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Description 

The  present  invention  relates  to  a  process  for  gas 
conditioning,  especially  air  conditioning,  according  to 
a  novel  principle  comprising  isothermal  step-by  step 
de-humidification  of  the  gas  by  means  of  a  suitable 
liquid,  over  which  the  vapour  pressure  of  the  subst- 
ance  absorbed  is  low,  and  multi-stage  evaporation  of 
said  liquid  before  re-use. 

In  certain  areas  of  the  earth  the  climate  is  charac- 
terized  by  a  high  air  temperature  throughout  the  year 
of  during  parts  thereof.  This  high  air  temperature  is 
often  combined  with  a  high  relative  humidity.  When 
the  temperature  approches  the  human  body  tempera- 
ture  the  conditions  are  oppressive  and  strenuous. 
Various  method  for  lowering  the  temperature  by  more 
or  less  sophisticated  technics  have  been  practised 
during  the  years. 

In  industrialized  countries  various  method  for 
cooling,  dehumidification,  reheating  and  remoisten- 
ing  have  been  practised  fora  long  time.  Agood  energy 
supply  is  required  for  all  these  measures.  All  kinds  of 
energy  are  not  equivalent  in  that  connection.  The 
most  frequent  air  conditioning  technics  comprises 
cooling  by  means  of  mechanical  vapour  compression 
of  a  cooling  medium,  in  most  case  under  electricity 
consumption. 

In  an  attempt  to  replace  the  electricity  by  thermal 
energy  the  absorption  technics  for  dehumidification 
and  cooling  has  been  utilized.  However,  the  efficiency 
of  said  processes  has  not  been  as  good  as  that 
obtained  with  mechanical  compression.  On  the  other 
hand  the  cost  of  electric  energy  is  considerably  higher 
that  the  cost  of  thermal  energy. 

The  traditional  absorption  heat  pump  known  fora 
long  time  operates  with  one  absorption  stage  and  one 
stage  for  regenerating  the  absorption  liquid.  When  the 
energy  used  in  the  latter  stage  can  be  utilized  the 
energy  recovered  would  theoretically  be  twice  the 
energy  supplied.  In  reality  the  heat  factors  are  1.1-1.5. 

One  of  the  obstacles  for  improving  the  heat  factor 
of  the  traditional  absorption  heat  pump  is  the  great 
boiling  point  elevations  always  occurring  in  absorptior 
liquids  consisting  of  aqueous  solutions  of  very'  solu- 
ble  salts.  The  inclination  to  absorb  water  from  a  gas 
is  combined  with  a  corresponding  disinclination  to 
release  this  water  by  boiling. 

In  order  to  cool  air  having  a  high  temperature  and 
a  high  humidity  the  air  may  be  contacted  with  a  suit- 
able  moisture  absorbing  liquid  under  simultaneous 
cooling  which  results  in  a  removal  of  the  heat  of 
evaporation  of  the  water  condensed,  which  heat  is 
released  during  the  absorption.  It  is  desirable  that  the 
absorptior  be  carried  out  by  means  of  a  salt  solution 
as  concentrated  as  possible  in  order  to  obtain  a 
treated  air  having  a  relative  humidity  as  low  as  poss- 
ible.  Since  the  untreated  air  in  most  cases  has  a  high 
temperature  and  a  high  relative  humidity  and  the 

available  cooling  water  temperature  often  is  close  to 
the  air  temperature,  the  absorption  may  be  said  to 
take  place  as  good  as  isothermally.  It  is  necessary  to 
avoid  a  greater  dilution  of  the  absorption  liquid  since 

5  the  low  relative  humidity  will  then  be  jeopardized.  In 
practice  this  means  a  boiling  point  elevation  of  70- 
80°C  during  the  regeneration  of  the  liquid  which 
makes  it  difficult  or  impossible  to  save  energy  by 
means  of  e.g.  multi-stage  evaporation,  compressor 

10  evaporation,  etc. 
According  to  the  invention  these  difficulties  are 

eliminated  by  carrying  out  the  absorption  of  the  moist- 
ure  of  the  air  or  gas  in  several  successive  absorption 
stages,  the  water  absorption  from  the  air  having  the 

15  highest  humidity  being  carried  out  with  an  absorption 
liquid  having  a  low  concentration  and  the  concen- 
tration  of  the  absorption  liquid  being  increases  suc- 
cessively  from  stage  to  stage.  Consequently,  the 
consumption  of  thermal  energy  when  regenerating 

20  the  absorption  liquid  may  be  decreases  by  the  iso- 
thermal  multi-stage  absorption  in  the  air  conditioning 
process  according  to  the  invention. 

Thus,  the  present  invention  relates  to  a  process 
for  conditioning  moist  gas,  which  process  is  charac- 

25  terized  in  that  the  gas  is  contacted  step-by-step  with 
a  successively  more  concentrated  absorption  liquid 
consisting  of  a  solution  of  one  or  more  non-volatile 
components  in  the  substance  condensing  during  the 
absorption,  which  is  carried  out  isothermally  or 

30  almost  isothermally  on  cooled  surfaces  whereby  heat 
of  evaporation  is  removed,  and  that  the  diluted 
absorption  liquid  is  concentrate  by  evaporation  and 
recycled  to  the  absorption  device. 

According  to  one  embodiment  of  the  invention  the 
35  absorption  is  carried  out  step-by-step  counter-cur- 

rently,  and  the  diluted  absorption  liquid  is  concen- 
trated  by  multi-stage  evaporation.  According  to 
another  embodiment  the  diluted  absorption  liquid 
obtained  in  each  absorption  stage  is  concentrated  in 

40  a  corresponding  stage  of  a  multi-stage  evaporator 
having  as  many  stages  as  the  absorption  device. 

Preferably,  the  process  according  to  the  invention 
is  applied  to  air  conditioning  in  which  case  the  absorp- 
tion  liquid  is  an  aqueous  solution  of  one  or  more  salts, 

45  and  the  resulting  air  having  a  low  humidity  is  re-mois- 
tened  to  the  desired  humidity  by  the  injection  of  water, 
whereby  the  air  simultaneously  is  cooled  to  the  des- 
ired  temperature  by  the  evaporation  of  water. 

Accordingly,  the  invention  makes  it  possible  to 
so  carry  out  airconditioning  by  means  of  thermal  energy, 

the  specific  energy  consumption  being  substantially 
lower  than  in  prior  art  processes.  It  is  possible  to  halve 
the  previous  usual  energy  consumption  for  absorption 
heat  pumps. 

55  The  absorption  liquid  may  consist  of  one  or  more 
non-volatile  compounds  dissolved  in  the  component 
removed  from  the  gas  during  the  absorption.  The  sol- 
ubility  of  the  non-volatile  components  must  be  con- 
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siderable  in  order  to  bring  about  a  substantial  reduc- 
tion  of  the  vapour  pressure  of  the  volatile  component 
above  the  solution.  The  choice  of  non-volatile  compo- 
nent  will  of  course  be  different  if  the  substance  to  be 
absorbed  is  water  vapour  or  if  it  is  another  substance, 
e.g.  alcohol  vapour.  When  the  absorption  liquid  is  an 
aqueous  solution,  useful  non-volatile  components  are 
e.g.  potassium  acetate,  sodium  acetate,  potassium 
carbonate,  calcium  chloride,  lithium  chloride  and 
lithium  bromide.  Particularly  good  results  are 
obtained  with  a  mixture  of  about  30%  by  weight  of 
sodium  acetate  and  about  70%  by  weight  of  potas- 
sium  acetate. 

By  way  of  example,  the  invention  will  be  des- 
cribes  further  below  with  reference  to  the  accompany- 
ing  drawing,  in  which  Figs  1  and  2  illustrate  different 
embodiments  of  the  process  according  to  the  inven- 
tion. 

In  the  embodiment  shown  in  Fig.  1  hot  and  moist 
air  is  passed  through  a  three-stage  absorption  plant 
counter-currently  to  an  absorption  liquid  (salt  solu- 
tion).  The  absorption  in  each  stage  takes  place  on 
surfaces  cooled  by  means  of  cooling  water  so  that  the 
heat  of  evaporation  of  the  water  condensed  during  the 
absorption  is  removed.  Consequently,  the  concen- 
tration  of  the  absorption  liquid  is  at  the  highest  level 
where  the  air  is  driest,  and  the  absorption  liquid  will 
get  a  successively  lower  concentration  by  the  step-wi- 
se  contact  with  successively  moister  air.  The  diluted 
absorption  liquid  obtained  in  the  first  absorption  stage 
is  fed  to  a  conventional  three-stage  evaporator,  and 
the  resulting  concentrated  absorption  liquid  is  recy- 
cled  to  the  absorption  plant.  The  steam  leaving  the 
evaporation  plant  may  be  used  for  the  preparation  of 
hot  water.  The  air  dehumidified  in  the  absorption  plant 
is  re-moistened  by  the  injection  of  water  whereby  the 
air  temperature  simultaneously  will  be  lowered.  This 
process  may  be  controlled  in  such  a  manner  that  a 
pleasant  air  having  a  temperature  of  e.g.  22-24°C  and 
a  relative  humidity  of  e.g.  50-60%  will  be  obtained. 

Instead  of  using  the  waste  heat  from  the  last 
evaporation  stage  for  the  preparation  of  hot  water  said 
heat  may  be  used  for  pre-heating  air.  The  relative 
humidity  of  the  heated  air  will  be  so  low  that  the  air  will 
be  capable  of  removing  water  even  from  the  most  con- 
centrated  salt  solution  by  direct  contact  therewith  (the 
air  is  bubbled  through  the  solution).  In  this  way  the 
problems  with  the  boiling  point  elevation  of  the 
absorption  liquid  will  be  further  reduced. 

By  such  a  counter-current  process  the  salt  con- 
centration  of  the  liquid  may  be  lowered  by  the  dilution 
caused  by  the  water  vapour  absorption.  As  a  result  of 
the  counter-current  process  the  boiling  point  ele- 
vation  of  the  liquid  to  be  regenerated  will  be  so  low 
that  it  will  be  possible  to  save  energy  by  means  of  mul- 
ti-stage  evaporation.  The  deliberate  measures  taken 
to  obtain  an  absorption  liquid  having  a  low  boiling 
point  elevation  do  not  only  enable  regeneration  by 

means  of  a  traditional  multi-stage  evaporation  in  order 
to  save  energy  but  also  enable  other  regeneration 
methods  giving  a  similar  energy  saving. 

When  the  salt  solution  is  circulated  in  series 
5  through  all  the  absorption  stages  and  then  is  regen- 

erated  by  being  circulated  in  series  through  the 
evaporation  stages  the  concentration  of  the  diluted 
salt  solution  (and  thereby  the  boiling  point  elevation) 
up-stream  the  evaporation  plant  is  determined  by 

10  adjusting  the  amount  of  circulating  salt  solution  to  the 
amount  of  water  absorbed. 

The  embodiment  shown  in  Fig.  2  differs  from  the 
embodiment  according  to  Fig.  1  by  the  fact  that  three 
separate  circuits  of  absorption  liquid  are  used.  In  this 

15  embodiment  isothermal  step-by-step  absorption  of 
the  humidity  of  the  air  is  carried  out  as  follows.  The  air 
of  high  relative  humidity  fed  to  the  absorption  plant  is 
first  treated  with  a  diluted  salt  solution  in  the  first 
stage,  then  with  a  stronger  salt  solution  in  the  second 

20  stage,  and  finally  with  a  still  stronger  salt  solution  in 
the  third  stage.  The  salt  solution  from  each  absorption 
stage  is  regenerated  in  a  separate,  corresponding 
evaporation  stage  and  the  salt  solution  concentrated 
by  evaporation  is  recycled  to  the  absorption  stage  in 

25  question.  In  each  absorption  liquid  circuit  the  liquid  to 
by  regenerated  may  optionally  be  heat  exchanged 
against  the  regenerated  concentrated  liquid.  In  this 
embodiment,  where  each  evaporation  stage  operates 
in  series  with  an  absorption  stage  at  the  liquid  side, 

30  the  evaporation  stages  at  the  steam  side  are 
arranged  in  the  same  manner  as  in  conventional  mul- 
tistage  evaporation.  The  amount  of  water  evaporated 
in  the  evaporation  stages  is  controlled  by  the  energy 
amount  supplied  by  unit  of  time  to  the  first  evaporation 

35  stage.  If  an  average  water  amount  of  500  kg/h  is  to  be 
evaporated  in  each  evaporation  stage  and  this  is  not 
attained,  the  salt  concentration  in  the  circulation  cir- 
cuit  having  the  highest  salt  concentration  will  be  too 
low  to  assure  the  desired  low  relative  humidity  of  the 

40  air.  By  increasing  the  input  effect  to  the  first  stage  of 
the  evaporation  plant,  the  proper  conditions  are  res- 
tored.  On  the  other  hand,  too  high  an  input  effect 
results  in  a  too  high  boiling  point  elevation  of  the 
weakest  absorption  liquid  in  the  absorption  stage  hav- 

45  ing  the  highest  air  humidity,  and  this  will  more  or  less 
destroy  the  possibilities  of  multi-stage  evaporation. 

An  advantage  of  the  embodiment  shown  in  Fig.  2 
is  that  air  pollutants,  if  any,  absorbed  in  the  first 
absorption  stage  do  not  contaminate  all  the  absorp- 

50  tion  liquid.  Only  the  liquid  in  the  "first"  circuit  has  to  be 
purified. 

Of  course  the  invention  is  not  restricted  to  the  use 
of  three  absorption  stages  and  three  evaporation 
stages  but  the  number  of  stages  may  be  chosen  freely 

55  in  each  specific  case  depending  upon  the  conditions 
prevailing  and  the  result  desired. 

Nor  is  the  invention  restricted  to  those  cases 
where  air  is  treated  by  absorption  in  open  systems  but 
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the  invention  may  be  applied  also  to  closed  systems 
with  extern  heat  exchange,  where  the  absorption 
takes  place  with  a  circulating  gas  mass  or  only  with 
vapourfrom  the  volatile  part  of  media  couples  suitable 
for  absorption  helt  pump  technics. 

The  invention  is  illustrated  by  the  following 
example. 

Example 

Air  having  a  temperature  of  35°C  and  a  relative 
humidity  of  90%  is  treated  in  a  plant  such  as  that 
shown  in  Fig.  1.  The  amount  of  air  is  100,000  kg/h. 
The  absorption  liquid  is  an  aqueous  solution  of  a  salt 
mixture  consisting  of  30%  by  weight  of  sodium  ace- 
tate  and  70%  by  weight  of  potassium  acetate.  The 
cooling  water  temperature  is  28°C.  The  concentrated 
salt  solution  from  the  evaporation  plant  (3,200  kg/h) 
has  a  salt  concentration  of  about  72%  by  weight.  In 
the  absorption  plant  this  salt  solution  is  passed  coun- 
ter-currently  to  the  air  whereby  it  is  diluted  to  a  final 
concentration  of  about  40%  by  weight  in  the  first 
absorption  stage.  The  amount  of  water  absorbed  is 
2,600  kg/h,  and  substantially  the  same  amounts  of 
water  are  absorbed  in  each  stage. 

The  diluted  salt  solution  leaving  the  absorption 
plant  is  concentrated  (regenerated)  in  the  three-stage 
evaporator,  the  boiling  points  in  the  three  stages  being 
205°C,  135°C  and  110°C,  respectively.  In  this 
example  the  first  evaporation  stage  is  directly  heated 
by  means  of  natural  gas.  The  steam  leaving  the  last 
evaporation  stage  is  passed  to  a  heat  exchanger  whe- 
rein  the  heat  is  utilized  for  heating  water  to  form  hot 
water.  The  energy  demand  for  the  regeneration  of  the 
salt  solution  is  about  700  Mcal/h. 

The  absorption  in  the  absorption  plant  is  almost 
isothermal  and  the  air  leaving  the  absorption  plant 
has  a  temperature  of  30°C  and  a  relative  humidity  of 
25%.  This  air  is  re-moistened  by  the  injection  of  water 
under  adiabatic  conditions,  water  being  injected  in  an 
amount  such  that  the  resulting  conditioned  air  has  a 
temperature  of  22°C  and  a  relative  humidity  of  60%. 

Claims 

1.  A  process  for  conditioning  moist  gas,  charac- 
terized  in  that  the  gas  is  contacted  step-by-step  with 
a  successively  more  concentrated  absorption  liquid 
consisting  of  a  solution  of  one  or  more  non-volatile 
component  in  the  substance  condensing  during  the 
absorption,  which  is  carrier  out  isothermally  or  almost 
isothermally  on  cooled  surfaces,  wherereby  heat  of 
evaporation  is  removed,  and  that  the  diluted  absorp- 
tion  liquid  is  concentrated  by  evaporation  and  recy- 
cled  to  the  absorption  device. 

2.  A  process  according  to  claim  1  ,  characterized 
in  that  the  absorption  is  carried  out  step-by-step  coun- 

ter-currently,  and  that  the  diluted  absorption  liquid  is 
concentrated  by  multi-usage  evaporation. 

3.  A  process  according  to  claim  1  ,  characterized 
in  that  the  diluted  absorption  liquid  obtained  in  each 

5  absorption  stage  is  concentrated  in  a  corresponding 
stage  of  a  multi-stage  evaporator  having  as  many 
stages  as  the  absorption  device. 

4.  A  process  according  to  any  of  the  claims  1-3, 
characterized  in  that  the  gas  is  air,  that  the  absorp- 

10  tion  liquid  is  an  aqueous  solution  of  one  or  more  salts, 
and  that  the  resulting  air  having  a  low  humidity  is  re- 
moistened  to  the  desired  humidity  by  the  injection  of 
water,  whereby  the  air  simultaneously  is  cooled  to  the 
desired  temperature  by  the  evaporation  of  water. 

15 

Patentanspruche 

1  .  Verfahren  zur  Aufbereitung  von  feuchtem  Gas, 
20  dadurch  gekennzeichnet,  dass  das  Gas  schrittweise 

mit  einer  zunehmend  konzentrierteren  Absorptioms- 
flussigkeit  im  Beruhrung  gebracht  wird,  die  eine  L6- 
sung  aus  einer  oder  mehreren  nicht  fluchtigen 
Komponenten  in  derwahrend  der  Absorption  konden- 

25  sierenden  Substanz  umfasst,  die  isothermisch  oder 
fast  isothermisch  auf  gekuhlten  Oberf  lachen  ausge- 
fuhrt  wird,  wobei  Verdampfungswarme  abgefuhrt 
wird,  und  dass  die  verdunnte  Absorptionsflussigkeit 
durch  Verdampfen  konzentriert  und  zu  der  Absorp- 

30  tionsvorrichtung  wieder  zuruckgefuhrt  wird. 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dass  die  Absorption  schrittweise  im  Gegen- 
stromverfahren  ausgefuhrt  wird,  umd  dass  die 
verdunnte  Absorptionsflussigkeit  durch  einen  mehr- 

35  stuf  igen  Verdampfer  komzemtriert  wird. 
3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dass  die  verdunnte  Absorptionsflussigkeit, 
die  im  jeder  Absorptiomsstufe  erhalten  wird,  in  einer 
entsprechendem  Stufe  eines  mehrstuf  igen  Verdamp- 

40  fers  konzentriert  wird,  der  so  viele  Stufen  wie  die  Ab- 
sorptionsvorrichtung  hat. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet  ,  dass  das  Gas  Luft  ist, 
dass  die  Absorptionsflussigkeit  eine  wassrige  Losung 

45  mit  einem  oder  mehreren  Salzen  ist,  und  dass  die  sich 
ergebende  Luft  mit  geringer  Luftfeuchtigkeit  auf  die 
gewtinschte  Feuchtigkeit  durch  einspritzem  vom 
Wasser  wiederbefeuchtet  wird,  wobei  die  Luft  gleich- 
zeitig  auf  die  gewtinschte  Temperatur  durch  Ver- 

so  dampfen  des  Wassers  gekuhlt  wird. 

Revendications 

55  1.  Procede  de  conditionnement  de  gaz  humide, 
caracterise  en  ce  que  le  gaz  est  mis  en  contact  etape 
par  etape  avec  un  liquide  d'absorption  de  plus  en  plus 
concentre  constitue  par  une  solution  d'un  ou  de  plu- 
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sieurs  composants  non  volatiles  presents  dans  la 
substance  qui  se  condense  pendant  I'absorptlon, 
cette  absorption  etant  mise  en  oeuvre  de  maniere 
isotherme  ou  pratiquement  isotherme  sur  des  surfa- 
ces  refroidies  et  ainsi,  la  chaleur  d'evaporation  est  5 
otee,  et  en  ce  que  le  liquide  d'absorption  dilue  est 
concentre  par  evaporation  et  est  recycle  dans  le  dis- 
positif  d'absorption. 

2.  Precede  selon  la  revendication  1,  caracterise 
en  ce  que  I'absorption  est  mise  en  oeuvre  etape  par  10 
etape  a  contre-courant  et  en  ce  que  le  liquide  d'absor- 
ption  dilue  est  concentre  au  moyen  d'une  evaporation 
multi-etages. 

3.  Precede  selon  la  revendication  1,  caracterise 
en  ce  que  le  liquide  d'absorption  dilue  obtenu  dans  15 
chaque  etage  d'absorption  est  concentre  dans  un 
etage  correspondant  d'un  evaporateur  multi-etages 
qui  comporte  autant  d'etages  que  le  dispositif 
d'absorption. 

4.  Procede  selon  I'une  quelconque  des  revendi-  20 
cations  1  a  3,  caracterise  en  ce  que  le  gaz  est  de  I'air, 
en  ce  que  le  liquide  d'absorption  est  une  solution 
aqueuse  d'un  ou  de  plusieurs  sels  et  en  ce  que  I'air 
resultant  qui  presents  une  humid  ite  faible  est  rehumi- 
difie  jusqu'a  I'humidite  souhaitee  par  injection  d'eau  25 
et  ainsi,  I'air  est  simultanement  refroidi  a  la  tempera- 
ture  souhaitee  du  fait  de  I'evaporation  de  I'eau. 
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