
i .  

A B S T R A C T  

0 O 0  

The aim of  the present  s tudy is  to  design and tes t  

the technical  feasibi l i ty  of  a  novel  and s imple cont inuous 

huraidif icat ion/dehumidif icat ion system, sui table  for  solar  

energy o perat ion,  for  space cool ing in  t ropical  c l imates .  

The a t t ract iveness  of  the system under  s tudy l ies  in  the 

fact  that  an absorbent  solut ion is  used for  dehumidif icat ion 

which can be regenerated a t  temperatures  appropria te  to  s imple 

f la t -p late  col lectors.  In  addi t ion ,  the system has no moving 

par ts  except  for  the fans required for  ai r  movement  and water  

pumps fo r  c i rcula t ing cool ing water  in  the dehumidif ier  and 

heat ing water  in  the regenerator .  

The system essent ia l ly  consis ts  of  two v essels  in ter­

connected by two passages ,  an upper  one f i l led with wick materia l  

and a  lower one lef t  unfi l led .  The vessels  are  f i l led to  the 

top of  the upper  passage with an absorbent  solut ion ( in  this  case,  

calcium chlor ide solut ion)  .  Provis ion i s  made for  passing a i r  

over  the so lut ion in  the two vessels .  One vessel  i s  f i t ted with 

a  heat ing coi l  and the other  with a  cool ing coi l .  In  addi t ion,  

the a i r  to  the vessel  f i t ted with the heat ing coi l  can be heated 

pr ior  to  admission to  the vessel .  

The basic  concept  of  the working of  the system i s  that  the 

ai r  passing over  the hot  solut ion in  one vessel  ( the regenerator  
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wil l  remove moisture  from the solut ion whi le  the a i r  passing over  

the cool  solut ion in  the other  vessel  ( the dehumidif ier)  wi l l  

deposi t  moisture  into i t .  Accordingly,  one a ir  s t ream becomes 

dr ier  while  the other  becomes more m oist .  Meanwhile ,  the  

solut ion in  the regenerator  wil l  become m ore concentrated 

while  that  in  the dehumidif ier  wil l  become less  concentrated.  

Under  the  c ircumstances,  there  is  a  net  t ransfer  of  moisture  from 

the dehumidifier  to  the regenerator .  The t ransfer  i s  predominant ly  

via  the porous wick mater ial .  Therefore ,  for  s teady-sta te  operat ion 

the ra te  of  moisture  removal  in  the regenerator  must  be equal  to  

the ra te  of  moisture  addi t ion tn  the dehumidifier ,  the  two in  turn 

being equal  to  the ra te  of  moisture  t ransfer  in  the wick.  The 

purpose of  the lower open passage is  to  equal ize  the solu t ion 

level  on b oth s ides.  

Two modes of  operat ion are  invest igated :  one in  which 

the regenerator  a i r  is  heated pr ior  to  admission to  the regenerator  

and the other  in  which the regenerator  solut ion surface is  heated 

while  the ai r  a t  in le t  i s  a t  the same condi t ion as  the a ir  enter ing 

the dehumidif ier .  

The system has been shown to  be workable .  Resul ts  indicate  

that  the system works more effec t ively when the regenerator  solut ion 

surface is  heated instead of  the regenerat ing ai r  s tream. For  

instance,  for  experiments  with heated a i r ,  ef fect ive regenerat ion 

temperatures  are  between 55 °C -  70 °C while  for  regenerator  solut ion 



surface heat ing,  ef fect ive regenerat ion temperatures  are  between 

50 °C -  60 °C — temperatures  appropriate  for  s imple f la t -pla te  

solar  col lectors .  

I t  is  shown that  the pr imary parameters  which inf luence 

the operat ion of  the system are:-

i)  the regenerator  and dehumidif ier  solut ion 

surface concentrat ion;  

i i )  the temperature  in  the regenerator  and 

dehumidif ier ;  

i i i )  the enter ing a i r  absolute  humidi ty  and 

temperature;  

iv)  the  ra t io  of  the regenerator  and 

dehumidifier  a i r  mass f low ra tes ;  

v)  the propert ies  of  the porous mater ia l ;  

vi )  the propert ies  of  the absorbent  so lut ion;  and,  

v i i )  the dis tance between the regenerator  

and the dehumidif ier .  

In  addi t ion,  a  COP i s  defined for  the system. From the resul ts  

of  experiments  conducted,  i t  is  shown that  COP v alues  of  the  

order  of  0 .3  or  more are  possible  when the regenerator  solut ion 

surface i s  heated with hot  water  suppl ied a t  50 C.  

For  the purpose of  a i rcondi t ioning,  the overa l l  

performance of  the so lar  dr iven humidif icat ion/dehumidificat ion 
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system is  shown to  be substant ia l ly  bet ter  than the performance 

of  absorpt ion refr igerat ion systems,par t icular ly  a t  low col lector  

temperatures .  
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