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PRESSURE EXCHANGERS
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zormenyi and’ Clara Jendrassik,- éxecutors” of” s
George Jendrassik,: deceased; .assignors; by mesiié’ as-
signments, to Jendrassik Developments Limited; Lox-
don, England
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14 Claims. (CL 230—69)

This‘invention relatés to rotary préssire exchangers of

10

the kind comprising at least orie ting of célls for the com- .

préssion of expansion’of gas; atid ‘priessuré exchange. flﬁét
means which’ operate to interconngct pairs of cells be-
tween which pressure exchange is to odcur, . _

When the interconnection of a’ pair-of célls: is “estab-
lished the gas in the cell at higher pressire expand “and

thereby effects ‘compression of the gas in the other cell,

with a consequent flow of gas, heréiniaffer for cofivenience,
called ““transfer gas,” through the diict means, -
In" the' kind ‘of pressure exchanger referred to.‘above’
edch ring of cells miay be rotary and the pressure exchange
diiét means may ‘be nori‘rotary, or the cOtiverse arrange-
ment may be'adapted, the requirement i such cases being,
only -for relative rotation between the ‘diict “meaits and
the cells. ] . T )
In' khown' pressure exchangers the” so-¢alled exchange
of ' pressuré” betweer any' two “"cells” ifi - corhifunication.
through' the pressure’ exchange channels is not, erly
speaking; an’ exchange “of pressure in the sénse ‘that the
gas in'the cell initially af the higher pressure i§ ‘expanded’
déwii to the initial pressuré-of the gas in the low pres-
sute céll’ while the latter gas ‘simultadeoiisly’ acqui
iniitial pressure ‘of the high pressure cell. In pragt
pressuré- ekchdnge in’ Kndwn machinés'is ‘N6 m
an ‘equalization’ of ‘pressure* bétweed the cells in com-,
munication, so that no “compression” cell’ can réach ‘the’
highigst pressuré of the-cycle” (3. ¢! the pressuré” of the,
fresh gas‘intréduced at high pressure scavefigiig) a
“expansion” cell'can’réach the lowest pressure of the
cycle (i. e. the pféssﬁr’e“of“thé»fr‘esh‘”g“é'é‘ ‘introdiceéd at”
loW-pressure scavenging). R S
The'presefit inverition has ot ifs imain object to redifce
thia losses inherent in thé operation”of such mdchines by
SO affangihg matters that'a:complete ‘exchange of_i)j:ﬁé{s ire’
betweei!ahiy tWo comimu tating ‘expinsion and coftipres-
sionfcellsis miore néatly approached: '
"The ‘preseiit ‘invefition® provid és ‘a
oftHe tkindUrefer whereén
distrmzatis coniprises arité v 3
kinsticreneray storitig portivn “aleng *which
tional area is substantially unvarying and
is so ditnetsiotied that in bpé‘fﬁ'tioﬁ‘%hé‘ﬁﬁw i
petsists after the pressure’in’ thein erconnected:
substdntially “equaksed;and vitigrein tHé Ceoniiection
tweetiva cell anid afiy “ong phssdgd issevered beforE
ditectivn of gasflow’ in’ the ‘pastag s'reve: :
. Prefefably; in-cperation,? eachcélt takiiig? !
pressure ‘exchange’ protess isrin commuitication sitiiiltas:
ne‘c‘)uslynvith‘atplur&litysof-*saﬁdipasSa"ges:‘ L
One forn: of+-pressure-exchanger according to'therin®
vefition ‘may-comprise a-single-ring cof-rcells formingra:
rotor; -and-‘nen-rotary: pressure- exchange' duct nieans;™
whereirt. each-passage of :the-duct- meafis comprises:two™
kinetiegeﬁer-gya“stor,ing»‘:—portionsi1rav_érsed in:series- by thes
transfer- gas,’ each-portiom-havingfa -convergent® entry:’
and/or a divergent exit, the ‘exit -of the’ upstream-of the~
two -portions: being-connected-to-the: entty:of the-doWn-
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artinithes

2
streat “portion by, a connecting passage of larger cross-
section”than the kinetic-energy storing portion..

Another form of pressure exchanger according to the
invention 'may -comprise two contrasrotating sitbstantially
co-axialrrotors-each comprising a ring' of “cells, and non-
rotary pressure- exchange duct’ means forming structure
geparating the rotors;” wherein ‘the duct means over oné
arc-of -rotgtion of the-rotor consists of passagés designed
for- gas:flow: in-one direction’ while-theé remaining pas-
sages, which are arranged over air arc circumferentially
offset -relative- to: the- first; are: designéd - for - gas flow’ in
the oppesite-direction. .
In-a-further: possible- alternative to- which"thepresent
invention is applicable, the machine may comprise " two
contra-rotating substantially: co-sixial rotors arranged
closely adjacent without intervening stator striicture; each
rotor. comprising ‘a- ring-of cells; In such a‘pressureé’ex-
changer the duct means may be divided into two ‘parts
each part integral with the' cell structure of one of the
rotors, the arrangement being such that durifig the-rotd=
tion .of the- rotors the*two parts. register- and ‘operaté’as
contintions diict means conveying transfef gas across the
small axial gap betweenthe rofors:- .

T pressure exchangers aceording to-the invéntion; whemn

a-cell, at-higher pressure-comes 1ato- commugication-Wwith

acell 'at lower pressure, then during-the first part -of ‘the

" préssure ‘exchange process the-speed: of ~the transfet- gas
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| sufs“exchanging

in the passage Or passages -affected will-progressively
ncrease due to_the pressure difference; until- the  pres=
stites in .the cells become -equal. = After this,due to thé
continiiing flow of gas in the energy-storing: portion -of
the passage or passages the -pressure -exchange- process
fiFthet continues, but as the pressure difference now acts
againist the gas.flow the velocity of such flow: decreases:
‘ réaches its lowest: value, at~which. moment: the
of ‘pressure-between the. two cells - under con*
sidération '1s ‘completed, so far as complete’ exchange- is
pbs§ible  whei unavoidable losses are taken into account:
‘an’idédl case where there are no losses it would:be’
rétically ‘possibleto compress the gas in the compres-.
‘cell ip to the ‘initial pressure ofthe -expanding cell,
¥’lafter being expanded down: to the initial  pressure of
éssed cell (provided -the volumes of ‘the- cells

ars to’be impottant to arrange matters so that
sagés are, as far as possible, continually in contact
1ls ‘so that “the’ gas “velocity in the-channels is

fe ‘exchange beyond the equalisation
between cells ‘and passages; naturally-
ined after’ the pressures-at the ends of
become equal.

1t ‘nidy ‘bepossiblethat "due’ o abfupt opening :and-
closing* (partial or compiete) of the passage ends waves

of ¢omipréssion ‘and rarification ‘may ‘shoot along the pas-
sagisof pissages bat this wiil not materially alter the pres-

‘exc] ng - process, especially if good diffusers .are
affanged af the-outflow ‘end of the passages. The waves:
of compression. and rarification will also contribute to
the'Brocess of eniergy stordge and festoration. -

For proper functioning and in particular the avoidance
of reverse flow in the pressiife exchange channels it'is
pFétEiable that 'the design of the pressure exchanger be-
in-acsrdance with the equation:

(t)ze(m)

a—_-spge_’d_ﬂ'qftpropagaﬁdn‘ of ‘sound in"thié “etiergy storing’
portion of the ‘passage: :

{—time Buring which one passagé is in’contact with a el

whage::
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I=length of the energy-storing part or parts of the
passage. :

v=volume of a cell.

Ve=sum of the volumes of the energy-storing parts of
the passages in communication with one cell,

C=a constant equal to about 2.5

The formula has the physical meaning that the time
during which a channel remains in contact with a cell
of the time of a full cycle
of the resonant system composed by the communicating
cells and the channel, or channels, connecting them.

If the time is longer than corresponds to this limit then
losses will increase rapidly,

Some constructional examples according to the in-
vention will now be described in further detail with refer-
ence to the accompanying * diagrammatic drawings in
which:

Figure 1 is a longitudinal section of a pressure ex-
changer with one cell rotor.

Figure 2 is a cross sectional view of Figure 1 on the
line A—A.

Figure 3 is an enlarged view of one of the channels
shown in Figure 1. .

Figure 4 js a fragmentary section along the circum-
ferential plane B—B of Figure 3.

Figure 5 is a view similar to Figure 4 but showing a
pressure exchanger with two cell rotors.

- Figure 6 is a section along the line C—C of Figure 5.

Figure 7 is a fragmentary section on the circumfer-
ential plane D—D of Figure 5.

Figures 8 and 9 are both developments into a circum-

purely diagrammatic fashion,

The pressure exchanger shown in Figures 1 and 2 com-
prises a single rotor 1 having a series of cells arranged in
circular disposition and formed by partition walls 5 ex-
tending in a generally radial direction between an outer
drum 5A and an inner drum 5B. The rotor is rotatably
mounted in bearings at 3, 3’ arranged in stationary and
plates 2, 2’ and is rotated according to the arrow 10 in
Figure 2. The scavenging ducts for the high pressure
scavenging zone 4 communicate through the end plates
with the cells, and the same applies to the low pressure
scavenging ducting 6. When the machine is in operation
compression takes place in cells over the sector 7 and
expansion in cells over the sector § (Figure 2). 1In
order to establish communication between “compression”
cells and “expansion” cells so as to permit the exchange
of pressure between them, pipes or passages 9 are ar-
ranged so that one end of them communicates with
cells on the compression sector and the other end with
cells on the expansion sector. Each pipe or passage
comprises straight portions 11, 11’ of practically constant
cross section, diffusers 12, 12’ and convergent portions
13, 13", To avoid shock losses the portions 12’ and
13 are shaped where they open into the cells in such
manner as to remove or put on the tangentia] component
of the velocity of the transfer gas. A section 9a of con-
stant but larger cross section connects the part 12 to
the part 13",

In Figure 2 the spacing apart of the pipes 9 is some-
what exaggerated.

The machine operates as follows:

As the rotor 1 rotates the cells leaving the low pres-
sure scavenging zone 6 come into contact with the ends 12
of the pipes 9 and 8as enters such cells compressing their
contents. On the other hand the cells leaving the high

pipes gas which flows
Due to the functioning of
arriving at the high pres-
nearly the high pressure

cells.
the pipes or passages the cells
sure zome 4 contain gas at
prevailing at 4. Sych gas

&
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will be used according to 75

the application of the pressure exchanger.
if used for generation of pressure gas, then heat is intro-
duced (e. g. by combustion) and gas extracted, if as a
heat pump then gas is introduced and heat extracted.
In the present case (used as a source of pressure gas) it is
assumed that the gas removed at 4 is heat-energised by
combustion and a portion of such gas is returned to the
cells for expansion. The cells arriving at the low pres-
sure scavenging zone 6 contain 8as expanded nearly down
to the pressure prevailing in the zone 6 and such gas
is also handled according to application of the pressure
exchanger. In the present case it is assumed that such
gas is removed and replaced by fresh gas to be com-
pressed.

The functioning of the pipes or passages 9 is as fol-
lows:

When a cell destined to undergo expansion comes in
contact with a pipe or Passage 9 then in general the pres-
sure in that cell is higher than the pressure at the other
end of the pipe. Therefore transfer gas flows through
the channel owing to the pressure difference, is accel-
erated, and kinetic energy thus is stored up. The storage
takes place mostly in the kinetic energy storing portion
11 or 1V in which the speed will be the highest. The
convergent portion 13 ensures a smooth entrance and
directs the flow as required. At the end of the energy
storing part the diffuser 12 reduces the speed of the
leaving gas so that little kinetic energy should leave the
channel part 11. The portion 9a remains at a constant
intermediate pressure. The gas flow is again accelerated
in 13’ and 11’ and storage of kinetic energy takes place
therein. The diffuser 12’ reduces the amount of kinetic
energy leaving the storage part by reconversion to pres-
sure energy. The gas speeds in 11 and 11’ increase only
until the pressures in the cells connected become equal
with the pressure in 9a, after which the speed decreases
and energy is restored by compressing the cell under
compression above the pressure of the expanding cell.

In a modification, an energy-storing portion (corre-
sponding to 11 or 11") may be provided in lieu of the
portion 9a. The channels 11 etc. may also be inclined
with reference to the end plate (as at 41 in Figure 8).

It is possible to provide the pipes or passages at both
ends of the cell rotor,

“Lands” or sealing portions such as 14 are provided to
reduce the leakage around the edges of the cell walls,

The inlet and outlet ends of the pipes may be con-
nected to the end-plate at different radii.

In Figures 5, 6 and 7, the machine comprises two cell
rotors 15 and 16 (each substantially similar to the rotor 1
described above) rotated in opposite directions and sup-
ported in bearings at 18, 19, 20, 21 arranged in stationary
end plates 22, 23, 24, 25, the two latter being united by
intermediate structure 26. The direction of rotation of
each rotor is indicated in Figure 7 by the arrows. Be-
tween the two rotors are arranged pressure exchange pipes
or passages 27, 28 permitting transfer gas to pass from
the expanding cells of one rotor into the compression
cells of the other.

The functioning of this kind of machine is very similar
to the one described above, except that in the two-rotor
machine the expanding cells of one rotor work with the
compression cells of the other rotor, an arrangement
which permits a much simpler design for the pressure .
exchange passages and has the great advantage also that
the duct area for scavenging at the pressure extremes
are not so much obstructed by constructional parts. In

figure 7 is shown a channel arrangement which takes
care of the tangential components of velocity and at the
same time is adapted also for energy storage during pres-
sure exchange. The Dassages have at one end a conver-
gent portion and on the other a diffuser. The function-

In general,

'ing of the passages themselves is, in principle, described

with reference to Figures 1-4.
The passages 27 may have a greater cross-sectional arca
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at.the low pressure region than at the. high pressure region,
as.indicated. for, example.in broken: lines. in. Figure. 6.

In Figures. 8, 15 and.16.are the. cell rotors, 30,:31",.29’
the high . pressure scavenging- duets,. 38- guide vanes to
direct the scavenging flow, 39, 39’ are.sealing lands: on
the intermediate._structure: 26, As, examples. a. variety. of
modified types of passages are shown in Figure 8. 27 are
passages ‘as. described above .with. reference. to- Flgure 7,
40 are passages which are formed: to avoid shock due.to
the. peripheral speed of the cell rotors,.but without special
diffusers or convergent portions: These passages will
preferably have. nearly the some radial dimension as:the
«cells.of the wheels.aiid: so.no-great change of velogity will
take place when. gas enters or leaves them. . Passages
41 have a convergent ehtrance portion lying in. the. direc-
tion of. the velocity .of the gas leaving the .cell rotor, a
diffuser 43, and. a curved outlet. 42 to 1mpart .an .appro-
priate. peripheral velacity.  The.scavenging is.in. parallel,
the. gas. entering. on. éach. side .as .shown. by the.arrows,
‘and leaving centrally by the duct 31’ '

In Figure 9 the: cells are formed by helicoidal partitions
44, Thesé may have such direction. that the.gas leaving
a:.cell towards the pressure exchange passages will have
chiefly -axial velocity .only, the peripheral component be-

ing reduced. The passages at-45.have a -curved inlet, :

whereas passages 46.have.a curved: outlet.

The guide vanes 38 :may also. be.arranged. in ‘the cell
rotors, or the ends. of the partition walls of the cells may
have the curved form-required.

It is possible to-use more than two substantially.co-axial
cell. rotors, -alternate rofors -rotating in. ome. .direction,
while the others rotate: in the .opposite :direction. -Pas-
sages may be .arranged between each -adjacent pair -of
rotors - for the pressure exchanging :proeess, -.and -ducts
may be arranged between. the rotors for inlet or outlet
to the low and high pressure scavenging spaces.

-In any construction. described above the radial cell. walls
may be. so shaped that the secavenging. gases-entering or
Jeaving the cells produce: a turbine effect which: rotates
the rotor or rotors.

What I claim is:

1. -A transfer gas:passage arrangement for.a pressure
exchanger having at least one ring of cells, a system of
ducting to supply gas:to and from the cell-ring, passages
to interconneet pairs of cells to-permit transfer gas flow
from one cell of a pair to the other and means for
effecting relative-rotation ~between “the .cell-ring - on ‘the
one hand -and -the-said-ducting system and the said pas-
sages ‘on the other-hand, -during which. relative rotation
there 'is momentary -communication’ between cells con-
taining gas at differént ‘piessures, 50 that the pressure
in..one cell of an mter-commumcatmg pair falls -while
that in ‘the other rises with consequent flow of gas by
way of the said passages, in which arrangement each of
the said passages comprises a kinetic-energy-storing por-
tion along which the cross-sectional area is substantially
unvarying and a convergent inlet portion to the said
kinetic-energy-storing portion, whereby in the designed
conditions of operation the gas flow between . intercon-
nected cells persists after the pressure in them has sub-
stantially equalized.

2. A transfer gas passage arrangement for a pressure
exchanger having at least one ring of cells, a system of
ducting to supply gas to and from the cell-ring, passages
to interconnect pairs of cells to permit transfer gas flow
from one cell of a pair to the other and means for effect-
ing relative rotation between the cell-ring on the one hand
and the said ducting system and the said passages on the
other hand, during which relative rotation there is mo-
mentary communication between cells containing gas at
different pressures, so that the pressure in one cell of an
inter-communicating pair falls while that in the other rises
with consequent flow of gas by way of the said passages,
in which arrangement each of the said passages comprises
a kinetic-energy-storing portion which is substantially
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straight:.and. has a. pnogresslvely divefgent . outlet portzon
from “the: kmetxc,energy-stormg portion,, whereby in. the
designed conditions of .operation the gas. flow bﬁtwegn
interconnected. -cells. persists after the pressure in them
has. substantjally .equalized.

3. A transfer..gas. passage -arrangement. for-a pressure
exchanger. having at least one ring of cells, a system. of
ducting, to supply. gas to-and from the cell-ring, passages
to.interconnect pairs. of cells.to permit transfer-gas flow
from one cell of a pair to.the other and .means. for effect-
ing relative rotation. between the.cell-ring on.the one hand
and the. said ducting:system. and the said passages.on the
other hand, during which relative rotation there is meo-
mentary -communication. between cells. containing- gas -at
different pressures,,so-that the: pressure.in-one: cell:of :an
inter-communicating - pair - falls “while -that in the -ether
rises with consequent flow -of .gas by way of the. said pas-
sages, in.which-arrangement -each -of . the said passages
comprises .a - kinetic-energy-storing. portion. -aleng which
the-cross-sectional area: is. substantially ‘unvarying,-a con-
vengent inlet. portion te-and -a divergent outlet portion
from- said -kinefic-energy-storing pertion, whereby :in-the
designed -conditions -of -eperation: the gas flow ‘between
interconnected cells ‘persists ‘after the pressure in-them
has- substantially-equalized.

4. A:transfer gas passage arrangement -as claimed in
claim 3- in-which -each of the said: passages has an exit
end-so curved as to discharge the .gas ‘with a substantial
component of -velocity in the: direction of rotation of the
rotor:

5. A.transfer gas passage-arrangement .as claimed:in
claim 3 in which each of said passages: has an-entry-end
so.curved as to.ensure substantially shockless eatry of gas
from thecells.into. said passages.

-6.. A-transfer -gas passage arrangement as.claimed in
claim-3 in which each of the said passages has a greater
-cross=sectional. area at the lower pressuré end than at the
higher pressure end.

‘7. ‘A transfer .gas passage -arrangement for a -pressure
exchanger having at least one ring of cells, a systém of
ducting to supply gas to and from the cell-ring, passages

" to interconnect pairs ‘of cells to permit transfer .gas flow

45

50

o
ot

60

70

5

from one cell of a pair to the other and means for effect-
ing felative rotation between the cell-ting on the one
hand and the said ‘ducting system and the said passages
on the other -hand, durmg which relative rotation. there
is momeéntary communication between . cells contammg
gas at different préssures, so that the pressure in.one.cell
of an mter—commumcatmg pair falls while that in the
other rises with consequent flow of .gas. by way of .the
said passages, in which arrangement each .of the said

_Passages  compfises two - kinetic- energy—stormg portlons

along each of which the cross-sectional area is stbstan-
tially unvarying, a central connecting portion separating
and interconnecting said kinetic-energy-storing portions
in series relative to the gas flow through the said passage
and being of larger cross-sectional area than either of
said kinetic-energy-storing portions, a convergent inlet
portion to each kinetic-energy-storing portion and a di-
vergent outlet portlon from each kinetic-energy-storing
portion, whereby in the designed conditions of operation
the gas flow between interconnected cells persists after
the pressure in them has substantially equalized.

8.-A transfer gas passage arrangement for a pressure
exchanger having two contra-rotating co-axial rings of
cells, a system of ducting to supply gas to and from the
cell-rmg, non-rotary passages forming structure separat-
ing the two cell-rings and interconnecting pairs of cells
to permit transfer gas flow from one cell of a pair to the
other and means for rotating the cell-rings, during which
rotation there is momentary commurication between cells
containing gas at different pressures, so that the pressure
in one cell of an intercommunicating pair falls while
that in the other rises with consequent flow of gas by
way of the said passages, in which arrangement each of
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‘the said passages comprises a kinetic-energy-storing por-
tion along which the cross-sectional area is substantially
unvarying and a convergent inlet portion to the said
kinetic-energy-storing portion, whereby in the designed
conditions of operation the gas flow between intercon-
nected cells persists after the pressure in them has sub-
stantially equalized, and in which arrangement some of
the said passages are designed for gas flow in one direc-
tion therethrough while others are designed for gas flow
‘in the other direction therethrough.

9. A transfer gas passage arrangement for a pressure
exchanger having two contra-rotating co-axial rings of
cells, a system of ducting to supply gas to and from the
cell-ring, non-rotary passages forming structure separat-
ing the two cell-rings and interconnecting pairs of cells
to permit transfer gas flow from one cell of a pair to
the other and means for rotating the cell-rings, during
which rotation there is momentary communication be-
tween cells containing gas at different pressures, so that
‘the pressure in one cell of an intercommunicating pair
falls while that in the other rises with consequent flow
of gas by way of the said passages, in which arrangement
each of the said passages comprises a kinetic-energy-
storing portion which is substantially straight and has a
progressively divergent outlet portion from the kinetic-
energy-storing portion, whereby in the designed condi-
tions of operation the gas flow between interconnected
cells persists after the pressure in them has substantially
-equalized, and in which arrangement some of the said
passages are designed for gas flow in one direction there-
through while others are designed for gas flow in the
other direction therethrough.

10. A transfer gas passage arrangement for @ pressure
exchanger having two contra-rotating co-axial rings of
cells, a system of ducting to supply gas to and from the
cell-ring, non-rotary passages forming structure separat-
ing the two cell-rings and interconnecting pairs of cells
to permit transfer gas flow from one cell of a pair to the
other and means for rotating the cell-rings, during which
rotation there is momentary communication between
cells containing gas at different pressures, so that the pres-
sure in one cell of an intercommunicating pair falls while
that in the other rises with consequent flow of gas by way
of the said passages, in which arrangement each of the
said passages comprises a Kkinetic-energy-storing portion
along which the cross-sectional area is substantially un-
varying, a convergent inlet portion to and a divergent
outlet portion from said kinetic-energy-storing portion,
whereby in the designed conditions of operation the gas
flow between interconnected cells persists after the pres-
sure in them has substantially equalized, and in which
arrangement some of the said passages are designed for
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gas flow in one direction thercthrough while others are
designed for gas flow in the other direction therethrough.

11. A transfer gas passage arrangement as claimed in
claim 10 in which each of the said passages has an exit
end so curved as to discharge the gas with a substantial
component of velocity in the direction of rotation of the
rotor.

12. A transfer gas passage arrangement as claimed in
claim 10 in which each of the said passages has an entry
end so curved as to ensure substantially shockless entry
of gas from the cells into said passages.

13. A transfer gas passage arrangement as claimed in
claim 10 in which each of the said passages has a greater
cross-sectional area at the lower pressure end than at the
higher pressure end.

14. A transfer gas passage arrangement for a pressure
exchanger having two contra-rotating co-axial rings of
cells, a system of ducting to supply gas to and from the
cell-ring, non-rotary passages forming structure separating
the two cell-rings and interconnecting pairs of cells to
permit transfer gas flow from one cell of a pair to the
other and means for rotating the cell-rings, during which
rotation there is momentary communication between cells
containing gas at different pressures, so that the pressure
in one cell of an intercommunicating pair falls while that
in the other rises with consequent flow of gas by way of
the said passages, in which arrangement each of the said
passages comprises two Kkinetic-energy-storing portions
along each of which the cross-sectional area is substan-
tially unvarying, a central connecting portion separating
and interconnecting said kinetic-energy-storing portions in
series relative to the gas flow through the said passage
and being of larger cross-sectional area than either of said
kinetic-energy-storing portions, a convergent inlet portion
to each kinetic-energy-storing portion and a divergent
outlet portion from each kinetic-energy-storing portion,
whereby in the designed conditions of operation the gas
flow between interconnected cells persists after the pres-
sure in. them has. substantially equalized, and in which
arrangement some of the said passages are designed for
gas flow in one direction therethrough while others are
designed for gas flow in the other direction therethrough.
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