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COMPRESSED GAS Technical Field of the Invention The invention relates to
an arr angsweerineHze749r e- processi ng conpressed gas. 5 for PEEpE2MANW031IN an
air-gas or other gas-gas separation unit, ,such as and preferably by )
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efficient membrane separation. This is especially important and the temperature

must be regulated before entering the separation unit to achieve best possible

. operation of the separation unit. The invention is concerned with heat recovery from
the compressor cooling fluid for the continuous temperature regulation of the supply
20 of air to satisfy these criteria. '

Disclosure of the Invention

The invention provides an arrangement for use with a liquid cooled and/or
lubricated compressor for compressing gas, and incorporating provision to add
liquid for cooling purposes to the gas prior to entry of the gas into the compressor,

25 in which downstream of the compressor there is a liquid/gas separator to separate
the liquid from the gas and in which there is means to recover heat from the liquid,
and in which there is at least one filter in the gas stream downstream of the
liquid/gas separator, and there is a heater in the gas stream downstream of the filter
in which the gas is heated using heat recovered from the liquid, whereby to regulate

30 the temperature of the pressurised gas prior to gas entry into the-separator unit.

It is preferred that there is a heat exchanger in the gas stream between the
* liquid/gas separator and the at least one filter, and in that heat exchanger cooling
medium from an external source is used to cool the gas stream.

It is also preferred that there is a refrigerant dryer group arranged to cool the gas
35 after the liquid has been separated from the gas, and before the gas is passed
through the at least one filter.

The at least one filter may be a coalescing particle filter, or a carbon filter
for removal of vapour from the cooling liquid.



in which the gas is heated using heat recovered fromthe liquid, whereby to
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Advantages of the Invention

20 Performance of the separation process is dependent upon a relatively narrow
range of operating parameters, particularly feed air temperature and pressure. It is
for this reason that efficient conditioning of feed air supplied to the separator is
important. The specific embodiment of the invention described above includes
efficient use of heat supplied to the air, arranges for filters for the compressed air to

25 operate at near optimum conditions, and allows the separation membranes to
function at near optimum air pressure, temperature and dryness. Use of heat

-withdrawn from the gas stream to reduce the gas temperature before the filters, to
-preheat the gas stream after the filters makes efficient use of the energy applied to
the system. The temperature regulation of the gas before entering the separation unit

30 may in several prior art cases some from an external heating source, It is in some
cases possible that additional heating from an external source may be required. The
need is however reduced and in many cases eliminated by the invention.

The invention is especially suited for building a module based system
(compressor, arrangement for conditioning of compressed gas, separation unit)
35 where the conditioning module does not require an external heating source,

Brief Description of the Drawing

A specific embodiment of an arrangement to pre-process air for a membrane
nitrogen separator will now be described by way of example with reference to the



Advant ages of the Invention 20 Performance of the separation process is
dependent upon a relatively narrow range of operating paraneters,
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to.avoi d aermpreasml gimrticle carry over, and finally the air tenperature

must be increasedTlgjo the operating tenperature for menbrane
¢ air then passes through a combined water separator/refrigerant

cooler/dryer 15. This reduces the dew point to approximately 15degC below inlet
temperature, so that condensation will not occur further downstream. The dryer 15

20 1s equipped with 2 dedicated cooling medium recycling unit with evaporator,
compressor and condenser.

It should be noted that the dryer 15 is not essential. However, if the dryer is
dispensed with, the air from the compressor 10 will be at its saturation point after
leaving the cooler 14. In this circumstance the temperature of the air must be

25 increased to avoid condensation further downstream. A problem may arise in that
the increased temperature might be beyond the limitations of the polymer
membranes preferably used in the nitrogen separator section.

Air from the dryer 15 passes through a check valve 16 and a ball valve 16a.
The cooled air is now at a suitable temperature, pressure and dryness to pass
30 through a coalescing particle filter 17 (for retention of oil aerosol carry over) and a
carbon filter 18 (for removal of oil vapour). Elimination of the dryer 15 might also
lead to inefficiencies in the filters 17 and 18 due to the higher operating ‘
temperatures.

After emerging from the carbon filter 18, the air passes through a feed air
35 heater 19 to preheat the air for processing in the nitrogen separator section. The
feed air heater 19 increases the compressed air temperature to 45 — 50degC. A
control valve 21 regulates the air leaving the compressor section, and this air can be
directed through a valve 22 to a duplex system (not shown) or through a valve 23 to
the nitrogen separator section. |



separation. 10 According to this exanple, air for the conpressor section
Is drawn in through an inlet filter 9 to a single stage oi

cool ed/ | ubri cated screw conpressor 10. 4 The conpressed air with entrained
oil passes to an oillair separator 11, having a safety valve 12. The air
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“conbi cool er") . il BRnPheilPAPePhralet 13 G5RAIt6 @Todling RdaBkcHafge MRi@ cool ed 15
heat exchanger which also functions as a tenperature control unit for the

conpr essedCedling waier fom inlpicd fsadsths comprasspd air aftenesiolerd 4eadean oil

separator/refrigerant . cooler/dryer 15..This reduces.t W, POI to
aopr oxi i yeEeeR Bkehaffith 77 Heiint Havhi nd Bopefe SRS SR W B8 W 1
not occur frath tieesil/aie wepRbdte I pakbes thfough albred Walyshafhisb@iie dalvk 2B taetedi cat ed
cool i ng medi um recycling unit with evaporator, conpressor and condenser.

I

It shodl d theheaiexehangen2 ordo aetymy via inletdfilies Oa da thecopmresseioMever, if the
‘dryer is disp M BN e Qr- ' t its
saturation poi ﬁf{bﬁ%&uﬁ ﬁ’gf‘é%é&.ﬁﬁg’ ({1%%5@31(1)% glr a%%%ﬁtﬁf %1:515 H(2|‘:‘)rmc Ar‘rs%'?fl%[ge t he

t enper at uremergy redwvest unit'2S tvhivh i2 Supphied edtheaboling ater Groeroa skoadthresnwhyr t her

downstream A problemnay arise in that, the increased tenperature m ght be
beyond t hdempsratuie cIeol yalve R8. Water heated ipths ensrgy repoxey i 47 issa@ietn ¢ he

ni trogen ZF%S?%@EI‘;‘F’FSI icloi%-%:gfsu%de)wcréa{gﬁél%’téﬁl RurD 8P §8 Sirtifl 1 2Bd 2irCheck

val ve 16 valve 1 I's now at a suitable
t enperfit urlkeatepil 2 sBhuseheafilerdl § and 4 8 tan pperste 20 clobe wupitinane Gapesatireg, particl e

filter 17 (f,or retention of oil aerosol..carry over) . .and a carbon filter 18
(for 1 emovan e S F b ncutedbavoRd HERE HSR(o EneY ool SepiRer ol so | ond
to ineffi e £% Hipher Bnperhtufy Whitk iPRkabR f8HEperation YT the &paFatiBRer ati ng

tenperatures. After energing fromthe carbon filter 18, the air passes
t hrough a mhembiragés. 35 heater 19 to preheat the air for processing in the

nitrogen separ ator cthon e . feed aik. heater .19 ipcreases the
Conpr sssed air Paseracy p 34 15 foREfhelbhisdbl 8 alite 1 SOBFBRSAL ) o s
the ails | qavticngfitteel Taitthe s&bon flef 1 respethidleliyno an ektermadrabevaled 3R ct ed

through a valve 22 to a duplex system (not shown) or through a valve 23 to
Conditioned air from valve 23 is led to the nitrogen separator section. This

comprises a membrane module bank 41, having a plurality of membrane air gas
separators. Each separator consists of a bundle of hollow fibres contained in a metal
housing. The housing has three external connections 42, 43 and 44. One connection is

20  located at each end of the housing leading to the entrance 42 and exit 43 to and from
the bore sides of the fibres respectively, and one side connection 44 leads to the shell
side of the fibres. Each fibre consists of a composite layer of polymers. One relatively
thick layer acts as a support, and the other layer (a thin film) functions as the
separation controlling layer. At this stage it is important that the operation

25  temperature does not exceed the maximum atlowable temperature of the polymer.

Separation is effected by the selective permeation of the gases in air through

the thin film of the composite polymer membranes. Nitrogen permeates at a slower
rate than the other gases, and so nitrogen in the conditioned air entering at connection
42 passes along the bores and exits at the other end of the separator 43, while oxygen

30  and other gases pass through the membranes, and are led through the separator’s side

connection 44 and so via a vent line to atmosphere.



the nitrogen separator section. 4 Ol fromthe oil/air separator 11 is |led
to a cooling heat exchange circuit. Copling water frominlet 24 feeds the
conpressed air aftercooler 14 and an oft8 air/water heat exchanger 27
before | eaving the conpressor section by outlet 25. G|l fromthe oil/air
separator 11 passes through a three way thernostatic valve 26 to enter 5
the heat exchanggmigd, e%rsefnﬁ-a{o%é&l'&n\ékﬁ cbﬁﬂe%hoﬁ i3 §ehittéiPwit® a pRRiuePAPK ESSOr

10. Follow ng the |nvent|on oil fromthe oil/air separator unit 11 can
pass to arndicater 45 arfyoventsol waive 46andiaipeessire contspl valxe 44. Qualitol | ng wat er
froma second three wa r.at ur e.contr. val ve d in the
energy recov ngﬁp?ly%g ?@efg%ﬁﬂpé‘cﬁl tg&owﬁgn]gigmu@r@a@% and is used
to raise &H@lﬁﬁﬁ@sﬁature of the air in the feed air 10 heater 19. Thus the
filters 17 and 18 can operate at close to optinumtenperatures, and the
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section at., fQ t he
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dryer 15, dllatvsctiandthercdasés tokbcapans aedasphérkt er 17 and the car bon filter 18
respectively to an external drain valve 35. Conditioned air fromvalve 23
is led to the nitrogen separator section. This conprises a nenbrane nodul e
bank 41, having a plurality of nmenbrane air gas separators. Each separator
consists of a bundle of hollow fibres contained in a netal housing. The
housi ng has three external connections 42, 43 and 44. One connection is 20
| ocated at each end of the housing |l eading to the entrance 42 and exit 43
to and from the bore sides of the fibres respectively, and one side
connection 44 |leads to the shell side of the fibres. Each fibre consists
of a conposite layer of polynmers. One relatively thick |ayer acts as a
support, and the other layer (a thin film functions as the separation
controlling layer. At this stage it is inportant that the operation 25
tenperature does not exceed the nmaxi mum al | owabl e tenperature of the
polyner. Separation is effected by the selective perneation of the gases
inair through the thin filmof the conposite pol ynmer nenbranes. N trogen
perneates at a slower rate than the other gases, and so nitrogen in the
conditioned air entering at connection



42 passes along the bores and exits at the other end of the separator 43,
whi | e oxygen 30 and ot her gases pass through the nenbranes, and are |ed

t hrough the separator's side connection 44 and so via a vent line to

at nosphere. 4a The nitrogen separator section exit connection 43 is fitted
with a product flow indicator 45, a flow control valve 46 and a pressure
control vatugaIM®. Quality nonitoring analysers are fitted in a quality
nmoni toring group 48 formng no part of this invention. 5 Nitrogen produced
in the nmenbr anefg@égamwtgnpr%upﬁmegbo%gagmn@tpremss@g 9 gas-g3s duri ng
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external sQuhfl sodfdecharacterised in that there is an energy recovery
unit(29), mainly a heat exchanger, for recovering heat fromthe separated
cool i 1§ | i chatagtepipedtimathatrthendaswn enesgysrepavery vuit(29h ghdinky a hegtiéxthangem fohe
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heater (19) is in fluid 15 connection wth the separate fluid circuit for
cont r ol | ecciteuis andgheifthengds g fesdmirdgater (19), mpiahnaheatr eghangentdownsirenm t he

compr €50t SHPLLAR LAt IR EF MBLALS (135 g e 11
(28) i1 cosonaedtionrwivi the sépreatt flatt arcuitfentatro{12@hedtingtdfehesgpdlost eithi r cui t
control I ntlgle E}Qﬁi regenerated from the compressor cooling liquid in the energy recovery unit
(29) via the fluid in the separate circuit, and that there is a temperature control valve
(28) in connection with the feed air heater (19) in the separate circuit controlling the
heating of the gas flow in the feed air heater (19) to a correct and stabile temperature.
20 2. An arrangement as claimed in claim 1,
characterised in that the fluid in the separate circuit is a liquid.
3. An arrangement as claimed in claim 1-2,
characterised in that there is a refrigerant dryer group (15) arranged to cool the gas
after the gas has been separated from the liquid in the liquid/gas separator (11).
25 4. An arrangement as claimed in any one of the preceding claims, characterised
in that downstream of the liquid/gas separator (11) there is at least one filter in the gas
flow which filter preferably is a coalescing particle filter.
5. An arrangement as claimed in claim 4,
characterised in that the at least one filter is a carbon filter for removal of vapour from
30  the cooling liguid.
6. An arrangement as claimed in any one of claims 4-5,
characterised in that the at least one filter includes two stage filtration, the first filter
stage comprising a coalescing particle filter, and the second filter stage comprising a

carbon filter for removal of vapour from the cooling liquid.



heating of the gas flowin the feed air heater (19) to a correct and
stabile tenperature. 20 2. An arrangeréent as clainmed in claim1,
characterised in that the fluid in the separate circuit is a liquid. 3. An
arrangenment as clainmed in claim1-2, characteri sed in that there is a
refrigerant dryer group (15) arranged to cool the gas after the gas has
been separat ed Afi affarigetnent siidlsimed ih Ay bhelof e pAediag @laivhe)in cdbinafibn 4. An
arrangenent, as clainmed in any one of the preceding_clains, characterised
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FECOVETY  heater (19) by using heat recovered form the compressor cooling fluid, which feed air

heater (19) is in fluid connection with the energy recovery unit (29) in the separate
circuit, and the heating of the gas flow in the feed air heater (19) in the separate circuit
is controlled by a temperature control valve (28) in connection with the feed air heater
20  (19) in the separate circuit in order to heat the gas flow to a correct and stabile
temperature.
11. Method as claimed in claim 10,
characterised in that the fluid in the separate circuit is a liquid.
12. Method as claimed in claims 10-11,
25  characterised in that the gas is cooled in a refrigerant dryer group(15)after the gas has
been separated from the liquid in the liquid/gas separator (11).
13, Method as claimed in any one of the preceding claims 10-12, characterised in
that the gas is filtered downstream of the liquid/gas separator (11) in at least one filter
in the gas flow which filter preferably is a coalescing particle filter.
30 14,  Method as claimed in claim 13, characterised in that vapour from the cooling
liquid is filtered in the at least one filter which preferably is a carbon filter.
15. Method as claimed in claims 13-14,
characterised in that the at least one filter includes two stage filtration, the



unit (29), mainly a heat exchanger, and the tenperature of the gas flowis
controll ed 15 downstream of the cooling7heat exchanger (14) by heating the
gas flowin a feed air heater (19) by ‘using heat recovered formthe
conpressor cooling fluid, which feed air heater (19) is in fluid
connection with the energy recovery unit (29) in the separate circuit, and
the heati ngrspfilté nipriditgl 'coaltcih@ partRid filkeAdrRl thé d&bnd FillePGageepar at e
circuit is controlled b% a tenperature control val ve (28) in connection
with the fewapriing mearber filter emoyingvapper feepshegaslisgliguidt i n order to heat
the gas flowto a correct and stabile tenperature. 11. Method as cl ai ned
in claim10, characterised in that the fluid in the separate circuit is a
liquid. 12. Method as clainmed in clainms 10-11, 25 characterised in that
the gas is cooled in a refrigerant dryer group(l5)after the gas has been
separated fromthe liquid in the liquid/gas separator (11). 13. Method as
clainmed in any one of the preceding clains 10-12, characterised in that
the gas is filtered downstream of the |liquid/gas separator (11) in at |east
one filter in the gas flow which filter preferably is a coal escing
particle filter. 30 14. Method as clained in claim 13, characterised in
that vapour fromthe cooling liquidis filtered in the at |east one filter
whi ch preferably is a carbon filter. 15. Method as clained in clains 13-14,
characterised in that the at | east one filter includes tw stage
filtration, the 7 first filter stage conprising a coal escing particle
filter, and the second filter stage conprising a carbon filter renoving
vapour fromthe cooling |iquid.



