 of the known type. Without
the downstream chicane consisting of the perforated sheet
casing 40 and perforated sheet cap 44, the prefilter 60
would be damaged under a relatively large residual aix
blast. -

In the design form in Fig 12, a baffle plate 46 is also
provided which brings further improved protection of the
downstream prefilter 60. This explosion protection valve 10
corresponds to Fig 9. With the explosion protection valves
10 in Figs 8 and 10, a downstream prefilter 60 can also be
fitted if the valve housing 16 has an angled ring profile 62
on the outlet side. '

The "dxplosion protection valve according to f‘ig’ 13 is
specially shaped on the inlet side. The inlet connector 18
has an end attachment with an outer pipe 64 and an inner
pipe 66. The outer pipe 64 is solid and connected with the
inlet connector via an apertured plate 68. Like the plate
67 which partly covers the inlet opening, the apertured
plate 68 is solid. On the outer tube 64 are two apertured
fixing tabs 70 which serve to fix the explosion protection
valve 10. '

The inlet opening of the inlet connector 18 is only partly
clear for the ingress of any explosion pressure waves in
direction X:

- ~ in the peripheral area, by an annular gap 72, -and

- in the central area, by an inner chamber 74 of a

control pipe 76 arranged coaxially with the . inlet
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of .mutual |y parallel cyclones, but this secondary fundfLomn rs—or=re=fw=ther
interest for the present-invention. The expl osion prot aéﬁf%ﬁ“%ﬁ HASHBEERE(fAL
3627490, in which the valve closing body is closed by lthe mBERLALED: of {ihe
pressure wave, is expensive 30 and conplex with regard to t he TeductT of
the residual air blast. =~ REPLACENVENT -SHEET .

connector and extending from the inlet opening to the
valve closing body 22. '

In the valve closing body 22 is inserted an open tube which

fits over the control pipe 76. Thus the valve closing body

22 can be moved from one valve seat 26 to the other valve

seat 28 along the control pipe 76. The valve c¢losing body

22, as in all other variants, is also 'equipped with means

for return from one or the other valve seat 26, 28 so that

- after an explosion or suction, the rest position can be -
assumed again immediately. As explained abowe, these means

may be radial or tangential springs.

The 1inlet area of the control tube 76 amounts to
approximately 10% of the inlet area of the annular gap 72.
In an explosion, a corresponding part of the explosion
pressure waves in the inner chanber 74 of the control pipe
76 is passed in a direct straight path to the valve closing
bodvy 22. This moves like a projectile in the direction of
the first valve seat 26 and closes the outlet conneétor 20.
A much greater part of the explosion pressure waves entering
the annular gap 72 is deflected on the apertured plate 68 in
the direction of arrow 80, repelled in the direction of the
inlet opening of the inlet connector 18, there deflected
again in the direction of the arrow 82 and passed to the
valve closing body 22 which has already moved in the
direction of the valve seat 26 or has even already reached
this. The double deflection of the pressurized air blast
causes a weakening and a time delay. Thus the residual air
blast is con’s'iderably reduced. A further reduction is
achieved if the chicanes shown in the previous figures are
attached at the outlet connector 20.

The ocuter tube 64 is concreted into the wall 12 (Fig 1), but
can also be mounted on this with corresponding design
measures for reinforcement..
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4 . : [err] Summary of Invention Accor
I nvention, there is provided a protection device with
the air blast of pressure waves in a ventilation syste
characterized in that nmechanically strong neans are attached downstream of
the ventilation systemin relation to the pressure direction and are forned.
as basket-Ilike air-perneabl e chi canes whi Project into the closed room

and retard the air blast. Preferably, the explosion protection valve has a
val ve housiPggwi 1A ahowsl &t simpla protection device with a basket-like

perforated chicane 44 to reduce the air blast of pressure

5

waves in direction X. The free surface area factor is
approximately 30%.

The pressure waves to be  expected in the case of a
catastrophe are relatively small and do not contain harmful
substances, so no explosion-protection valve is included.

A wall opening 15 for ventilation is lined with a casing 16
which is screwed to a fixing flange of the internal chicane
44 and mounted in the wall 12 with a fixing 21. If an
explosion~protection valve were used, the casing would be
the valve housing. | '

Several of the variants with an explosion-protection valve
10 shown in the preceding figures have basket-like chicanes
40, 44 which in the design form according to Fig. 14 can be .
flanged directly onto the casing 16 of the wall opening 15,
with or without a prefilter 60 being mounted (Figs. 11, 12).

Finally, also according to Fig. 14, an external bhaffle plate
46 (Figs. 5, 6) with inlet openings 52 can be mounted which
braeaks the force of the pressure waves.
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positioning of the valve closing body a-ncu_qannul ar val ve se

both sides of this in the direction of the inlet and ou Iet

t he mechaniegAtyg St rong basket-1ike neans of reducing the resi dual air

bl ast may be arranged downstream of the.valve closing body in relation to
15 the explosion pressure direction. The basket-1ike chicanes may be -
attached byif| anpestedbiohadkseicki tdthhineanss fory redusiisiy dtheatailedstast

singl e-1ayer perggr%tee%,ﬂpeet WiAls in ventilation systema of closed
rooms (14),

10, outlet connector, a dinmensionally stable, nobile valve c
wi th peripheral annular sealing surfaces, fixing el emen s ﬁﬁ?ﬁ% eplaced

characterized in that

mechanically strong means are attached downstream of
the ventilation system in relation to the presasure
direction (X) and are formed as Dbasket-like air-
permeable chicanes (40, 44) which retard the air blast.

2, Protection device according to Claim 1 to reduce the
residual air blast of pressure waves behind an
explosion protection valve (10), which explosion
protection valve (10) has a valve housing (16) with an
inlet {18) and an outlet connector (20), a
dimensionally stable, mobile valve closing body (22)
with peripheral annular sealing surfacés {(22a, 22b),
fixing elements (24) for floating positioning of the
wvalve closing body (22) and annular valve seats (26,
' 28) arranged on both sides of this in the direction of
the inlet (18) and ocutlet connectors {20) ,
characterised in that mechanically strong basket-like
means of reducing the residual air blast are arranged
at least partly downstream of the valve closing body in
relation to the explosion pressure direction (X).

3. Protection device according to «claim 1 or 2,
characterised in that the basket-like chicanes (40, 44)
are attached by flanges.

4, Protection device according te any of claims 1 to 3,
characterised in that the basket-like chicanes (40, 44)
consist of at least single-layer perforated sheet
metal, slotted sheet metal or fine wire mesh which
preferably has the form of a cyl.i.ndef:, a truncated
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20 .slotted sheet netal or fine wire nesh which preferably ' d
a cylinder, a truncated cone, a sphere or a hem sphere and n, -
cross-section up to a maxi mum of approxi+et®ly 50% The par

basket-1|i ke chicane |ying opposite the outlet opening of the outlet 25
connector may be Lafd gngdsphele @ -4 | Blinisphpiefl anikemapy Ae fakeargesbover
t he basket-like chicanes to reduce the resipdual @‘i’g%lé?fﬁ 58.9 A baffle
plate with side iFHEALThR iR FPHTHP r 2R FPFIE hg“T hl et openi ng

5. Protection device according to claim 4, characterised
in that the part of the basket-like chicane (44) lying
opposite the outlet opening of the outlet connector 1is
designed to be air-tight.

8. Protection device according to any of claims 1 to 5,
characterised in that a prefilter (60) is arranged over
the basket;like chicanes (40,44) to reduce the resgidual
air blast. '

7. Protection device according to any of claims 1 to 6,
characterised in that a baffle plate (46) with side
inlet openings (52) 4is arranged to cover the inlet
opening of the inlet connector.

8. Protection device according to any of claims 2 to 7,
characterised in that in the area of the inlet cpening .
of the inlet connector (18) of the explosion-protection
valve (10), preferably in a baffle plate (46), a
‘coaxial sleeve (54) is held which has a small internal
diameter (d} in relation to the inlet connector (18)
and a length corresponding at least to the axial
displacement path of the valve closing body (22), and
in this sleeve (54) is guided a piston (56) connected
to the valve closing kody (22) vién .a push rod (58),
whaera the push rod (58) is preferably designed as a
tube.

9. Protection device according to any of Claims 2 to 8,
characterised in that the inlet opening of the inlet
connector (18) of the explosion-protection valve {(10)
is partly closed by a plate (67) which has a coaxial
bore for a control pipe (76) of smaller internal
diameter (d) extending to the valve closing body (22)

* c L M H *
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Additionally to the mechanically strong basket-like neal sﬁﬂ#ﬁh e
residual air blast in relation to the expl osion pressur Jm%éaépgmbgfag
devi ce may have a val ve

- 16 -

and at least one peripheral opening in an.outer annulax
gap (72), where this outer annular gap is limited by an
inner tube (66) which diverts the main flow of the
explosion pressure wave in a éiphon«like manner, and
the valve closing body (22) has a guide pipe (78)
placed over the control pipe (76). '

10. Protection device according to c¢laim 8 or claim 9,
characterised in that the internal diameter (d) of the
sleeve (54) or the control pipé (76) in the explosion

protection valve (10) is between 0.1 and 0.3 times,
preferably between 0.15 and 0.25 times the inner
diameter (D) of the inlet connector (18).

11. Use of the protection device according to any of claims
1 to 10 'in protected <rooms for persons and/or
equipment, containments in nuclear power stations and
other, offshore, equipment. '

This Sheet Has Been Reilac
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housing with an inlet and an outlet connector, a dinensionally stable,

nobi | e val ve cl osing body with peripheral annul ar sealin '
el enents for floating 5 positioning of ttﬂg val ve cl osi ng Bd8SHEET HASIBESN
val ve seats arranged on both sides of this’in the directijon of REPAGED et - I

and outl et connectors. In the area of w t openi ng ofthe T nret
connector of the expl osion-protection ’%referabl y in a baffle plate,
a coaxial .- sl eeve may be held which has a small 10 internal dianeter in

relation toghe k@k@gtggan%cea%&'rﬁ@gw £8' CEARARTIAL ik BT o

axi al dlsplace val ve ¢l 0oSin
be pressure waves is used in ven J.lation systems for closed

rooms  {14).

Mechanically strong means (40, 44) are arranged downstream
of the ventilation system in relation to the pressure
direction (X) and designed as basket-like . air-permeable
chicanes (40, 44) to retard the air blast. In protection
devices with explosion-protection valves (10), a small part
of the pulse of the. explosion pressure waves acts directly
on the valve closing body (22) and closes this at least
partly before the main impact of the pressure waves acts.

The protection devices are used for example in protected

rooms for persons and equi'pmént, containments in nuclear
power satations and other, offshore, equipment.

(Fig.12)

This Sheet Has Been Reﬂlaced :
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" guided a plston connected to the val ve closing body via a;

Rish-tod—where .
t he push rod iis preferably desi gnegd as a tube. 15 The il THISOPEETNIGAS BEEN
the inlet connector of the expl -protection val ve nay!be pamrEPYACEDSed
by a plate which has a coaxi al for a control pipe of sHrEFFEF—FFEEFAa =
di aneter extending to the valve closing body and at | east one peripheral
opening in an outer annular gap, where this outer annular gap may be
limted by an inner tube which diverts the main flow of the expl osion
pressure wave in a siphon-1ike manner, and the 20 val ve cl osi ng body may
have a gui de.pi pe placed over the control pipe.
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The internal dianmeter of the sleeve or the control pi pe-= '
protection valve may be between 0.1 gnd 0.3 tines, pref@HEmSNEEEMM%BﬁEN 5
and 0.25 times the inner dianeter 47 e inlet connectior. 2BERLAGER| ng t

anot her aspect of the invention, |s prOV|ded a USETOT—The protection
device of the present invention described above in protected roons for
persons and/or equi pnent, containnments in nuclear power stations and other,
of fshore, equi prent. 30
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REPLAGEMENT SHEET 6 [err] Drawings In order that the |nvent Lght
nore fully understood, enbodi nents of the THlSSHEETHAS BEEN
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'Tnyention wi |l be described, by way of exanple only, with reference to the

5 accompanying drawings, in which: - Fig 1 is part of the prior art and

shows a nounted expl osi on protection,val ve of a known typf; = S
part of the prior art and shows t | osion valve in FKETTENaggﬁggégf%éhé
tube and neasurenent tube flanged | ace; - Fig 3 shows- & -

protection valve with perforated sheet casing constructed in accordance
w th an enbodi nent of the invention;

This Sheet Has Been Reﬂlaced




‘15,- Fig 4 shows a variant according to Fig 3 with a pe
basket; - Fig 5 shows a variant according to Fig 3 suppfre
baffl e plate; 20 - Fig 6 shows a conbination of Figs {
shows a variant according to Fig 3 w | | er perforafled :
Fig 8 shows a variant according to Fi with small er perforated sheet

basket; 25 - Fig 9 shows a vari ant accordl ng to Fig 8 with baff{e plate;
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- Fig .10 'shows an expl osi on protectl
‘val ve cl osi ng- body by a push rod;
val ve according to Fig 8 with down

PROTECTION DEVICE AGAINST PRESSURE AIR BLASTS

The invention relates to a protection device with means for
reducing the air blast of pressure waves in ventilation
systems of closed rooms. The invention also concérns the
use of the protection device.

Protected rooms for persons and/or equipment, containments
for nuclear power stations and other, offshore, equipment
must firstly be ventilated and secondly resist pressure air
blasts. Depending on the strength of the air pressuie waves
expected and the use of the closed rooms, appropriate
protective devices aré fitted.

Explosion protection values are used for the pressure--
resistant closure of supply and extraction air openings in
protected rooms or in other exposed objects. These provide
effective protection for people and equipment against the
effects of nuclear and conventional explosions including the
suction following each explosion, as a valve seat is
arranged on both sides of the valve closing body.

In the valve housing, the valve closing body, usually
' structured in the known manner as a valve disc,'valve ball
or valve plate, is suitably suspended ‘on radial or
tangential springs (cf. for example CH-PS 482964) with a
large annular section clear from the valve housing. When a
strong pressure wave occurs, the valve closing 'body is
thrown against the sealing surface on the room side by the
air blast and pressed into this valve seat, preventing the
passage of air aftér.the valve has closed. With a powerful
subsequent suction, the valve closing body closes in a
similar manner in the opposite direction. After the short
phase of excess or reduced pressure subsides, the springs
automatically reset the wvalve closing body for normal
ventilation operation. The'explosion protection valve works

This Sheet Has Been Reﬂlaced
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REPLACEMENT SHEET 7 ' [Ierr] - Fig 12 shows a variant of Fig
11 wi‘th baffle plate; - Fig 13 s otectlo_n__va_Lh__pneLumuc

advanced tripping of the valve 5 “ dHS SH W%B% u REPTAC BT HIET] 1

opening for ventilation with an ifterndfs?

Enbodi ments Referring to the drawngs; " Fig I Shows an [aa%%l nj, mﬁﬁtwl mh
val ve 10, . known in -2 -

passively, the valve closing body cannot be brought to the
closed position by a control and/or actuator element.

Although the wvalve closing body is thrown into the valve
seat like a projecfile under a high explosion pressure, air
can pass for a period of the order of one millisecond, a
phenomenon known as residual air blast.

Known explosion protection valves are used both as
extraction air and’ supply air valves. Extraction air valves
in ventilation systems for protected rooms, diesel cooling
systems or refrigerating plants have a degree of protection
of 3 bar for example. In this case, the extraction air
valves can simultaneously be used as excess pressure valves
if they have a corresponding flap or similar on the room
side. As supply air valves for ventilation systems of
protected rooms, diesel cooling systems and refrigerating
plants with the same degree of protection, explosion
protection valves suitably have a downstream prefilter for
dust separation in the protected rooms.

In a nuclear explosion, the air blast load with a strong
excess pressure phase can .last for a .relat:l.vely long time,

) for example 10 to 500 ms. The closing phase of the
explosion protection valve is at most a few milliseconds,
typically 1 to 3 ms. In contrast, with conventional

explosions, the phase with high excess pressure is very
short, for example 1 to 10 ms. A conventional air blast
load can therefore d.i.miziish during the closing phase of the
valve closing body. The duration of the excess pressure
phase of a conventional air blast may even be similar to the
closing time of the explosion protection valve, so the mean
pressure load acting on the valve during the closing process
is considerably lower than in the case of nuclear explosion. -
Explosion protection valves developed on the basis of
nuclear load data can also be used in the conventional range
for essentially higher pressure loads. '

This Sheet Has Been Re laced '
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i t sel f-—whi-eh—is—instated in a wall 12 of a closed room 14. The explosio
protection valve 10 _conpri ses al-ve—iy SO 16 Wi t Ham 1 n
12arsHEETS BEBUL || et & {:E&E% %Eéan Je
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t Wo- p&FLAGEPv-
aer odynam cal | y- shaped valve cIOS|ng body 22 is 20 sOSpended floatlng on
several springs 24 running in a radial difection.” The val ve cl osi ng body
22, designed as a disc valve in the present case, consists of a solid
chrom um ni ckel steel plate approximately 2 mmthick. Between the valve
cl osi ng Also, the requirements applicable for the nuclear load with

regard to leakage are not relevant for conventional air
blasts in view of the very short excess pressure period. 1In
conventional load cases, elements and components, for
exanmple gas filters, 'dmmstream of the explosion protection
valve are exposed only to load from a residual air blast
defined above, but would be damaged with correspondingly
strong explosion pressure waves.

To reduce the pulse and peak excess pressure occurring in
the explosion protection valve as a residual air blast,
pressure reducers are known which are connected upstream in
relation to the direction of explosion pressure, for example
in the form of Dbaffles and/or other deflector elements.
These must have an extremely high mechanical strength or
they would be destroyed. by the first front of an explosion
" pressure wave and rendered useless.

EP,Al 0489183 describes an explosion protection unit with an
explosion protection valve ~and an upstream passive
protection element which consists of a slotted inlet opening
between two parallel metal elements leading to a connecting

_ chamber. The elements are guide surfaces arranged at an

) angle in the direction of flow. | Open 'longitudinal
reflection chambers connect with the connecting chambers in
the direction of the inlet opening and are in turn linked to
an expansion chamber via a side passage opening. This
expansion chamber has an outlet opening leading to the
explosion protection wvalve. The explosion protection unit
according to EP,Al 0489183 with upstream passive protection
element is expensive and bulky because of the high
mechanical strength required.

DE,Al 3627490 describes an explosion protection valve for
ventilation pipes to protected rooms which consists of a
conbination of a pressure impact protection with path

n
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body 22 and the val ve housing 16 is a |arge clear_annul ar--chanbet=—a—thrs
normal *ventilation position, the_expltasewprotect llon v IRBPUKCEMEN'EBHEETVL
nei.ther to 25 contam nation (dug rngi Wagn exp%og?m._qo
pressure waves occur, the valve hr oWnpate :i.¥.et .|.b:r{§.)(;.
the direction of the expl osion pressHf . agal nst the ou
and pressed on a first valve seat 26 to forma seal wth a peripheral
annul ar sealing 30 surface 22a. For 11T 5 ms, the closi ng time of the
val ve cl osing body 22, pressurised air can penetrate the protected room 14,
af ter whi chdefiteekprnshpod muhensiom onl pae|(side and a dust filter on
the other side. The path deflection and extension is used
to extend the duration of the impact front occurring on the
valve closing body. This air guide is designed as a
multicyclone with a number of mutually parallel cyclones,
but this secondary function is of no further interest for
the present invention. The explosion protection valve to
DE,Al 3627490, in which the valve closing body is closed by
~the main blast of the pressure wave, is expensive and
complex with regard to the reduction of the residual air
blast. '

The task of the inventor is therefore to create a protection
device of the type described above, which reduces the air
blast of pressure waves in an explosion or similar
occurrence. In co-operation with the preceding explosion
protection valve, this protection device simply, safely and
‘practically completely eliminates the pulse passing through
before its closure, and the peak excess pressure of the
residual air blast of explosion . pressure waves, in
particular those of conventional nature, which occur in
strong to very strong explosions. The explosion protection
valve comprises a valve housing with an inlet and an outlet
connector, a dimensionally stable, mcbile valve closing' body

) with peripheral annular sealing surfaces, fixing elements
for floating positioning of the valve closing body and
annular valve seats arranged on both sides of this in the
direction of the inlet and outlet connectors.

The task is solved according. to the invention in that
mechanically strong means are mounted downstream in relation |
to the pressure direction of the ventilation device and are
designed as basket-like air-permeable chicanes which retard
the air blast. Special and further design forms of the
explosion protection valve according to the invention are

the subject of _d.ependepf patent claims.

This Sheet Has Been Reﬁlaced
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closes tightly. Under the subsequent inmedi ate suction, the val ve cI 0Si-ng_
body. 22 REPLACEMENT SHEET [e A

_ [ : e to[EFrFectio BURETS
a second valve seat 28 and is pliessgdhagai s BEEN REPLACEMENT
| |___neruacen o 21 0EC RS |

Under strong pressure air blasts, in cooperation with the
protection device, an explosion-protection valve to prevent
damage preferably comprises mechanically strong basket-like
chicanes to reduce the residual air blast, which are
arranged at least partly downstream of the valve closing
body in relation to the explosion direction. '

The basket-like chicanes arranged downstream of the
ventilation opening or valve closing body to reduce the air
blast, in particular the residual air blast, are preferably
attached with flanges. All other known removable and
permanent fixing methods can also be used. The mechanical
strength of the basket-~like chicane must correspond to that

of the other parts of the explosion protection valve where
applicable.

The air molecules are reflected or deflected in the basket-
like chicane, which reduces the energy content of the
quantity of air; in particular the residual air blast,
during the short closing time of the valve closing body, is
reduced.

As special design forms, the basket-like chicanes may for
example consist of perforated sheets, slotted sheets or fine
) wire mesh baskets which can be formed with one or more
layers. The clear cross-section is preferably a maximum of
50%.- The geometric shape of the basket may for example be
cylindrical, truncated conical, spherical or hemispherical.
Irrespective of the geometrical shape
and design of the passage openings, the chicane must have an
essentially higher mechanical strength than for example a
conventional pref:l.lter However the mechanical strength of
chicanes arranged downstream of the valve closing body may
be considerably lower than that of upstream protective
elements which are exposed to the full destructive power of

unretarded e.xploSion pressure waves. [
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this with a peripheral annu'rar sealing surface 22b until t
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arr angement i npact t

proteciron val ves 10.

On the inlet side is a shock tube 30 with_a_neasuring sensor 32, on the
outl et side a neasuring tube 34 with a second nmeasuring sensor 36 and a

third 10
protection

asurj ng sensor . The ch Dt
€ cSoy@s rea?n g J.c.'.angsC caar.naciaee“g&:fmggég fv?.{tﬁ h?:e%Xpl oshon

their size and shape, the size and shape of the holes, the
distance between the holes etc. by experiment.

In addition to a downstream chicane, a simple protective
element can also be mounted upstream of the valve closing
body, for example in the form of a baffle plate with side
inlet openings for an explosion pressure air blast.

. In a variant of the invention with an explosion-protection

valve, a small part of the explosion pressure wave may
activate means which act directly on the valve closing body
and press this into the corresponding valve seat. The main
impact of the explosion pressure waves thus occurs only when
the valve closing body has already closed partly, almost
conmpletely, or completely. This means a significant
reduction in the residual air blast. By combining the
measures described above, this residual air blast can be
reduced still further.

To activaté the means acting directly on the valve closing
body, ' preferably approximately 1 to 108, in particular
approximately 2 to 6% of the explosion pressure wave acting
on the inlet connectors can be deflected.

With the explosion protection vaive equipped according to
the -invention, the residual air blast, in particular of
conventional explosions, can be reduced. In this way the
pulse passing before complete closure and the peak excess
pressure are diminished such that there is no harmful effect
on humans, animals and/or equipment. Known technical
measures can be used to equip an explosion protection valve
according to the invention with an excess pressure flap or a
downstream prefilter depending on the specific application.

The explosion protection valves preferably used according to
the invention are wear-free and practically maintenance-



shown in- Figs 3 to 13 were nmeasured and eval uated with the|ltegl ahANGesRET
in Fig'2. All explosion protecti o o th;as gu&es are
variants of the invention. 15 Al C'EiiISlShtt}EEf gn fol N

expl osi on protection valve 10 haslion t RERLAGER sidgl a per Bdd 2B, (L. 1935. .
metal casing 40 which is suspended—rorran angleéd circul ar - prof| |l e 42 and
sealed wi'th a gas-tight cap 44. The perfgrated sheet casing 40 and cap 44
form a downstream chi cane whi ch reduces the residual air blast according to
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protection. The entire closing mechanism consists of known
materials of high impact resistance, for example chromium
nickel or chromium molybdenum nickel steel. Materials of
low density which have a shorter closing time and lower
impact energy of the valve closing body on the valve seat
are of particular importance. Valve closing bodies made at
least partly of tii:anium, a titanium alloy or a conposite
material for example with aramide fibres (KEVLAR) have
achieved very good results.

Material-specific weight savings on the closing mechanism,
in particular its moving parts, can be combined with design
measures for weight reduction for example by the inclusion
of cavities and recesses.

After an explosion, the explosion protection valves show no
greater pressure loss than before the explosion.

The invention is now explained in more detail using design
examples shown in the drawing which are the subject of
dependent claims. The axial sections show:

Fig 1 a mounted explosion protection valve of a known
type, - . '
- Fig 2 the explosion valve in Fig 1 with shock tube and
. measurement tube flanged in place
- Fig 3 an explosion protection valve with perforated
sheet casing '
- Fig 4 a variant according to Fig 3 with a perforated
sheet basket o ) |
- Fig § a variant according to Fig 3 supplemented with a
| baffle plate |
- Fig 6 a combination of Figs 4 and 5
- Fig 7 a variant according to Fig 3 with smaller
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wor d I cane moul not. extend to apparatus or parts which do not have
a pri me purpose of acting as an obstacle. . For exanple, the term chicane
woul d not cover apparatus or parts that are intended prinmarily to fulfill a

filtering function, since the functlon i npedi nq_is considecred to he .
quite differefitSt 8 fi Pt eMaRgant a°°°r&ng to "Fig °F"with sriatfer

perforated sheet basket

- Fig 9 a variant according to Fig 8 with baffle plate

- Fig 10 an explosion protection valve with advanced
tripping of the valve closing body by a push rod

- Fig 11 an explosion protection valve according to Fig 8
with downstream prefilter

- Fig 12 a variant of Fig 11 with baffle plate

- Fig 13 an explosion protection with pneumatic advanced
tripping of the valve closing body, and

- Fig 14 a wall opening for ventilatioh_ with an internal
chicane.

Fig 1 shows an explosion protection valve 10, known in
itself, which is installed in a wall 12 of a closed room 14.
The explosion protection valve 10 comprises a valve housing
16 with an inlet connector 18 extending through the wall 12
and a short outlet connector 20 arranged on the protected
room side. '

The two-part valve housing 16 is attached to the wall 12
" with fixings 21.

In the valve housing 16, an aerodynamically-shaped valve
closing body 22 is suspended floating on several springs 24
running in a radial direction. The valve closing body 22,
designed as ‘a disc valve in the present case, consists of a
solid chromium nickel steel plate approximately 2 mm thick.
Between the valve closing body 22 and the valve housing 16
is a large clear annular .chamber. - In this normal
ventilation position, the explosion protection valve 10 is
sensitive neither to contamination (dust, sand) nor icing.

When explosion pressure waves occur, the valve closing body
22 is thrown in direction X, the direction of the explosion
pressure, against the outlet connector 20 and pressed on a
first valve seat 26 to form a seal with a peripheral annular
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sealing surface 22a. For 1 to 5 ms, the closing time of the
valve closing body 22, pressurised air can penetrate the
protected room 14, after which the explosion protection
valve 10 closes {:ightly. Under the subsequent immediate
suction, the valve closing body 22 moves opposite to
direction X against a second valve seat 28 and is pressed
against this with a peripheral annular sealing surface 22b
until the vacuum is filled and the valve closing body 22 is
returned by springs 24 to the rest position shown in dotted
lines. The two closed positions of the valve closing body
22 are shown in dotted lines. |

Fig 2 shows a test arrangement for pressure impact tests
with explosion 'protection_ va]_.ves 10. On the inlet side is a
shock tube 30 with a measuring sensor 32, on the ocutlet side
a measuring tube 34 with a second measuring sensor 36 and a
third measuring sensor 38. The characteristic data for the
explosion protection valves 10 shown in Figs 3 to 13 were
measured and evaluated with the test arrangement in Fig 2.
All explosion protection valves 10 shown in these figures
are variants of the invention.

According to the design form in Fig 3, the explosion
-protection valve 10 has on the outlet side a perforated
sheet metal casing 40 which is suspended from an angled
circular profile 42 and sealed with a gas-tight cap 44. The
perforated sheet casing 40 and cap 44 form a downstream
chicane which :feduces the residual air blast according to
the invention in the case of an explosion. The sharp peaks
of the residual pPulse of the pressure wave are smoothed.

In the variant according to Fig 4, the closing cap 44 is
also designed as a perforated sheet, the downstream chicane
consisting of the perforated sheet casing 40 and the
perforated sheet cap 44 is known as the perforated sheet

il
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chi cane cop he perfor§ é@s! ng 40 and 4 ekerﬂéﬁdg@
sheet capmﬂlﬂlll!mu II!‘S t he per terated-—sheet bna_s!a L. The. I
chi canes | [ t he expl osion pressure direction X of the valve

cl osing body 22 according to Figs 5 and 6 ﬁorrespond to Figs 3 and 4. On
the inlet 10 side, on flange 48 of t he™i #Pef connector 18 is nounted a
S an upstream chi cane which is supported on four

f ?: ;gggﬁgil S@&Iat vg?%&'%a&@eschjﬁ%egi dén relation to the explosion
pressure direction X of the valve closing body 22 according
to Figs 5 and 6 correspond to Figs 3 and 4. On the inlet
side, on flange 48 of the inlet connector 18 is mounted a
solid baffle plate 46 as an upstream chicane which is
supported on four triangular feet 50 and leaves large side
inlet openings 52 clear. The baffle plate 46 takes the
first force of the explosion front and with the downstream
chicane effectively reduces the residual air blast.

Fig 7 differs from Fig 3 only in that the perforated sheet
40 is placed immediately over the outlet connector 20. The
downstream chicane formed by the perforated sheet 40 and
closing cap 44 has a smaller diameter and hence a smaller
volume than in Fig 3. Fig 8 differs from Fig 4 in the same
way, and Fig 9 from Fig 6. '

In the design form according to Fig 10, the baffle plate 46
has a sleeve 54, coaxial with the explosion protection valve
10, which projects into the inlet connector 18. In this
sleeve 54 is guided a piston 56 lying against the inner wall
which is connected with the valve closing body 22 via a push
rod 58. The length of the sleeve 54 is such that the piston

_ 56 remains in the sleeve on maximum travel of the valve

) closing body 22 in the axial direction. The push rod 58 is
firmly anchored in the valve c.losing' body 22. The push rod
itself is designed as a tube and, like the entire closing
mechanism, is made from chromium nickel steel.

If an explosion pressure wave spreads in direction X, a part
cdrresponding to the geometric conditions is passed into the
sleeve 54. The 'piston 56 is suddenly pressed down and thus
the valve closing body 22 bought into the closed position.
" The remaining explosion pressure enters the inlet connector
18 via the side inlet openings 52 in the baffle plate 46,
then spreads downwards and meets the already cios.i.ng valve
closing body 22. The early closing movement considerably
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a smaller dianeter and hence a smaller volune than in Fig 3. Fig 8 differs
fromFig 4 in the same way, and Fig 9 fT Fig 6. 20 In the design form

according to Fig 10, the baffle plate 46 has a sleeve 54, coaxial with the
expl osi on pFGEiBEFPorFt\PaI residuabhpdk hlsstts EvicdenAdynlin &Ebenalssirgnis.

I n form in Fig 10, all chicanes shown in the other fiqures can
also be used to reduce the residual air blast further.

Fig 11 shows an explosion protection valve according to Fig
7 with a downstream prefilter 60 of the known type. Without
the downstream chicane consisting of the perforated sheet
casing 40 and perforated sheet cap 44, the prefilter 60
would be damaged under a relatively large residual air
blast.

In the design form in Fig 12, a baffle plate 46 is also
provided which brihgs further improved protection of the
downstream prefilter 60. This explosion protection valve 10
corresponds to .Fig 9. With the explosion protection valves
10 in Figs 8 and 10, a downstream pref:.lter 60 can also be
fitted if the valve hous:l.ng 16 has an angled ring profile 62
"on the outlet side.

The explosion protection valve. according to Fig 13 is
specially shaped on the inlet side. The inlet connector 18
has an end attachment with an outer pipe 64 and an inner
' pipe 66. The outer pipe 64 is solid and connected with the
inlet connector via an apertured plate 68. Like the plate
) 67 which partly covers the inlet opening, the apertured
plate 68 is solid. On the outer tube 64 are two apertured
fixing tabs 70 which serve to fix the explos:.on protect:.on

valve 10.

The inlet opening of the inlet connector 18 is only partly

clear for the ingress of any explosion pressure waves in
direction X:

- in the peripheral area, by an annular gap 72, .and
- in the central area, by an inner chamber 74 of a
control pipe 76 arranged coaxially with the inlet



this sleeve 54 is guided a piston 56 | yi ng agai nst thefp 3
connected with the val ve cl osing S%*l{éTaHE%EEé ﬂo | BEPLW?@'ﬁ@ﬁEﬁf
ton

the sl eeve 54 is such that the pi sl eev2 foEfaieBbu
travel of the valve closing body #4522 @@Flﬂn ----- Hre-push

rod 58 is firmy anchored in the valve cI05|ng body 22. ro Self
is designed as a tube and, |ike the entirgpsclosing nechanism is made from
chrom um ni ckel steel. If an expl osion pressure wave spreads in direction

X, a part corres | 0 onetric cqnditiops, is passed,into the
sl eeve 54. The p%%%gl %%8&]§L§?d§gﬁ?€3b gggm‘¥%e 1nlSt' 3pbalng” to' the
valve closing body 22.

In the valve closing body 22 is inserted an open tube which
fits over the control pipe 76. Thus the valve closing body
22 can be moved from one valve seat 26 to the other valve
seat 28 along the control pipe 76. The valve closing body
22, as in all other variants, is also equipped with means
for return from one or the other valve seat 26, 28 so that
after an explosion or suction, the rest position can be
assumed again immediately. As explained above, these means
may be radial or tangential springs.

The inlet area of the «control tube 76 amounts to

approximately 108 of the inlet area of the annular gap 72.

~In an explosion, a corresponding part of the explosion

pressure waves in the inner chamber 74 of the control pipe

76 is passed in a direct straight path to the valve closing

body 22. This moves like a projectile in the direction of

the first valvé seat 26 and closes the outlet connector 20.

A much greater part of the explosion pressure waves entering

the annular gap 72 is deflected on the apertured plate 68 in

the direction of arrow 80, repelled in the direction of the

s inlet opening of the inlet connector 18, there deflected

) again in the direction of the arrow 82 and passed to the

valve closing body 22 which has already moved in the

direction: of the valve seat 26 or has even already reached

this. The double deflection of the pressurized air blast

causes a weakening and a time delay. Thus the residual air

blast is conszderably reduced A further reduction is

achieved if the chlcanes shown 1n the previous figures are
attached at the outlet connector 20.

The outer tube 64 is concreted into the wall 12 (Fig 1), but
can also be mounted on this with corresponding design
measures for reinforcement.

This Sheet Has Been Reﬂ
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down and-thus the val ve closing body 22 bought into the cl osed QQ§LLLLE%———\

The remai ni ng expl osi on pressure enters the inlet connec
i nl et openi ngs REPLACEVENT SHEEF

baffl e plate 46, then spreads downy Wﬁ§$ﬁﬁfﬁﬂﬁ&lEEMe al
| i REPLAGED

- 13 -

Fig. 14 shows a simple protection device with a basket-like
perforated chicane 44 to reduce the air blast of pressure

waves in direction X. The free surface area factor is
approximately 308.

The pressure waves to be expected in the case of a
catastrophe are relatively small and do not contain harmful
substances, so no explosion-protection valve is included.

A wall opening 15 for ventilation is lined with a casing 16
which is screwed to a fixing flange of the internal chicane
44 and mounted in the wall 12 with a fixing 21. If an
explosion-protection valve were used, the casing would be
the valve housing. '

Several of the variants with an explosion-protection valve
10 shown in the preceding figures have basket-like chicanes
40, 44 which in the design form according to Fig. 14 can be
flanged directly onto the casing 16 of the wall opening 15,
with or without a prefilter 60 being mounted (Figs. 11, 12).

Finally, also according to Fig. 14, an external baffle plate
). 46 (Figs. 5, 6) with inlet openings 52 can be mounted which
breaks the force of the pressure waves.

—_—

_—

. This Sheet Has Been
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cl osi ng bod& 22. The earIy closrng novenent considerably reduces_the
r esi dual Bsbhﬂﬁ&BmE sl y, i d
shown in th

i n_the
S can aI so_,\tges
bl ast furth hows an exp '
f 3¢

Fig 7 with a ovvnstrea ref | t er. 60—of

domnstreanrchrcane consi sting of the perforated sheet casing 40 and
perforated sheet cap 44, the prefilter 801%oul d be damaged under a
relatively |arge residual air blast.

CLAIMS

1. Protection device with means for reducing the air blast
of pressure waves in ventilation systems of closed
rooms (14),
characterized in that
Imechanica.lly strong means are attached downstream of
the ventilation system in relation to the pressure
direction (X) and are formed as basket-like air-
permeable chicanes (40, 44) which retard the air blast.

2. Protection device according to Claim 1 to reduce the
residual air biast of preséure waves behind an
explosion protection wvalve (10), which explosion
protection valve (10) has a valve housing (16) with an
inlet (18) and an outlet connector (20), a
dimensionally stable, mobile valve closing body (22)
with peripheral annular sealing surfaces (22a, 22b),
fixing elements (24) :_Eor' floating positioning of the
valve closing body (22) and annular valve seats (26,
28) arranged on both sides of this in the direction of
the inlet {(18) and outlet connectors (20) ,
characterised in that mechanically strong basket-like

) means of reducing the residual air blast are arranged
at least partly downstream of the valve closing body in
relation to the explosion pressure directic_m {X).

3. Protection device according to <claim 1 or 2,
characterised in that the basket-l:.ke chicanes (40, 44)
are attached by flanges.

4. Protection device according to any of claims 1 to 3,
characterised in that the basket-like chicanes (40, 44)
consist . of at least single-layer perforated sheet
metal, slotted sheet metal or fine wire mesh which
preferably has the form of a cylinder, a truncated

L) O B A



10 In the designformin Fig 12, a baffle plate 46-%s al so provided which

>N

oved, pr,ot ecti seEsafh prefil . .
ﬁlﬁﬁ ﬁﬂi‘g’g 10 coﬁﬂggLsoé 9532)2% g 9. [{wWth t ﬂg;gﬂggliﬁﬁw SHEET

brings Tultt roi

explosi on I o)

pr ot ection.)m W ti gs 8 ant=tf—a-—tewrstreartprefilt 'Da@OZchrﬂ&sﬁﬂs'
be fitted i using 16 has an angled ring 15 prigtte—62—an—the-

outl et side. The expl osion protection valve according to Fig 13 is
- specially shaped on the inlet side. The i APet” connector 18 has an end

~attachnment with an outer pi ge 64 and an inner -
: cone, a sphere or a hemisphere and have a free cross-

section up to a maximum of approximately 508%.

5. Protection device according to claim 4, characterised

| in that the part of the basket-like chicane (44) 1lying

opposite the outlet opening of the outlet connector is
designed to be air-tight.

6.' Protection device éccording to any of claims 1 to 5,
characterised in that a prefilter (60) is arranged over
the basket-like chicanes (40,44) to reduce the residual
air blast. |

7.  Protection device according to any of claims 1 to 6,
characterised in that a baffle plate (46) with side
inlet openings (52) is arranged to cover the inlet
opening of the inlet connector.

8. Protection device according to any of claims 2 to 7,
characterised in that in the area of the inlet opening
of the inlet connector (18) of the explosion-protection
valve (10),_ preferably in a baffle plate (46), a
coaxial sleeve (54) is held which ha_.s a small internal

) diameter (d) in relation to the inlet connector (18)

) .and a length corresponding at least to the axial
displacement path of the valve closing body (22), and
-in this sleeve (54) is guided a piston (56) connected
to the valve closing body (22) wvia a push rod (58),
where the push rod (58) is preferably designed as a
tube..

9. ' Protection device accord.'i.ng to any of Claims 2 to 6,
characterised in that the inlet opening of the inlet
connector (18) of the explosion-protection valve (10)
is partly closed by a plate (67) which has a coaxial
bore for a control pipe (76) of smaller internal
diameter (d) extending to the valve closing body (22)

* c L M H *




p| pe 66. The outer pipe 64 is solid and connected wth the_lnlet conneetos
via an 20 apertured plate 68. Lj e ;lugip%gg ch pal tAépL(A@ENENTtMET

inl et opening, the apertured pl af{eTtd8 ﬂhe oufier tu
oyt expl (o]:1 ol 3&‘?1&5

two apertured fixing tabs 70 whigh _serve TOo Tix—thel expl o§i ia PFOL.!
val ve 10. The inlet opening of the rnlet connector 18 is e ““““
for the ingress of any 25 expl osion pre 4Ire waves in direction X - I n
t he peripheral area, by an annular gap 7 and - in the central area, by

an i nner charrberagé aI: fegggt <r>roxle 'Beg:l.pl71er rangmmg in an outer annular

gap (72), where this outer annular gap is limited by an
inner tube (66) which diverts the main flow of the
explosion pressure wave in a siphon-like manner, and
the valve closing body (22) has a guide pipe (78)
placed over the control pipe (76).

10. Protection device according to c¢laim 8 or claim 9,

.~ characterised in that .the internal diameter (d) of the
sleeve (54) or the control pipe (76) in the explosion
protection valve (10) is between 0.1 and 0.3 times,
preferably between 0.15 and 0.25 times the inner
diameter (D) of the inlet connector (18). |

11. Use of the protection device according to any of claims
1 to 10 in protected rooms for ©persons and/or
equipment, containments in nuclear power stations and
other, offshore, equipment .

Sheet Has Been Reﬂlaced
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coaxially with the inlet connector t he_inlet —openi-png-—t-6-;

the val've 30 closing body 22. /N6 loHeerHAS BERMa| val @m@mmm[
is inserted an open tube which fifls ovemgpACERNL r olil pi p
N Date 213501995 ||l
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ABSTRACT

PROTECTION DEVICE AGAINST PRESSURE AIR BLASTS'

The protection device with means to reduce the air blast of
pressure waves is used in ventilation systems for closed
rooms (14). '

Mechanically strong means (40, 44) are arranged downstream
of the ventilation system in relation to the pressure
direction (X) and designed as basket-like air-permeable
chicanes (40, 44) to retard the air blast. In protection
devices with explosion-protection valves (10), a small part
of the pulse of the explosion pressure waves acts directly
on the valve closing body (22) and closes this at least
partly before the main impact of the pressure waves acts.

The protection devices are used for example in protected
rooms for persons and equipment, containments in nuclear
‘power stations and other, offshore, equipment.

)
i



76. Thus the val ve.cl osing body 22 can be noved from one val ve seat 26 to
the other valve seat 28 along the control pipe 76. The valye- il
22, .as in all other variants, is also equipped with nmeans fBEPtKQEMENTSUE;;
one or the other valve seat 26, 5 28 so that after an e pIOS|Qn‘cmEC1 :
suction, the rest position can be assuned_again inmedi at eljlyDatas.. explarnedwtjj
above, these neans nmay be radial or taggentlal springs. T et ar ea of

the control tube 76 anpbunts to approximately 10% of the inlet area of the
annul ar gap 72. In an explosion, a corresponding part of the expl osion
pressure 10, waves in the inner chanber 74 of the control pipe 76 is passed
in a direct straight path

o )
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to the valve closing body 22. This noves like a projectile in the direction
of the first valve seat 26 and cl oses the outl et connect or :28=—A:- mteh—r———-

greater part of the explosion pressure waves entering the HrMERPLACERENT/SHEET
defl ected on the apertured plate 68 in the direction of arflow 8 Irﬁggl
in the direction of the inlet opening of 4He inlet 15 confjextters. 18X M0

defl ected again in the direction of thelgrrOM/SZ and passe&=tf -

cl osi ng body -22 which has al ready noyxed4'n the direction of the val ve seat
26 or has even already reached this.|TH
pressurized air blast causes a weake

residual air blast is considerably §

22
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reduced. A further reduction is achieved if the chicanesz= i

previous figures 20 are attached at the outlet connectg REQLAGEMENT, SHEET
tube 64 is concreted into the wall 12 (Fig 1), but can d SO beguaﬁg%%l
this with correspondi ng desi gn neasures %o_r r ei nf or cenenjf .DaRE...AFilgrrgsil
shows a sinple protection device wth a basket-1ike perf}? d-cni cane 44
to reduce the air blast of pressure waves in direction X. The free surface
area factor is approximately 30% The pressure waves to be expected in the
case of a catastrophe are relatively small and

22
/2
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30 do not contain harnful substances, so no explosion-protection valve

I ncl uded. [err] A wall opening 15 for ventil ation
16 which is screwed to a fixing flange of the interna
mounted in the wall 12 with a fixing 21. If an expl osi
were used, the casing would be the val ¥e-housi ng.

o OtEqt 0Ec 9
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5 Several of the variants wth an expl osion-protection valve 10 shown in

the preceding figures have basket-like chicanes 40, 44 which in thﬂ.d&;&&&q
gfr Sheth

formaccording to Fig. 14 can be flanged directly onto tWE“gﬁg
wal | opening 15, with or without a prefid ter 60 being mouynRE gs ﬁé
12). 10 Finally, also according to Fig. 14, an external q—&%lq __ngunan

(Figs. 5, 6) with inlet openings 52 can be nounted which
of the pressure waves.

pmmenn il




In summary, a protection device is able to reduce the air blast of
waves in an 15 explosion or simlar occurrence. In co-op ]
precedi ng expl osion protection valve, this protection devi
and practically conpletely elimnates the pul se passing thpough
cl osure, and the peak excess pressure'o? The residual air RIRAe M
expl osi on pressure waves, in particular those of conventio ature, which
occur in strong to very strong explosions. The expl osion 20 protection
val ve conprises a valve housing with an inlet and an outlet connector, a

di mensi onal |y stable, nobile valve closing body with peripheral annular

seal i ng
]

-g‘%&; % v
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surfaces, fixing elenents for floating positioning of the valve closing
body and annul ar valve seats arranged on both sides of this in the

direction of the inlet and outlet connectors. 25 Mechani cal [y StTon Teal
are mounted downstreamin relation to the,pressure directi® CRMENT SHEET
ventilation device and are designed as baSKet-Iike air-perﬁgablﬁgcyﬂnfsnﬁgﬁ
which retard the air blast. Special and further design forh_ W 0 1 1=

expl osi on protection valve according to the invention are the subject of
dependent patent cl ains.

—
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30 Under strong pressure air blasts, in cooperation wth the
devi ce, an expl osion-protection valve to prevent danage

conpri ses nechanically 13 [err]‘s?£ohg ashét §g§
chicanes to reduce the residual air bI_agti whi ch are a\tﬁpge(ﬂ a{




partly downstream of the valve closing body in relation to the expl osion

di rection.
opening or valve 5

the residual air bl ast,

are preferably pattached with flangeg§.

The basket-1ike chicanes arranged downstream of the ventilation
closing body to reduce the air blast, in patticular

fe . REP| ACENMENT SHEET
known renovabl e and pernmanent fixing nethods can al so be usgd. %ﬁ

mechani ca
the other parts of
The air nol ecul es

whi ch reduces the e

resi dual air bl ast,
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al ve wher,e appl
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he expl osi on protectjon o210
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4 L .

short closing tinme of the valve closing body, is reduced. As special desiagn
forms, the basket-like chicanes nay for exanple consist of[fEf5 e ?&ﬁ%ﬁﬁ"
sheets, slotted sheets or fine wire nesh baskets which cani| i€ EMENi

one or nore layers. The clear cross-seghion is preferably g maxijum EE,

The geonetric shape of the basket may for exanple be cylin r@%%l"4ﬁp !
coni cal, spherical or hem spherical. Irrespective of the geometrical shape
and design of the passage openings, the chicane nust have an essentially

hi gher mechanical strength 20 than for exanple a conventional prefilter.
However the nechanical strength of

0 N



chi ganes arranged downstream of the valve closing body REB&,@ k%_u'l:;' :

| ower than that of upstream protective etenents which arg exp MERT BHEET
full destructive power of wunretarded expl osion pressure \ aqg-_ZZB'UCTTW
dowrist ream chi canes can be optim sed with regard to thei (LSiz& gnd- -strape; -
t he size and shape of the holes, the distance between the holes etc. Dby
experinent. In addition to a downstream chi cane, a sinple protective

el enent can al so be nmounted upstream of the val ve closing body, for exanple

in the formof a baffle plat ?Rmﬁbﬁﬁﬁcﬁﬂéwm ngs for an expl osion
pressure air bl ast. .
PRESSURE AIR BLASTS-

Background

The invention relates to a protection device with means for reducing the air blast of
10  pressure waves in ventilation systems of closed rooms. The invention also concems

the use of the protection device.

Protected rooms for persons and/or equipment, containments for nuclear power
stations and other, offshore, equipment must firstly be ventilated and secondly resist
15  pressure air blasts. Depending on the strength of the air pressure waves expected and

the use of the closed rooms, appropriate protective devices are fitted.

Explosion protection valves are used for the pressure-resistant closure of supply and

extraction air openings in protected rooms or in other exposed objects. These provide
20 effective protection for people and equipment against the effects of nuclear and

conventional explosions including the suction following each explosion, as a valve

seat is arranged on both sides of the valve closing body.

In the valve housing, the valve closing body, usually structured in the known manner

25 as avalve disc, valve ball or valve plate, is suitably suspended on radial or tangential
springs (cf. for example CH-PS 482964) with a large annular section clear from the
valve housing. When a strong pressure wave occurs, the valve closing body is thrown
against the sealing surface on the room side by the air blast and pressed into this valve
seat, preventing the passage of air after the valve has closed. With a powcrﬁﬂ

30 subsequent suction, the valve closing body closes in a similar manner in the opposite
direction. After the short phase of excess or reduced pressure subsides, the springs

automatically reset the valve closing body for normal ventilation operation. The




14 [err] In a variant of the invention with an expl osi of)-RERUACEMENT Sietee.|i
a smal|l part of the explosion pressure wave nay activatkg nean vti
directly on the valve closing body and press this into Hﬁk}te:nf.z..e .9?11(1%
val ve seat. The main inpact of the _ '
explosion protection valve works passively, the valve closing body cannot be brought

to the closed position by a control and/or actuator element.

Although the valve closing body is thrown into the valve seat like a projectile under a
5 high explosion pressure, air can pass for a period of the order of one millisecond, a

phenomenon known as residual air blast.

Known explosion protection valves are used both as extraction air and supply air
valves. Extraction air valves in ventilation systems for protected rooms, diesel

10 cooling systems or refrigerating plants have a degree of protection of 3 bar for
example. In this case, the extraction air valves can simultaneously be used as excess
pressure valves if they have a corresponding flap or similar on the room side. As
supply air valves for ventilation systems of protected rooms, diesel cooling systems
and refrigerating plants with the same degree of protection, explosion protection

15  valves suitably have a downstream prefilter for dust separation in the protected rooms.

In a nuclear explosion, the air blast load with a strong excess pressure phase can last
for a relatively long time, for example 10 to 500 ms. The closing phase of the
explosion protection valve is at most a few milliseconds, typically 1 to 3 ms. In

20 contrast, with conventional explosions, the phase with high excess pressure is very
short, for example 1 to 10 ms. A conventional air blast load can therefore diminish
during the closing phase of the valve closing body. The duration of the excess
pressure phase of a conventional air blast may even be similar to the closing time of
the explosion protection valve, so the mean pressure load acting on the valve during

25 the closing process is considerably lower than in the case of nuclear explosion.
Explosion protection valves developed on the basis of nuclear load data can also be

used in the conventional range for essentially higher pressure loads.

Also, the requirements applicable for the nuclear load with regard to leakage are not
30 relevant for conventional air blasts in view of the very short excess pressure period.
In conventional load cases, elements and components, for example gas filters,

downstream of the explosion protection valve are exposed only to load from a residual

vaimgutestl




expl.osi on pressure waves thus occurs only when the val ve I&Es?mgtmgm-;—
already 5 closed partly, alnost conplegely, or conpletely. Thj

significant reduction in the residual air blast. By conbi |D¢©912e1;ﬁ§n
descri bed above, this residual air blast can be reduced StTTIT TUrt-Her
activate t hairbias defandd dbgvelbuewbul berdairaged #ith eogéspohdifglytiung amésimﬁbl y 10
approximately 1 to 10% in particular approxinmately 2 to 6% of the -

expl osi on pEessYCHVaANERe acting on the inlet connectors can be deflected. .
Wth the expl osion protection valve, the residual air blast, in particular
of

To reduce the pulse and peak excess pressure occurring in the explosion protection
5 valve as a residual air blast, pressure reducers are known which are connected

upstream in relation to the direction of explosion pressure, for example in the form of
baffles and/or other deflector elements. These must have an extremely high
mechanical strength or they would be destroyed by the first front of an explosion
pressure wave and rendered useless.

10
EP,A1 0489183 describes an explosion protection unit with an expiosion protection
valve and an upstream passive protection element which consists of a slotted inlet
opening between two parallel fnetal elements leading to a connecting chamber. The
elements are guide surfaces arranged at an angle in the direction of flow. Open

15  longitudinal reflection chambers connect with the connecting chambers in the
direction of the inlet opening and are in turn linked to an expansion chamber via a side
passage opening. This expansion chamber has an outlet opening leading to the
explosion protection valve. The explosion protection unit according to
EP,A1 0489183 with upstream passive protection element is expensive and bulky

20  because of the high mechanical strength required.

DE,A1 3627490 describes an explosion protection valve for ventilation pipes to
protected rooms which consists of a combination of a pressure impact protection with
path deflection and extension on one side and a dust filter on the other side. The path
25 deflection and extension is used to extend the duration of the impact front occurring
on the valve closing body. This air guide is designed as a multicyclone with a number
of mutually parallel cyclones, but this secondary function is of no further interest for
the present invention. The explosion protection valve to DE,A1 3627490, in which
the valve closing body is closed by the main blast of the pressure wave, is expensive

30 and complex with regard to the reduction of the residual air blast.




conventi onal expl osions, can be reduced. In this way the p{jl BEPLAGEMENT SHEET
before 15 conplete closure and the peaksexcess pressure affe di 'njmdgg-l
such that there is no harnful effect on humans, ani mals an /Qﬁ*@ggu-- née——'
Known t echni cal neasures can be used to equip an expl osi on"protectrom varv
according to enbodi nents of the iSunamatyosf Iwvéntioan excess pressure flap or a
downstream prefilter depending on the specific application. 20 The

expl osion protection val ves preferably used according to enbodi nents of the

According to the invention, there is provided a protection device with means for
reducing the air blast of pressure waves in a ventilation system of a closed room,

5 characterized in that mechanically strong means are attached downstream of the
ventilation system in relation to the pressure direction and are formed as basket-like

t

air-permeable chicanes which project into the closed room and retard the air blast.

Preferably, the explosion protéction valve has a valve housing with an inlet and an

10  outlet connector, a dimensionally stable, mobile valve closing body with peripheral
annular sealing surfaces, fixing elements for floating positionihg of the valve closing
body and annular valve seats arranged on both sides of this in the direction of the inlet
and outlet connectors, and the mechanically strong basket-like means of reducing the
residual air blast may be arranged downstream of the valve closing body in relation to

15  the explosion pressure direction.
The basket-like chicanes may be attached by flanges.

The basket-like chicanes inay consist of at least single-layer perforated sheet metal,
20 slotted sheet metal or fine w1re mesh which preferably has the form of a cylinder, a
truncated cone, a sphere or a hemisphere and have a free cross-section up to a

maximum of approximately 50%.

The part of the basket-like chicane lying opposite the outlet opening of the outlet
25  connector may be designed to be air-tight.

A prefilter may be arranged over the basket-like chicanes to reduce the residual air
blast.

30 A baffle plate with side inlet openings may be arranged to cover the inlet opening of

the inlet connector.



I nvention are wear-free and practically maintenance-fre Pé'gci P%B'%QEET
supplied with an effective corrosion progection. The entf g, CEO0Si 397
mechani sm consi sts of known materials of high inpact re (a7 =S o | AR

exanpl e chrom um ni ckel or chrom um 25 nol ybdenum ni ckel steel. Materials

of | ow densiAdditidrially tb theanechaiosllyestronl Gaskes liké fRamyuf redistig thepaiduabaier gy of
the val ve cl osing body on the valve seat_are of particular inportance.

Val ve cl osi rfidashiuielationeithegxplogign prosayre direetion; theslevigamay bave awalyen al | oy or

2 Composi t © JALSE it dhiof SRl Grth bl s Himbheblity SR ARG 201 vl

closing body with peripheral annular sealing surfaces, fixing elements for floating
5 positioning of the valve closing body and annular valve seats arranged on both sides

of this in the direction of the inlet and outlet connectors.

In the area of the inlet opening of the inlet connector of the explosion-protection
valve, preferably in a baffle plate, a coaxial sleeve may be held which has a small

10  internal diameter in relation to the inlet connector and a length corresponding at least
to the axial displaéement path of the valve closing body, and in this sleeve may be
guided a piston connected to the valve closing body via a push rod, where the push
rod is preferably deéigned as a tube.

15  The inlet opening of the inlet connector of the explosion-protection valve may be
partly closed by a plate which has a coaxial bore for a control pipe of smaller internal
diameter extending to the valve closing body and at least one peripheral opening in an
outer annular gap, where this outer annular gap may be limited by an inner tube which
diverts the main flow of the explosion pressure wave in a siphon-like manner, and the

20 valve closing body may have a guide pipe placed over the control pipe.

The internal diameter of the sleeve or the control pipe in the explosion protection
valve may be between 0.1 and 0.3 times, preferably between 0.15 and 0.25 times the
inner diameter of the inlet connector.

25
According to another aspect of the invention, there is provided a use of the protection
device of the present invention described above in protected rooms for persons and/or

equipment, containments in nuclear power stations and other, offshore, equipment.

30
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Drawings

In order that the invention might be more fully understood, embodiments of the
invention will be described, by way of example only, with reference to the

5 accompanying drawings, in which:

- Fig 1 is part of the prior art and shows a mounted explosion protection valve of a

known type;

10 - Fig 2 is part of the prior art and shows the explosion valve in Fig 1 with shock tube

and measurement tube flanged in place;
- Fig 3 shows an explosion protection valve with perforated sheet casing constructed
in accordance with an embodiment of the invention;
15
- Fig 4 shows a variant according to Fig 3 with a perforated sheet basket;
- Fig 5 shows a variant according to Fig 3 supplemented with a baffle plate;
20 - Fig 6 shows a combination of Figs 4 and 5; '

- Fig 7 shows a variant according to Fig 3 with smaller perforated sheet casing;

- Fig 8 shows a variant according to Fig 4 with smaller perforated sheet basket;

25
- Fig 9 shows a variant according to Fig 8 with baffle plate;
- Fig 10 shows an explosion protection valve with advanced tripping of the valve
closing body by a push rod;

30

- Fig 11 shows an explosion protection valve according to Fig 8 with downstream
prefilter;
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- Fig 12 shows a variant of Fig 11 with baffle plate;

- Fig 13 shows an explosion protection with pneumatic advanced tripping of the valve
5 closing body, and | '

- Fig 14 shows a wall opening for ventilation with an internal chicane.

10 Embodiments

Referring to the drawings, Fig 1 shows an explosion protection valve 10, known in
itself, which is installed in a wall 12 of a closed room 14. The explosion protection
valve 10 comprises a valve housing 16 with an inlet connector 18 extending through

15  the wall 12 and a short outlet connector 20 arranged on the protected room side.
The two-part valve housing 16 is attached to the wall 12 with fixings 21.

In the valve housing 16, an aerodynamically-shaped valve closing body 22 is

20 suspended floating on several springs 24 running in a radial direction. The valve
closing body 22, designed as a disc valve in the present case, consists of a solid
chromium nickel steel plate approximately 2 mm thick. Between the valve closing
body 22 and the valve housing 16 is a large clear annular chamber. In this normal
ventilation position, the explosion protection valve 10 is sensitive neither to

25 contamination (dust, sand) nor icing.

‘When explosion pressure waves occur, the valve closing body 22 is thrown in
direction X, the direction of the explo;ion pressure, against the outlet connector 20
and pressed on a first valve seat 26 to form a seal with a peripheral annular sealing

30 surface 22a. For 1 to 5 ms, the closing time of the valve closing body 22, pressurised
air can penetrate the protected room 14, after which the explosion protection valve 10

closes tightly. Under the subsequent immediate suction, the valve closing body 22




16 . [err] CLAIMS 1. Prot ection deyji BEPYAGEMEREASEEDS
reducing the air blast of pressure wavesgin a ventilatiof syst2nl d3CTai997

cl osed room (14), characterized in that 5 nmechanic'8¥f y--st-rong..neaNS
are attached downstream of the ventilation systemin relatrom to the
pressure di _ﬁﬂ@&ds@ﬂp&sl@)at@ﬂﬁe@foﬁ)ﬁ@%ﬂiﬁa@&oﬂé%ﬁ%s&aﬁ&saﬁdisﬁéﬂ"s@@ﬁé&i@stcm canes
(40, 44) which project into the closed room (14) and retard the air blast.
2. Pr ot edhisayithieperipherat sanuddrsgaling sarfa¢ed2b until thediacanm kscfilledsindibd  ai r

bl ast of

valve closing body 22 is returned by springs 24 to the rest position shown in dotted
lines. The two closed positions of the valve closing body 22 are shown in dotted

5 lines.

Fig 2 shows a test arrangement for pressure impact tests with explosion protection
valves 10. On the inlet side is a shock tube 30 with a measuring sensor 32, on the
outlet side a ineasuring tube 34 with a second measuring sensor 36 and a third

10  measuring sensor 38. The characteristic data for the explosion protection valves 10
shown in Figs 3 to 13 were measured and evaluated with the test arrangement in Fig
2. All explosion protection valves 10 shown in these figures are variants of the

invention.

15 According to the design form in Fig 3, the explosion protection valve 10 has on the
outlet side a perforated sheet metal casing 40 which is suspended from an angled
circular profile 42 and sealed with a gas-tight cap 44. The perforated sheet casing 40
and cap 44 form a downstream chicane which reduces the residual air blast according
to the invention in the case of an explosion. The sharp peaks of the residual pulse of

20 the pressure wave are smoothed.

The word chicane is used herein in the sense of being a barrier, an obstacle or a form
of resistance which, in this case, is used advantageously to impede the air blast. The
chicane reduces the residual air blast by acting as an obstacle. Accordingly, the word |

25 chicane would not extend to apparatus or parts which do not have a prime purpose of
acting as an obstacle. For example, the term chicane would not cover apparatus or
parts that are intended primarily to fulfill a filtering function, since the function of
impeding is considered to be quite different to filtering. -

30 [Itis important to note that in Figure 3 the perforated sheet casing 40 and cap 44, in the
form of a downstream basket-like chicane, project into the room. This feature of the
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5 sheet, the downstream chicane consisting of the perforated sheet casing 40 and the
perforated sheet cap 44 is known as the perforated sheet basket.

The downstream chicanes in relation to the explosion pressure direction X of the valve
closing body 22 according to Figs 5 and 6 correspond to Figs 3 and 4. On the inlet

10  side, on flange 48 of the inlet connector 18 is mounted a solid baffle plate 46 as an
upstream chicane which is supported on four triangular feet 50 and leaves large side
inlet openings 52 clear. The baffle plate 46 takes the first force of the explosion front

and with the downstream chicane effectively reduces the residual air blast.

15  Fig 7 differs from Fig 3 only in that the perforated sheet 40 is placed immediately
~ over the outlet connector 20. The downstream chicane formed by the perforated sheet
40 and closing cap 44 has a smaller diameter and hence a smaller volume than in Fig
3. Fig 8 differs from Fig 4 in the same way, and Fig 9 from Fig 6.

20 Inthe design form according to Fig 10, the baffle plate 46 has a sleeve 54, coaxial
with the explosion protection valve 10, which projects into the inlet connector 18. In
this sleeve 54 is guided a piston 56 lying against the inner wall which is connected
with the valve closing body 22 via a push rod 58. The length of the sleev.e 54 is such
that the piéton 56 remains in the sleeve on maximum travel of the valve closing body

25 22 in the axial direction. The push rod 58 is firmly anchored in the valve closing body
22. The push rod itself is designed as a tube and, like the entire closing mechanism, is

made from chromium nickel steel.

If an explosion pressure wave spreads in direction X, a part corresponding to the
30  geometric conditions is passed into the sleeve 54. The piston 56 is suddenly pressed
down and thus the valve closing body 22 bought into the closed position. The

remaining explosion pressure enters the inlet connector 18 via the side inlet openings
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can also be used to reduce the residual air blast further.

Fig 11 shows an explosion protection valve according to Fig 7 with a downstream
prefilter 60 of the known type. Without the downstream chicane consisting of the
perforated sheet casing 40 and perforated sheet cap 44, the prefilter 60 would be
damaged under a relatively large residual air blast.

In the design form in Fig 12, a baffle plate 46 is also provided which brings further
improved protection of the downstream prefilter 60. This explosion protection valve
10 corresponds to Fig 9. With the explosion protection valves 10 in Figs 8 and 10, a
downstream prefilter 60 can also be fitted if the valve housiﬁg 16 has an angled ring
profile 62 on the outlet side.

The explosion protection valve according to Fig 13 is specially shaped on the inlet
side. The inlet connector 18 has an end attachment with an outer pipe 64 and an inner
pipe 66. The outer pipe 64 is solid and connected with the inlet connector via an
apertured plate 68. Like the plate 67 which partly covers the inlet opening, the
apertured plate 68 is solid. On the outer tube 64 are two apertured fixing tabs 70
which serve to fix the explosion protection valve 10.

The inlet opening of the inlet connector 18 is only partly clear for the ingress of any

explosion pressure waves in direction X:

- in the peripheral area, by an annular gap 72, and

- in the central area, by an inner chamber 74 of a control pipe 76 arranged
coaxially with the inlet connector and extending from the inlet opening to the valve
closing body 22.
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In the valve closing body 22 is inserted an open tube which fits over the control pipe

76. Thus the valve closing body 22 can be moved from one valve seat 26 to the other
valve seat 28 along the control pipe 76. The valve closing body 22, as in all other
variants, is also equipped with means for return from one or the other valve seat 26,

5 28 so that after an explosion or suction, the rest position can be assumed again

immediately. As explained above, these means may be radial or tangential springs.

The inlet area of the control tube 76 amounts to approximately 10% of the inlet area
of the annular gap 72. In an explosion, a corresponding part of the explosion pressure

10  waves in the inner chamber 74 of the control pipe 76 is passed in a direct straight path
to the valve closing body 22. This moves like a projectile in the direction of the first
valve seat 26 and closes the outlet connector 20. A much greater part of the explosion
pressure waves entering the annular gap 72 is deflected on the apertured plate 68 in
the direction of arrow 80, repelled in the direction of the inlet opening of the inlet

15  connector 18, there deflected again in the direction of the arrow 82 and passed to the
valve closing body 22 which has already moved in the direction of the valve seat 26 or
has even already reached this. The double deflection of the pressurized air blast
causes a weakening and a time delay. Thus the residual air blast is conSiderably
reduced. A further reduction is achieved if the chicanes shown in the previous figures

20 are attached at the outlet connector 20. '

The outer tube 64 is concreted into the wall 12 (Fig 1), but can also be mounted on

this with corresponding design measures for reinforcement.

25 Fig. 14 shows a simple protection device with a basket-like perforated chicane 44 to
reduce the air blast of pressure waves in direction X. The free surface area factor is

approximately 30%.

The pressure waves to be expected in the case of a catastrophe are relatively small and

30 do not contain harmful substances, so no explosion-protection valve is included.
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Several of the variants with an explosion-protection valve 10 shown in the preceding
figures have basket-like chicanes 40, 44 which in the design form according to Fig. 14
can be flanged directly onto the casing 16 of the wall opening 15, with or without a
prefilter 60 being mounted (Figs. 11, 12).

10

Finally, also according to Fig. 14, an external baffle plate 46 (Figs. 5, 6) with inlet

openings 52 can be mounted which breaks the force of the pressure waves.

In summary, a protection device is able to reduce the air blast of pressure waves in an
15  explosion or similar occurrence. In co-operation with the preceding explosion
protection valve, this protection device simply, safely and practically completely
eliminates the pulse passing through before its closure, and the peak excess pressure
of the residual air blast of explosion pressure waves, in particular those of
conventional nature, which occur in strong to very strong explosions. The explosion
20 protection valve comprises a valve housing with an inlet and an outlet connector, a
dimensionally stable, mobile valve closing body with peripheral annular sealing
surfaces, fixing elements for floating positioning of the valve closing body and

annular valve seats arranged on both sides of this in the direction of the inlet and

outlet connectors.
25
Mechanically strong means are mounted downstream in relation to the pressure
direction of the ventilation device and are designed as basket-like air-permeable
chicanes which retard the air blast. Special and further design forms of the explosion
protection valve according to the invention are the subject of dependent patent claims.
30

Under strong pressure air blasts, in cooperation with the protection device, an

explosion-protection valve to prevent damage preferably comprises mechanically
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arranged on both sides of this in the direction of the inlet (18) and

outl et connectors (20).

The basket-like chicanes arranged downstream of the ventilation opening or valve

5 closing body to reduce the air blast, in particular the residual air blast, are preferably
attached with flanges. All other known removable and permanent fixing methods can
also be used. The mechanical strength of the basket-like chicane must correspond to
that of the other parts of the explosion protection valve where applicable.

10  The air molecules are reflected or deflected in the basket-like chicane, which reduces
the energy content of the quantity of air; in particular the residual air blast, during the

short closing time of the valve closing body, is reduced.

As special design forms, the basket-like chicanes may for example consist of

16  perforated sheets, slotted sheets or fine wire mesh baskets which can be formed with
one or more layers. The clear cross-section is preferably a maximum of 50%. The
geometric shape of the basket may for example be cylindrical, truncated conical,
spherical or hemispherical. Irrespective of the geometrical shape and design of the
passage openings, the chicane must have an essentially higher mechanical strength

.20 than for example a conventional prefilter. However the mechanical strength of
chicanes arranged downstream of the valve closing body may be considerably lower
than that of upstream protective elements which are exposed to the full destructive

power of unretarded explosion pressure waves.

25 The downstream chicanes can be optimised with regard to their size and shape, the
size and shape of the holes, the distance between the holes etc. by experiment.

In addition to a downstream chicane, a simple protective element can also be mounted
upstream of the valve closing body, for éxample in the form of a baffle plate with side

30 inlet openings for an explosion pressure air blast.
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5 closed partly, almost completely, or completely. This means a significant reduction in

the residual air blast. By combining the measures described above, this residual air
blast can be reduced still further.

To activate the means acting directly on the valve closing body, preferably
10 appfoximately 1 to 10%, in particular approximately 2 to 6% of the explosion pressure

wave acting on the inlet connectors can be deflected.

With the explosion protection valve, the residual air blast, in particular of
conventional explosions, can be reduced. In this way the pulse passing before

15  complete closure and the peak excess pressure are diminished such that there is no
harmful effect on humans, animals and/or equipment. Known technical measures can
be used to equip an explosion protection valve according to embodiments of the
invention with an excess pressure flap or a downstream prefilter depending on the
specific application.

| 20

The explosion protection valves preferably used according to embodiments of the
invention are wear-free and practically maintenance-free. They can be supplied with
an effective corrosion protection. The entire closing mechanism consists of known
materials of high impact resistance, for example chromium nickel or chromium

25 mblybdenum nickel steel. Materials of low density which have a shorter closing time
and lower impact energy of the valve closing body on the valve seat are of particular
importance. Valve closing bodies made at least partly of titanium, a titanium alloy or
a composite material for example with aramide fibres (KEVLAR) have achieved very
good results.

30 |
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inclusion of cavities and recesses.

5 After an explosion, the explosion protection valves show no greater pressure loss than

before the explosion.

The embodiments have been described by way of example only, and modifications are
possible within the spirit and scope of the appended claims.
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tegsf}orz device with means for reducing the air blast of pressure waves ina
ventilation system of a closed room (14), characterized in that

5 mechanically strong means are attached downstream of the ventilation system
in relation to the pressure direction (X) and are formed as baéket-like air-permeable

chicanes (40, 44) which project into the closed room (14) and retard the air blast.

2. Protection device according to Claim 1 to reduce the residual air blast of

10  pressure waves behind an explosion protection valve (10), which explosion protection
valve (10) has a valve housing (16) with an inlet (18) and an outlet connector (20), a
dimensionally stable, mobile valve closing body (22) with peripheral annular sealing
surfaces (22a, 22b), fixing elements (24) for floating positioning of the valve closing
body (22) and annular valve seats (26, 28) arranged on both sides of this in the

15  direction of the inlet (18) and outlet connectors (20), characterised in that
mechanically strong basket-like means (40,44) of redlicing the residual air blast are
arranged downstream of the valve closing body in relation to the explosion pressure
direction (X).

20 3. Protection device according to either claim 1 or 2, characterised in that the
basket-like chicanes (40, 44) are attached by flanges.

4. Protection device according to any one of claims 1 to 3, characterised in that

the basket-like chicanes (40, 44) consist of at least single-layer perforated sheet metal,
25  slotted sheet metal or fine wire mesh which preferably has the form of a cylinder, a

truncated cone, a sphere or a hemisphere and have a free cross-section up to a

maximum of approximately 50%.

5. Protection device according to claim 4, characterised in that the part of the
30  basket-like chicane (44) lying opposite the outlet opening of the outlet connector is
designed to be air-tight. |

A
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6. Protection device accordiﬁg to any one of claims 1 to 5, characterised in that a
prefilter (60) is arranged over the basket-like chicanes (40,44) to reduce the residual

air blast.

7. Protection device according to any one of claims 1 to 6, characterised in that a
baffle plate (46) with side inlet openings (52) is arranged to cover the inlet opening of

the inlet connector.

8. Projection device according to any one of claims 1, 3, 4,5, 6 or 7, when not
dependent on claim 2, to reduce the residual air blast of pressure wave having an
explosion protection valve (10), characterised in that additionally to the mechanically
strong basket-like means (40,44) of reducing the residual air blast in relation to the
explosion pressure direction (X) said device has a valve housing (16) with an inlet
(18) and an outlet connector (20), a dimensionally stable, mobile valve closing body
(22) with peripheral annular sealing surfaces (22a, 22b), fixing elements (24) for
floating positioning of the valve closing body (22) and annular valve seats (26,28)
arranged on both sides of this in the direction of the inlet (18) and outlet connectors
(20).

9. Protection device according to any one of claims 2 to 8, characterised in that in
the area of the inlet opening of the inlet connector (18) of the explosion-protection
valve (10), preferably in a baffle plate (46), a coaxial sleeve (54) is held which has a |
small internal diameter (d) in relation to the inlet connector (18) and a length
corresponding at least to the axial displacement path of the valve closing body (22),
and in this sleeve (54) is guided a piston (56) connected to the valve closing body (22)
via a push rod (58), where the push rod (58) is preferably designed as a tube.

10.  Protection device according to any one of Claims 2 to 6, characterised in that
the inlet opening of the inlet connector (18) of the explosion-protection valve (10) is
partly closed by a plate (67) which has a coaxial bore for a control pipe (76) of smaller
internal diameter (d) extending to the valve closing body (22) and at least one

peripheral opening in an outer annular gap (72), where this outer annular gap is

-
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limited by an inner tube (66) which diverts the main flow of the explosion pressure
wave in a siphon-like manner, and the valve closing body (22) has a guide pipe (78)
placed over the control pipe (76).

11.  Protection device according to either claim 9 or claim 10, characterised in that
the internal diameter (d) of the sleeve (54) or the control pipe (76) in the explosion
protection valve (10) is between 0.1 and 0.3 times, preferably between 0.15 and 0.25
times the inner diameter (D) of the inlet connector (18).

12.  Use of the protection device according to any one of claims 1 to 11 in
protected rooms for persons and/or equipment, containments in nuclear power stations

and other, offshore, equipment.

* [ L M S *
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ABSTRACT

PROTECTION DEVICE AGAINST PRESSURE AIR BLASTS

The protection device with means to reduce the air blast of pressure waves is used in

ventilation systems for closed rooms (14).

" Mechanically strong means (40, 44) are arranged downstream of the ventilation

system in relation to the pressure direction (X) and designed as basket-like air-
permeable chicanes (40, 44) to retard the air blast. In protection devices with
explosion-protection valves (10), a small part of the pulse of the explosion pressure
waves acts directly on the valve closing body (22) and closes this at least partly before

the main impact of the pressure waves acts.

The protection devices are used for example in protected rooms for persons and

equipment, containments in nuclear power stations and other, offshore, equipment.

(Fig.12)



