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ware 
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U.S. Cl. 99-185 29 Claims 

ABSTRACT OF THE DISCLOSURE 

A method and apparatus for purging air from and 
collapsing the headspace of a ?lled ?exible container 
which forms semi-rigid Wrinkles in its walls when the 
headspace is collapsed. A ?rst method includes providing 
a one-Way valve in the container and then repeatedly 
lowering and raising the container in hot liquid to 
progressively collapse and pump gas out of the con 
tainer. A second method includes alternately lowering 
the containers into a plurality of hot and cold water 
baths whereby a steam-air mixture forms and a portion 
thereof escapes during immersion in hot water, and the 
steam remaining in the container condenses during sub 
mergence in cold water thus progressively collapsing the 
wrinkled container. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The method and apparatus of the present invention 
de?nes an improvement over the method disclosed in my 
copending application Ser. No. 693,330 which was ?led 
on Dec. 26, 1967, which issued as Pat. No. 3,501,318 on 
Mar. 17, 1970 and is assigned to the assignee of the 
present invention. This copending application covers the 
concept of forming a one-way valve in a ?exible con 
tainer and causing gases to discharge therefrom in re 
sponse to the application of hydrostatic pressure acting 
on the external surfaces of the container. These con 
tainers were either heated in steam, water, or both, caus 
ing steam to form in the headspace of each container. 
The containers were then immersed, partially or fully, 
in water which applied a hydrostatic pressure to the outer 
surfaces of the containers thus collapsing the headspace 
of each container and forcing the air and cooking gases 
through the one-way valve. 

BACKGROUND OF THE INVENTION 

Flexible containers, which are commonly referred to 
as pouches, are only partially ?lled with the product 
being packaged and have potentially large headspaces 
within which air and other non-condensible gases may 
form. The air that is present in the containers is in the 
form of headspace air, air dissolved in the packaging 
medium or included in the product, and interstitial air 
which is air that is present Within the interstices of the 
product. This air must be evacuated from the container 
before sealing in order to prevent oxidation of the prod 
uct if the product is a food product such as fruits, vege 
tables, meats, and powdered or granular materials. 

It has been discovered that the ?exible pouches some 
times become semi-rigid when large pieces of a food 
product, for example, are placed in pouches that are 
relatively small; or when relatively dry product with 
only a small quantity of liquid in the interstitial space 
is packaged. The semi-rigidness is caused by reinforcing 
wrinkles that form in the pouch ?lm between the comers 
of the pouch and the food product in the pouch. When 
such wrinkles occur, a single application of Water pres 
sure acting on the external surfaces of each submerged, 
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pouch is not su?icient to overcome the internal pressure 
plus the rigidity added by the wrinkles to fully collapse 
the headspace in the pouch and, accordingly, a con 
siderable quantity of air remains in the pouch which 
causes oxidation of food products. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a product 
such as a bulky, non-?owable food product to be sterilized 
is placed in and partially ?lls a pouch having three edges 
sealed and one edge, or mouth, open. The pouch is then 
gripped so as to apply a stretching force across the pouch 
at a point slightly below the mouth thereby providing 
a one-Way valve which permits gases to escape but pre 
vents ?uids from entering the pouch. The pouch is then 
repeatedly moved downwardly and upwardly in a heated 
liquid bath. 
When the pouch initially enters the heated liquid, the 

hydrostatic pressure acting on the external surface of 
the pouch partially collapses the headspace thereby forc 
ing some of the headspace gases through the one~way 
valve. Continued downward movement of the pouch 
causes the pressure acting on the external surfaces of 
the pouch to exceed the pressure within the pouch thereby 
partially collapsing the headspace and forming the afore 
mentioned reinforcing wrinkles therein. Each time the 
containers move upwardly through the liquid bath, the 
gas within the containers headspace expands but the 
wrinkles in the container have caused a relatively large 
reduction in pouch volume and have thus compressed 
the gas in the pouch. However, upon reduction of ex 
ternal pressure on the pouch, the compressed internal 
gas ?nds it easier to escape the pouch via its mouth than 
to increase the volume of the pouch by straightening out 
the Wrinkles formed therein and overcoming the pressure 
acting on the walls of the pouch. Thus, repeated varia 
tions in hydrostatic pressure acting on the surfaces of 
the pouch due to its up and down movement through 
the heated liquid in effect, pumps a mixture of steam 
and air from the pouch with the gases escaping each 
time the pouch moves upwardly in the liquid. In this 
way the air is gradually pumped out of the pouch and 
the walls of the pouch gradually collapse around the 
product even though wrinkles are present in the pouch 
walls. . 

It will be understood that if wrinkles do not form in 
the container walls, vertical up and down movement when 
the container is completely submerged in hot water is 
ineffective since the headspace of each ?exible container 
will merely contract during downward movement and 
return to its original size during upward movement. 

In the second embodiment of the invention the con 
tainers are alternately moved through hot water and cold 
Water. When in the hot water, a steam-air mixture is 
formed in the headspace of each container and a portion of 
the steam-air mixture ?ows out of the container through 
the one-way valve. When the container is immersed in 
cold water, the remaining steam in the headspace is con 
densed forming a suction force inside the container which 
partially collapses the container. Thus, by alternately heat 
ing and cooling the containers in water baths, which baths 
apply a hydrostatic pressure to the outer surfaces of the 
containers, the air is gradually purged therefrom and the 
container walls are gradually collapsed even though 
wrinkles are formed in the outer surfaces thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic vertical section taken through 
a ?rst embodiment of the invention illustrating an atmos 
pheric cooker and cooler, certain parts of the cooking 
chamber being broken away. 
FIG. 2 is an enlargedtransverse section taken along 
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lines 2—-2 of FIG. 1 showing several carriers each adapted 
to support several containers. 

FIG. 3 is a front elevation of a fragment of a carrier 
having a ?lled ?exible container clamped thereto with 
three edges sealed and the upper end open, said view illus 
trating the manner of tensioning the upper portion of the 
container to provide a one-way valve. 
FIG. 4 is a side view of the ?lled container illustrating 

the shape of the ?lled container prior to being immersed 
in a liquid. 
FIG. 5 is a diagrammatic vertical sectional view of a 

container after the container has been immersed up to its 
mouth in a liquid, said view diagrammatically illustrating 
hte internal and external pressures acting upon the con 
tainer walls immediately after the container has been 
immersed. 
FIG. 6 is a perspective of a container illustrating wrin 

kles therein as they appear after the container has com 
pleted one cycle downwardly and upwardly through the 
liquid and has thereafter been sealed. 
FIG. 6A is a section taken at a reduced scale along 

lines 6A—6A of FIG. 6 showing the wrinkles therein, the 
thickness of the walls of the container being greatly exag 
gerated. 
FIG. 6B is a section taken along lines 6B—-6B of FIG. 

6, illustrating the initial shape of a corner wrinkle, the 
thickness of the walls of the container ‘being greatly exag 
gerated. 

FIG. 7 is a perspective of a container after it has com 
pleted two cycles through the liquid and has been sealed 
in accordance with the present invention. 

FIG. 7A is a section similar to FIG. 6A but taken along 
lines 7A—7A of FIG. 7 and indicating the shape of the 
container and wrinkles when the container is further col 
lapsed. 
FIG. 7B is a section similar to FIG. 6B taken along 

lines 7B—7B of FIG. 7 illustrating a sharper corner 
Iwrinkle. ‘ 

FIG. 8 is a perspective of a sealed container after it 
has completed several cycles through the apparatus. 

‘FIG. 8A is a section similar to FIGS. 6A and 7A but 
taken along line 8A—8A of FIG. 8 and indicating the 
shape of the container and wrinkles after substantially 
all of the air has been purged therefrom. 
FIG. 8B is a section taken along lines 8B—8B of FIG‘. 

8 illustrating the shape of a ?nal corner wrinkle. 
FIG. 9 is a diagrammatic vertical section with parts 

broken away illustrating a second embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An atmospheric cooking and cooling apparatus 20 
(FIG. 1) is provided to continuously package bulky prod 
ucts, preferably food products, ?lled in ?exible containers 
or pouches 22 (FIGS. 2 to 8). 
The physical characteristics of the pouches must meet 

certain criteria to be useful in the present invention. For 
lack of a better term, the pouch material will be referred 
to as a “crinkly” material. 'Under this invention, the 
crinkly material is deformable enough to partially con 
form to the shape of a bulky product under external liq 
uid pressure, but in so con?ning to the product it also 
gathers into reinforcing ribs or wrinkles along the con 
forming sections. The material is relatively inextensilble 
thus once it has been gathered as described above, it will 
resist straightening out into its initial form. By way of 
example, a crinkly pouch material found suitable for 
practicing the present invention is a heat scalable, lami 
nated ?lm having an outerlayer formed of a polyester resin 
?lm sold under the trade name of “Mylar,” a central layer 
of thin aluminum, and an inner layer of polyethylene. 

Prior to being ?lled, the lower edge 24 and side edges 
26 and 28 of side walls 30 and 32 of the container or 
pouch are hermetically sealed ‘by application of heat and 
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pressure to provide a ?at container having an unsealed 
or open upper end portion 34 which de?nes the mouth 
36 of the container. A one-way valve 38 is formed in the 
mouth 36 of the container as will be described hereinafter. 
The atmospheric cooking and cooling apparatus 20 

(FIGS. 1 and 2) comprises a housing 40 de?ned by side 
walls 42 and 44, end walls 46 and 48, a roof 50, and a 
?oor 52 all secured together in ?uid tight relationship as 
by Welding. An inlet opening 53 is formed in the end wall 
46, and a discharge opening 54 is formed in the end wall 
48 to permit an endless conveyor 55 to pass therethrough. 
The housing 40 is divided into a deep air purging chamber 
PC and a cooking chamber C by a wall 46a. The lower 
portion of chambers PC and C are ?lled with water to the 
levels indicated, and the water is heated to approximately 
its boiling point at 212° F. by steam from manifold 56 
and 56a. In addition to the water W in the cooking cham 
ber C, saturated steam at 212° is also introduced into 
the chamber C from conduit 56]) and serves as an addi 
tional cooking medium. 

After the containers pass through the heated water in 
the housing 40, the mouths thereof are hermetically sealed 
by a sealing mechanism 57 as fully described in my c0 
pending application, which mechanism applies heat and 
pressure to the container mouths. The sealed containers 
are then moved under cooling water sprayed from a cool 
ing system 58 disposed above the housing 40. A trough 
59 is formed on the roof 50 of the housing and collects the 
cooling water for recirculation or discharge by means not 
shown. 
As shown in FIGS. 1 and 2, the endless. conveyor 55 

comprises a pair of parallel endless chains 60 and 62 
(FIG. 2) trained through tracks (not shown) above the 
trough 59, and around pairs of sprockets 68 keyed to stub 
shafts 70 journaled within the housing 40, and around 
other sprockets 72 journaled outside of the housing. The 
sprockets 68 are arranged to move the conveyor along 
a vertical zigzag path through the hot water in the cooker. 
The vertical runs of each of these paths is preferably be— 
tween about three to ten feet long, and there are prefer 
ably about 4 to 10 vertical runs of the conveyor. The con 
veyor is driven in the direction indicated by the arrows 
in FIG. 1 by a motor M which is connected to a shaft 
76 by a chain drive 78. The shaft 76 has two of the 
sprockets 72 keyed thereto and extends the full width of 
the housing thereby simultaneously driving both chains 
60 and 62. 

In order to transport ?exible containers through the 
atmospheric cooking and cooling apparatus 20, each 
chain 60 and 62 of the conveyor 55 has a plurality of 
pins 80 (FIG. 2) projecting inwardly therefrom with the 
pins on one chain being in axial alignment with the pins 
on the other chain. 
A plurality of evenly spaced carriers 82 (FIG. 2) are 

removably mounted on each pair of axially aligned pins 
80. Each carrier 82 includes an elongated transversely 
extending base 84 having upwardly extending arms 85 
secured thereto and connected as by hooked ends to the 
associated ends to the associated pair of pins. Each base 
84 has a plurality of pairs of spring steel arms 
86 projecting upwardly therefrom with the arms 86 of 
each pair being resiliently stressed so that their upper 
ends are resiliently urged away from each other. Clamps 
88 are secured to the arms 86 near the upper ends thereof 
and are connected to the side edges 26 and 28 of the asso 
ciated container 22 to apply a tensioning force across the 
mouth 36 of the container 22 as indicated in FIG. 3. 
This tensioning force provides the aforementioned one 
way valve in the container mouth which permits gases to 
escape from the container and prevents ?uids from enter 
ing the container. A third clamp 90 is associated with 
each pair of arms 86 and is secured to the base 84 in 
position to grip the lower edge 24 of the ?exible contain 
er 22 thereby preventing ?otation of the lower end of 
the container. 
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Since the clamps 88 and 90 and the carriers 82 are 
fully disclosed in my aforementioned application, if a 
more detailed description of the same is desired reference 
may be had to said copending application. 

In operation of the atmospheric cooking and cooling 
apparatus 20, ?exible containers are partially ?lled with 
the product to be processed leaving a relatively large 
headspace therein as indicated in FIG. 5. It will be as 
sumed that the product is of the type, or size, mentioned 
above which causes reinforcing wrinkles to form in the 
walls of the ?exible containers. The containers are then 
attached to the carriers 82 by the associated clamps 88 
and 90, and the carriers are connected to the conveyor 
55 at a feed station F (FIG. 1). The free hanging carriers 
and containers clamped thereto are then moved into the 
purging chamber PC and are moved downwardly into 
the water W therein which is maintained at about 212° 
F. As each container initially enters the hot water some 
of the headspace air is forced out of the container by 
hydraulic pressure acting on the external surfaces of the 
container and steam is formed within each container and 
mixed with the remaining air therein to form a steam 
air mixture causing the headspace to expand somewhat as 
indicated in FIG. 5. Further downward movement in the 
hot water causes the external pressure acting on each con 
tainer to increase thereby partially collapsing the con 
tainers forming the aforementioned wrinkles therein. 
During this time the gases do not escape through the one 
way valve since the pressure inside the container is sub 
stantially equal to that acting on the external surfaces 
of the one-way valve. However, the increased external 
pressure and resulting partial collapse of the headspace 
causes the internal pressure to increase. 

During upward movement of each container through 
the hot water in the housing, the external pressure acting 
on the container gradually reduces while the relatively 
high internal pressure causes the headspace to expand 
somewhat. Because of the presence of wrinkles in the 
walls of the container, the container headspace will not 
expand to its original size during upward movement and 
accordingly the internal pressure will become greater than 
the external pressure and will cause some of the air 
trapped within the headspace and wrinkles to expand and 
escape through the one-way valve as the container moves 
upwardly in the hot water. If sealed after completion of 
this ?rst cycle, a container with a half pear therein would 
appear somewhat as shown in FIGS. 6, 6A and 6B. 
At the beginning of the next downward movement in 

the liquid bath, the steam~air mixture within the head 
space includes less air than was present in the headspace 
during previous downward movement through the hot 
water because the headspace has reduced in size. 
Each partially collapsed container is again moved 

downwardly and then upwardly in the hot water to force 
additional portions of the steam-air mixture out of the 
container through the one-way valve. At this time the 
walls of the container, if sealed, would appear as illus 
trated in FIGS. 7, 7A and 7B. The above procedure is 
repeated for each downward and upward movement 
through the hot water thereby progressively diminishing 
the size of the headspace and reducing the amount of air, 
as well as gases formed during the cooking process, in 
the headspace so that the headspace of each container 
is ?lled with substantially pure water vapor or steam when 
the container is moved into the cooking chamber C. Dur 
ing this time the containers are moving along a vertical 
zig-zag path with the containers being heated by atmos 
pheric steam in the chamber C and being periodically im 
mersed in hot water so that the hydrostatic pressure acting 
on the external walls of the containers will cause cooking 
gases to be purged therefrom. After the containers are 
moved out of the cooking chamber C, each container is 
hermetically sealed by the application of heat and pressure 
from the sealing device 57 with the appearance of the 
container being similar to that illustrated in FIGS. 8, 8A 
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6 
and 8B. The sealed containers are then cooled as they 
are moved through cooling water sprayed from conduit 
58. The cooled and sealed containers are then removed 
from the conveyor 55 at discharge station D, and other 
containers to be processed are placed on the conveyor 55 
at feed station F. 

In accordance with the above described preferred em 
bodiment of the invention it is recognized that the hydro 
static pressure acting on the external surfaces of each 
container compresses the gases within the headspace 
causing the headspace to reduce somewhat in volume due 
to pure compression even if all the gas in the headspace 
was noncondcnsible. However, most of the gas in the 
headspace is a condensible gas and much of this gas 
condenses due to the above mentioned hydrostatic pres 
sure acting on the container walls thereby causing further 
collapse of the container headspace. Although both of 
these headspace reducing forces cooperate to collapse 
the container and reduce the headspace size, a much 
greater proportion of the size reduction of the headspace 
is attributed to the pressure induced condensation than 
is attributed to the pure compression of gases without 
condensation. Since a considerable amount of the steam 
in the container has been condensed by the increased 
pressure at the lower end of its downward stroke in the 
purging chamber PC, the steam-air mixture within the 
container is rich in air at this point. During the initial 
portion of the next upward stroke, the reduced pressure 
acting on the external surfaces of the container will allow 
a gas that is rich in air to escape from the container 
through the one-way valve. 

During the progressive collapsing of the container head 
space as above described, the internal temperature of the 
product within the container will gradually increase. Such 
gradual increase in temperature causes the steam~air mix 
ture ‘within the headspace of the container at the be 
ginning of a downward cycle of .movement in the hot 
liquid to include less air in proportion to steam than was 
present therein at the beginning of the previous down 
ward movement through the hot water. 

It will also be understood that in accordance with the 
preferred embodiment of the present invention the liquid 
within the container will approach. but will never reach 
its boiling point and accordingly the product will not 
foam. It will further be understood that the one-way 
valve will not permit a pressure within the container to 
exceed the pressure acting on the external surfaces of the 
container by more than about one-third of an ounce per 
square inch. 

In the preferred embodiment of the invention as above 
described, the water in the chamber PC is heated to a 
temperature near its boiling point so as to partially cook 
the product and so as to ?ll the headspace with a steam 
air mixture that is relatively high in steam. Because of 
this high ratio of steam to air, the hydrostatic pressure 
applied to the container at the lower point in each of 
its cycles through the chamber PC will rapidly collapse 
the headspace due to the fact that a considerable amount 
of the vapor or steam condenses. It will be understood, 
however, that if the water in the chamber PC is not 
heated, the headspace will be collapsed as above described 
but that the container must be moved through more 
vertical cycles to provide the same degree of collapse 
since the steam-air mixture within the container will be 
much lower in steam content and accordingly, less steam 
or water vapor will condense during each cycle. 
As illustrated in FIG. 9 a second embodiment of an 

atmospheric cooking and cooling apparatus 100 is pro 
vided. Since many parts of the apparatus 100 are the 
same as those of the apparatus 20, parts of the apparatus 
100 that are equivalent to those of the apparatus 20 
will be assigned the same numerals followed by the letter 
“a,” and only those parts of the apparatus 100 which 
differ from apparatus 20 will be described in detail. 
The apparatus 100 (FIG. 9) includes an endless con~ 



3,528,826 
7 

veyor 55a which moves carriers 82a having ?exible con 
tainers or pouches clamped thereto from feed station Fa 
along a zig-zag path through a housing 40a to a discharge 
station Da. A plurality of spaced, water ?lled troughs 
10-2 and 104 are mounted in the housing 40a. Each trough 
102 is ?lled with hot water maintained at substantially 
its boiling point by steam supply conduits 106, and each 
trough 104 is ?lled with cold water from conduits 108. 
The troughs 102 and 104 are arranged so that the con 
tainers are alternately introduced into a hot water trough 
102 and then a cold ‘water trough 104. After moving out 
of the cold water in the ?nal cooling trough 104, the 
containers are moved through an elongated cooking 
trough 110 ?lled with hot water and maintained at the 
desired cooking temperature by steam from conduit 111. 
The cooking trough 110 is of suf?cient length to cook 
the particular product being processed. The ?exible con 
tainers with the cooked products therein are then sealed 
by the sealing device 57a and are subsequently cooled 
by water sprayed from conduit 58a. 
When operating the cooking and cooling apparatus 

100 with containers which are ?lled with a product that 
causes reinforcing wrinkles to occur in the walls of the 
container, it has been discovered that dipping the ?exible 
containers ?rst in hot Water at about 212° F. for 15 to 
30 seconds will cause the headspace to ?ll with a steam 
air mixture, and that some of the air in the steam-air 
mixture will be expelled through the one-way valve of 
each container due to the hydrostatic pressure acting 
on the external surfaces of the container and due to the 
expansion of the heated non-condensible air. The con 
tainers are then dipped into cold water for about 15 to 
30 seconds which causes the steam in the headspace of 
each container to condense and, because the one-way 
valve will not permit air to enter the container, will 
cause the container to partially collapse thereby forming 
reinforcing wrinkles in the walls thereof. The partially 
collapsed containers are again immersed in hot water 
Which causes the air in the headspace of each container 
to expand and a steam-air mixture to again form in the 
headspace and in the wrinkles of the partially collapsed 
container. During this heating period an additional quan 
tity of air and steam ?ows from the container through the 
one-way valve. The container is again dipped into cold 
water which ‘condenses the steam therein and further 
collapses the container. 

It has been determined that three to ?ve hot-cold cycles 
are su?icient to collapse the containers su?iciently to expel 
substantially all the air from the containers. The collapsed 
containers are then moved through the hot water in the 
elongated cooking trough 110 for a period su?icient to 
cook the contents of the containers. After the containers 
have been cooked, they are sealed by the device 57a. The 
sealed containers are then cooled by water sprayed from 
conduits 58a, and the sealed and cooled containers are 
subsequently remove-d from the conveyor 55a at discharge 
station Da. 
From the foregoing description it is apparent that a 

method and apparatus is provided for expelling air from 
?exible containers which are ?lled in such a manner as 
to cause reinforcing wrinkles to occur in the Walls thereof. 
In accordance with the ?rst embodiment of the invention 
the wrinkled containers are progressively collapsed and air 
is removed therefrom by repeatedly moving the containers 
downwardly and upwardly through a hot water bath. In 
accordance with the second embodiment of the invention 
the containers are collapsed and air is expelled therefrom 
by alternately heating and cooling the containers in hot 
and cold water baths. 
Although the best mode contemplated for carrying out 

the present invention has been herein shown and de 
scribed the subject matter which is regarded as the inven 
tion is set forth in the appended claims. 

I claim: 
1. A method of reducing the headspace of and purging 
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8 
air from a partially ?lled ?exible container that is sealed 
on three edges and has an unsealed mouth and which 
forms reinforcing wrinkles in its walls when the headspace 
is being collapsed about a large product in the container; 
comprising the steps of closing the mouth of the container 
to provide a one-way valve which allows gases to ?ow out 
of the container and prevents ?uids from entering the con 
tainer; moving the container along a vertical path down 
wardly and upwardly through at least one liquid bath; 
and heating the liquid in said one liquid bath substantially 
to its boiling point thereby forming a steam-air mixture 
within the headspace of the container; the hydrostatic 
force acting on the external surfaces of the container 
during at least a portion of the downward movement of 
the container in said path causing reinforcing wrinkles to 
form in the container walls, causing a portion of the steam 
air mixture to escape from the headspace through the 
one-way Valve, and causing the headspace to reduce in 
size. 

2. A method according to claim 1 wherein the container 
is repeatedly moved along a vertical zig-zag path, wherein 
the container is fully submerged in the heated liquid, and 
‘wherein each downward movement of the submerged 
container is of suflicient length to provide a pressure 
change in excess of about 11/2 p.s.i.g. acting on the exter 
nal surfaces of the container thereby causing reinforcing 
wrinkles to form in the external surfaces thereof. 

3. A method according to claim 2 wherein the expan 
sion resisting strength of the reinforcing wrinkles and the 
gradual reduction of hydrostatic pressure acting on the 
external surfaces of the container during upward move 
ment of the container causes the pressure of the steam 
air mixture within the container to exceed the pressure 
required to open said one-way valve thereby causing an 
additional quantity of the steam-air mixture to escape 
from the container through the one-way valve. 

4. A method according to claim 3 wherein each vertical 
upward and downward cycle of the container in the liquid 
expells a portion of the air from the container headspace 
thereby progressively reducing the proportion of air to 
steam for each pass through the heated liquid. 

5. A method according to claim 1 wherein a plurality 
of liquid baths are provided, heating the liquid in certain 
of said baths to about 212° F., cooling the liquid in others 
of said baths, and moving the containers along a vertical 
zig-zag path so that the container is alternately immersed 
in the hot liquid and in the cool liquid for ?rst forming 
a steam-air mixture in the container and expelling a por 
tion of the mixture through said one-way valve while im 
mersed in the heated liquid, and for thereafter condensing 
the steam remaining in the container to create a vacuum 
which partially collapses the container while immersed in 
the cool liquid thereby forming reinforcing ribs in the 
container walls. 

‘6. A method according to claim 5 wherein each immer 
sion in hot liquid causes the steam-air mixture to form in 
the container and wherein the ratio of steam to air pr0~ 
gressively increases and the headspace volume progres 
sively decreases after each immersion in hot liquid. 

7. A method of packaging a bulky non-?owable prod 
uct in a ?exible open mouth pouch of a crinkly material, 
comprising the steps of closing the mouth of the partially 
?lled pouch to provide a one-way valve which allows gases 
to ?ow out of the pouch but precludes the ?ow of ?uids 
into the pouch, moving the pouch downwardly through 
a liquid for partially collapsing the pouch about the prod 
uct and simultaneously forming wrinkles in the pouch for 
resisting expansion of its walls and compressing the gases 
therein, raising the partially collapsed pouch in the liquid 
until the unit gas pressure in the pouch exceeds the unit 
pressure on the external surfaces of the pouch, the pres 
sure required to open the one-way valve being less than 
that required to re-expand the partially collapsed pouch 
against the external pressure acting thereon so that gases 
‘within the pouch will escape from the mouth of the pouch 
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through the one-way valve rather than re-expanding the 
pouch by unfolding the wrinkles formed therein during 
immersion. 

8. A method according to claim 7 wherein the pouch 
is repeatedly moved downwardly and upwardly through 
said liquid for progressively increasing the s‘tiifness of the 
wrinkles and progressively decreasing the volume of the 
headspace of the pouch. - . 

9. A method according to claim 8 wherein the liquid is 
a heated liquid and the product includes su?'icient mois 
ture to cause vapor to form within the pouch, which vapor 
mixes with the other gases within the pouch to progressive 
ly purge substantially all of the other gases from the 
pouch. 

10. A method according to claim 7 wherein the liquid 
is hot water that is heated substantially to its boiling point. 

11. A method according to claim 9 wherein the liquid 
is hot water heated substantially to its boiling point, and 
wherein the pouch is moved downwardly through the liq 
uid for a distance sut?cient to provide a pressure change 
acting on the external surfaces of the pouch of at least 
about 11/2 p.s.i.g. 

12. A method of purging gases from and collapsing the 
head space of a ?exible container having an unsealed 
mouth and being partially ?lled with a bulky food product, 
the container being of the type that forms reinforcing 
wrinkles in its walls when the headspace is being reduced, 
comprising the steps of closing the mouth of the con 
tainer to provide a one-way valve which allows gases to 
?ow out of the container but prevents the ?ow of ?uids 
into the container, moving the container downwardly 
through a heated liquid both for partially collapsing the 
container about the product and simultaneously forming 
reinforcing wrinkles in the container walls which resist ex 
pansion of the walls and compressing gases in the head 
space, and moving the container upwardly through the liq 
uid so that the gradually diminishing hydrostatic pressure 
acting on the external surfaces of the container and the 
wrinkles formed in the container walls will cooperate to 
resist expansion of the container headspace providing a 
pressure within the submerged container which is great 
enough to open the one-way valve thereby alowing gases 
to purge from the headspace. - 

13. A method according to claim 12 wherein the liquid 
is water maintained at a constant temperature of about 
212° F. throughout its entire depth. 

14. A method according to claim 13 wherein the con~ 
tainer is repeatedly moved upwardly and downwardly 
through the water bath for progressively collapsing the 
container headspace and purging gases therefrom. 

15. A method according to claim 12 wherein the prod 
uct has a su?icient moisture content to form condensible 
vapors within ‘the headspace when the container is in said 
hot liquid and wherein each upward and downward cycle 
of the container in the liquid expells a portion of the air 
from the container headspace thereby progressively reduc 
ing the proportion of air to steam for each pass through 
the heated liquid. 

16. A method according to claim 14 wherein the prod 
uct has a sufficient moisture content to form condensible 
vapors within the headspace when the container is in said 
hot liquid and wherein each upward and downward cycle 
of the container in the liquid expells a portion of the air 
from the container headspace thereby progressively re 
ducing the proportion of air to steam for each pass through 
the heated liquid. 

17. A method according to claim 12 wherein the up 
ward and downward movement through the heated liquid 
partially cooks the product, and additionally including 
the steps of completing the cooking of the product by 
moving the container through a second heat treatment me 
dium, hermetically sealing the mouth of the container, 
and cooling the container to cause condensible gases there 
in to condense and further collapse the container head_ 
space. 
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18. A method according to claim 15 wherein the up 

ward and downward movement through the heated liquid 
partially cooks the product, and additionally including the 
steps of completing the cooking of the product by moving 
the containers through a second heat treatment medium, 
hermetically sealing the mouth of the container, and cool 
ing the container to cause condensible gases therein to 
condense and further collapse the container. 

19. A method of purging gases from and collapsing the 
headspace of a ?lled ?exible container having an unsealed 
mouth and forming reinforcing wrinkles in its walls when 
the headspace is being reduced, comprising the steps of 
applying a tensioning force across the mouth of the con 
tainer to provide a one-way valve which allows gases to 
?ow out of the container but precludes the ?ow of ?uids 
into the container, heating the container by repeatedly im 
mersing the container in and removing the container from 
a hot liquid causing hydraulic forces acting on the ex 
ternal surfaces of the container during each immersion 
to expell a portion of the headspace gases through the one 
way valve, and cooling the container between each immer 
sion of the containers in hot liquid for condensing the 
vapors therein and for progressively collapsing the con~ 
tainer headspace. 

20. A method according to claim 19 wherein the cool 
ing occurs upon the immersion of the containers in cool 
water after each immersion of the containers in hot water. 

21. A method according to claim 20 wherein each im 
mersion of the container in hot water and in cool water 
has a duration of between about 15 to 30‘ seconds. 

22. An apparatus for reducing the headspace of and 
purging air from a ?exible container having an unsealed 
mouth and being partially ?lled with a bulky product, the 
container being of the type that forms reinforcing wrin 
kles in its walls when the size of the headspace is being 
reduced comprising, driven conveying means, a carrier on 
said conveying means, means on said carrier means for 
attaching the container thereto and for applying a stretch 
ing force across said mouth to provide a one-way valve 
therein, means de?ning at least one trough having a liq— 
uid bath therein, guide means for the conveying means for 
guiding the containers along a vertical zig-zag path down— 
wardly and upwardly through at least one liquid bath, and 
means for heating the liquid in said one liquid bath to 
about 212° F. thereby forming a steam-air mixture within 
the headspace of the container, the hydrostatic force act 
ing on the external surfaces of the container during each 
downward movement in said bath gradually reducing the 
headspace volume and forming wrinkles in the container 
walls, and the wrinkles in the container walls resisting 
expansion of the walls during upward movement of the 
container in said bath causing a portion of the steam-air 
mixture to escape from the headspace during each up 
ward movement. 

23. An apparatus according to claim 22 wherein the 
container moves downwardly within the heated liquid a 
distance su?icient to provide a pressure change acting on 
the external container surfaces of at least about 11/2 
p.s.1.g. 

24. An apparatus according to claim 22 wherein said 
trough de?ning means de?nes a plurality of troughs, 
means for heating the liquid in certain of said troughs to 
about 212° F., means for maintaining cooling liquid in 
others of said troughs, said guide means being arranged 
to move container along said zig-zag path so that the 
container is alternately immersed in the hot liquid and 
thereafter in the cool liquid whereby a steam-air mix 
ture is ?rst formed in the container and a portion thereof is 
expelled through one-way valve during each immersion 
in the heated liquid and wherein the steam remaining in 
the container is condensed to create a vacuum which par 
tially collapses the container during each immersion of 
the container in the cool liquid. 

25. A method of purging gases from and collapsing 
the headspace of a ?exible container having an unsealed 
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mouth and being partially ?lled with a bulky food prod 
uct, the container being of the type that forms reinforc 
ing wrinkles in its walls when the headspace is being re 
duced, comprising the steps of closing the mouth of the 
container to provide a one-way valve which allows gases 
to flow out of the container but prevents the ?ow of ?uids 
into the container, forming a steam-air mixture within 
the container, and thereafter condensing a portion of the 
steam within the container to cause the headspace to par 
tially collapse. 

26. A method according to claim 25 wherein the con 
tainer is heated to form the steam-air mixture therein, 
and wherein the container is cooled to condense said por 
tion of steam therein. 

27. A method according to claim 25 wherein said por 
tion of steam is condensed by application of pressure to 
the external surfaces of the container walls. 

28. A method according to claim 25 wherein the pres 
sure within the container never exceeds the pressure acting 
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on the external surfaces of the container by more than 20 
about one-third of an ounce per square inch. 

29. A method according to claim 27 wherein the pres 
sure within the container never exceeds the pressure act 
ing on the external surfaces of the container by more 
than about one-third of an ounce per square inch. 
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