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The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to an external pressure operated
valve means; and more particularly it relates to a shutter
or flap type valve which is operable in response to pres-
sure in the form of a blast or shock wave created by dete-
nation of an explosive charge. Fence, such a valve can
be termed an antiblast valve or a blast shuiter.

When an explosive weapon, and particularly a nuclear
weapon, is detonated above ihe ground in what is com-
monly termed an “air burst,” the resulting blast ‘wave
may penetrate into the interior of a building or vehicle
such as a ship and cause exiensive damage to the structure
therein, as well as causing injury to the personnel therein.
Cn ships, blast penetration through ventilation openings
can bulge or burst ducts and blow radioactive dust into
compartments. Blast penetration of boiler systems can
cause dishing and buckling of uptake structure, distortion
of breeching, failure at end connections, blowing out of
casings and damage to burners and firebrick. Such dam-
age resuiis in loss of propultion, as well as of all electric
power supplied by steam generators and thereby consti-
tutes a severe operational hazard since the ship which
may otherwise retain its fighting ability, can npeither com-
plete its mission nor leave an area contaminated by radio-
activity.

The problem of preventing blast penetration, espe-
cially in ship’s boiler systems, is not a new one and many
previous attempts have been made to build devices which
will prevent such penetration. One form of these de-
vices employs preformed cantilever springs to support
louvers which are closed by the blast pressure. However,
such springs must be made very thin and this presents
manufacturing difficulties. Also, such springs are sub-
ject to rapid wear and deterioraticn due to their contact
with corrosive agenis in the flue-gas pathways.  Other
devices which have been developed contain a variety of
shafts, bushings, bearings, lever arms, linkages, counter-
balances, coil springs, hydraulic actuators, or other me-
chanical elements which are sensitive to corrosion or
which are unnecessarily heavy or complex or otherwise
objectionable.

Accordingly, it is an object of this invention to over-
come the aforementioned shortcomings and to provide
a valve means which prevents penetration of blast waves
and which mests other requirements for marine or ship-
board use.

Another object of the present invention is to provide
a valve means which is suitable for use in corrosive and
high temperature environments, which may be made to
conform to openings of any sizé and shape, and which
is adaptable to work through very wide range of pres-
sures.

A further object of the present invention is to provide
a protective valve meaus for a system, which closes very
quickly in response to a pressure rise such as, for ex-
ample, one caused by a blast wave, and which reopens
quickly when the pressure wave subsides so as to restore
the systeml to operative condition quickly. The valve
means is especially useful in boiler air-supply systems.
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Still another object of the present invention is to pro-
vide a valve means which is resistant to the high tempera-
tures present in-boiler stacks, which resists the clogging
and corrosive action of soot and acids formed in the flue
gases and which resists the corrosive action of saltwater
spray.

Yet a further object of the present invention is to pro-
vide a valve means which is light in weight, which does
not interfere with the normal service requirements of a
ship, which can be easily and economically manufactured,
which has a minimem amount of components, which re-
quires a minimum of maintenance and which wiil be
ready to operate reliably even after years of non-opera-
tion or “stand-by” in its associated environment.

Other objects, advantages and salient features of the
present invention will become apparent from the fol-
lowing description, taken in connection with the accom-
panying drawings, which illustrate a preferred -embodi-
ment, in which:

FIG. 1is a fragmentary diagrammatic transverse cross-
sectional view of the valve means of the present invention
located in a typical boiler system position;

FIG. 2 is a fragmentary perspective view of a valve
means in accordance with the present invention;

FIG. 3 is a simplified explcded view of a portion of
the grate which forms a part of the valve means of the
present invention; and

FIG. 4 is a schematic diagram used for solving the
equation of motiocn of the valve means of the present
invention.

Briefly, the preferred embodiment of the present inven-
tion provides a valve strong enough to withstand the high
pressures associated with a blast wave, a valve which will
open or close quickly, and specifically in about 5 .milli-
seconds (msse.), a valve resistant to high temperatures,
and specifically up to 550° F., and a valve which will
meet all the other requirements set forth above in-the
objects of this invention. To these specific ends, the valve
means consists essentially of a stainless steel grate or
framework formed of a plurality of intersecting longitu-
dinal and transverse members which thus define a plu-
rality of parallel rows of spaced openings or interstices.
The grate is provided with a row of cut-out slot portions
adjacent each row of interstices and a titanium vane
mounted in each row of slot portions and extending an-
gularly over the associated row of interstices at an angle
of about 60 degrees. Vane stops then force the vanes
to bend forward to an angle of about 45 degrees and re-
main in this position, thus forcing the vanes to bear par-
tially against a curved portion of the grate adjacent each
slot but without closing the slots. In this manner the
vanes are pretensioned in normal open position and their
tendency to rattle is reduced.

Upon arrival of a blast wave, the blast pressures force
each vane to bend completely over the curved portion in
the grate and then onto flat portions of the grate, adja-
cent the curved poriions, thus closing the valve. After
the blast pressure decays, potential energy stored in the
elastically bent vanes forces them to spring back against
the vane stops immediately, thus opening the valve and
permitting normal air flow again.

Referring now to the drawings, FIG. 1 shows a pre-
ferred embodiment of the present invention on a marine
vessel wherein ihe vessel’s boiler system smokestack 18
having conceniric outer and inner portions 12 and .14
respectively extends upward through the main deck 16.
An intake 18 in the outer portion 12 provides an air in-
take to the boilers between the concentric portions 12
and 34, Exhaust fumes from the boilers escape through
the interior of the inner stack portion 14. A valve means
2@ in accordance with the present invention is mounted
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within the stack 10 below the main deck 16 and extends
completely across the intake and exhaust openings so
that both will be closed when the pressures accompanying
a blast wave operate the valve means 29.

FIG. 2 shows the construction of the valve 28. - The
movable valve member comprises a plurality of thin
vanes, sheets, flaps or shutters 22 each having substan-
tially parallel front and back planar surfaces and fabri-
cated of a material which balances the requirements of
fast closing and reopening times, corrosion and tempera-
ture resistance, high strength and elastic springback.
Titanjum has proved to be a satisfactory material since
it satisfies the corrosion and temperature requirements
and its light weight, less than two-thirds that of steel,
contributes to fast operating times. The thickness and
width of the vanes 22 and the bending radius cut in the
grate must be balanced against the modulus of elasticity
and yield strength of the vane material by a trial and er-
ror process. In a model which was built with a titanium
vane such a trial and error process resulted in dimensions
of (width) «=2%% inches and (thickness) h==145 inch.

When a vane of thickness /2 and modulus of elasticity
E is bent around a circular arc whose radius is o, the
maximum bending stress ¢ is given by

Eh

=%

which for titanium is

_17X105% 0.031
7= 2% 2.5

It should be noted that this bending stress is less than 115,-
000 p.s.i., the yield strength of titanium. The low modu-
lus of elasticity and high yield strength of titanium per-
mit bending -around. the relatively small radius of 2.5
inches without permanent deformation so that 100%
springback is obtained.

The yield strength of titanium  decreases somewhat
with increasing temperature but so does the modulus of
elasticity so that the ratio E/c, on which springback and
permanent deformation depend, is not adversely affected
by the hot stack gases.

The above formula for maximum bénding stress shown
that less stress results from a larger radius. However,
fast closing times require a smaller radius. Also, the
formula shows less stress and faster closing both resuit
from a smaller thickness. However, vane thickness much
below 155 inch are insufficient to withstand blast pressures
unless supported by a thicker grate which tends to cut
down normal air flow. In addition, a high bending stress
is desirable for good springback and fast recpening. In
a model of the valve which was constructed with «=2.5
inches and £=0.031 inch, the width of the vane 22 was
6% inches, and this was accounted for by the following

=106,000 p.s.i.

design considerations:

Inches
For attachment in the grate slots at 60°.._______ 0.50
For pretensioning from 60° to 45° . _.._________ 0.665
For bending about curve in grate_________._____ 1.96
For closing flat part of grate—.__ . ______ 3.00
Total width - 6.125

Obviously, the length of the vane 22 can be varied with-
out affecting the closing time of the valve.

A grate 24, as can be best seen from FIGS. 2 and 3,
consists of slats 26 and crosspieces 28 which are assem-
bled together by welding or other uitable fastening means
and which form rows of spaces or interstices therebe-
tween. Since titanium cannot be readily welded to steel
as would be necessary in installation of the grate on a
ship, other material should be used for fabrication of the
grate. Type 316 stainless steel has proved satisfactory for
use in boiler system smokestacks.

Each slat 26 is provided with at least one cut-out por-
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tion in the form of a slot 27, the rear of which is sloped
backward to form an angle of 60 degrees with the flat top
surface of the slat and the front of which is a radial
curve extending downward from the flat top surface for
60 degrees. Each crosspiece 28 is formed with its upper
portion 29 sloping forwardly at an angle of 30 degrees
with respect to the plane of its lower portion so that the
upper portion 2% conforms angularly to the rear of the
slot 27. Each crosspiece upper portion has a flat top
surface substantially. coplanar with top surfaces of the
slats Z6. The fiat top surfaces of the slats 26 and cross-
pieces 28 are indicated as 30.

The exact method of fabricating the grate 24 is not
critical and it can be made as shown in FIG. 2; with solid
crosspieces 28 extending between the outer slats 26, or as
shown in FIG. 3 with individual crosspieces 28 between
each pair of slats 26, or by interlocking the slats 26 and
crosspieces 28 together in any other suitable manner.

Design of the grate 24 is governed by dimensions of
the vanes 22. On the basis of strength of the 14 inch
thick titanium vanes 22, center spacing between the slats
24 should be approximately 114 inches. If a unit width
of vane as it rests on the slats of the grate is considered
to be a continuous beam equal spans with each span
equally and uniformly loaded, maximum applied moment
is approximated by the formula:

M=0.1w (1.5)2=0.23w inch-pounds where w is a static
load per inch of length. Section modulus of the unit
width strip is: S=14h2=14 (142)2=0.000163 cu. in. The

maximum stress in the vane is then
M 0.23w .
U—F—m—1400w P51

In order for the stress o to reach a yield stress of 115,000
p.s.i., the yield strength of titanium, w must reach about
80 Ib./in. Since the strip is of unit width, the strip can
statically withstand 80 p.s.i. without exceeding yield.

The flat top surfaces 38 of the slats 26 and crosspieces
28 act as seats for the vanes 22. The area of these seats
is determined by the thickness of the grate members 26
and Z8. The members 26 and 28 must be thick enough to
withstand the stress which is caused by seating of the
vanes 22, but must not be toc thick or else they will re-
duce normal service air flow. It was found experimental-
ly in a valve which was made in accordance with the pres-
ent invention -that the thickness had to be g inch or
more to provide sufficient strength and corrosion resist-
ance and had to be ¥4 inch or less in order to minimize
reduction of normal service air flow, so the proper range
of thickness for the slats 26 and crosspieces 28 is be-
tween 14 and ¥ inch. Depth of the slat and cross-
piece members in the valve which was built was 3%
inches.

The vanes 22 are aitached to the grate 24 by suitable
fastening means 32 which connect each vane to its as-
sociated crosspieces 28. Apertures 34 are provided in
each crosspiece, usually midway between each two slats
26, for reception of the fastening means 32. Bolis, rivets
and other similar fasteners have proved satisfactory as
fastening means 32, however, for best results the fastening
means 32 should be fabricated of the same material as
the grate or the vanes. :

A vane stop and stressing means 36 is interposed be-
tween the rear of each vane 22 and the grate 24 for the
purpose of pretensioning the vanes 22. The stop 36 can
be a separate bar member or it can be formed as an in-
tegral, forwardly extending portion of the upper portion
29 of crosspieces 28.

Referring now to FIG. 4 which shows a schematic di-
agram for the equation of motion of the vane 22, it is as-
sumed as an approximation in estimating the closing time
of the valve, that a constant pressure difference equal to
that between the incident and reflected pressure acts nor-
mal to and uniformly over ihe surface of the vane. It is
also assumed that, during closure, the path of any point
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in the vane is an involute of the circle whose perimeter

describes the curved portion of the cut-out portion 27

of the grate 24.
The symbols in FIG. 4 represent the following:

a=the radius of the circle in inches,

b=the instantaneous point of contact between the vane
and the grate,

O=the point where the vane tip would strike if the full

" length of the vane were wound on the circle,

#=the angle between b and O in radians,

¢=a dummy variable of integration ranging over ¢ in
radians,

P=the pressure acting on the vane in pounds per square
inch,

h=the vane thickness in inches,

I=the length of the vane perpendicular to the plane of
FIG. 4 in inches,

af=the width of the unclosed portion of the vane in
inches, and

p=the mass density of the vane in lb.-sec.2/in.%

At time =0, 8;==0; and =0. At time =1,

(8—0)=Yarw

It is desired to find ¢;.
One degree of freedom is assumed, and the La Grange

equation is
d oT )___Q (1)

The terms on the left-hand side of Equation 1 are found
as follows. The velocity of the elementary strip of vane
having width ad¢ and mass phla(de) is

ds/dt=a(6—¢)ds/dt
and its kinetic energy therefore is
dT=1 (phladp) [a(6—¢) 012 2)

Summing for all such strips over the unclosed portion of
the vane,

T= hlagozf (6—¢)2dp="1phla3§203 (3)
Then
0T
ETh 4ohlab 6202 (4)
and
%(aa—g) — Yo hled B0+ phlaee (5)

The term on the righ-hand side of Equation 1 consists
of an applied moment and a resisting moment. The ap-
plied moment is found first. The increment of work
done by P on the elementary strip having area ladg
is dWy=—Force X ds=—(Pladp) [«(8—¢)d8] so that the
applied moment is

ana(dWI)— Pla2(6—¢)dé

(6)

For all such strips over the unclosed portion of the vane.

0 0
Qapplied:’fd) dWl) = Plazf _0(0—¢)d¢=:{/éPZO¢202
(7

The sense of the applied moment is negative, since its
action is such as to decrease 6.

The resisting moment is found next. The work done
in closing an infinitesimal element of vane, that is, in
bending the vane to the curvature of the circle so that the
point of tangency moves a distance «dd is

BW,=Y5 (El/o2) ado=(El/2x)d6

where EI represents the flexural rigidity of the vane. The
preceding expression represents the potential energy stored
in the bent element when the elastic limit of the material
is not exceeded. The dW,/do=EI/2« represents the con-
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stant resisting moment, Its sense is opposite to that of the
applied moment. Since, for the vane consider

I=1h3/12
the resisting moment becomes
_ dW,__EIlR®
Qresisting—'w— e (8)

where E is Young’s modulus for the vane material.
Substitution from (8) (7) (5) and (4) into (1) gives

o) B 3 P8 ER?
o0 +26 0 2phoc 8poe4 (9
as the equation of motion,
For the titanium vane
p=5%10—4 lb.-sec.2/in%
E=17x10% ps.i.
ll=1/32 in.
a=2Y% in.
The equation of motion then becomes, in a form con-
venient for numerical integration,

“ 12
0=104<10é6_1_9.2—[-0.00003236 ) (10)
[ [/
The limits of integration are taken as follows, When

the vane is at its initial angle of 45 deg. with the plane of
the grate, the distance from the vane tip to point b is 4.56
in. Then afy=4.96 or 6,=1.98 radians. Since the vane
is considered closed when 6 has decreased by %4 radiams,
the limits of integration are from ¢=—1.98 down to §=1.2.

The equation of motion is inapplicable for ¢ less than
1.2 in the case of the present valve.

A test was runm to see if the values from numerical
integration of Equation 10, the equation of moticn of the
valve, corresponded accurately to the test results. It was
found that the equation of motion satisfactorily approxi-
mated the actual test results.

Under static conditions when ¢ and =0, the equation
of motion ( 9) beomes

Eh3

The pressure P required to separate the vane 22 from
its vane stop 36 while the valve is open may be estimated
from Equation 11 since when the vane is open, the
distance «f from point b in FIG. 4 to the tip of the vane
is 4,96 inches. With values of E, % and o as previously
listed, substitution into (11) gives P=0.7 p.s.i. for the
pressure required to separate the vane 22 from its stop 36.
This pressure is approximately the velocity pressure as-
sociated with 160 m.p.h. winds. By comparison, hur-
ricane winds are about 70 m.p.h. with an associated
velocity pressure of about 0.1 p.si. Thus it can be seen
that the present valve will not vibrate, flutter or chatter
or close even in winds of hurricane velocity.

It can thus be seen that the present invention provides
an exiremely simple, but yet positively reliable antiblast
valve, Although the invention has been described above
as installed on a ship, it should be understood that it is
equally useful in homes, buildings and the like where con-
ditions aren’t as severe as on board a ship. Also, although
certain dimensions and materials have been herein de-
scribed and illustrated in order to explain the nature of
the invention and tc define a workable model thereof,
various changes may be made in such dimensions and
materials by those skilled in the art within the principle
and scope of the invention as expressed in the appended
claims.

What is claimed is:

1. A quick closing valve means adapted to be mount-
ed within an opening to normally permit flow therethrough
but operable in response to an applied pressure to close
very quickly and thereby terminate flow through said open-
ing, said valve means comprising:

the combination of a grate-like framework and resilient

flap type valve means;

said framework including a plurality of spaced parallel
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slat members and a piurality of spaced parallel cross-
pieces extending substantially perpendicularly to said
slot members, said slot members and crosspieces thus
defining a plurality of discrete interstices therebe-
tween, said interstices being arranged in a row be-
tween each successive line of crosspieces;

said slat members each including a flat top surface
adapted to serve as a valve seai and at least one
cut-out portion extending downward from said top
surface;

said cut-out portion including a rear surface extending
angularly downward from said top surface at an
acute angle and a forward curved surface defined
by a circular arc which extends downward from
said top surface for approximately the same acute
angle as said rear portion;

said crosspieces including a lower portion substantially
perpendicular to said slat member top surfaces and
an upper portion at the same acute angle as, and thus
conforming to, said cut-out réar surface;

said crosspiece upper. portions including top surfaces
coplanar with. said slat member top surfaces;

said resilient flap type valve means including a rela-
tively thin resilient vane having substantially parallel
front and back planar surfaces and adapted to elas-
tically ‘'move -in response to an applied pressure on
its back surface;

said resilient vane being mounted wnhm said -cut-out
portions in said slat members with its. back surface
adjacent said cut-out rear portions and said cross-
piece upper portions, and its front surface extend-
ing angularly over, but not normally closing, a row
of said interstices;

said resilient vane having sufficient width so that when
a pressure is- applied. to its surface, said vane will
bend forwardly around said cut-out curved surfaces
and seat-tightly upon said slat member top surfaces
with the end of said resilient vane seating tightly
upon the top surfaces of the next adjacent row of
crosspieces, thereby compietely closing off the row
of interstices beneath said vane front surface and
preventing flow through them.

2. A valve means as defined in claim 1 wherein said

framewerk is fabricated of stainless steel.

3. A valve means as defined in claim 1 wherein said
resilient flap type valve means is fabricated of titanium.

4, A valve means as defined in claim 1 wherein a vane
stop is interposed between said resilient vane back sur-
face and said cut-out rear surfaces and crosspiece upper
portions to thereby pretension said resilient vane by bend-
ing it forward itoward iis closed position.

5. A valve means as defined in claim 4 wherein said
resilient vane forward bend is small enough in amplitude
to render said resilient vane front surface out of contact
with said cut-out curved surfaces.

6. As an article of manufacture, a flow controlling de-

vice for an opening comprising:

a plurality of spaced parallel slat members extending
transversely across said opening;

a plurality of spaced parallel crosspieces positioned
perpendicularly across said slat members in spaced
linear relationship and extending transversely across
said opening; )

said slat members and. crosspieces thereby defining a
grate having linear rows of interstices formed be-
tween -each successive line of crosspieces, said in-
terstices permitting flow through said opening; -

said slat members including lines of slots formed im-
mediately forward of each line of crosspieces;

a plurality of resilient flat valve members each having
one end fixed within a line of slots and its other
end free to extend above the linear row of interstices
immediately adiacent thereto;

said slots and said crosspieces sloping angularly away
from each row of interstices at the same angle and
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8
said valve members extending angularly over said
rows of interstices; and

said valve members bemg operable in response to suf-

ficient pressure to resiliently bend so their free ends
move into contact with said grate thus closing off
said interstices thereby terminating flow through said
opening.

7. Pressure responsive valve -means adapted to be
mounted within an opening to normally permit flow there-
through but operable: in response to an applied pressure
to close thersby- terminating flow through said opening,
said valve means comprising:

a grate-like framework defining a plurahty of discrete

interstices therein;

said framéwork including -a flat top surface surround-

ing each of said interstices and a cut-out portion ex-
~tending downward from said top surface at each of
said interstices;

resilient flap type valve means fixedly mounted at one

end of each in said cut-out portions;
said cut-out portion including a rear surface extend-
ing downwardly from said top surface at an acute
angle thereto and-a forward curved surface extending
in a smooth curve from said flat top surface to a
point substantially “tangential to said- rear portion;

whereby as pressure is applied to said flap . type valve
the valve bends over said forward curved surface
and at least a portion of said flap top surface.

8. Pressure responswe valve means as defined in claim
7 wherein:

said flap type valve means is a sheet of titanium; and

said forward curved surface is a circular arc.

9. Pressure responsive valve means for closing an open-
ing upon application of pressure, comprising:

a framework surrounding said opening;

said framework including a flat top surface and a cut-

out portion extending downwardly from said top sur-
face at one edge of said opening;

a resilient flap fixedly mounted at one end in said cut—

out portion;
said cut-out portion -including a rear surface extend- -
ing downwardly from said top surface at an acute
angle thereto and a forward curved surface extend-
ing in a smooth curve from said flat top surface to
a point substantially tangential to said rear portion;

whereby as pressure is applied to said flap the flap
bends over said forward curved surface and at least
a portion of said flat top surface.

10. Pressure responsive valve means as defined in claim
9 wherein: - -

said flap is a sheet of titanium; and

said forward curved surface is a circular arc.

11. A pressure responsive valve means comprising:

a frame work including interseciing cross members

which thereby define interstices therebetween;

a slot in said framework extending at an acute angle

with respect to the tops of said cross members;

at least one resilient valve member rigidly affixed to

said framework within said slot and extending an-
gularly over said interstices in spaced relationship to
thereby permit flow through said interstices; and

a combination vane stop and pretensioning member is

interposed . in said slot between said framework and
said resilient valve member;

said resilient valve member being operable in response

to applied pressure to elastically bend into contact
with said “cross members and seat thereon, thereby
closing off said interstices and thus terminating flow
therethrough. .

12. A valve means ‘comprising:

a valve member mounting grate formed of a series

of intersecting slats and crosspieces;

said slats including several rows of spaced parallel mem-

bers each having cut-out slot portions at spaced in-
tervals along the length. thereof, the slots in each
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member being transaxially aligned with the slots in
the parallel members to form lines of slots extend-
ing across said grate;

said crosspieces each being mounted between two slats

adjacent one edge of the cut-out portions therein and
thus defining lines of crosspieces extending across the
grate;

each pair of crosspieces and its connected slats thus

defining a rectangular flow passage therebetween and
thus each two lines of crosspieces defining a row
of flow passages across said grate; and

a resilient flat sheet-type valve member fixedly mount-

ed on said crosspiecces at one end within each line
of slots and having the dimension between its side
edges substantially equal to the distance between the
outermost pair of slat members to thus extend com-
pletely along a row of flow passages, and having the
dimension between its fixed and free end of sufficient
dimension so that when said valve member is closed,
its free end will seat upon the line of crosspieces
ahead of the valve member mounting slot line and
thus will effectively close the entire row of flow pas-
sages beneath the closed valve member;

said slots have a rear edge extending from the upper

surface of said slats at an acute angle and a front
edge in the form of a circular arc extending from
the upper surface of said slats at substantially the
same acute angle as the rear edge.

13. ‘A valve means as defined in claim 12 wherein said
crosspieces are adjacent the rear edge of said slots and
have at least the upper portion thereof sloped at the same
acute angle as the rear surface of said slots.

14. A valve means comprising:

a valve member mounting grate formed of a series of

intersecting slats and crosspieces;

said slats including several rows of spaced parallel

members each having cut-out slot portions at spaced
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intervals along the length thereof, the slots in each
member being transaxially aligned with the slots in
the parallel members to form lines of slots extending
across said grate;

said crosspieces each beign mounted between two slats
adjacent one edge of the cut-out portions therein
and thus defining lines of crosspieces extending
across the grate;

each pair of crosspieces and its connected slats thus
defining a rectangular flow passage therebetween
and thus each two lines of crosspieces defining a row
of flow passages across said- grate;

a resilient flat sheet-type valve member fixedly mount-
ed on said crosspieces at one end within each line
of solts and having the dimension between its side
edges substantially equal fo the distance between the
outermost pair of slat members to thus extend com-
pletely along a row of flow passages, and having the
dimension between its fixed and free end of sufficient
dimension so that when said valve member is closed,
its free end will seat upon the line of crosspieces
ahead of the valve member mounting slot line and
thus will effectively close the entire row of flow
passages beneath the closed valve member; and

a combination vane stop and pretenisoning member is
interposed between each line of crosspieces and its
associated valve member.
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