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""CONDENSI NG’ ﬁA“\'/APClJR FROM A STREAM OF AIR' THE PRESENT | NVENTI ON rel éfo es to
a condenser and a nethod for condensing a vapour froma streamof air. It
i's envisaged that a condenser and a nethod enbodyi ng the present_invention

will find particular application in condgnsing volatile organic conpounds
froma streamof air in order to recover such-conpounds and/ﬁgssglgﬁﬁg%teﬂﬁ‘q&placed-
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in order to recover such compounds and/or to control their emission into the atmosphere,

for exémple, from storage tanks and during drumming and distillation operations.

The amount of volatile organic compounds that are inadvertently emitted into the
atmosphere is thought to be over 200 million tonnes per year, on a global basis. Many
of these compounds are toxic, and it is not desirable for the compounds to be emitted into
the environment. Examples of volatile organic compounds that may be inadvertently
emitted are petroleum and petro-chemical products such as benzene, chloroform, ethyl
benzene, styrene, toluene, xylene, methyl chloride, formaldehyde, pyridine, acetone and
iso-propyl alcohol. Many states, throughout the world, have setup regulations or standards

relating to the emission of volatile organic compounds.

Known condensers for condensing volatile organic compounds are arranged to
operate permanently at a temperature above 0°C, since otherwise ice may form on the
surface of the condenser and thereby reduce the heat transfer and the condensation
efficiency. The efficiency with which such condensers remove volatile organic compounds

from air containing such compounds is accordingly quite low.

The present invention seeks to provide a condenser and method which enables
volatile organic compounds to be condensed out of a stream of air more efficiently than

is possible using conventional condensers.

Accordingly, in one aspect, the present invention provides a condenser for

condensing’ a vapour from a stream of air containing said vapour, the condenser
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tjr' ansiier and the condensation efficiency. The efficiency w.th whi-ch-sueh
condensers renove vol atile organic conpounds fromair containing such

conpounds is accordingly quite |ow The present i RyeRE IO Be@Eplhdad
provide a condenser and nethod which enall es volatile

be condensed out of a streamof air nore efficiently tﬂlﬂﬁﬂm&mmwe usi
conventional condensers. Accordingly, in one aspect, t ention

provi des a condenser for condensing a vapour froma streamof air
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d air outlet far directi the streamof air to the exterior o e
housi ng. REAE5HRDA dupugh Aokt FRtleLpipe: B WhichrFopdenser a sensor is provided to

sense the temperature of the air at the outlet of the condenser arrangement and the coolant
supply means is responsive to signals from the sensor to adjust the flow rate and/or
temperature of the coolant supplied to the condenser arrangement to maintain the sensed
temperature just above the freezing point of the condensate formed by the condenser

arrangement.

In another aspect, the invention provides a condenser for condensing a vapour from
a stream of air, the condenser comprising a housing, an air inlet pipe for introducing the
stream of air into the interior of the housing, a condenser arrangement located in the
housing and connected to the air inlet pipe so that the stream of air flows through the
condenser arrangement into the interior of the housing, a coolant supply pipe for
supplying coolant to the condenser arrangement, and a coolant outlet pipe for removing
coolant from the condenser arrangement, the housing having a condensate outlet for
discharging condensate formed in the housing by the condenser arrangement and an air
outlet for directing the stream of air to the exterior of the housing, in which condenser the
condenser arrangement comprises an outlet manifold connected to the coolant outlet pipe,
and a plurality of coolant pipes positioned to be exposed to the stream of air through the
condenser arrangement and connected in parallel between the coolant supply pipe and the

outlet manifold.
Preferably, the housing is of elongate form, and the outlet manifold comprises an
elongate conduit extending substantially axially of the housing, the said coolant pipes

forming a plurality of substantially helical turns surrounding said manifold

Conveniently, the condenser arrangement comprises a hollow sleeve located
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‘mani fol d connected to the coolant outlet pipe, and a plurality of cool ant
plpes positioned to be exposed to the streamof air through the condenser
arrangenent and connected in parallel between the cool ant supply pipe and
the outlet manifold, in which condenser ghe housing is of elongate form
and the outl et nanifold conprises an el ongate conduit extending
substantially axially of the housing, the said coolant pipes formng a
plurality of substantially heIicaI turns surroundi ng said manifol d.

Conveni ent hal {1fih tRETHASRIY whR AR k1B dPofithé bR SddReetel 96 tHeed
substantla%uIY’yta{cloafal 'y W|th| n the hous‘lvng with an inlet end of the sleeve

connect ed amuﬂdeteplpa and arl ettlepepd ofithe sleeve opéreto thaibtefion dfshshewsing, shesleews t he
interior of the u5| n %he s/ eev recel Vi ng?t he mani fol d and the cool ant
pi pes ther"é"F?iV %‘8@6 apg thg F\%p?Fé@E‘ES theT8iy ey of a thernally
conductive materi aI and the air outlet pipe is positioned adjacent the air
inlet pipe, so that air flowing out of the housing flows adjacent the
exterior of theAdvastageosliypthe sideveiisifprined bifie thortmally mondictiveenterial, and the

through the air, outlet. Conveni ntlﬁ/ he .sl eeve is de of .a therrral“i1
conduct i veAlFngutlet Bipe 4s gpositioned adjacent the air mlet pipe, so that air flowing out of the

housing flows adjacent the exterior of the sleeve before flowing to the exterior of the

housing through the air outlet.

According to a further aspect of the invention, there is provided a condenser for
condensing a vapour from a stream of air, the condenser comprising a housing, an air inlet
pipe for introducing the stream of air into the interior of the housing, a condenser
arrangement located in the housing and connected to the air inlet pipe so that the stream
of air flows through the condenser arrangement into the interior of the housing, a coolant
supply pipe for supplying coolant to the condenser arrangement, and a coolant outlet pipe
for removing coolant from the condenser arrangement, the housing having a condensate
outlet for discharging condensate formed in the housing by the condenser arrangement and
an air outlet for directing the stream of air to the exterior of the housing, in which
condenser the condenser arrangement comprises one or more coolant pipes connected
between the coolant supply pipe and the coolant outlet pipe, said coolant pipes being
surrounded by a sleeve which has an inlet end connected to the air inlet pipe and an outlet
end open to the interior of the housing, the air outlet being located so that, in use, air
flowing out of the housing flows past the exterior of the sleeve before flowing through

the air outlet to the exterior of the housing.

Conveniently the sleeve is made of a thermally conductive material and there is

contact between one or more of said coolant pipes and said sleeve.

Advantageously said coolant pipes describe a plurality of helical turns within said

sleeve.
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fhere'is contact between one or nore of said cool ant pi pes and “said-steeve.
Desitably, a sensor is provided to sense the tenperature a f the air at the

outlet® of the condenser arrangenent and the cool ant oy HayBaemR eplgced
responsive to signals fromthe sensor to ,adjust the f r‘ r
tenperature of the coolant supplied to the condenser _

mai ntain the sensed tenperature just above the freezing point o e

condensate forned by the condenser arrangenent. The sensor may be a
thernocoupl e, aPrékRGY, ithéordensy Girad bénferi RORRiseO4 pﬁ:?é/l;]t?to?%id%bfai?g@es
sensor. Advantageously, the condenser”is assocCiated with”a cool ant re-
processi ng comnectedoint pasalled bebyeesi spirh boolantosmpphiepiperandrsaid coodantanitietipipent  of
the invention, the housing is generally vertical, the air inlet pipe is at
the upper end of the housing and the air outlet is adjacent the upper end
of the housing. DesirfblyNa SEkRF is pravidell Go s8N & the Qtff‘ln;g&)i & withit tl{da@cq{dg)iser
under stood, and so that further features thereof hay be appreciated, the
invention will now be

The sensor may be a thermocouple, an electrical conductivity sensor, or any other

suitable sensor.

Advantageously, the condenser is associated with a coolant re-processing unit

controlled by signals from the sensor.

The invention also provides a method of condensing a volatile vapour from a
stream of air containing said vapour, the method comprising the steps of introducing the
stream of air containing said vapour into a housing, directing the stream of air through
a condenser arrangement within the housing, supplying coolant to the condenser
arrangement means to cool the stream of air and condense said vapour, discharging the
cooled air and condensate from the housing, and adjusting the flow rate and/or
temperature of the coolant supplied to the condenser arrangement in response to signals
from a temperature sensor within the condenser to maintain the temperature sensed by the

sensor just above the freezing point of the condensate.

According to yet another aspect, the invention provides a condenser for condensin g
a vapour from a stream of air, the condenser comprising a generally vertical housing, an
air inlet pipe at the upper end of the housing for introducing a stream of air into the
interior of the housing, an air outlet adjacent the upper end of the housing to direct a flow
of air to the exterior of the housing, a sleeve formed from conductive material and
extending substantially coaxially within the housing with an inlet end of the sleeve
connected to the air inlet pipe and an outlet end of the sleeve open to the interior of the
housing, and a condenser arrangement received in the sleeve, the condenser arrangement
comprising a coolant outlet manifold in the form of an elongate conduit received

substantially axially within the sleeve, a coolant outlet pipe connected to the manifold, and
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descri bed, by way of exanple, with reference to the acconpanying draw ngs
in which: FIGURE 1 is a sectional view of a condenser in accordance with
the invention;, and FIGURE 2 is a bl ock diagramillustrating a condensing
systemincorporating the condenser of Figure 1. Referring initially to
Figure 1, a condenser embodying the invention for condensing volatile
organi ¢ conpounds conprises a housing 1 of generally elongate cylindrical
form the housing being provided with support brackets 2 and 3 which may be

used 1o suBRMlib6F Aokt Hpek égﬂn@cté’c?fﬂ biallelRbhidd °??”§m?%1@’ﬁ4‘ft pifk l?%gglrme end

upper end of the housing I pe 4 projects vertica

of the housianifold, the conlanti pip¢sedefming b gllurhlity of substantisllyahélicabtiras aiongdtihe

f | at Ll,e or j .c_compound Lch i o0 he condensed. The pipe 4
extonds. seBRERT §F fi Bofifeld, giSergenses heine pisbethin i e & iargBeedliniber

tical o ] ol i o ole 5
Ygrfljfﬁedsgf a ther ngllarlt)}/ls)é%lﬁ uc% Ive ng'fY%r Ha:a&é;ﬁ%?gﬁ%gﬁgt?]ﬂ%pgr}]df%@\g}p%gn@%
di sposed wiubisequeritly dnsersithe irteriér o thtchausihgy aberer it Hleves pisyehdieRRriér @EpRHNdS

' rt of,th ousing 1 and comuuni cates with the
Yﬁ{ ;Ir icglr | )és%%ye[nh%tjgfﬁ)hg‘}l\vﬁfé topt?le exterior o?' tge ousilgg through the air outlet.

In order that the invention may be more readily understood, and so that further
features thereof may be appreciated, the invention will now be described, by way of

example, with reference to the accompanying drawings in which
FIGURE 1 is a sectional view of a condenser in accordance with the invention; and

FIGURE 2 is a block diagram illustrating a condensing system incorporating the

condenser of Figure 1.

Referring initially to Figure 1, a condenser embodying the invention for
condensing volatile organic compounds comprises a housing 1 of generally elongate
cylindrical form, the housing being provided with support brackets 2 and 3 which may

be used to support the housing 1 in a vertical position, as shown.

At the upper end of the housing 1, a pipe 4 projects vertically from the upper end
of the housing 1 to constitute an inlet for a flow of air containing the vapour of a
volatile organic compound which is to be condensed. The pipe 4 extends sealingly into
the housing 1 and merges into an enlarged diameter vertical sleeve 5 which extends
axially within the housing 1. The sleeve 5 is formed of a thermally conductive material

and has an open lower end 6 disposed within the housing 1.

A condensed vapour discharge pipe 7 ascends vertically from the lowest part of

the housing 1 and communicates with the interior 8 of the housing.
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The upper part of the side wall of the cylindrical housing 1 is provided
with a horizontally extending outlet pipe 9 which conmunicates with the
interior 8 of the housing, and which constitutes an outlet for a flow of
air containing residual vapours of |ight colatile organic conpounds.
Received within the sleeve 5 is a condenser tube assenbly 10 which
conprises a plurality of coolant pipes 11 coiled around a centrally | ocated

cylindrical conduit 12. In the illustrated enbodi nent of the invention,
there are threeTaeQippsf pat REIhd didehiAD o ER Hmlcam&&%% ﬁ‘eisgﬂ‘(;\fiﬁéc%wﬂ’if athe
conduit 12 to forma pl urallty of substanti a Iy hel i cal Turns 13 about the

exterior ohoxlzmlt@lbnmendmg outlet pip|9%amhighi pemnmhlcates with rthel inferiar thef rtk:b ![K
ducti ve materlal t he _Qut er nps rns are.in co ct wit e
leeve 5. RORHaRe A5 eomyfies 5 Sahedpy adhuw pHAE coRlating reHeh seratnof

and is conf ﬂqaﬁlgdr £hib ¥BIofadls of the three coolant pipes 11 via a flow
distri butorgl?LttS formedEat tﬁgﬁ:’upper end of the supply pipe 14. The upper

ends of the coolant pipes 11 are connected to the ulpper end of 1'the_I_ﬁonduit
12 which titute utl et . manifold for the_cool ant pipes

cool aIntC pfggi :31 S?fg‘"&tgﬁh@etsée&w Pris ﬁ&P&&?@PD tube asrsarbly 18 Whigh compriges a 4
and the mi?iui{lit? o%%oolﬂl@pﬂp@é’"? [ cB1él Aouhl s é\eﬁﬂgﬁ'& fochted @1&8&@8%0%%&‘12?111

cool ant outl
the illustrated embodiment of the invention, there are three coolant pipes 11 which are

wound around the exterior of the conduit 12 to form a plurality of substantially helical
turns 13 about the exterior of the conduit 12. The coolant pipes 11 are formed of a
thermally conductive material and the outermost helical turns are in contact with the

sleeve 5.

A coolant supply pipe 14 enters the lower end of the housing 1 and is connected
to the lower ends of the three coolant pipes 11 via a flow distributor 15 formed at the
upper end of the supply pipe 14. The upper ends of the coolant pipes 11 are connected
to the upper end of the conduit 12 which constitutes an outlet manifold for the coolant
pipes 11. The coolant pipes are thus connected "in parallel" between the supply pipe 14
and the manifold 12. The lower end of the conduit 12 is connected to a coolant outlet

pipe 16 which emerges from the lower end of the housing 1.

A sensor 17 is provided which is located in the region of the lower end of the

coolant pipes 11. In the illustrated embodiment, the sensor 17 is located on the pipe 14
near the distributor 15. The sensor 17 is adapted to sense the temperature of the air that
has passed through the condenser assembly 10, and may, for example, comprise a
" thermocouple, an electrical conductivity sensor, or a combination of such sensors. As will
become clear from the following description, the sensor is provided to detect when the
cooling effect provided by the condenser, in use, reduces the temperature of the air
flowing through the condenser to a temperature below the freezing point of the vapour

to be condensed.
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p| pe 16 whi ch energes fromthe |lower end of the housing I Asensor 17 is
provided which is located in the region of the |ower end of the cool ant
pipes 11. In the illustrated enbodi nent, the sensoThlSlSheqtgaSIBwaR@ucedn t he

pi pe 14 near the distributor 15. The sensor 17 is a the
tenperature of the air that has passed through the Iy 10
and may, for exanple, conprise a thernocouple, an electrlcal con ucti vi
sensor, or a conbination of such sensors. As will becone clear fron1the

fol 'owi ng descr ipls@bf thd LoAGEIEY illutrRicdVinOE) 198136lanthe thdiRice® 9 1the
effect provided by the condenser, in use, reduces the tenperature of the

air flow ngowlhn‘rcmugplxmpe éﬂ),rmenéleatedﬂmyahd: elrtpwrm ﬂ‘he cbd%hﬂ@ﬂsﬂﬂ?@zﬂmglml nt
of the va ndens REPL of, the .
condenser pﬁ Fﬁgﬁ?rafseﬂ‘? & @ﬂﬂ’g tEfeea?O(?@‘gF WSI E??d&heg’aiﬁ@“ghéﬁl%hﬁl?%t
supply pi pguraé1. Pife gl IMACAWs IS HR! Jutlédt &ﬁmfgﬂ%oﬁgﬁ’ch%t f'f the Wendif PrIgfy t he
flow distributor 15 into each of the three cool ant pipes where 1t flows
t hr ough t hicames the abndemctst@ughnbe mniaranutleﬂmpe 16,@ssndicated by thecantdve1 9. This

mani f ol d c nst i e con and .| eaves the condenser throu h t he
cool ant ou ft)‘f ian{?frog ég,ustlﬁgu%ﬁsrﬂaq,\;q@eraltmesofrﬁe coolant pipe
11, the sleeve 8 and the condult 12.

The coolant discharged from the coolant outlet 16 niay then be re-cooled, using

an appropriate cooling arrangement, before being re-introduced to the condenser.

Air, containing a volatile organic compound vapour to be condensed, is introduced
to the condenser, through the air inlet pipe 4, as indicated by atrow 20. The air enters
the sleeve 5 at its upper end and is cooled as it flows downwardly, as indicated by the
arrows 21, between the adjacent turns of the coiled coolant pipes in the space between the
sleeve 5 and the conduit 12, so that the volatile organic compound vapour condenses out
of the air. The cooled air and condensate emerge from the open lower end 6 of the sleeve
5 into the interior 8 of the housing 1. The condensate falls, under the influence of gravity,
to the bottom of the housing 1 where it is removed through the discharge pipe 7, as
indicated by arrow 22. The cooled air emerging from the lower end of the sleeve 5
changes its direction of flow, as indicated by arrow 23, and flows upwardly through the
space between the sleeve 5 and the housing 1, as indicated by arrows 24, cooling the
sleeve 5 as it goes. Upon reaching the upper end of the housing 1, the air, which is
purged of the condensate but which may still contain small amounts of light volatile
organic compounds, is discharged through the air outlet pipe 9, as indicated by the arrow
25.

It is believed that use of a plurality of coolant pipes connected in parallel between
the inlet pipe 14 and the outlet manifold, constituted by the conduit 11, achieves an even
temperature distribution and a high heat transfer efficiency. The provision of the multitude

of helical turns causes a high turbulence in the air flowing downwardly within the sleeve
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Tl ow of cool ant through the condenser thus reduces the tenperature of the
coolant pipes 11, the sleeve 8 and the conduit 12. The cool ant di scharged
fromthe coolant outlet 16 may then be re-cool ed, using an appropriate
cooling arrangement, before being re-intgoduced to the condenser. Air,
containing a volatile organic conpound vapour to be condensed, is

I ntroduced to the condenser, through the air inlet pipe 4, as indicated by
arrow 20. The air enters the sleeve 5 at its upper end and is cooled as it
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of the coi coo ant pipes In e space meen t he sl eeve
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theair. The _cooled air con sate e fromthe.o l.ower .end 6 of
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under the b f S S
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ai r emer gi figwfdireuits he Iovver end of the sleeve 5 changes its direction of
flow, as indicated by arrow 23, and flows upwardly through the space
bet ween the sleeve 5 and the housing 1, as indicated by arrows 24, cooling

the sl eeve 5 as | he
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outlet pipe 9, as |nd| cated by the arrow 25, It is believed that use (i)
plurality efthelensing lpepages h@@tl@%pmwgﬁarr 1§} #tdeagt &9 pcsriain extent, pre-coole

before encountering the coolant pipes 11.

Additionally it is to be appreciated that, by using the central conduit 12 as a
manifold to receive the coolant from the coolant pipes 11 at a position within the sleeve

5 immediately adjacent the air inlet pipe 4 and feed it directly.

A condenser for condensing a vapour from a stream of air containing said vapour,
the condenser comprising a housing, an air inlet pipe for introducing a stream of air into
the interior of the housing, a condenser arrangement located in the housing and connected
to the air inlet pipe so that the stream of air flows through the condenser arrangement into
the interior of the housing, and coolant supply means for supplying coolant to the
condenser arrangement through a coolant supply pipe and for removing coolant from the
condenser arrangement through a coolant outlet pipe, in which apparatus a sensor is
provided to sense the temperature of the air at to the coolant outlet pipe 16, and by
enclosing the conduit and the surrounding coolant pipes 11 in the sleeve 5, cooling load

loss from the coolant pipes 11 is obviated.

Referring now to Figure 2 of the accompanying drawings, the condenser housing

1 is illustrated, in a schematic form.

From Figure 2 it can be seen that the condensate outlet pipe 7 is connected to a
condensate storage tank 27.
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the inlet pi pe 14 and the outlet manifold, constituted by the conduit 11,
achi eves an even tenperature distribution and a high heat transfer .
efficiency. The provision of the multitude of helical turns causes a hi gh
turbulence in the air flow ng dowmwardly gM t hin the sl eeve 7 8, which
enhances the heat transfer. The use of the distributor 15 and the manifold
constituted by the conduit 11, to distribute and receive the flow of

cool ant through three cool ant pipes connected in parallel acts to bal ance

the flow rate i AISAEBNPFRAre 270cdn e 428 it tfi?]%bl Mﬂetﬁpecwi@d&mg&egt%oi isn

parallel, mnimses the flow resistance in e coolant fl'ow circuit.
al so to beazoplant suppdyimenns int the fpmoof 8 icoolanf retprecessingautii 28 whidhesupplies rea

Dot or o | calIgEEACOPIELF e DOk supRa bty 14, T EoprososHie WHings ABBRONGR o r
cool ant p, pemP PPl bEIG RN HelcooRE SOGRE, iimpiie pRRRRIM SABninE i
central codtaiarrangementds secti that thetpmme 29 iy adapte] ’;bop.hﬁp'rcob]_aﬁﬁfrbﬂlethﬁgﬁg%ﬁ?t
"nl'et i peoTDt dgahionehithe conlsr 3\te drseanlen pplRiRgdfs: ng & vapour from
a streamof air containing said vapour.
The coolant re-processing unit 28 receives control signals, through a line 31, from
the sensor 17. The temperature of coolant and/or the flow rate of coolant is adjusted so
that the temperature of air leaving the condenser is slightly above the freezing point of
the vapour to be condensed. It is to be appreciated that traditional condensation is carried
out with a coolant temperature of above 0°C. However, when handling air which contains
organic compound vapour, the freezing point of the condensate, due to the miscibility of
the solvent vapour with any moisture present in the air, will be lowered from 0°C to a
lower temperature, which may be as low as -4°C, or even as low as -8°C. The extent of
the depression of the freezing point below 0°C will depend upon the identity of the
solvent, the relative humidity of the air, and the concentration of the organic vapour.
However, by utilising the arrangement as described above with reference to Figure 2, the
effective cooling power of the condenser may be adjusted so that an optimum condensing
effect is achieved. Of course, if freezing does occur, the flow path for air through the
condenser will become at least partially blocked, and also the heat transfer between the

air and consequently the condensation efficiency will be reduced.

By utilising a condenser as described, the emission of vapour to the atmosphere
may be minimised, and vapour which is condensed may be re-used, thus reducing

operating costs.
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t he condenser conprising a housing, an air inlet pipe for introducing a
streamof air into the interior of the housing, a condenser arrangenent
l'ocated in the housing and connected to the air inlet pipe so that the
streamof air flows through the condenseroarrangenent into-the i nterior of

t he housi ng, and cool ant supply neans for supplying cool a”&hi&ﬁwét'iﬁs]aeenkeplaced

condenser arrangenent through a cool ant supply pipe and for :
cool ant fromthe condenser arrangenent through a cool ant out mﬂumHEIUIHIH ;
whi ch appaict My sensor is provided to sense the tenperatur rikat .
to the coolant outlet pipe 16, and by enclosing the conduit and. the
surroundi ng cool ant pipes 11 in the sleeve 5, cooling ang Iﬁss fromthe
cool ant pipes 11 is obviated. Referring now to Figure 2 of the acconpanying
dr awi ngsl,O 5he c neriieaser jeor candgnsing 3 vapourdrara estream of gircontaining saif yapourkr om

Figure 2 i . t tlet.pi .7 i s.connect.ed . to a
condensat o 1 b SEbbily 4 B BT AR IhE it Bt soRGeihe BB HR N0 o
cool ant outhesintepiop ef thé hoasiag/uestidesisér arran gsindra Mdcatddin e RRRRES drid doRfedted M
of a cool ant _re-processi nghunlt 28 whi ch supplies re- processed coolant to

t he cool anto thg@ leppipe spthatthestreampeiniefewn throwgh thegondenser arcangsment into

the interior of the housing, and coolant supply means for supplying coolant to the

condenser arrangement through a coolant supply pipe and for removing coolant from the
condenser arrangement through a coolant outlet pipe, in which condenser a sensor is
provided to sense the temperature of the air at the outlet of the condenser arrangement and
the coolant supply means is responsive to signals from the sensor to adjust the flow rate
and/or temperature of the coolant supplied to the condenser arrangement to maintain the
sensed temperature just above the freezing point of the condensate formed by the

condenser arrangement.

2. A condenser according to claim 1 wherein the condenser arrangement comprises
an outlet manifold connected to the coolant outlet pipe, and a plurality of coolant pipes
positioned to be exposed to the stream of air through the condenser arrangement and

connected in parallel between the coolant supply pipe and the outlet manifold.

3. A condenser according to Claim 2 wherein the housing is of elongate form, and
the outlet manifold comprises an elongate conduit extending substantially axially of the
housing, the said coolant pipes forming a plurality of substantially helical turns

surrounding said manifold.

4. A condenser according to Claim 3 wherein the condenser arrangement comprises
a hollow sleeve located substantially coaxially within the housing with an inlet end of the
sleeve connected to the air inlet pipe and an outlet end of the sleeve open to the interior

of the housing, the sleeve receiving the manifold and the coolant pipes therein.

S. A condenser according to Claim 4 wherein the sleeve is formed of a thermally
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punp 29 and a cool er 30. The cooler 30 nmay conpri se-a—€onventional._ _ _
refrigeration unit. The arrangenent is such that the_punp 29 is adapted to
punp cool ant fromthe cool ant outlet pipe 16 throughSpacctdasiBeen R2pladeq t he
cool ant supply pipe 14. The cool ant re-pgpcessing uni mﬂﬂcontrol
signals, through a line 31, fromthe sensor 17. The t cool ant
and/or the flowrate of coolant is adjusted so that the tenpera of air
| eavi ng the condenser is slightly above the freezing point of the vapour to
be condens sk ; i ; b | aRnNge i j
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noi st ure pﬂ%"s%’ﬁ?n?lhoﬁ\%é l&uﬁ{ngﬁc’{quggéﬁgéﬁé tfromO[err]C to a | ower
tenperature, which nmay be as low as -4[err]C, or even as low as -8[err]C.
The extent of the depression of the freezing point below O[err]C w |
depend upo®. t he A cemdenser aoortding todlluing 0, whdreinrthe adndensdriartatigement canysriseb r |
and the concentration ggl t he organi c_yapour._ However, b){ utilising thf
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vapour whi ch 1's condense reducin

7. A condenser according to Claim 6 wherein the sleeve is made of a thermally
conductive material and there is contact between one or more of said coolant pipes and

said sleeve.

8. A condenser according to Claim 6 or 7 wherein said coolant pipes describing a

plurality of helical turns within said sleeve.

9. A condenser according to any one of Claims 6 to 8 wherein the condenser
arrangement comprises a plurality of said coolant pipes connected in parallel between said

coolant supply pipe and said coolant outlet pipe.

10. A condenser according to any preceding Claim wherein the sensor comprises a

thermocouple.

11. A condenser according to any preceding Claim wherein the sensor comprises an

electrical conductivity sensor.

12. A condenser for condensing a vapour from a stream of air, the condenser
comprising a housing, an air inlet pipe for introducing the stream of air into the interior

of the housing, a condenser arrangement located in the housing and connected to the air
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Gberaii ng costs. CLAI M5 1. A condenser for condensi-ng-a vapour from a
stream of air, the condenser conprising a housing, an air inlet pi %gpgdor

i ntroducing a streamof air into the interior of the TS ii“%ﬁﬁz’wnser

arrangenment |ocated in the housing and cgpnected to th e so
that the streamof air flows through the condenser arr he
interior of the housing, a coolant supply pipe for supplying coolant to the
condenser arrangenment and a cool ant outlet pipe for renoving coolant from
the condengget pipeaRdOmEEHe sttdath BP YR MW Broligh %&e&%%aisﬁ-rﬁ;%hﬁht b the

di schargi ng condensate formed in the housing by the condenser  arrangement
and an ai r ijemioreof ther holising;ta eeplantesupphyepipeafor aitpplying teolantt ter thercontlensee

h ing, th d ement, conprising an, outl et ni fo] d connect ed
to the coofIAVEGUTIbGAN QR PUel, Albe (fGr SPmEKing,Reolamiy Som, das 15oaeRser o
be exposed aﬁﬁnééi'ﬁezﬁ}ﬂh@%bﬁsiﬁg hﬁ&rhgtahéd?ﬁdgﬂsatt@ﬁuﬁﬁWﬁ%ﬂ%@%ﬂﬁ&é}ﬁ Bfed
connected in parallel betweén the cool ant supply pipe a the outlet

mani f ol d, imthetiousingdydbe sendeniser drrangemgnt andodn &t ontdettfor Aivectingathel stréem of

' ri.ses .an el ongate co it extending supstantially
g)tgit L”e't yrmma{roéodthceoe terior of trllle housing, in wﬂﬂ:ﬂ condenser thegcondenser arrangement

comprises an outlet manifold connected to the coolant outlet pipe, and a plurality of
coolant pipes positioned to be exposed to the stream of air through the condenser
arrangement and connected in parallel between the coolant supply pipe and the outlet

manifold.

13. A condenser according to Claim 12 wherein the housing is of elongate form, and
the outlet manifold comprises an elongate conduit extending substantially axially of the
housing, the said coolant pipes forming a plurality of substantially helical turns

surrounding said manifold.

14. A condenser according to Claim 13 wherein the condenser arrangement comprises
a hollow sleeve located substantially coaxially within the housing with an inlet end of the
sleeve connected to the air inlet pipe and an outlet end of the sleeve open to the interior

of the housing, the sleeve receiving the manifold and the coolant pipes therein.

15. A condenser according to Claim 14 wherein the sleeve is formed of a thermally
conductive material, and the air outlet pipe is positioned adjacent the air inlet pipe, so that
air flowing out of the housing flows adjacent the exterior of the sleeve before flowing to

the exterior of the housing through the air outlet.

16. A condenser for condensing a vapour from a stream of air, the condenser
comprising a housing, an air inlet pipe for introducing the stream of air into the interior
of the housing, a condenser arrangement located in the housing and connected to the air
inlet pipe so that the stream of air flows through the condenser arrangement into the

interior of the housing, a coolant supply pipe for supplying coolant to the condenser
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of the housi ng, the said coolant pipes formng a plurality of substantially
hel i tal turns surrounding said manifold. 2. A condeng@mmaﬁﬁgmghngmﬁ@d
Ckai m1 wherein the condenser arrangement conprises a h cated
substantially coaxially within the housigg with an |nIe eeve
connected to the air inlet pipe and an outlet end of th o the
I nterior of the housing, the sleeve receiving the nanifpld and thg cool ant
pi pes therein. 10. 3. A condenser according to Claim2 wherein the

sl eeve is baaARsné:, and herdmBldny cﬁﬁl&f’fiﬁﬁsé Nis Irf@ihﬁwr%' c?]@l | rﬁ% Ghé Rbibiler

pi pe is positioned adj acent the air | ow ng out of

t he housi ngﬂﬂnzﬁmerédﬁhad!@nsmgﬂngvmgtmomlmme owlctstbeérsehdngmgroenﬂd:mterfgn’(tjxedt he
exterior of housi,nghr ou the air out A condenser_accordin

to claim2™ &}ﬁg} éIFWgtq%'g[p‘g F8 S?fsamsms’flé anq *H"e?lFrﬁPﬁlif fer, ing the streamn PEI
and there afr ®OMHeAektch8l \WFethe ORGusite, TR’ &hith é&i&i&?&oﬁﬁn&ﬂeﬁ&ﬁ' %ﬂﬂl@%ﬁieﬂt

sl eeve. 5. A condenser according to any preceding claim in

sensor is pPBPrisRsONE®rIMoTeEoplant pipepevmtented tetwedrethaicoohnt supplypipeaindahe t he

condenser

coolant outlet pipe, said coolant pipes being surrounded by a sleeve which has an inlet end
connected to the air inlet pipe and an outlet end open to the interior of the housing, the
air outlet being located so that, in use, air flowing out of the housing flows past the

exterior of the sleeve before flowing through the air outlet to the exterior of the housing.

17. A condenser according to Claim 16 wherein the sleeve is made of a thermally
conductive material and there is contact between one or more of said coolant pipes and

said sleeve,

18. A condenser according to Claim 16 or 17 wherein said coolant pipes describing

a plurality of helical turns within said sleeve.
19. A condenser according to any one of Claims 16 to 18 wherein the condenser
arrangement comprises a plurality of said coolant pipes connected in parallel between said

coolant supply pipe and said coolant outlet pipe.

20. A condenser according to any one of Claims 12 to 19 wherein a sensor is provided

to sense the temperature within the condenser.
21. A condenser according to Claim 20 wherein the sensor comprises a thermocouple.

22. A condenser according to Claim 20 or 21 wherein the sensor comprises an

electrical conductivity sensor.

23. A method of condensing a volatile vapour from a stream of air containing said

vapour, the method comprising the steps of introducing the stream of air containing said
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afrangenent and the coolant supply nmeans is responsive to signals fromthe
sensor to adjust the flow rate and/or tenperature of the coolant supplied
te the condenser arrangenent to nmintain the sensed tenperature just above
the freezing point of the condensate fornpd by the condenser arrangenent.
6. A. condenser according to Caim5 wherein the sensor conprises a

t her nocoupl e. 7. A condenser according to Claim5 wherein the sensor
conprises an electrical conductivity sensor. 8. A condenser according to

o SO A R ST GRS A el
adj acent t e hgusing, supplyihgichelahtiosthe gondenser arrangement means to cool the stream of
air and condense said vapour, discharging the cooled air and condensate from the housing,
and adjusting the flow rate and/or temperature of the coolant supplied to the condenser
arrangement in response to signals from a temperature sensor within the condenser to
maintain the temperature sensed by the sensor just above the freezing point of the

condensate.

24. A condenser for condensing a vapour from a stream of air, the condenser
comprising a generally vertical housing, an air inlet pipe at the upper end of the housing
for introducing a stream of air into the interior of the housing, an air outlet adjacent the
upper end of the housing to direct a flow of air to the exterior of the housing, a sleeve
formed from conductive material and extending substantially coaxially within the housing
with an inlet end of the sleeve connected to the air inlet pipe and an outlet end of the
sleeve open to the interior of the housing, and a condenser arrangement received in the
sleeve, the condenser arrangement comprising a coolant outlet manifold in the form of an
elongate conduit received substantially axially within the sleeve, a coolant outlet pipe
connected to the manifold, and a plurality of coolant pipes connected in parallel between
a coolant supply pipe and the manifold, the coolant pipes defining a plurality of
substantially helical turns around the exterior of the manifold, the condenser being such
that, in use, air introduced into the housing through the air inlet flows through the sleeve
past the coolant pipes, and subsequently enters the interior of the housing where it flows
past the exterior of the sleeve before flowing to the exterior of the housing through the

air outlet.
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