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GAZ CONDENSER

Fizld of the invention

This inventlion concerns a device arranged to conderse
gas/vapour, for example hydrocarbons in gas phase, from vola-
tile liquids, for example hydrocarbons in liguid phase, the
device hereinafter and simplistically dencted as a gas con-

denser.

Background of the invention

Upon shorage and transport of volatile liquids, for example
grude oil or erude oil preducts in liquid state, a portion of
the liguid normally svaporates, so that gas/vaponr, for exam-
ple hydrocarbon gas, is cellected above the liguid surface of
the container or tank in which the liguid is stored. Within
an encloged container/tank, the evaporation results in pres-
sure build-up, o that the pressare, upon a given maximum
pressure, must be reduced by venting out the gas/vapour, for
axample through sqitable valves, the gas/vapour normally be-

ing released to the surrgunding atmosphere,

Upon loading a hydrocarbeon liguid, for exXample, to a storage

tank, the storage tank possibly being partially filled with

JP 2004-504146 A 2004.2.12
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an eguivalent or similar ligquid, the liquid filled thereto
will displace gas/vapour present in the storage tank together
with potential gas/vapour evaporating from the storzoe tank
liguid, the gas/vapour normally being released to the sur-

rovnding atmosphere.

Prieor art

Upon bransport, sterage or loading of, for example, crude
011, possibly crude o0il productsz, which, at atmospheric or
close to atmospheric nermalcy, exist(s) in liguid phase, it
is common practice to relsass, at a glven maximum pressure,
evaporaticn gasses/vapours directly inte the surrounding at-
moaphera, the container/tank of the liguld/gas being provided
with one or more pressure valves, ec-called snifting walves,
which, at a ¢given maximum pressvre, open and release the

gas/vapour.

Moreover, and in connection with storage and transport of re-
frigerated liguid gas, several metheds, devices and/or sys-

tems for condensing gas exist, including:

NO 305525 concerns a “method and device for storing and

transport of liguidised natural gas“:

US 2,784,560 concerns a “methed and device for the storing

angd handling of liguid gas”; while

US 3,733,838 concerns & “system for repeatedly liguefying the

extract of a liquid gas”.

The above-mentioned methods, devices and/or system comprise,

among other things, suction and condensing devices for the

JP 2004-504146 A 2004.2.12
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handling of gas which has evaporated from refrigerated liquid

gas.

Furthermore, the prior art represented by U3 3,921,412 con-
Cerns & “vapour recovery device utilising a condensing dis-
peniser nozzle”, the dispenser nozzls condensing vapour/gas
which is being displaced when filling of liguid into a con-
tainer, where the dispenser nozzle is placed in the filler

opening of the ¢ontainer,

Disadvantages of the prior art

A substantial disadvantage of releasing & hydrocarbon gas,
foxr example, inte the surrounding atmosphere, consists in the
effluent/discharge potentially being harmful to the surround-
ing enviromment. Also, it is of economic interest to retain
a8 much as possible of the hydrocarbon gas within theicon=.
tainer eor the tank, and preferably within the hydroca}hon
liguid, inasmuch as the hydrovarben gas is valuable and may

be used for industrial purposes.

Disadvantageously, prior art according to NO 305525, US
2,784,560 and US 3,733,538 concern methods, dsvices and/or
systems for condensing gas/vapour in connection with storage
and transport of refrigerated liguid gas, and thus are not
arranged to condense gas/vapour in connection with storing,
transport, leading and unloading of, for example, ecrude oil
or crude oil products which, at atmospherie or near-
atmospheric normalcy, exist in liguid¢ phase. Furthermore, the
technical solutions described in WO 305525, US 2,784,560 and

U5 3,733,838 are comprehensive, complicated and expensive.

JP 2004-504146 A 2004.2.12
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The technical solution described in US 3,921,412 is Iimited
to the condensing of ges/vapour being displaced during the
£filling of 1iguid into & container and does not concern con-
densing of gas/vapour evaporating from a liguid during trans-

port or storage thereof.

Hence, ao prior art technical solutions seem to exist to con-
dense gag/vaponr, for exampls hydrocarkbons in gas phase, from
volatile liguids, for example hydracarbons in liguid phass,
and which are arrangsd to emnable simple and efficisnt con-

deneing of larger volumes of such gases/vapours.

The objective of the invention

The objective of the iaventicn is to provide a gas condenser

arranged to condense gas/vapour, for example hydrocarbhons in

gas phase, from volatile liguids, for example hydrocarbons in’

liguid phase, the gas condenser being arranged to provide a
simple and efficient condensing of larger volumes of such

gases/vapours.

Another objective of the invention is to provide a gas con-
denser which, if desired, directly or indirectly may be
adapted to the curxrent gas/vapour condensing need, consider-
ing that the need may increase/decrease relative to increas-
ing/decreasing evaporation and/or displacement of such a
gas/vapour, and the gas condenser possikly may be connected
to other necessary sguipment, devices and/or appliances in
order to, for example, contrel/adjust flow parameters of the
£luids which, during use of the gas condenser, fiow through
it, possibly aleo in order to pre-treat and/or aftor-treat,
for example remove air orxr air compenents within, said fluids
flowing through the gas condenser. '

JP 2004-504146 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20.

27)

WO 0TG5 POINOQLANITG

How to achieve the objective

The objective is achieved by using one or several gas con-
dansers accerding to the invention, the following description
specifying in 2 simplified version, however, the qtilisation
of only one gas condenser, the utilisation of several gas
candensers only providing a greater gas/vapour condensing ca-
pacity and no different mode of eperation than that of util-

ising one gas condenser only.

The volatility of a liguid indicates the degree of ease at
which a liguid will evaporats, A liquid possessing a low
boiling point and a high vapour pressure (relative to the am-
bient condition) iandicates volatility in a liguid. Concerning
this, = liguid, for example a hydrocarbon liquid, may consist
of geveral liguid components, the ligquid components being
more or legs volatile relative to one ancther, and especislly
relative to an overlying gas volume within a tank/container.
At a certain pressure- and temperatvre condition, each of the
liquid components possesses an individual boiling-point and
vapour pressure, the liguid components pessessing tha lowest
boiling peint and the highest vapour pressure evaporating
first. Thus, a mixture of various gas components may gradu-

ally emerge within, for example, a storage tank.

Upon evaporation of at volatile liquid, for example z hydro-
carbon liguid, being stored withiﬁ a tank, the evaporation
normally, but not always, will be influenced by the following
parameters and in the following way:

The evaporation increases when the gas-exposed surface area
of the liguid {liguid surface area) increases; the evapora-
tion increases when the liquid volume increases (provided the
liguid surface ares increases simultaneougly); the evapora-

tion inereases when the gas volume/liguid volume ratio within

JP 2004-504146 A 2004.2.12
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the tank fncreases; the evaporation decreases when the liquid
ambient pressure increases; the evaporation incvreases when
the liguid amhient temperature increases; the evaporation in-
creases when the liquid storage time within the tank in-

¢reases; .the evaporation varies dependent on the liguld com-

‘ponent composition, and in such a way that the evaporation

decreases when the boiling point of a liquid component in-
ereases, whils the evaporatlon increases when the vapour

pressure of a liguid component increases.

During transport of, for example, crude oil in a tanker,
stirring devices, so-called agitators, are often used to stir
the crude oll in the bottom layer of the tank(s). This isz
done in order te prevent extensive segregation of the crude
all, thersby preventing the heaviest and most viscous crude

0il compenents from sinking to the botkom of the tank(s) and,

-by so doing, impeding the subseguent unloéding of the cruge

oil, This stirring of the crude also facilitates increased
evaporation of the most volatile liguid components of the
crude oil, and therefore it is desirable te restrigt the agi-
tation to 2 minimum. Morsover, the presence of geo-called in-
ert gases within such a tenk will lead to increased evapora-

tion frem the crude oil.

Upon transport, storage, loading or unleading of such a vola-
tile ligquid, some pirameters, -however, for example the liguid
surface area, the liguid storage time within the tank and the
liguid component gomposition, may remain constant or approxi-
mately constant, for example in a time period during trans-
port of ¢rude oil on 2 tanker. Cther parameters, however, may
vary more or less, for example the liguid temperature and/cr
pressure may vary dependent on fluectuating climatic condi-

tions during, for example, intsrceontinental tanker shipment

JP 2004-504146 A 2004.2.12
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of crude oil. The ratic of gzs volume/liguid volume within
the tank may also vary, for example at cnshore-kased petrol
storage tanks, the draining ang £illing of volatile liguid
being carried out frequently, causing the gas volume/liguid
volume ratio within the tank to vary freguently. Otherwise
the ligquid component composition may also vary, for example
in tanker shipment of crude oil, possibly shipping different
typeg of crude oil at =2ach trip. Hence, it is obvious that
the evaporation from such volatile liquids may vary largely

relative to wvariations in the above-mentioned parameters.

Furthermore, in the f£illing/loading of, for exemple, a hydro-
carbon liquid, the displacement of gas/vapour in the tank may
increase as 2 function of increased filling velocity of the

liguid, the gas/vapour normally being released directly inte

the surrounding atmosphere,

Gas/vapour, hersinafier dencted as a gas, evaporating from
such a volatile liguid is conducted to the gas condenser
wherein the gas is conducted into a liquid flow, the flowing
lignid preferably, but not necessarily, being comprised of
the wolatile liguid from which the gas evaporated, in which
liquid the gas is condensed into gas condensate through a so-
called process of bubble condensaticn, after which the gas
condensate is returned to the liguid, and preferably to the
botftom layer of the liguid where the hydrostatic pressure of
the liguid is the largest. Returning the condensate to the
bottom layer of the liguid is Favoursble.with respect to xe-
duging the evaporation, the associated hydrostatic pressurs
‘causing the condensate to largely remain diesolved in the
liguid. Through time, and dus to a lower specific gravity
than that of, for example, e¢ruds oll, the condensate will

seek to rise to the surface of the liguid, while returning

JP 2004-504146 A 2004.2.12
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the condensate to the bottom of the ligquid caunse the conden-
sate to use more time, and to encounter & larger liquid vol-
vme, than had the condensate been returned at a sghallower
layer within the liguid. The gas condenser is preferably
placed in proximity of, and outside of, .the ligquid con-
tainer/tank, which is favourable in the event of maintaining
or repairing the gas condenser. Moreover, and based on safety
and operatiopnal considerations, the gas condenser must be
provided with pressure-sealing connections in necessery

places for the gas condenser to work satisfactorily.

In the following description of mode of operation for the gas
condenser, the relative place/position of the main components
relative to each other is given for a gas condenser placed in
a vertical 6pe:ational position. Furthermore, such a gas con-
denser may be used in non-vertical operakbional positions to
the extent that the gravitational infiueqce on the -flowing
floids of the gas condenser ig considered, and 1s Eompensated
for in terms of pressure. In principle, the gas condenser is
compriged by, or is arranged with, the following main compo-
nents:

At least cne gas supply pipe or at least cne gas supply con-
duit, bereinafter denoted as a gag supply pipe; a gas chamber
located centrally within the gas condenser, to which gas
chamber the gas suppiy pipe(s} is/are connected, preferably
in thé lower section of the gas chamber; s suitable number of
openings in the gas chamber walls, preferably in the upper
and possibly in the intermediate section of the gas chambér;
a housing/centainer surrounding the gas chamber, hereinafter
denoted as a housing; at least one liquid supply pipe/
~conduit, hereipafter cenoted as a liguid supply pipe, possi-
bly alse a liquid supply manifeld connected to the housing,

preferably in the upper sectieon of the housing; a condensing

JP 2004-504146 A 2004.2.12
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chambar, preferably arranged within the lower section of the
housing; at least one venturi sectior placed hetween the lig-
uid supply pipe, possibly the liguid supply manifold, and the
condansing chamber, the venturi section concurrently being
comprised by the slot, or the slot volume, between the gas
chamber wall(s) and the housing wall(s), as the slot, viewed
in the downstream direction, is comprised of successive and
constricted £low {cross} sectional areas which colléctively
constitute said slot volume; at least one grate placed in the
condensing chamber, preferably in its upper gection and imme-
diately downstream of each venturi section: and at least one
outlet plpe, hereinafter denoted as a liguid outlet pipe, for
a mixture consisting of a liquid supplied and of condensed
gas, the liguid ouwtlet pipe(s) being connected prefersbly to

the lower section of the condensing chamber.

Upon evaéorating gas from ﬁhé volatile. liquid, the gas will
rise naturally and be concentrated in the tank volume above
the liguig surface, which, upon storage and tranaport of
crude oil and some crude cil producis, normally occers at a
pressure somewhat higher than the atmoapheric pressuxe, this
overpressure being used, for exzample, to drive the gas onward
to and intoc the gas supply pipe of the gas condenaer. There-
after, the gas is conducted into preferably the lower.section
of the centrally lugated‘gaﬁ chamber of the gas condenser and
onward through said openings in'tﬁe gaé chamber walls. The
openings are preferably provided with suitable nezzles,
through which the gas is cendueted into the venturi seo-
tion(s) of the gas condenser. Concurrently, and by means of
at least one pumping device, a gas-compatible liguid is con-
ducted through the liquid supply pipe and possibly through a
liguid supply manifold, the liquid herein flowing at a static
pressure larger than the static pressure of the gas in the

JP 2004-504146 A 2004.2.12
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gas chamber. A potential liguid supply manifold is used pref-
arably to distribute evenly the liguid flow to the inlet
opening(a) of the venturi section(s), and especially when the
ligunid flow is to he distributed svenly over longitudinally
extended inlet openings. At said static pressurs, the liquid
continues flowing in a downstream directiom into the iniet

opening{e} of the venturi section(sj.

Concurrently, the gas is conducted in a downstream direction
from the gas chamber and threugh said openings, possibly noz-
zles, in the gas chamber wall{s), thereafter being mixed to-
gether with the fleowing liquid in the venturi sectionis},
hereinafter denoted as a wventuri section. This course of flow
presupposes that the gas flows from a higher static pressure
ta a lower static pressure, concluding from this that the
liguid in the Qenturi section must be arranged with a static
underpreasure relative to the static pressu%e immediately up-
stream of the outlets of said openings, possibly nozzles. The
underpressure is obtained by using a well-known principle of
thermodynanic equilibrium {conservation of ensrgy) in a fluid
flow, cf. the Bernoulli equation, eguilibrium bkeing main-
tained within the flow circuit by keeping constant the sum of
the static and dynamic pressures of the fluid, with the ex-
ception of static pressure less caused by friction and turbu-
lence. If the fluid, a liguid in this context, within one re-
gion of the flow circuit, for example within the venturi sec-
tion, is exposed te a velocity increase, this implies that
the dynamic pressure of the liguid thereby is increased con-
current with the static pressure of the ligquid being de-
creased correspondingly. If the liguid within another region
cf the flow circuit, for example within said candensing cham-—
ber, is exposed to a velocity decrease, the dynamic pressurs

of the 1iguid thereby is decreased concurrent with the static
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pressure of the liquid being increased correspondingly. Bo-

cording to the Berpoulli equation, the dynamic pressure, and

thus the steatic underpressure, of the liguid increases or de-

creases, proportional to the sguara of the liguid flow veloe-

ity (raised to the 2. power).

In such a flow circuit, where the supplied quantity of gas
condensate is not counted in, the liguid flow rete (liguid
guantity per unit of time) is constant through the flow sec—
tional area at a random position, for example in a flow zec—
tional area of the venturi section. For two random, but dif-
ferent, posgitions within the flow circuit, this flow rela-

tionship may ke expressed by the following equations:

£
=
]
N
@

Gy =V . A; ; and
d; = V2 . Az ; so that

Vi . A1 = Vg . Ay ; oor

IV; = Vi . (.Al/Az)I ; where

¢f1 represents the liquid flow rate (msfs) at upstream posi-
tiocn 1 within the flew circuit, 7

A rep.resents the licjui:ﬂ flow velocity (m/s) at upstream po-
sition 1 within the flow circuit, and

A; represents the liguid flow sectio.nal area (mz) at up-
stream position 1 within the flow eircuit; but

{2 represents the liguid flow rate (msfs) at. downstream po-
sition 2 within the flow circuit,

Vi represents the liquid flow velocity (m/s) at downstream
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position 2 within the flow cirouit, and
A, represents the liquid flow secticnal area (mz) at down-

stream pesition 2 within the flow circuit,

Hence, 1f Az < A, and thus (Alf}\z‘)>1, then vy > Vi,
Alsa, accerding to the above-mentioned sguations, ¥z in-
creases proportionally to Vi, Conseguently, and provided
that (A1/A2}>1, the statin pressure of the liguid within

the venturi gection will always be less than the static pres-
sure of the liguid at tha upstream inlet of the wantori sec-

tion.

For instanca, if the upstream position 1 is a position at the
venturi section inlet, and the downstream poeition 2 is a
random downstream position along the  venturi section, the

above-mentioned eguations may always be expréssad as follows:

[ Aventuri Jiniet] 7 and

|Vventuri = Vinlet = (Ainlet/Avanturi)l : where

Cinlet represents ‘the liquid flow rate (ma.fs) at the wventuri
saction inlet,

Vinlet represents the ligquid flow veloclty (mfs) at the ven-
turi section inlet, and

Ainle: represents the iiguid flow sectional avea (m°) at the
venturi section iniet; but

Gyenturi represents the liquid flow rate {mz,’s) at a given

downstream position along the venturi section,
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Vyenturi Yeprasents the liquid flow velocity {m/s) at & given
downstream position along the venturi section, and
Ayenturi Fepresents the liquid flow sectiomz)l area (mz) at &

given downstream pasition alehyg the venkuri section,

From the sguations

Ivventuri = Vinlet = (Ainiet/Avanturi)iJ where

{Pintet/Brenturi) ®1, it is apparent that the liguid flow ve-
locity, and thus the static underpressure of the liquid, at &
given position aleng the venturi section, may be influenced,
however, by adapting the variable parameters Gialet, Viples.
Ainlet and Ayenturi to the current gas condensing need, and
the need may vary as a function of external inflpehcing fac-
tors, for example prassure and temperature,. propeérties of the
subject gas which is to be condensed, aud desired copdensing

capacity of the gas condenser. By increasing the liquid flow
rate (iplet, for example by increasing the liguid pumping
rate of a poscible upstream pump, the liguid flow velocity
Vventurir #0d thug the gtatic underpressure of the liguid, is

increased at a given position along the venturi section. By
g0 doing, the gas suction capacity of the liguid is increased

in this section. On the contrary, for example by maintaining

a constant ligquid flow rate , the same increase in the lig-
uid flow velocity Vyantyrj mey be achieved by reducing the

flow mectional area Ayeupturi-

In practice, the highest degree of user flexibility and effi-

ciency of the gas condenser may be achieved when the above-
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mantioned parameters may be adjusted/controlled. Thersfore,
the flow circult of the liguid and/or the gas, upstream
and/or downstream of the gas condenser, possibly may he pro-
vided with, or designed with, flow-controlling devices, for
example one or several pumps, valves and/or constric-
tions/expansions, in order to achieve an optimum flow charac-

teristic with respect to tihe current gas condensing need.

Moreover, a liguid pressure loss may arise along the venturi
section due to liguid £low turbulence and friction between
the flowing liguid and the adjoining walls of the gas chamber
and the housing. For instance, such a turbulence may arisa in
the immediate downstream vicinity of the outlets of the open-
ings, possibly of the nozzles, due to ¢as, in the shape of
gas bubbles, keing conducted into the liquid flow, and/or due
to possible friction between the flowing liguid and, for ex-
ample, pratruding'nozzles of the venturi section. Further—
more, & gas pressure loss may arise when the gas is conducted
through the openings, possibly the nezzles, All such statie
pressure losses reduece the pressure differential between the
gas chamber and the venturi section, causing the condensing

capacity of the gas condenser to he reduced.

The liguid pressure loss may be restricted in several ways,
for exaumple by the surrounding gas chamber and housing walls
being smoothly shaped and causing insignificant flow frig-
tion, and/or by using nozzles which, by virtne of their de-
sign, cause insignificant flow friction, and/or, for example,
by placing obliquely into the downstream direction of the
liquid the nozzles of the gas chamber wall{s}, and/or by
placing in the gas chember wall{s)} each cpening, possibly
nozzle, in such a way that the gas flowing through it influ-

encas, ta a minimum, the course of f£low in potential down-
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stream openings, possibly nozzles, for example by cne open-
ing, possibly nozzle, or a row of openings, possibly a row of
nozzles, being displaced parallel relative to one or several
downstream openings, nozzles, rows of openings or rows of

nozzles,

Upon considering the gas cendenser shape, size, capacity and
flow characteristic, and alse the subject gas guantities and
gas types to be condensed, the gas pressure loss may be re-

duced by using, for example, nozzles which cense a minimum of

gas flow friction.

Such liquid- and gas pressure losses must be considered when
caleulating the magnitude of, and the muteal adaptation of,
the above-mentioned variable parameters, the inherent purpose
being to ensure that the ‘'underpressure along the venturi sec-
tion, upon having considered said pressdrellcssss, is suffi-
ciently large to enable the gaz to be driven from the gas
chamber and into the flowing liguid.

The gas being sucked into the venturi section of the gas con-
denser should alse be of the type which is readily dissolved
in the Flowing liquid. An example of a gas which, upon con-

' densing and storing at the coxrect temperature- and pressure

conditions, may become easily disselved, and remain dis-
solved, within the mssociated hydrocarbon liguid after the
fluids have been mixed, is a hydrocarben gas evaporated from
a hydrocarbon liquid leccated in an onshere storage tank or a
tanker. Among other things, the ability for the gas to dis-
solve in the liquid depends on the degree to which the liguid
is saturated in the existing gas component(s) wnich com-
prise(s) the gas when the gas is mixed into the liguid. At a
high degree of liguid saturaticon, the gas may substantially
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not becoma disselved in the liguid. This mey be compensated
for by, for example, the gas being exposed to, and dissolved
in, an increased liquid flow volume, which presupposes a
larger liquid flow rate than the liquid fiow rate being re-
guired of a liguid possesszing & lower degree of saturation.
mlternatively, or additionally, the mixture of flowing liguid
and gas, the gas existiuvg 25 gas bubbles in the ligquid, may
be conducted downstream through, possibly be hurled against,
for example a perforated plate or a grate. By so dolng, each
gas bubble is broken into several smaller gas bubbles that
collectively provide a larger surface area than the original
gas bubble, thereby increasing the contact surfave of the gas
bubbles toward the surrouading liguid. Thus, a faster adjust-
ment of thermodyrnamic eguilibrium is achieved, the gas con-
densing rate thereby increasing. Moreover, and by means of
prior art, the gas may possibly be refrigerated before and/or
after heing conducped into the liguid flow, thereby increas-
ing the Condensiné capacity of the gas condenser. Further-—
more, and by means of prior art, the cendensing capacity may
be increased by increasing the static pressure of the liguid

and/or the gas.

It must be stressed, however, that the above-mentioned meth-
ods of increasing the sclubility, and thus the condensing
rate/condensing capacity <f gas in a compatibls liguid flow,
also may be used for liguids which are less saturated in the
existing gas components, the methods preferably being used in
combination with a relatively low ligquld flow rate. Upon
cransport of, for example, crude cil in a tanker, in which,
for example, a hydrocarbon liguid frem the svorface layer of
the crude qil is used te condense gas lan the ges condenser in
such a way that the mixture of hydrocarkon liguid and dis-
solved gas condensate thereafter is conducted o the baottom
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of the tanker storage tank, the pumping of the mixture inte
the crude oil at a low liguid flow rate is favourable, a low
liguid flow rate causing less agitation of the liquid in the
tank, and thereby less evaporation of the most volatile lig-
uid components of the liguid. If the efficient condensing of
gas regulres a higher liguid flow rate in the cas condenser
than the desired ligquid flow rate in the tank, the liguid
flow exiting the gas condenger posgibly may be rami-
tied/branched downstream thereof and be conducted into dif-

ferent positions in the tank.

When the mixture of liguid and gas bubbles continues flowing
downstream from the venturi section and into the upper sec-
tion of the condensing chamber, the flow secticnal area is
increased in this section, preferably by gradually increasing
the secticnal area in the downstrean direction of the mix-
ture, this expanding flov section hereinafter being denoted
as an expansiopn sectlion. The inerease in gectional area in
the pxpansion section causes the mixture flow velocity, and
thuz the dynamic pressure of the mixture, to decrease,
thereby increasing the static pressure of the mixture, cf.
the Bernoulli eguation of thermcdynamic eguilibrium. At a
static pressure-increase in the expansion section, the static
prassure of the mixture will gradually exceed the static
pressure of the inflowing gas immediately upstream of the
wukblet of the openings, pbssibly the nozzles. Any positicn in
the expansicn section, together with positions downstream of
the expansion section, being exposed to & higher static pres-
sure than said static pressure of the gas immediately up-
stream of the outlet of the openings, possibly the nezzles,
is/are therefore expused to a static overpressure relative to
this gas pressure. Openings, pessibly nozzles, placed in po-

sitions along flow sections sBubjected to staktlc overpressure
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may cause an undesired effeckt in that the mixture, due to
static overpressure, thus may flow through the openings, pos-—
sibly nozzles, and into the gas chamber instead of flowing

out through the liguid outlet pipe of the condensing chamber.

At said static overpressure, the gas bubbles in the liguid
flow way start condensing into gas condensate, so-called bub—
ble condensing, and theresafter disselving in the liguid. 2s
mentioned, this dissolwing effect is further enhanced by con-
ducting, for example, the mixture of gas bubbles and l;quid
through, possibly by the mixture being hurled against, a per-
forated plate or a grate, thereby increasing the contact sur-
face of the inflowing gas hubbles toward the surrounding lig-
uid in such a manner that the gas condensing rate lncreases.
The perforated plate or the grate is placed preferably in the

expansion section, possibly immediately downstream of this.

An eppreciable constructive feature of the gas condenser con-
gists in the openings, possibly the nozzles, in the gas cham-
ber wall(s) being placed in positions along the wenburl sec-
tion, possibly alse in positions along the expansion sectien
and preferably in the upstream section thereof, where a
static underpressure of the flowing mixture exists, the un-
derpressure being sufficiently large welative to saild static
gas pressure immediately upstream of the ontlets of said
openingé, possibly nozzles, It‘is.apparent, however, that the
openings, possibly the nozzles, largely should be placed in
positions which are adapted to the relevant, and possibly
varying, operating conditions, and in such a manner that the
liguid, during these operating conditicns, cannot flow into
the gas chamber.
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Irn order for the gas condenser to work satisfactorily at
various cperating conditions, the gas condenser may bs ar-
ranged in such a way that the flow parameters of the liguid,
possibly the gas, are adjnatable, and thus that the condens-—
ing capacity of the gas condenser is adjustable. This may
most easily be done by the venturi section of the gas con-
denser, possibly alse the downstream expansion section, belng
arranged with adjustable flow sectional areas. This adjust—
ment possibility may potentially be combined with external
adjvsiting devices or -methods in order to adjust/adapt opera-
tienal parameters and fluids of the gas condenser, for exam-
ple by incorporating in the liguid- and/or the gas flow cir-
cuits, upstream and/or downstream of the gas condenser, ones
or soveral pumping devices, valves, copstrictions/espeansions
and/or other necemeary equipment, for erample one or saveral
refrigerator- and/or compressor devices, in order fo ad-
just/adapt -the flow rate, flow velocity, .flow secticnal area,
temperature and/or static pressurs of the flewing Liguid
and/or gas, possibly by using one or several purifier- and/er
filtering devices, in order to, for example, separate out un-
desired components, for example air, air components or ather

gases, from the flowing fluids.

Viewed in the flow direction of the mixture, the venturl sec-
tion, and possibly alse the expansion section, is/are com-
prised of successive flow secticnal areas which collectively
make up the slot volume through which the mixture flows, Ei-
ther the gas condenser may be formed with a permanently ar—
ranged slot volume being adapted optimally te the prevailing
operating coenditions and -needs. Alternatively, the gas con-
denser may pe arranged to adapt, and thereby vary, the shape
of the slot volume in such a way that the slot volume at any
time may be adapted optimally to the current operating condi-
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tien{s) and -need{s). For instance, this may be carried cut
by adjusting/changing/adapting, along said section{s), the
shape of the slot volume by adjusting/changing/adapting, as
desired, the degree of cpening/prefile of opening of the
zlot, keeping constent, for example, the volumetric extent of
thé slot perpendicular to the flow direction and parallel to
the walls of the housing and the gas chamber, For instance,
and viewed in the dovnstrsam direction aleng the slot, the
slot cpening, and particulerly the venturi section slot open-
ing, may thus gradually decrease or gradually increase, pos-
8ibly by a combination of thess, in such a way that ghape of
the slot volume, and thereby the flow velocity and static
pressure profile of the liquid along said section(s), is
adapted optimally tc the current cperating conditicn and
-nead. Alternztively, or in addition to this, the extent of
the slot may increase or decrease perpendicular to the flow
direction and parallel to the walls of the housing ané the -
gas chamber. By so doing, the slot along said sections may he
adjusted/changed/adapted with, for example, a particular de-
gree of opening, and/or a particular profile of cpening,
while the extent of the sclet in the longitudinal direction
may be increased or decreased dependent on the current gas

condensing need.

Upon uszing a gas condenser being arrangsd to adapt, and thus
vary, the shaps of the slot volume relative te the gas con-
densing need at the current operating condition(s), the gas

condenser may be arranged in diffsrent ways, including:

a) The surrounding housing of the gas condenser and/or the
gas chamber of the gas condenser may be arranged, for exam-—
ple, with an adjustable shape along the venturi section, pos-

sibly also along the expansicn seotion and/or at the venturi
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seckion inlet opening. In this/these section{s), the walls of
tha housing ard/cr the gas chamber may be wade of, or pro-
vided with, plates or wall sections, possibly flaps, which,
for exemple by means cof cane or several hinge devices, joints,
rails or sliding devices, may be rotated and/or pushed rela-
tive to adjacent plates, wall sections and/or flaps. Relative
movement between such plates, wall sectilons and/or flape in-
oreases or decreases the slot opening along the venturi sec-
tion, the expansicn secticn and/or at the ventur! section in-
let opening, in such a way that the slot volume alorg this/
these section(s) may ke adjusted/changed/adapted within the
constraints of the subject embodiment. This embodimant of the
condenser assumes, to the extent necessary, that the ro-
tatable and/or moveable faces, wall sections and/or flaps are
jeined together by meangs of pressure~gealed joints, thereby
preventing the liguid and/or gas from leaking, and/or from
introducing into the gas candenser an undesired pressure pro-
file. Such a gas condenser, however, is shown ip the follow-

ing embodiments.

b Alternatively, or as an addition to the above-mentioned
embodiment, the gas chambar, possibly the housing, may ke ar-

ranged in such a way that it may be selevated or lowered rela-

tive to the co-operating and stationary component {(the hous-

ing or the gas chamber), thereby increasing or decreasing the

slot volume along. khe flow section of intersst.

c} In a further example, or addition, the gas chamber
wall(s) may be arranged with an adjustable number cf open-
ings, possihly nozeles, which, #s required, are made avajil-
able for the flow-through of gas, for example by pushing a
moveable plate or a moveable lid over the openings, possibly

the nozzles, by means of a suitable actuator device, thereby
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stopping or limiting the flow of gas through these. Viewsd
both aleng and pearpendicular ts the fleow direction of the
liguid, the openings, possibly the nozzles, may also he
placed in one or several rows or patterns along the gas cham-
ber wall(e).

In order to rotate/push the rotatable/moveable plates, wall
sections and/or flaps relative to adjacent plates or wall
sections; or in crder to elevate or lower the gag chamber,
possikly the housing, relatlive to the co-cperating and sta-—
tionary component {(the housing or the gas chamber}; or possi-
bly in order to push a plate or a2 lid over the openings, pos-
sibly the nozzles, the moveable plate(s), wall section(s),
flap(s) and also moveable plate(s) or lid{s} muat be arranged
with a suitable actuator device which provides the relative
movement. 3uch a actvator device may consist of a hydraulie
cylinder, an electric motor and/o; a mechanical devi&e. The
actuator device({s) is/are preferably arranged to be activated
and controlled by means of remote control, and preferably to-
gether with eguipment which, for example, registers the flow
parameters of the gas condenser and also monitors, controls
and rens any other devices/appliances, for example a pumping

device, and other eguipment required in this context.

Morecover, the housing, the gas chamber, and alsc plates,
flaps, lids and similar equipument which the gas condenser is
_eguipped with, may be given different geometric shapes, the
pertinent shape largely being related to the current quanti-
ties of gas and gas condensing need at the user place. Pref-
erably, the gas condenser accerding te the inventicn aims at
providing a condensing device arranged to condense relatively
large quantitie; of gas and preferably, but not necessary, by

using a relatively low liquid flow rate.
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For instance, and viewed in a vertical secticn perpeadicular
to the longitudinal <direction of the gas condenser, prefera-
bly the housing may he formed wholly or partially as a con-
tainer which, in ite operational position, is of a rectangu-
lar or a sguare shape in a lower secticn, or bottom sectioem,
while the upper section, or the top section, may be comprised
of inclined walle which converge upward in a point/tip, as
the bottom section and the top sactian of the houging may be
comprised of longitudinally extended plates running inm the
longitudinal, and prefersbly in the horizontal, direction of
the gas condenser, ¢f. emhodiments mentioned below. Purnished
with such a shape, the housing must be provided with end
walls, the walls of the bottom section and the top section
thereby forming an inner open volume togather with the end
walls. Furthermore, and viewed in corresponding wertical sec-
tion, the asscelated gas chamber is compzised of longitudinal
and inclined walls -which converge upward in a point/tip, the
ineclined walls, to the degree intended, being shaped more or
less complementary relative to the inclined walls of the sur-
rounding housing. Viewed in the longitudinal direction of the
gas condenser, the openings between the upper sections of the
housing and gas chamber walls, when assembled, thus may com-
prige two longitudinal venturi sectiong, one venturi section
of which being placed on either side of the top section. Any
intended devia;ions in the complementary shapes of the hous-
ing and the gas chamber may constiéute the desired changes in
the flow sectional areas of each venturi sectlon. Viewed in
the =same vertical section, a central secticn of the gas cham-
ber, however, may be formed of vertical gide walls, and also
of poegible downward inclined and converging side walls in a
bottom section. By so doing, the openings between the housing
side walls and theréide walls of the central and bottom sec-

tions of the gas chanber may c¢onstitute two longitudinal ex-—
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pansion sections extending in the longitudinal direction of
+the gas condenser, one expansion section of which being
placed on either side of the gas chanber. In order to further
facilitate the condensing of the gas, and aiso in order o
cellect the condensate/liguid mirxture before being .conducted
out of the gas condenser throngh one or saveral lignid outlet
pipas, the bottom section of the housing, however, may be
provided with a condensing chamber. Referring to the embodi-
ments mentioned below, this gecnetric shape (embodiment} of a
gas condenser according to the invention is flexible and may
easily be arranged to condense relatively large and varying
guantities of gas, simultanecusly using a relatively low lig-

uid flow rate.

In another embodiment, the upper section of both the housing
and the gas ¢hamber may be given a circuler cone shape, and
the lower section of the gas chamber may be given a circular
cone shape of oéposite direction, while the lower section of
the housging may be cylindrical. Resembling the preceding em-
bodiment, the upper section of the housing and the gas cham-
ber also may be shaped into a point/tip which, to the degree
intended, is shaped more or less conplementary relative to
the shape of the surrounding housing, and any intended devia-
tions in the complementary shapes of the housing and the gas
chanber constitute desired changes in the flow sectional ar-
eas of the venturi seﬁticn. Likewise, the opening between the
lowar sections of the housing and the gas chamber wmay consti-
tute the expansion section of the gas condenser. Viewed in
horizontal section, this geometric shape of a gas condenser
according to the invention is arranged with only one circular
venturi section and expansion section and thus is less flexi-
hle than the preceding embodiment, this enbodiment being ar-

ranged to preferably condense smaller quantities of gas, and
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also being arranged to handle smaller variations in the sup-

plied guantity of gas.

In a furxther embodiment, both the surrounding housing and the
gas chamber is comprised or cylindrical and/ar conical pipes,
as the inner pipe (the gas chamber) and/or tbe surronuding .
pipe {the housing), to the degree intended, may be arranged
with varying pipe diametexs, thereby forming beth a vénturi
section and an expansion section through which liguid and gas
may flow in the above-nentioned wanner. Viewad in horizontal
section, and raesembling the preceding embodiment, this geo~
metric shape of a gas condenser according to the invention is
arranged with enly one circular venturi section and one ex-—
pansion section and thus is less flexible than the fizrst-
mentioned embodiment, the last-mentioned embodiment being ar-
ranged to preferably condense smaller guantitias of gas, and
also being arranged to handle smaller variations in the sun-

plied quantity of gas-

Bfter having completsd the gas condensing, the mixture of
disgolved gas (condensate) and volatile liguid is conducted
cut of the gzs condenser through ons or several liguid outlet
pipaes and Back to, for examéle, a storage tank, preferably to
the bottom layer of the liguld in the storags tank, wherein
‘the largest hydrostatic pressure prevails, causing largely,
ameng other things, the gas condensate to remain dissolved in
the liguid, Altérnatively, in a flow position upstream and/or
downstream of the gas condesnser, the mixture, possibly thé
gas, may undergo a pre- and/or after-treatment in which po-
tential other gasee, being minutely-scluble or non-solable in
the liguid, for example air, nitrogen and/er €0z, may be re-

moved by means of prier art, per se, not being. comprised by

this invention. In addition, the inside of the gas coundenser
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may be provided with ribs/fins, plates or {laps which cause a
favourable, for example a pressure loss reducing, courge of
flew in the mixture, the mixture, and possible branch Elows
thereof, thereby being cenducted into one or several liguid
outlet pipes. Moreover, the liquid outlet pipe(s), and/or
possible other sections of the flow circuit, may be provided
with pressure-regnlating devices, for example valves and/or
constrictions to be used, for example, to maintain a certain
counterpressure between the gas condenser and the storage

tank.

Advantages achieved by the invention

By means of the subject gas condenser, a technlcal solution
for condensing gas/vapour, preferably a hydrocarbon gas,
evaporating from velatile liquids, preferably & hydrecarbon
liguid such as ¢rude oil, diesel and petrel, iz provided, the
gas condenser being arranged to enable simple and efficient

condensing of larger velumes of such geses/vapours.

Thereby, effluents/discharges of such evaporation gases may
be avoided, possibly be reduced substantially, and thus
avaiding, peossibly reducing substantially, potential harmful

affects on the surrounding envircnment.

Moreover, such gases often are inflammable and explosive, and
#inor cor no discharges therefore repressnt a safsety advan-
tage,

Furthermore, such gases are noxmally of economlcal and indus-
trial value, and avoiding such discharges is therefore de-
sired, which the gas condenser wholly or partially contribute
to.
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Another advantage of the invention is that the gas condenser

may ke arranged, by means of one or several adjusting de-

wvices, to adjust/change/adapt the condensing capacity rela-

tive to the current condensing need, the need increas-

ing/decreasing relative to increasing/decreasing evaporaticn

and/or displacement of such a gas/vapour.

Besides, the gas condenser is arranged in such a way that a
possible adjusting device may be placed in, or arranged to,
the gas condenser without the adjusting device, by virtue of
its physical design and/or position in the gas condenser,
negatively influencing, for example ir the form of pressure
loss related “o turbulence or £low friction, the course of
ligquid flow upstream of, and through, the gas condenser. For
instance, an adjusting stay/bar connected to the upper sec-
tion of the gas chamiber in order te elevate/lower the gas
chamber may cause undesired liguid pressure loss in the form
of increased flow frictien and turbulence, the stay/bar being
placed in the liguid supply pipe/-conduit of the gas con-

densex.

Advantagecusly, the gas condenser may be used in connection
with, but not limited to, storage, transport, loading and un-
loading of, for exampls, crude oil or orude oil product in
liguid state, and such a liquid may exiet, for axampls, in a
stationary cnshora-based storags tank or in a mobile storage

tank on a ship or a vehicle.

Bricf description of the drawings

In the following section of the description, referring to
figqures 1~7, two non-limiting embodiments of the gas con-

denser will be shown, one particulaxr reference numeral refer-
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ring to the same detail in all drawings in which the detail

is shown, where:

Fig. 1 shows, in pexspective, a view of a gas condenser ag-
cording to the invention, the drawing being shown with a part
section of the gas condenser housing in suvch a way that the
inney components of the gas condenser are illustrated, in-
cluding two flaps, two grates, twe hydraulic cylinders, one
gas supply pipe aund one centrally located gas chamber pro-
vided with nozzles, the housing being provided with a liguid
supply pipe, a liquid supply manifold and a ligquid outlet
pipe;

Fig. 2 shows a centrally located vertical section through the
Jas condenser, the section being lacated perperndicular to the
longitudinal di;ecticn of the gas condenser, the gas con-
denser being shown in an elevated position whilst a liguid
(shown with downstream directed arrows) is flowing past two
venturi sections and two expansion sections located down-

stream thereof;

Fig. 3 shows, similar tc Fig. 2, the same centrally lacated
vertical section through the gas condenser, the gas con-
denser, however, being shown in a lowered position whilst the
liguid (shown with downstream directed arrows) is flowing
past two venturi sections and two expansicn sections located

downstream thereof;

#ig. 4 shows, similar to Fig. 2, a cecrresponding centrally
located vertical sectien through the gas condenser as viewad
along vertical section line IV-IV, cf. Fig. 6 and Fig. 7, the
gas coudenser, however, additionally being provided with two
flaps, one f£lap of which on either side of the longitudinal
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axis of the gas condenser, the gas chamber of the gas con-
denser being shown in an elevated pesition, thereby placing
the flaps in a vertical position, and the liquid (shown with
downstream directed arrows) is flowing past two venturi sec-
tions and two wenturi section extensions located downstream
thersof, Fig. 4 alsc showing vertical section line VI-VI, cf.

Fig. 6, and horizontal section line VII-VII, of, Fig, 7;

Fig. 5 shows, similar to Fig, 4, a corresponding centrally
located vertical section through the gas condenser as viewed
along vertical section line IV-1IV, cf. Fig. 6 and Fig. 7, and
the gas condenser being provided with two flaps, the gas
chamber, however, being shown in a lowered pogition, the
flaps thereby pointing down and out from the gas chamber, and
the liguid (shown with downstream directed arrows) is flowing
past two venturi sections and two venturi section extensions

located downstream thereof;

Fig. 6 shows a longitudinal vertical secticn through the gas
condenser as viewed along wvertical section line VI-VI, cf.
Fig. 4, and shows five of a total of ten horizontal rows of
rnozzles being placed in the gas chambsr walls, the gas cham-
ber being arranged with two hydraulic cylinders in order to
elevate/lower the gas chamber, the drawing showing the g¢as
chamber in an elevated position, Fig. 6 also showing vertical
section line IV-IV, of. Fig. 4, and horizontal sectieon lihe
VII-VII, <f. Fig. 77 and

Fig. 7 shows a horizontal section viewed along horizontal
section line VII-VII, cf. Fig. 4 and Fig. &, wherein the
drawing shows two grates placed horizontally in the gas cham-
ber, the grates being used in order to break up the gas Lub<

bles into a larger amount of smaller gas bubbles, and also a
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gas supply pipe and a2 liguid supply pipe, Fig. 7 also showing
vertical section line VI-VI, cf., FPig, 6,

However, all drawings are scpematic and may be somewhat dis-

torted with respect to sizes and lengths.

Description of embodiments of the invention

Equipnent, devices, applisnces and/or arrangements which do
not concern the invantion itself, but which otherwise &re, or
may be, necessary premises to enzble the practising of the
invention, are not stated any further or described in detail
in the following embodiments. Preferably, such eguipment eta.
ig/are associated with a flow circuit between & storage tank
not shown on the drawings and a gas condenser 2 according to
the invention. B gas 4 and a liguid 6 compatible with the gas
4 flow irom the Storaqé tank not shown, the storage tank be-
ing arranged with, for example, pumping device not shown and
also possible valves and/or qonstrictions/expansions which,
preferably, are used to adjust/regulate, in upstrean/down-
stream position{s) of the gas condenser 2, the flow rate,
flow velocity, flow sectional area and/oxr static fluid pres-
sure of the liguid &, possibly also of the gas 4, flowing
through the gas condsnser 2. For instance, squipment used teo
register flow parameters in the gas condenser 2 and/for the
remaining part of the flow circuit, and also eguipment used
t¢ monitor, control and drive these, and possibly other ap-
pliances or devices, for example one or several pumping de-
vices, refrigeration- and/or compressor devices, possible pu-
rifier- and/or filtering devices unsed te, for example, sepa-
rate undesired componente, for example air, alr components or
other gasaes, from the flowing fluids, ars alsc not stated any

further or described in detail in the following embodiments.
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The gas 4 is conducted from the storage tank through a gas
supply pipe B onward to and into a lower section of the gas
condenser 2. TInside the gas candenser 2, the lower end gec-
tion of the gas supply pivce § is provided with an interior
telescopically movesble extension pipe 10 which, by means of
suitable and prassure-sealing gaskets 12, is moveably con-
nected to the gas supply pipe 8. The upper section of the ex-
tension pipe 190 is connsckably arranged to a downward-convex
bottom section 14 of &, in plan view, rectangularly shaped
and longitudinally extended gas chamber 16, the gas 4 being
conducted into an opening in the gas chamber 18 via a the ex-
tension pipe 10. In vertical view, ¢f. for example Fig. 2 and
Fig. 3, a central section 18 of the gas chamber 16 ig con-
prised of vertical side ﬁalla 20 and 22, and, an upper sec-
tion 24, of inclined walls 2§ and 28 which converge upward in
a tip 30, and of two end walls 32 andl34 each being placed at

an end section of the longitudinally extended gas chamber 16.

The gas chamber 16 is surrounded by, in plan view, of. Fig 7,
& rectangularly shaped and longitudinally extended housing
36, wherein the chamber 16 is centrally placed. In vertical
view, ¢f. Fig. 2 and Fig. 3, the housing 36 is comprised of a
bottom plate 38, and, in a2 lower secticn 40, of vertical side
walls 42 and 44, and, in an upper section 46, of inclined
walls 48 aﬁd 50 which converge upward against a liquid supply
nanifold 52, and also of two end walls 54 and 56 each being
placed at an end section of the longitudinally extended hous-
ing 36. Moreover, in both embodiments, and on either side of
the extension pipe 10, the gas chamber 16 is arranged with
two vertical and co-operating hydraulic cylinders 58 and 60,
the upper section of each cylinder 58 and 60 being conneckted
to the bottom section 14 of the gas chamber 16, while the
lower gection of each cylinder 58 and 60 is comnected to the
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bottom plate 38 of the surrouwnding housing 36, cf. Fig. 6. By
means of the co-pperating hydraulic eylinders 58 and 60, the
gas chamber 1% may be elevated (elevated position) eor lowered

{lowered position} relative to the surrounding housing 36.

In both embodiments, the inclined wall 26 of the gas chamber
Ig is placed parallel to, but in distance from, the inclined
wall 48 of the housing 36, end the inclined wall 28 of the
gas chamber 16 is placed parzllel to, but in distance from,
the inglined wall 50 of the housing 36. Between the upper
section 24 of the gas chamber 16 and the upper section 46 of
the housing 36, two longitudinal slcts thereby appear, one
slot of which being located on either side of the longitudi-
nal central axis of the ¢as condenser 2, the slots hereinaf-
ter being denoted as a venturi section 62 and a venturi sec-
tion 6¢. In the upstream and upper sections, the venturi sec-
tions 62 and .64 are provided with their own inlet npeﬂing-sﬁ

and 68, through which the liguid § may flow.

Conourrent with the gas 4 being conducted into the gas cham-
ber 16 at a static pressure higher than the static pressure
of the gas 4 in the gas chamber 16, the liguid 6 iz cenducted
through a liguid supply pipe 70 and ecoward to and through the
liguid sgupply manifold 52, In these embodiments, the lignid
supply manifeld 52 is provided with two manifold chambers 72
and 74, the interior of each manifold chamber 72 and 74 being
provided with several liguid distribution £ins 72° and liquid
distribution f£ins 74, respectively, which distribute the
liquid & evenly in the longitudinal diresction of the gas con-
denser 2, cf. Fig. 6.

Then, the evenly distributed liguid flow is conducted in the

dovmstream direction inte inlet openings 66 and 6B, after
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which the liguid € flows onward through the venturi sections
62 and 64. The venturl sections 62 and €4 are arranged with
spaller flow sectional areas than those of flow sectional ar-
eas, for example the flow sectienal areas at the inlet open-
ings 66 and 68, positioned upstream therecf, the liguid €
thus flowing in the venturi section 62 and €4 with an in-
creased velocity, but with a lowsr static pressure, than at
the inlet cpenings 66 and €8. This static pressure is less
than the static pressure of the gas 4 iz the gas chamber 15,
providing thus a static underpressure in the venturi section
€2 and 64, In the gas condenger 2, this underpressure is
utilised by providing ths inclined wall 26 znd 28 of the gas
chamber 16, possibly also an upper section the vertical side
walls 20 and 22 of the gas chamber 16, with throngh-going
nozzles 76, through which the gas 4 may flow into, and be
conducted cnwards by means of, tha Iigquid’6. In the embodi-
ments,; the nozzles ﬁﬁ are p;acad in hcriéontai rows of noz-
zles along the gas chamber 16. In the first embodiment, cf.
Fig. 2 and Fig, 3, and along the incliasd wall 26, three
horizontal rows of nozzles 78, 80 and B2 are placed together
with three corresponding horizontal rows of nozzles 78, 807
and 82' positicned along the inclined wall 28. However, in
the second smbodiment, ¢f. FPig. 1 and FPig. 4-7, an upper sec-
tion of each of the vertical side walls 20 and 22 of the gas
chamber 16 is provided with two horizontal rews of nozzles 84
aud 86, together with 84+ and 8&'. In both embodiments, all
nozzles 76 are placed obliguely into the downstream direction
of the liguid &, thereby reducing turbulent flow in the lig-
uid £low,

Moreover, in the first embodiment, cf. Fig. 2 and Fig. 3, the
vertical side walls 20 and 22 of the gas chamber 16 are posi-

tioned at a distance frem a lower gsection of the inclined
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walls 48 and 50 of the housing 36, and also from an upper
section of the vertical side walls 42 and 44 of the housing
38, thereby causing two longitudinal expansion sections 88
and %0 to appear, one expansion section 58 or 50 aof which po-
sitioned on either side of tihe longitudinal central axis of
the gas condenser 2, and the flow sectional areas of the ex-
pansion sections B8 and 90 increasing in the downstream di-
rection., when a mixture 52 consisting of the gas 4, iz the
form of gas bubbles, and the liguid ¢ flows through the ex-
pansion sections 8% and 90, the mixture 92 will flow with a
gradually decreasing flow velocity, and thus a gradually in-
creasing static pressere, the gas bubbles thereby gradually
starting to condense and dissolve in the ligquid 6. In order
to increase the contact surface of the gas bubbles toward the
surrounding ligquid 6, and thereby increasing the gas condens-
ing rate, the mixture 92 is conducted through two grates 94
and 96, the grates.94 and 96 being atrranged to the gas cham-
ber 15, and one gréte 94 or 36 being placed in each expansicn
section 88 or 30, the expension sections B8 and 30 comprising
upper sectiong of & condensing chamber 98, Subsequently, the
mixture 92 flows onward intc the lower section of the con-
densing chamber 98, this lower section being comprised of the
volume between the bettom plate 38 of the houeing 36 and the
expaneion sections 68 and 90, In this lewsr section, the mix-
ture 92 is thereafter conducted out threugh a liguid outlet
pipe 100 and back to.tha storage tank. When, by mean;rof the
hydraulic cylinders 58 and 60, the gas chamber 16 is ele- '
vated, thus bringing the gas chamber 1é closer to the sur-
rounding heusing 36, the flow secticnal areas along the ven-
turi sections 62 and 64 will decrease. By so doing, the flow
velocity of the liguid 6 will ingrease and the static pres-
sure will &ecrease. thﬁs increasing the flow rate of the gas

4 from the gas chamber 16. Cn the other hand, when the gas
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chamber 16 is lowered, but at the same liguid flow rate, the
flow sectional areas along the venturi sections 62 and 64
will increase. By So deing, the £low velocity of the ligquid 6
will decrease and the static pressure will increase, thus de—
creasing the flow rate of the gas 4 from the gas chamber 16.
At these courses of flow, the flow rate of the liguid 6
through the venturi sections 62 and 64 is constant. Tf, how-
ever, the flow rate of the liguid & is increased, the flow
rate of the gas 4 from the gag chawber 16 will also increase
in such a way that larger guantities of gas may be condensed
in the gas condenser 2, However, at this new liguid flow
rate, and in a corresponding way, it is still possible to
elevate or lower the gas chamber 16.

Morsover, in the second embodiment, ¢f. Fig 1 and Fig. 4-7,
the gas condenser 2 is arranged as described in the first em—
bodiment. The inclined walls 48 -and 50 of the housing 34,
however, are furthermore provided each with a f£lap 102 or
104, the uﬁper section of each flap 102 and 104 beiné rotata-
bly arranged each to their own inclined wall 48 or 50 by
means of each their own hinge devices 106 and 108. The hinge
devices 106 and 108 are connected to the housing 36 vis-&-vis
the transitlon section betwean the inclined wall 26 of the
gas chamber 16 and the vertical side wall 20, and alsc be-
tween the inclined wall 28 gnd the vertiéal side wall 22, c£.
Fig. 4 and Fig..5. Simultaneously, and by means of,ﬁressure—
sealing connections, the upper section of each flap 102 and
104 is placed against its own inclined wall 48 or 5@, thus
conducting only the mixture 92 between the gas chamber 1€ and
the flaps 102 and 104. Furthermore, either side of the lower
section of the flap 102 is provided with stays 110 and L10’,
while the flap 104 correspondingly is provided with stays 112
and 112, ¢f., Fig. 7. The stays 110 and 110 are, in one end
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gection, rotatably arranged to the flap 102 and, In the other
end section, retatably arranged to the vertical wall 20 of
the gas chamber 16, while the stays 112 and 112' are corre-
spondingly and rotatably arranged to the flap 104 and the
vertical side wall 22 of the gas chamber 1€. As opposed to
the first emhbdiment, the gas condenser of this embodiment is
provided with two smaller grates 94° and 967, the grates 94
and 96° being arranged to the gas chamber 16 on the down-

stream side of the flaps 102 and 104,

In the 2levated position, in which position the stays 11C¢ and
1107, and also the stays 112 and 1127, point down and
obliguely out from the gas chamber 16, the flaps 102 and 104
are placed in a vertical or a near-verticazl position. In
practice, the slots hetween the gas chamber 16 and the flaps
102 and 194 thus comprise downetream extensions of the ven-
turi sections 62 and 64, or venturi extensiecns 114 and 116,
thus keeping constant the flow ssctional areas therecf. For
this reason, two horizontal rows of nozzles 84 and 8&, and
z2lso 84 and 867, have been placed in upstream sections of

the venturi extensions 114 and 116, cf. Fig. 4.

In the lowered position, in which position the stays 110 and
110, and also the stays 112 and 112’', point horizontally or
near-horizontally out from the gas chamber 16, the flaps 102
and 104 will point down and obliguely out: relativeé to a ver—
tical position, the distance between the gas chamber 16 and
the flaps 102 and 104 thus increaging in the downstream di;
rection. In this embodiment, this causes the flow sectional
areas along the venturi sections 62 and 64, and also along
the venturi extensions 114 and 116, tb vary, Fig, 5 showing a
constricted section 118 betwesen the venturi section 62 and

the venturi extension 114, and alsa a constricted section 120
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between the venturi section 64 and the venturi extension 116.
Upont, in a non-disclosed embodiment, when the gas chamber is
placed in the lowered position, seeking to maintain a con-
atant flow sectional area in the venturi ssctions 62 and 64,
and simultanszcusly seeking to increase the flow sectional
area In the downstream direction along‘the venturl extensions
1i4 and 116, said hinge devices 106 and 108 may be moveably
arranged to inclined walls 48 and 50 of the housing 36 by
means of rails or sliding devices, thereby enabling the flaps
102 and 104, in addition to baing rotatable, to be pushed
aleng the inclined walls 48 and 50 by means cf, for example,
an actuator., If desired, forming constricted section 118 ang

120 may thus be avoided.

By adapting/changing the length ¢f the stays 110 and 112,
and/or by placing the stays 110 and 110°, and also the staye
112 ang liz*, in a gifferent vertical posiﬁion along the cen-
tral sectien 18 of the gas chamber 16, it is obvious, how-
ever, that by using flaps 102 and 104, the flow sectional ar-
eas along the venturi extensions 114 and 116 may be further
adjusted, thus further adapting the courses of flow and pres«

sure of the mixtore 92 through the gas condenser 2.
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Cclaims

1. pevice arranged to condense gas/vapour (4}, for exampla

hydrocarbans in gas phase, from a wvolatile liguid, for ex-
ample hydrocarbons in liquid phase, the device hereinafter
being denoted as a gas condenser.(Z), the gaé condenser
{2) being arranged to & flow circuit, for example between
the gas condenser {2} and a storage tank, which conducts
the gas/vapour (4) and a gas-compatible ligquid {6), prei-
erakly said volatile liquid, to the gas condenger (2), the
flow circuit upstream and/or downstream of the gas con-
denser (2} possibly being arranged with equipment, de-
vices, appliances and/or arrangements, for example a pump-
ing device and possible valves and/or constric-
tions/expansions to adjust/adapt the flow rate, flow ve-
locity, flow sectional area and/or statlc pressure of the
liguid {6) and/or the gas/vapour (4) flowing through the
gas condenser (2}, possibly alsc other eguipment used to
register, monitor and/or control said equipment, devices,
appliances and/or arrangements, and alse pagsible refrig-
srator- and/or compressor devices, possibly purifier-
znd/or filtering devices, used to pre-treat and/or after-
treat the fleowing fluids in ordsr to, for axamplsa, sepa—
rate ont air, air components or other gases, from the
flowing fluids, characterised i n that the
gas condenser_(Z) is compriged of:

a) at least cne gas supply pipe/-condnit, hereinafter
denoted as a gas supply pipe (B);

b} a gas chamber (16} lecated centrally within the gas
condenser {2), to which gas chamber (16) the gas supply
pipe{s} (B) is/are connected;

<) a suitable number of openings in the wall{s) {20,
22, 26, 28) of the gas chamber (16), the openings prefera-
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bly being provided with nozzles {7&);

d) a housing/container surrounding the gas chamber
{16), the housing/container hersinafter denctsd as a hous-
ing {36);

e} at least one liquid supply pipe/~conduit, hereinaf-
ter dencted as a liqﬂid supply pipe (78), possibly alse a
liquid supply wanifcld {52), the liguid supply pipe (70).
peosgibly the liguid supply manifold (52) being connected
to the housing (36);

£) a condensing chamber {(98), an upper section of
which possibly being comprised of one or several expansion
sactions (86, %0);

Ty at least one venturi section (62, §4) placed be-~
tween the liguid supply pipe (70}, possibly the liguid
supply manifold {52), and ths condenaing chamber (98}, a

venturl secticn (8%, 64} being comprised by a slot, also

denoted as a slot volume, between the wall{s) (20, 22,26,

28) of the gas chamber (16) and wall(s)} (42, 44, 48, 50)
of the housing (36), the upper section of & venturi sec-
tion (62, 64} being provided with an inlet opening (€6,
GBY; and

h) at least one liquid outlet pipe (100) connected ta
the condensing chamber (%8).

Device according to claim 1, eharactexrised

i n that the openings, possibly the nozzles (76), or one
or several rows of openings, possibly rows of nozzles (78,
84, 82, B84, B&), are displaced parallel relative to one or
saveral downstream openings, pessibly nozzles (76), or
rows of openings, or possibly rows of nozzles (78, 80, 82,
84, 86).
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3. Device according to claim 1 or 2, characterdi-
s ed in that tha nozzles (76) are placed obliguely
intc the downstream dirsction along the venturi section(s)
(62, €4), pessibly also along all or parts of one or sev-

aral expansion sections (88, %0).

4. Device aooording to claiml, characterised

4 n that the gas condenger {2} is arranged with one or
several adjustable venturi sections (62, 64), poseibly
also one or several adjustable expansion sections (88,
20), the gas condenser (2} being provided with one or sev-
eral adjusting devices in order te adjust/changé/adapt the
slot volume of the venturi section(s) (62, h4), possibly
also of the expansion sectiens (88, 901, and thus the as-

sociated flow ssctional arsa(s).

5. Device according to claim 1 or 4, chaearacteri-
sed in that the wall(s) (42, 44, 48, 50) of the hous-
ing (3%) and/or the wall(s) (20, 22, 26, 28) of the gas
chamber {16), aiong the venturi se¢tion(s) (62, &4}, pos-~
sibly also along the expansion sections (88§, 90) and/or
the inlet openings (é&, &8), are made cof, or provided
with, adjustable plates, wall sections and/or flaps (102,
104), arranged with one or sBeveral suitable actuator de-
vices, for example & hydraulic cylinder, an aelactric motor

and/or a mechanical device,

6. Device according to claim $, characterisged
i n that the upper section of the flap{s) (102, 184)
is/are rotatably and/or moveably connected to the wali(s)
(42, 44, 48, 50) of the heousing (36) by means of one or
several hinge devices (106, 108), joints, rails and/or

sliding devices, while the lower sectioctt of the flap{s)
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is/are rotatably connected to the wall(s) (20, 22, 26, 28)
of the gas chamber (1é) by means of one or several stays
(110, 1107, 112, 11273,

Devig¢e according to ofe or several of the claims i, 4, 5
gnd 6, chaeracterised ‘ in that the gas chamber
{16} ip arranged to ke selevatad or £¢ be lowered by means
of one or several suitable actuator devices, far example
an electric motor, a mechanical device and/or one or sev—

eral bydraulic oylinders (58, 60).

. Device according to claim 7, characterised

i n that actuater device used to elevate or lower the gas
chanber {lé) is comprised of one or several hydraulie cyl-
inders (5%, 60) which, in one end gection, is/are con-
nected to the housing_(SG), and which, in the other end
saction, is/are 6cnnected to the gas chamber (16}, one end
sectian of the gas supply pipe (8) concurrently being pro-
vided with a telseseoplcally moveable extension pipe 10
which is connected to, and iead into, the gas c_hamber

(16].

Device according to one or several of tha claims 1-6,
characterised 4in that one or several upstream
£low sectional areas of the condensing chamber (98}, pref-
erably in the expansien sectioniz) (88, %0}, is/are pro-
vided with at least one perforzted plate, possibly at
least one grate (94, 94r, 94, $67), the perforared
plate{s), pessibly grate(s) (94, 94', 96, 96’), being
placed in a downstream position of a possible flap (102,
104,
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