
(19) United States 
(12) Reissued Patent (10) Patent Number: 

USO0RE37974E 

US RE37,974 E 
Bowers (45) Date of Reissued Patent: Feb. 4, 2003 

(54) UNI-DIRECTIONAL FLUID VALVE 3,568,712 A 3/1971 Rinehart ................... .. 137/855 
4,414,973 A 11/1983 Matheson et al. ........ .. 128/106 

(75) Inventor: John Lawrence Bowers, High 4,453,544 A 6/1984 Silvefthom 
WyCOmbe (GB) 4,456,016 A 6/1984 Nowaclci et al. .......... .. 128/725 

4,630,604 A 12/1986 Montesi .................... .. 128/106 

(73) Assignee: 3M Innovative Properties Company, 4’631’376 A 12/1986 Leone 
St‘ Paul, MN (Us) 4,749,003 A 6/1988 Leason 

4,759,758 A 7/1988 Gabbay 
4,838,262 A 6/1989 KatZ ........................ .. 128/205 

(21) Appl. No.: 09/442,082 4,873,972 A 10/1989 Magidson et al. ........ .. 128/206 
_ 4,888,009 A 12/1989 Lederman et al. 

(22) P119911 NOV- 15, 1999 4,934,362 A 6/1990 Braun ...................... .. 128/207 
4,958,633 A 9/1990 Angell ..................... .. 128/201 

Related US. Patent Documents 4,972,765 A 11/1990 Dixon 
Reissue of; 4,974,586 A 12/1990 Wandel et al. ............ .. 128/206 

(64) Patent No; 5,687,767 4,981,134 A 1/1991 Courtney . . . . . . . . . . . .. 128/207 

Issued; NW 13, 1997 5,036,806 A 8/1991 Rarick . . . . . . . . . . . . .. 137/855 

Appl- NO‘ 08/686,839 233223; 2 1311333 1“??? {'1 """""" " iii/ZZZ 
- . , , a un 10 e a. ......... .. 

Med‘ Jul‘ 26’ 1996 5,346,375 A 9/1994 Al€iyama et al. ......... .. 137/855 

(30) Foreign Application Priority Data 5,509,436 A 4/1996 Japuntich 

Aug. 4, 1996 (GB) ........................................... .. 9515986 FOREIGN PATENT DOCUMENTS 

(51) Int. Cl.7 .............................................. .. F16K 15/16 DE 40 29 939 3/1992 

(52) US. Cl. ............ .. 137/855; 128/205.24; 128/206.15 GB 2072516 10/1981 
(58) Field Of Search ............................... .. 137/855, 856, GB 2 972 516 19/1981 

137/857, 858; 128/20524, 206.15, 205.25, _ _ _ 
20311 Primary Examzner—John Rivell 

(74) Attorney, Agent, or Firm—Jacobson Holman, PLLC 

(56) References Cited (57) ABSTRACT 

U'S' PATENT DOCUMENTS A uni-directional ?uid valve particularly for use as an 

2,120,231 A 6/1938 Cover exhalation valve for a ?lter mask comprises a ?exible ?ap 
2,216,619 A 10/1940 Lehmberg attached at one end to a concave portion of a seat. The 
2,320,770 A 6/1943 Cover mounting of the ?ap imparts to it a transverse curvature, 
27864394 A 12/1958 Hempel stiffening the ?ap suf?ciently for it to remain seated in the 
2374993 A 2/1959 Moser’lr' absence of a pressure differential across it even When 
2’893’387 A 7/1959 Gongon et a1‘ orientated With the seat above the ?ap. 
2,895,472 A 7/1959 Matheson 
2,999,498 A 9/1961 Matheson 
3,191,618 A 6/1965 McKim 15 Claims, 3 Drawing Sheets 

5 7 

///.1’///// 



U.S. Patent Feb. 4, 2003 Sheet 1 of3 US RE37,974 E 

Fig.1. 

10 



U.S. Patent Feb. 4, 2003 Sheet 2 of3 US RE37,974 E 



U.S. Patent Feb. 4, 2003 Sheet 3 of3 US RE37,974 E 

i/ /m/kg\ 
// 

//1/// ' ///)’///// ////// 



US RE37,974 E 
1 

UNI-DIRECTIONAL FLUID VALVE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

Notice: More than one reissue application has been ?led 
for the reissue of US. Pat. No. 5,687, 767. The reissue 
applications are application Ser No. 09/442,082, the present 
application and Ser No. 09/986,346, a continuation reissue 
of US. Pat. No. 5,687,767. 

BACKGROUND OF THE INVENTION 

The present invention relates to a uni-directional ?uid 
valve Which may in particular be used as an exhalation valve 
for a ?lter mask. By a “?lter mask” We mean a device 
adapted to be Worn over the nose and mouth of a user and 
made from or incorporating a ?lter material to remove one 
or more unwanted components from the inspired air. To 
improve the comfort and ef?ciency of such devices it is 
common to provide a uni-directional exhalation valve on the 
mask Which opens under the pressure differential consequent 
upon exhalation of the user to alloW for a relatively unre 
stricted ?oW of exhalate out of the mask, but Which closes 
under other conditions. Examples of valved ?lter masks are 
shoWn in GB-2072516, DE-4029939, US. Pat. No. 4,414, 
973, US. Pat. No. 4,838,262, US. Pat. No. 4,873,972, US. 
Pat. No. 4,934,362, US. Pat. No. 4,958,633, US. Pat. No. 
4,974,586, US. Pat. No. 4,981,134 and US. Pat. No. 
5,325,892. 
A common type of exhalation valve comprises a circular 

diaphragm of eg silicone rubber and a cooperating circular 
valve seat surrounding the ori?ce Which passes the user’s 
exhalate. The diaphragm is clamped at its centre and mar 
ginal portions ?ex aWay from the seat When the user exhales. 
In another knoWn type the diaphragm is in the form of a 
?exible ?ap Which is attached to a cooperating seat structure 
at one end, that is to say in cantilever fashion, and ?exes 
aWay from the rest of the seat When the user exhales. In the 
design of an exhalation valve it is important to maximise the 
cross-sectional area of the open ori?ce to alloW free ?oW of 
exhalate through the valve, and also to minimise the differ 
ential air pressure required to open the valve (i.e. the valve 
“cracking” pressure). Centrally clamped diaphragm valves 
require a grater force to open them than cantilevered ?ap 
type valves of equivalent siZe because their available “lever 
arm” is less. Furthermore, the structure of a cantilevered ?ap 
type valve, When open, generally presents less of an obstruc 
tion to ?oW than the centrally clamped circular diaphragm 
type valve, or in other Words imposes a smaller pressure 
drop for a given ori?ce siZe. Apotential problem Which must 
be addressed in the design of a cantilevered ?ap valve, 
hoWever, lies in ensuring that the ?ap Will remain closed in 
all orientations of the structure While it is not subject to an 
exhalatory pressure differential. That is to say, While in order 
to minimise the opening pressure differential of the valve it 
is desirable to employ a highly ?exible ?ap of minimal 
thickness, the very ?exibility of the ?ap may mean that if the 
valve is inverted in use (i.e. orientated With the seat lying 
above the ?ap), the ?ap may droop doWn from the seat When 
the user is not exhaling. This is clearly undesirable as it may 
open a leakage path into the mask for the contaminants 
Which it is intended to exclude. 
US. Pat. No. 5,325,892 discloses an exhalation valve 

With a cantilevered ?ap in Which the valve seat has a seal 
ridge Which is curved in the longitudinal direction of the 
?ap, the curvature corresponding to a deformation curve 
exhibited by the ?ap When it bends under its oWn Weight 
(With no pressure differential). In other Words the design of 
that valve recognises that the ?ap is unable to stay ?at When 
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2 
the structure is inverted and matches the con?guration of the 
seat to the curvature of the ?ap under that condition. 

SUMMARY OF THE INVENTION 

In accordance With the present invention a uni-directional 
?uid valve comprises a ?exible ?ap and a cooperating valve 
seat surrounding an ori?ce adapted to pass a ?uid; the ?ap 
being attached to the seat at one end, in cantilever fashion, 
and being adapted to ?ex aWay from other portions of the 
seat When ?uid ?oWs in the permitted direction; and Wherein 
there is a transverse curvature to at least the said one end of 
the ?ap Whereby to maintain the ?ap substantially seated in 
the absence of a pressure differential across it, in any 
orientation of the valve. 
The effect of the transverse curvature of the ?ap in a valve 

according to the invention is therefore stiffen the ?ap suf 
?ciently to resist any drooping aWay from the seat When 
there is no applied pressure differential, even in the inverted 
orientation of the structure. As soon as the ?ap is “cracked” 
by an appropriate pressure differential, hoWever, the free end 
of the ?ap Will rapidly ?ex aWay from the seat and this 
?exure Will progress along the length of the ?ap to a position 
determined by the instantaneous rate of ?uid ?oW. At least 
the root end of the ?ap, at its position of attachment to the 
seat, Will retain its transverse curvature hoWever, and this 
Will apply a restorative force to the ?exed ?ap, assisting to 
reseat the ?ap When the permitted ?oW of ?uid ceases. The 
stiffening effect of this transverse curvature is therefore to be 
distinguished from the longitudinal curvature of the ?ap in 
US. Pat. No. 5,325,892. 
The ?ap for a valve according to the invention may be 

manufactured to exhibit the requisite transverse curvature in 
its natural state, eg by means of injection moulding or 
thermoforming. In the preferred embodiment to be described 
hereinafter, hoWever, the ?ap as manufactured is ?at and its 
curvature is imparted in use by means of the shaping of the 
valve structure in Which it is mounted 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be more particularly described, by 
Way of example, With reference to the accompanying sche 
matic drawings, in Which: 

FIG. 1 is a perspective vieW of a ?lter mask incorporating 
a uni-directional valve in accordance With the invention as 
an exhalation valve; 

FIG. 2 is an “exploded” isometric vieW of the components 
of a preferred embodiment of the exhalation valve for the 
mask of FIG. 1; 

FIG. 3 is an isometric vieW shoWing the interior of the 
upper housing member of FIG. 2; 

FIG. 4 is a longitudinal section through the valve 
assembled from the components of FIG. 2, on the line 
IV—IV of FIG. 5, in the closed condition; and 

FIG. 5 is a section on the line V—V of FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, the illustrated mask 1 is made from 
one or more layers of ?exible sheet ?lter material cut from 
a blank, folded and Welded to form a cup-shaped structure 
to be Worn over the nose and mouth of the user. It is in 
particular shaped in accordance With the invention in 
GB-2046102, to Which reference is directed for a fuller 
description of the method of forming the mask from a ?at 
blank. In use the peripheral edge of the mask forms a seal 
against the Wearer’s face and it is held in place by elastic 
headbands 2 and a deformable Wire nose clip 3 as Well 
knoWn in the art. 
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At a suitable location in the side Wall of the mask 1 an 
aperture is formed in Which an exhalation valve 4 is ?tted, 
the structure of Which is more clearly illustrated in FIGS. 2 
to 5. 

The illustrated valve 4 comprises tWo inter?tting moulded 
plastics housing members 5 and 6, and an elastomeric ?ap 
7 Which in the assembled valve is trapped at one end 
betWeen the housing members. The upper housing member 
5 as vieWed in FIG. 2 is also seen from its opposite face in 
FIG. 3. It has inlet ports 8 passing through it Which on the 
doWnstream side are surrounded by a seal ridge 9A/9B/9C 
of generally trapeZial planform. The loWer housing member 
6 as vieWed in FIG. 2 is of dished form With a series of outlet 
ports 10, and snaps onto the member 5 by means of a pair 
of integral lateral lugs 11 engaging in slots 12 formed in 
member 5. The ?ap 7 is of generally trapeZial planform siZed 
to ?t over the seal ridge and is formed from a thin and highly 
?exible piece of elastomer, e.g. 0.5 mm thick latex natural 
rubber having a Shore micro hardness of about 30. 

The ?ap 7 is positioned in the valve by a notch 13 at one 
end embracing a block 14 on housing member 5, and When 
the housing members are snapped together that end of the 
?ap becomes trapped betWeen the adjacent portion 9A of the 
seal ridge and a pro?led block 15 upstanding from housing 
member 6. That is to say it is mounted in the valve in 
cantilever fashion. In its natural state, if the ?ap 7 is held 
horiZontally at one end it Will tend to boW longitudinally 
under the force of gravity, i.e. so that its opposite end droops 
doWn considerably from the plane of its ?xed end. Both the 
block 15 and the facing portion 9A of seal ridge are, 
hoWever, curved so as to impart to the ?ap a transversely 
arched con?guration in the assembled valve, as seen par 
ticularly in FIGS. 4 and 5. In the illustrated embodiment this 
arching is accentuated for the central part of the ?ap by 
means of a second pro?led block 16 upstanding from the 
housing member 6 in front of and to a slightly greater height 
than the block 15, although this is not essential in all 
embodiments of the invention. The arching of the ?ap 
stiffens it sufficiently to prevent it drooping aWay from any 
part of the seal ridge under Zero pressure differential 
conditions, Whatever the orientation of the valve. The pre 
ferred orientation of the valve is in fact With the outlet ports 
10 directed With a doWnWard component, as indicated in 
FIG. 1, so that the user’s exhalate Will not mist any asso 
ciated eyeWear, and if the user loWers his head the valve may 
become oriented With the ?ap 7 lying Wholly beloW the 
housing member 5. 

In use, therefore, the ?ap 7 seats upon the seal ridge to 
prevent the passage of any air into the mask through the 
valve 4 While the user is not exhaling. At the commencement 
of exhalation, as soon as a minimum “cracking” pressure 
differential is applied to the ?ap 7 from the interior of the 
mask the free end of the ?ap Will lift aWay from the seal 
ridge in the sense of the arroW X in FIG. 4, and ?exure of 
the ?ap Will progress rapidly along its length toWards the 
?xed (root) end, to a position determined by the instanta 
neous rate of How of exhalate out through ports 8 and 10. 
When exhalation ceases, the restorative effect of the arched 
mounting of the ?ap Will cause the ?ap as a Whole rapidly 
to reseat upon the seal ridge, to minimise the risk of any 
inWard leakage of contaminant through the valve in the 
period betWeen the end of exhalation and the commence 
ment of inhalation. In particular, the ?ap 7 does not depend 
for its closure upon the subsequent application of an inha 
latory pressure differential. 
From FIG. 3 it Will be seen that While the portion 9A of 

the seal ridge at the root end of the ?ap has a concave 
curvature the remainder 9B/ 9C of the ridge has a ?at surface. 
From FIGS. 3 and 4 it Will also be seen that the portion 9C 
of the seal ridge at the free end of the ?ap rises further from 
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4 
the plane of the member 5 than does the root end portion 9A, 
and the tWo side portions 9B are straight but inclined as 
vieWed in elevation. The combined effect of this con?gura 
tion is that the transverse curvature of the ?ap 7 decreases 
toWards its free end, Which lies ?at against seal ridge portion 
9C, While a degree of longitudinal curvature is also imparted 
to the central section of the ?ap (but not to its side edges 
Which lie ?at against the ridge portions 9B). This has been 
found to enhance the stability of the ?ap in its closed 
condition While minimising the opening pressure differential 
for the particular embodiment illustrated. In other 
embodiments, hoWever, there may be no longitudinal cur 
vature of the ?ap and/or its transverse curvature may extend 
throughout its Whole length, in the latter case the seal ridge 
portion 9C being modi?ed to a concave form as indicated in 
broken line in FIG. 3. 

I claim: 
1. Auni-directional ?uid valve comprising a cantilevered 

?exible ?ap and a cooperating valve seat surrounding a 
valve ori?ce; the cantilevered ?exible ?ap having a plan 
form de?ning a root end and free end at opposite ends of a 
longitudinal axis of the ?ap, and tWo peripheral side edges 
respectively extending betWeen the root end and the free 
end; the valve seat having sealing surfaces that contact the 
?ap along said root end, free end and peripheral side edges 
When the ?uid valve is closed; the cantilevered ?exible ?ap 
is [attached to] mounted in Contact with the respective 
sealing surface of the valve seat at said root end and is freely 
movable to ?ex aWay from the respective sealing surfaces of 
the valve seat at said free end and along at least portions of 
said peripheral side edges When ?uid ?oWs through the ?uid 
valve and the ?uid valve is open; and said root end of the 
cantilevered ?exible ?ap and the respective sealing surface 
that contacts the cantilevered ?exible ?ap at said root end 
have a ?xed curvature in a direction transverse to said 
longitudinal axis, said transverse curvature biases the ?ap 
and maintains it substantially in contact With all said sealing 
surfaces of the valve seat in the absence of an opening 
pressure differential across the ?ap, in any orientation of the 
valve. 

2. Avalve according to claim 1 Wherein the cantilevered 
?exible ?ap exhibits said curvature in its natural state. 

3. Avalve according to claim 1 Wherein said curvature is 
imparted to the cantilevered ?exible ?ap by virtue of its 
mounting on the valve seat. 

4. Avalve according to claim 3 Wherein the cantilevered 
?exible ?ap is trapped at said root end betWeen confronting 
respectively concave and convex surfaces of ?rst and second 
structural members, said concave surface comprising a said 
sealing surface of said valve seat. 

5. A valve according to claim 4 Wherein said second 
structural member presents a further surface in contact With 
a central portion of the cantilevered ?exible ?ap adjacent to 
said root end to accentuate the curvature thereof. 

6. A valve according to claim 1 Wherein the respective 
said sealing surface of the valve seat Which the free end of 
the cantilevered ?exible ?ap contacts is substantially ?at. 

7. A valve according to claim 1 Wherein the respective 
said sealing surface of the valve seat Which the free end of 
the cantilevered ?exible ?ap contacts is of concave curva 
ture. 

8. A valve according to claim 1 Wherein the respective 
said sealing surfaces of the valve seat Which the peripheral 
side edges of the cantilevered ?exible ?ap contact are 
substantially ?at. 

9. Avalve according to claim 1 Wherein the mounting of 
the cantilevered ?exible ?ap in the valve seat imparts a 
longitudinal curvature to the central section of the cantile 
vered ?exible ?ap. 

10. A ?lter mask having an exhalation valve comprising 
a cantilevered ?exible ?ap and a cooperating valve seat 



US RE37,974 E 
5 

surrounding a valve ori?ce; the cantilevered ?exible ?ap 
having a planform de?ning a root end and a free end at 
opposite ends of a longitudinal axis of the cantilevered 
?exible ?ap, and tWo peripheral side edges respectively 
extending betWeen the root end and the free end; the valve 
seat having sealing surfaces that contact the cantilevered 
?exible ?ap along said root end, free end and peripheral side 
edges When the exhalation valve is closed; the cantilevered 
?exible ?ap is [attached to] mounted in contact with the 
respective sealing surface of the valve seat at said root end 
and is freely movable to ?ex aWay from the respective 
sealing surfaces of the valve seat at said free end and along 
at least portions of said peripheral side edges When a user of 
the ?lter mask exhales and causes the exhalation valve to 
open: and said root end of the cantilevered ?exible ?ap and 
the respective sealing surface that contacts the cantilevered 
?exible ?ap at said root end have a ?xed curvature in a 
direction transverse to said longitudinal axis, said transverse 
curvature biases the ?ap and maintains it substantially in 
contact With all said sealing surfaces of the valve seat in the 
absence of an exhalatory pressure differential across the ?ap, 
in any orientation of the valve. 

11. A ?lter mask according to claim 10 Wherein the 
exhalation valve is so located that during normal head 
movements of a Wearer the cantilevered ?exible ?ap Will lie 
beloW the valve seat. 

12. A uni-directional ?uid valve comprising: 
a cantilevered ?exible ?ap and a cooperating valve seat 

surrounding a valve ori?ce; 
the cantilevered ?exible ?ap having a planform de?ning a 

root end and a free end at opposite ends of a longitu 
dinal axis of the ?ap; 

the valve seat having sealing surfaces that contact the ?ap 
at said root end and the free end when the ?uid valve 
is closed; 

the cantilevered ?exible ?ap being mounted in contact 
with the respective sealing surface of the valve seat at 
said root end and being freely movable to ?ex away 
from the respective sealing surface of the valve seat at 
said free end when ?uid ?ows through the ?uid valve 
and the ?uid valve is open; and 

said root end of the cantilevered ?exible ?ap and the 
respective sealing surface that contacts the cantile 
vered ?exible ?ap at said root end having a transverse 
con?guration extending in a direction transverse to 
said longitudinal axis; said transverse con?guration 
resulting in maintaining the ?ap substantially in con 
tact with said sealing surfaces of the valve seat in the 
absence of an opening pressure dijferential across the 
?ap; in any orientation of the valve. 

13. A uni-directional ?uid valve comprising: 
a cantilevered ?exible ?ap and a cooperating valve seat 

surrounding a valve ori?ce; 
the cantilevered ?exible ?ap having a planform de?ning a 

root end and a free end at opposite ends of a longitu 
dinal axis of the ?ap; and two peripheral side edges 
respectively extending between the root end and the 
free end; 

the valve seat having sealing surfaces that contact the ?ap 
at said root end; said free end; and said peripheral side 
edges when the ?uid valve is closed; 

the cantilevered ?exible ?ap being mounted in contact 
with the respective sealing surface of the valve seat at 
said root end and being freely movable to ?ex away 
from the respective sealing surface of the valve seat at 
said free end and along at least portions of said 
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6 
peripheral side edges when ?uid ?ows through the ?uid 
valve and the ?uid valve is open; and 

said root end of the cantilevered ?exible ?ap and the 
respective sealing surface that contacts the cantile 
vered ?exible ?ap at said root end having a transverse 
con?guration extending in a direction transverse to 
said longitudinal axis; said transverse con?guration 
resulting in maintaining the ?ap substantially in con 
tact with said sealing surfaces of the valve seat in the 
absence of an opening pressure dijferential across the 
?ap; in any orientation of the valve. 

14. A ?lter mask having an exhalation valve comprising: 
a cantilevered ?exible ?ap and a cooperating valve seat 

surrounding a valve ori?ce; 
the cantilevered ?exible ?ap having a planform de?ning a 

root end and a free end at opposite ends of a longitu 
dinal axis of the cantilevered ?exible ?ap; 

the valve seat having sealing surfaces that contact the 
cantilevered ?exible ?ap along said root end and said 
free end when the exhalation valve is closed; 

the cantilevered ?exible ?ap being mounted in contact 
with the respective sealing surface of the valve seat at 
said root end and being freely movable to ?ex away 
from the respective sealing surface of the valve seat at 
said free end when a user of the ?lter mask exhales and 
causes the exhalation valve to open and wherein said 
root end of the cantilevered ?exible ?ap and the respec 
tive sealing surface that contacts the cantilevered ?ex 
ible ?ap at said root end have a transverse con?gura 
tion extending in a direction transverse to said 
longitudinal axis so that the ?ap is substantially main 
tained in contact with all of said sealing surfaces of the 
valve seat in the absence of an exhalatory pressure 
dijferential across the ?ap; in any orientation of the 
valve. 

15. A ?lter mask having an exhalation valve comprising: 
a cantilevered ?exible ?ap and a cooperating valve seat 

surrounding a valve ori?ce; 
the cantilevered ?exible ?ap having a planform de?ning a 

root end and a free end at opposite ends of a longitu 
dinal axis of the cantilevered ?exible ?ap; and two 
peripheral side edges respectively extending between 
the root end and the free end; 

the valve seat having sealing surfaces that contact the 
cantilevered ?exible ?ap along said root end; free end 
and peripheral side edges when the exhalation valve is 
closed; 

the cantilevered ?exible ?ap being mounted in contact 
with the respective sealing surface of the valve seat at 
said root end and being freely movable to ?ex away 
from the respective sealing surfaces of the valve seat at 
said free end and along at least portions of said 
peripheral side edges when a user of the ?lter mask 
exhales and causes the exhalation valve to open and 
wherein said root end of the cantilevered ?exible ?ap 
and the respective sealing surface that contacts the 
cantilevered ?exible ?ap at said root end have a trans 
verse con?guration extending in a direction transverse 
to said longitudinal axis so that the ?ap is substantially 
maintained in contact with all of said sealing surfaces 
of the valve seat in the absence of an exhalatory 
pressure dijferential across the ?ap; in any orientation 
of the valve. 
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