I ntroduction The present invention relates to separation of liquid droplets
froma gas stream particularly in production of oil and gas. More
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The gas scrubbers will often be a vertical vessel but may also be a horizontal vessel or a combination
of a vertical and horizontal vessel. Inside the.gas scrubber vessel, the separafion often takes place in
20 several stages. First, the gas enters through an inlet nozzle, which - for vertical oriented scrubbers —
can be located approximately at the middle of the scrubber in the vertical direction. At the inlet nozzle
a momentum breaker plate, a vane diffuser or any device can be located in order to distribute fluids
across the separator cross-sectional area. Already here, the largest drops are separated and falling

down onto the liquid reservoir in the lower part of the separator.

25  The gas will flow upwards into a calm zone, or deposition zone, where further droplets due to gravity
falls down onto the liquid surface below, alternatively deposits on the separator wall and drain

downwards along this.

Close to the top of the separator, the gas is forced to pass through droplet separation equipment of
known technology. There are mainly three categories of droplet separation equipment; mesh pad,

30 vanepack and parallel arranged axial flow cyclones. Because of the pressure drop across the droplet
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A more thorough description of the prior art is given in the specific part of the description with

reference to drawings.

Objective
20  The objective of the present invention is to provide a more efficient inlet device for a gravity separator
or gas scrubber for separating a fluid mixture comprising gas and liquid, in order to enhance the

overall efficiency of the separator or scrubber.

The present invention

The above mentioned object is fulfilled with the present invention, which is an inlet device as defined
25 by claim 1. Preferred embodiments of the invention are disclosed by the dependent claims. The
scrubber vessel will typically be a vertical gravity separator but may also be a horizontal vessel or a

combination of a horizontal and a vertical vessel typically compromising:
¢ avessel that has an upper gas filled compartment and a lower liquid filled compartment

¢ aninlet section usually designed to reduce the inlet momentum from the pipe into the vessel
30 and assure a good flow distribution in the vessel, there are inlet sections that aim to do pre

separation of liquid from gas in addition and the present invention represent such a device.



The present invention The above nmentioned object is fulfilled with the

present ipvention, which is an inlet device as defined 5 by claim1.
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clainms. The scrubber vessel will typically be a vertical gravity separator
but may al so be a horizontal vessel or a conbination of a horizontal and a
vertical vessel typically conprom sing:., a vessel that has an upper gas
filled conpartment and a lower liquid filled conpartnent an inlet
section usually designed to reduce the inlet monmentumfromthe pipe into
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* an upper outlet opening for discharging the substantially gas-containing mixture part from the

10 upper compartment

The new invention will be the inlet section in the scrubber vessel and will be designed as a
pretreatment stage that should be able to remove the major part of the liquid. The design intentions is
that the said inlet should remove more than 90% but typically 99% or more of the liquid before the
gas is introduced into the vessel. By removing the major part of the liquid the gas quality out from the

15 vessel will be improved.

The new inlet section will treat the inlet mixture using centrifugal forces and will typically

compromise:

e Aninlet distribution chamber that will distribute the mixture entering the vessel through the
inlet nozzle into one or more treating devices for the fluid. The distribution chamber will also
20 usually have an outlet that allows any liquid separated inside the distribution chamber to flow

out into the vertical vessel.

¢ one or more devices in parallel mounted onto the inlet distribution chamber for treating the

gas liquid mixture typically compromising of
o a cylindrical tube

25 o a swirl inducing element for setting the flow into rotating flow located close to the

inlet section

o an outlet opening downstream of the flow element for the substantially gas

containing mixture part to exit the treating device



10upper corrpartrrent The new invention will be the inlet section in the

scrubber vess and will be designed as a pretreatnent s e that shoul d be
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the said inlet should renove nore than 90% but typically 99% or nore of the
liquid before the gas is introduced into the vessel. By renoving the major
part of the Iiquid the gas quality out #fromthe 15vessel will be inproved.
The new inlet section will treat the inlet m xture using centrifugal forces
and will typically conprom se: An inlet distribution chanber that wll
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tube 250 a swirl inducing element for setting the flowinto rotating fl ow
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flow el enpafibutarthd £ irsIDSdt dNEYciBhds Yvh@RSIhE ARE AlidisRE: ilrothtioh By RREAs Jf@ sRifLt the
treating ﬂc?u\élln(g: gevncée} being outward delimited by the cyclone body so that the incoming fluid is exposed to
a centrifugal force in addition to the gravity force. Most of the liquid will, because of the centrifugal
force, be separated immediately towards the cyclone walls and follow the wall until it exits the
10 laterally arranged openings. In some arrangements gas may be allowed to follow the liquid through
the liquid openings as well. The mixture with predominately gas will exit the cyclone tube at the
opposite end of the entrance with the swirl inducing element. The separator device as such is
according to known technology, normally denoted as axial flow cyclones or demisting cyclones. The
axial cyclones are well suited for a multiphase mixture that will consist of mainly gas. The gas will pass
15  the tube in a single pass from the inlet to the outlet. This is unlike a reversible cyclone for gas where
the gas exits at the top of the cyclone and exit at the top of the cyclone. The gas which is typically
more than 97% of the volume in the feed will need to turn inside the cyclone before exiting the
cyclone. Hence approximately half of the available flow area should ideally be used for the gas moving
upwards in the cyclone and the half of the available flow area should be used for the gas moving
20 downwards in the cyclone. For the axial flow cyclone the gas will utilize the full cross section flowing

from the inlet at one side towards the outlet at the other side and will hence be better suited for a

flow that mainly contain gas

The inlet pipe into the vessel is connected to the inlet distribution chamber that distributes the gas
and liquid into the vertically oriented cyclones tubes. Any liquid separated by gravity in the inlet
25 chamber upstream the cyclone will be drained in a separate pipe from the inlet chamber. The cyclone
tubes are designed as cyclones where the gas is set into rotation in a spin element at the entrance end
and exits at the outlet of the other end of the cyclone. The gas flow will hence never be reversed as in
reversible gas cyclones and this allows higher gas velocity in the axial flow cyclones.. Liquid that hits
the inner wall of the cyclone is drained through slits in the cyclone wall into outer liquid collector
30  chambers. The liquid is then drained from the liquid collector boxes underneath the inlet section. The
invention is further described with references in the following. The invention will separate gas from

liquid using axial flow cyclones. The liquid and the gas will then be introduced as a predominately gas
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aimng to utilize the best elements from each g? t he previousl escri bed
coalescing and flow distribution section that usually is either a mesh pad or a vane pack before the

démister. The demister may be another mesh pad or it could be a vane pack or demisting cyclones
that cause some pressure drop. In order to transport the liquid from the demister down into the liquid
pad a pipe or so called downcomer is used. The downcomer extends from the demister section down
30 into the liquid pad. The difference in pressure between the liquid collection chamber in the
downcomer and the liquid pad in the vessel will be compensated by liquid being pulled up in the

downcomer,
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w Il now be described in further detail with reference to draw ngs, which
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is a schematic view of an embodiment of the present invention
entering the gravity separator. The invention as installed in a gravity separator vessel is showed in

20 Figure 1. The gas and liquid enters the gravity separator through the inlet nozzle 1 and passes through
inlet opening 31 of the inlet device according to the present invention and enters distribution
chamber 2 that is used to distribute gas and liquid evenly into the cyclones 3 mounted on top of the
inlet device. In Figure 1 the axial cyclones 3 are mounted together in liquid collection chambers 8. The
number of axial flow cyclones 3 in these chambers 8 varies. There might be some separation of liquid

25 in the distribution chamber 2. This liquid that separates in the distribution chamber is transported out
and below the inlet section through a liquid drain pipe 4. This will be a stream that contains liquid part
of the liquid and the outlet of this pipe is extended underneath the distribution chamber 2 into the
gravity vessel 19. The main bulk of gas will be transported through the axial flow cyclones 3 where the

liquid is separated from the gas using centrifugal force.



Figure 2 is a cross-sectional view of prior art gas scrubber equipped with
a vane diffuser inlet device, dem sting equipnment and in al drainpipe.

Fi gures éNQZ&HﬂM%UOd e show the functional principle oPE£§ﬁ§P“%W8ﬁ?
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a-b show cross sectional views of prior art gas scrubber equipped wth a
cyclonic inlet device, dem sting eqU|ngnt and internal drainpipe, Figure 5
shows a cross sectional view of a prior art single-stage cyclonic scrubber,
Figure 6 shows a cross sectional view of a prior art single stage inline
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shomed5|nwm?05$#©@ﬁ@f%9”¢h@mﬁﬂé and liquid enters the gravity separator

t hrough the inlet nozzle 1 and passes through inlet opening 31 of the inlet
devi ce actBruiNg Wbrepaiate HredegtiPixtuis @iafirar theh oneaitsdpsmeiprotart dhitfei igwd évanber 2

that is uUsBdaleCindi® b bl thARS infd teclibfl Yinek @Y IMgh‘eF‘Er@ser}éen %QP%‘%%%
nounted on top of the inlet device. In Fi el t he axi al cyclones 3 are
%%ﬂéPg

nount ed t%?&%cfﬂ'é?hainheflﬁtain iy thegresselcseme gesch e liafiddn the Apwrconer athee f 1 ow

cycl ones @i b@s&rﬂ%%SﬁasQJ&@ﬁbGﬁtﬁth% liYAd 1n‘ﬁ§u|d er.ﬁrp@e FhghdowhEnPBETR @RBIA L A8 Of
i qui 25 in the dis buti on chanbe This liquid that separates in the

di st rf%ut‘f"'&ﬁpt?f’l'%?ﬁéf’rss ‘ih§“ 1Pa5{ ShsdPiekas Eﬁftth%ﬁﬂﬂ '%@P%\ﬂ/”f‘%“qaf‘i‘lté? inlebiacidr Vil hr ough
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centrif ug%lllovjlrPgrtﬁeellqg‘ljdqjlné]egnea%Rﬁe mIe% setr:](ion will flow upwards past the inlet section and be mixed
with the major part of the gas that comes out through the top of the cyclones and into the zone above
20 19. The gas flow that follows the liquid underneath the inlet section will typically contain 99% or more
of the liquid while the amount of gas will typical represent less than 20% of the total gas flow. The
liquid has to be separated from this slip stream of gas before being recombined with the gas exiting
the top of the cyclones 9. The liquid that follows the gas on the underside of the inlet section will be
separated in the space underneath the inlet section. The separation will be partly due to gravity. The
25 gas loading underneath the inlet section be much lower than upstream of the inlet section since only
typically 20% or less of the gas will exit throughl the downcommer 5. The low gas loading underneath
the inlet section will reduce liquid entrainment. In addition the low gas loading will make this volume
well suited for use of a tradifional demister section to further clean up of the gas. This will typically be
a mesh pad 6 but the demister might also be a vane pack for fouling services. The demister will assure

30  that the gas that has followed the liquid underneath the inlet section is clean. The inlet section will

typically be designed to achieve 99% or more separation efficiency.
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droplets before the gas flows into a demisting section here shown as axial flow cyclones 11 to remove

30 the final traces of liquid in the gas stream before the treated gas exits the gravity separator vessel
through the gas outlet nozzle 12. The advantage of the neW inlet 17 is that it improves the gas quality

in the vessel by removing the bulk of the liquid already in the inlet section. The overall liquid removed
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liquid carry over fromthe scrubber w
inlet nozzle than further away from the inlet nozzle typlcally achleved by a sloped underside of the

inlet distribution chamber, so that the inlet chamber is highest close to the inlet nozzle and has the
20 lowest height at the opposite end of the inlet section. In addition there may be arranged vanes at the
inlet to help spread the inlet fluid across the full cross section of the inlet distribution chamber to

improve the flow distribution in the inlet chamber further.

The design of the inlet distribution chamber 2 may also take into account the drainage of solids from
the chamber. For applications where the fluid contains large amounts of solids the design of the inlet
25 distribution chamber 2 should be designed inclined bottom to assure no solids accumulation at the
bottom of the inlet chambers. The plates should typically be tilted 452 or more towards the drain pipe
4 of the inlet distribution chamber to assure that solids will not accumulate in the bottom of the

distribution chamber 2 but rather slide down through the drain pipe 4 helped by gravity.

30
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relatively to the scrubber height, liquid will be sucked up into the chamber 113 and further into the

gas outlet 112 which is critical for the operation.

Axial flow cyclones will be an integrated part of the current invention and several types of axial flow
cyclones are known. Fig. 3a shows an example of an axial flowing cyclone of known category, i.a
25  described in patent applications PCT/NL97/00350, PCT/NL99/00677 and NL20001016114. The notion
“axial cyclone” is due to féct that the main gas transport is in the longitudinal direction of the cyclone
where the flow inlet is oriented at the opposite end of the gas outlet. There will be minimum one
swirl-inducing element oriented towards the inlet side of the cyclone. Typically the cyclone will have
slots or perforations in parts of the cyclone tube to allow the liquid phase to exit the cyclone laterally.
30  Axial flow cyclones have successfully installed for high-pressure demisting applications because the
low pressure drop and high separation efficiency. The axial flow cyclone 29 comprises a cylindrical

pipe in which the gas is passing through. Inside the pipe a swirl inducing element 21 is arranged that
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t hrough the slots 24 before being re-introduced I'n e cyclone rough t he
cent er ofchanter 23.

The cyclones in Figure 3 a,b,c may further be equipped with double curved vanes. The double curved
30  vanes as described in patent WO 03039755 will give improved separation since the creep flow of
liquid along the vanes will be forced towards the outer side of the vanes by their geometry. The

double curved vanes will be configured to achieve higher tangential velocity close to the center of the
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chanber 25. This is simlar two the cyclones previously discussed and shown
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shown in
20  the separator liquid outlet 60.

A substantial disadvantage utilising this kind of cyclonic inlets is the risk of gas breakthrough in the
cyclone tube liquid outlet 59. Because of the pressure drop from outlet of the swirl inducing element
53 to the top of the gas outlet pipe or vortex finder 55, the pressure at the liquid surface 63 inside the
cyclone will be higher than the pressure at the liquid surface 61 at the separators deposition zone 62.
25  If the pressure drop is too high, the liquid surface 63 inside the cyclone tube 54 will be forced down to
the cyclone tube liquid outlet 59, and gas will be blown out of the liquid outlet, causing foaming and
subsequently liquid entrainment to the scrubber gas outlet nozzle and gas-contaminated liquid in the
liquid outlet. From this situation, the whole scrubber may “collapse”. The pressure drop across the gas
outlet is caused by the velocity increase when the gas passes swirl inducing element or vane cascade
30 53 outlet to the gas outlet 55. The velocity increase has two reasons; i) the gas gets a high axial
velocity when it is forced through the gas outlet pipe 55) and ii) the rotational component of the gas

will, due to conservation of rotational momentum increase because the gas is forced into a smaller



simlar to the cyclones shown in Figures a, b, ¢ downstream of the swrl

i nducing elenent, Figure 4a shows a cross sectional view 02 a forner known
gas scrub‘Bgrz%zé]Of}"dBed with a cyclonic inlet device, dent St Ogg({??ﬁﬁent and
an internal drainpipe as described in UK patent application GB2329857. This
configuration is characterized by the connection between the inlet nozzle
51 and one 10 or nore cycl ones througp}a di stribution chanber 52. The
cyclone tube has a swirl-inducing elenment 53 in order to turn the incom ng
fluid in rotation inside the cyclone tube 54. In Figure 4a, the
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pressure inside the cyclone tube 54. Increased gas flow rates t gl ves
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lower part of the vessel. The other disadvantage is the relatively long distance needed beneath the

inlet for the cyclone which requires a tall vessel.

30 Fig. 5 shows a cross sectional view of former known single-stage cyclone-separator, which for instance

is described in Norwegian patent NO175569. Such configuration is characterized by that the liquid



10 If the gas outlet pipe 55 represents 50% of the flow area in the cycl one
the area o tS|Ze the gas outlet will be the other 50% FE fe tﬁf ﬁ%ﬁ
veIOC|ty‘W P 4398Ione will be at least twice of the aXfalN Wiz’ as
shown in Figure 3 a-e where the inlet and outlet is |located at each side of
t he cycl one tube. The increased gas velocities inside the cyclone will give
i ncreased pressure drop and reduced sep ration performance. 15Anot her

di sadvantage by utilising the cyclonic inlet device as shown in Figure 4a
is the difficulty of establishing a practical arrangenent of the
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30  parallel will be increased.

Figure 6 shows an example of a formerly known cyclone described in GB1233347A. The gas enters the

cyclone at the end and is set into rotation in the swirl inducing device. The swirl inducing element



i ncreased accel eration in a rotational separation field. The accel eration
i's expresse Z , Where 20a is the acceleration in n’s w is the

t angent i a‘iV \7‘8} 0(‘3‘71[19 and r is the radii. Hence to maint aPﬁTéV%PHHOOOZSZ
centrifugal acceleration and driving force for the separation one has to

i ncrease the tangential velocity when increasing the radii of the cyclone.
The hi gher velocity will increase the ?gear i nposed on the liquid filmfrom
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is thrown towards the cyclone body 96 while the gas migrates towards the center of the cyclone and
25  leave through the gas outlet 97 often referred to as a vortex finder. The cyclone body 96 will often
have a conical section towards the liquid outlet 100. The conical shape of the liquid outlet will help
transport liquid out of the cyclone. The rotational field inside the cyclone creates a centrifugal
acceleration usually several decades higher than gravity acceleration. The high centrifugal field will set
up pressure gradients that are oriented radially with respect to the cycione axis. Any liquid film on the
30  inside of the cyclone in the conical section will then be transported by the pressure gradients towards
the center of the cyclone and the liquid outlet 100. The main challenge using the multi cyclone inlets

are the high pressure drop. The high pressure drop is caused by the layout of the cyclone itself being a
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separ g | oferiRRides NBNGE .a RAPAE Bbiweeh abdebsalyeaaiifopbl bcci@rafonbab anRaee dpween t he
separation due to centrifugal acceleration and re entrai nment and 10dropl et
break up ¥BE498 )Y VERRSS U GEP YOHIA" #Egh 2 Pria e fiedcadfropieh HEsEarE® [P Yi scous
drag and gmduiceauce tHelefficRig Yue folingtbag&d8h&anehe Rjuidexampbethotycand.or merly known
inlet section that uses the inlet pipe as cyclone as described ini.e

NCB21170. Th'é%%ngﬁfhm?&mrgﬁ%on%%ekQrghyib§ IR B ,asy? H wﬁé%@%%hegeaﬁ%iga begoc'gn' et

pi pe. The nunmper of cyclones and orientation w ence mte §/ t he

i ping layout. The cycl one
PIping a}i\d r is the radii. \I\X\ile the pressure drop generally may be described as p=%'§ P u’ where&is

20  aloss factor mainly dependent on w, p is the gas density and u is the axial velocity. The inlet section is
a static swirl element that sets the incoming gas in rotation and the tangential velocity will be directly
proportional to the axial velocity. Hence in order to achieve similar centrifugal acceleration in a large
radii cyclone and a small radii cyclone one has to increase the velocity and thereby the pressure drop

across the cyclone.
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15 performance will be a bal ance between necessary centrifugal

accel erations to_assure droplet separation and the pressure dro Qu can
accept aéWﬁggnwﬁénaevice. An hi gh pressure drop across Fﬁggﬁﬁ${ﬁ%@hqz reduce
the efficiency due to increased shear on the liquid filminside the
cyclone. The centrifugal acceleration will generally be described by a =
14'Y where v is the tangenti al velocit¥7and ris the radii. Wile the
pressure drop generally may be described as p =2 C P 142 where 4 is 20a
| oss factor mainly dependent on w, p is the gas density and u is the axial
velocity.cdihe inlet section is a static swirl elenment that sets the
incomng gas in rotation and the tangential velocity will be directly
proportional to the axial velocity. Hence in order to achieve sinmlar

centrifugal accelerafion in a large radii cyclone_and a small radii cycl one
one has b AEFELES e b Palhstheie ey ofpranes Sraguiive Sarupairast s he
cycl one. 1&bid, daid iGleadévice (17) cAiprisik @b idl&vdpesing (BT) fof @ife fuidymawré,\a Gepisutiah or
(18) for separating a fluid mxture conmprisin .and liquid, said. inlet
devi e (1FTMRBIETEraE B AP Lo SREIERY S by TR TEM e OB Sertie el

di st ri butdydenes 33)ctvastivemng (a8) integmaingct edtHeoinfeh @eviai (d7)i anldetieing p@Andatpdftorthe
distributing the fluid m xture tp one or nore axial cyclanes (3

const i tut‘?'sﬁg"“}e{%" e garr%’ Saﬁa?’i'a(?é‘f(:%f’ f“lse(g} S ?(‘:Ne't%(al t°r§r1"§etb%'igﬂ'ég’&)tﬂ%ect ed
to the diatletdpabingid) heeiges rich 2)id sgedng aawirlahduciyg élenas ({13 onded mgre ppawigeed
with a bo m (.nlet. opening, a t out e eni.n 9) for t . rich
Flutd- st rgaff el PPERETRE o el FoolRaBiid st Desp ekl ABletss) (o
all owldiqgarld to | eave the axial cyclones (3), and to be drained to a | evel
bel ow the inlet device 10(17). 2. Inlet device as claimed in claim1,

wher ei n thdnlkt dguiredasiclained irgclaith @, wherdithe dadichleavinghheoqyeerien twoygl apenings @l it ect ed
ina col | gatian (Bher e BNl 0 2L egidhsto@pd (7)
of a grav(‘?ﬁ{/c{esépiérag%zgg? 18 e.rf(g) O CSP'SAna”}enl'rg(% (Hdea\??l% ggﬁzgfa%rgg!tﬂ%hgftﬁﬁcl aim
1 further@onprising downconmers (5) to drain liquid rich fluid 15fromthe

liquid collection chanmber (14) underneath the inlet distribution chanber
(2). 3. An inlet device as claimed in claim 1 further comprising downcomers (5) to drain liquid rich fluid

15  from the liquid collection chamber (14) underneath the inlet.distribution chamber (2).

" 4. Aninlet device as claimed in claim 1 further comprising a liquid drain pipe (4) arranged to drain

liquid rich fluid from the distribution chamber (2) to the liquid pad (7) of the gravity separator (18).

5. Inlet device as claimed in claim 1 further comprising a demisting device (6) to further demist the
liquid rich fluid drained through liquid drain pipe (4) and/ or downcomer (5) after which the thus gas

20 enriched fluid is allowed to pass upwards outside the distribution chamber.

6. An inlet device as claimed in claim 2 and claim 3, where a diffuser {13) is arranged on the

downcomer (5) or liquid drainpipe (4) to reduce gas momentum.

7. Inlet device as claimed in claim 1 wherein the axial cyclones (3) are arranged in groups, having a

common liquid collection chamber for each group.

25 8. Inlet device as claimed in claim 1 wherein the distribution chamber (2} is adapted to the gravity
separator (18) in which it is to be used so that the horizontal cross-section of the distribution chamber

(2) covers between 65 and 90 % of the horizontal cross-section of the gravity separator (18).

9. Inlet device as claimed in claim 1 wherein all upwards openings from the distribution chamber (2)

are connected to said axial cyclones (3).



4. An inlet device as clainmed in claim1 further conprising a liquid drain
pi pe (4) arranged to drain liquid rich fluid fromthe distribution chanber
(2) to tHQOFPEﬁFa”Bad (7) of the gravity separator (18)PCUN021UqﬂF%t
device as clained in claim1 further conprising a dem sting device (6) to
further dem st the liquid rich fluid drained through liquid drain pipe (4)
and/ or downconer (5) after which the igus gas 20enriched fluid is all owed
to pass upwards outside the distributi chanber. 6. An inlet device as
claimed in claim2 and claim3, where a diffuser (13) is arranged on the
downconer 1q B)et device pgeiditedin gieinpl yeer¢idhetdownaeniacie) Yaextendpkintohe liquir padl () et

devi ce as_gl.al j: i i i I ).are arranged in
gr oups, h%@fﬁ%agq%%ﬁ#§%&Pﬁﬁﬁ?%mgﬁﬁkg?%ﬁﬁ%&%Haﬁ€§¥&#%$%§§%ﬁkaroup. 258.

Inl et deviCgeRFevich i dRfled iR ciGnal vvne;lewmgﬁ@whrgmﬁp%%rg bReHb PRtARARRRIpaE 2) 1S
adapted to the gravity separator (18) in which it is to be used so that the
hor i zont al?) ¥Yddkeseby seafingshe kspiddrrinags f5Qrp Irpnseerbine sghadperaty e indgyveskien: pet ween 65
and 90 % of the horizontal cross-section of the gravity separator (18). 18
10. ImMet device as clained in claim1 wherein the downconer (5) are
extended into the liquid pad (7) and thereby sealing the downconer from
transporting gas underneath the inlet section. 11. Inlet device as clained
in claiml wherein the liquid drain pipe (4) are extended into the liquid
pad (7) and thereby sealing the liquid drainage fromtransporting gas
underneath the inlet section.



