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Description 

THE  PRESENT  INVENTION  relates  generally 
to  energy  conservation  apparatus  for  use  in  heat- 
ing,  ventilating  and  air  conditioning  (HVAC)  sys- 
tems.  More  particularly,  the  invention  relates  to 
total  enthalpy  air  to  air  rotary  energy  exchangers, 
also  known  as  total  heat  wheels  and  specifically  to 
novel  total  heat  exchange  media  employed  in  such 
wheels. 

Rotary  air  to  air  energy  exchangers  are  used  in 
HVAC  systems  to  recover  both  sensible  energy 
(temperature)  and  latent  energy  (moisture)  from  an 
exhaust  air  stream  and  then  exchange  these  with 
an  incoming  air  supply  stream.  The  ability  to  re- 
cover  the  latent  energy  represented  by  the  mois- 
ture  is  of  significant  interest  since  it  dehumidifies 
the  outdoor  air  during  the  cooling  cycle,  and  hu- 
midifies  the  outdoor  air  during  the  heating  cycle  so 
as  to  reduce  the  energy  demands  required  to  con- 
dition  outdoor  air  by  as  much  as  95%.  Frost  forma- 
tion  and  subsequent  freezing  and  plugging  prob- 
lems  encountered  in  sensible  heat  exchangers  in 
winter  operations  are  also  eliminated  in  most  cases 
through  the  use  of  total  energy  exchangers,  thus, 
making  them  of  particular  interest. 

Heretofore,  in  the  evolution  of  such  wheels,  the 
total  heat  exchange  media  was  formed  of  a  sub- 
strate  of  paper  or  asbestos  material,  impregnated 
or  coated  with  a  desiccant,  typically  a  water  soluble 
salt  such  as  lithium  chloride.  Later,  such  enthalpy 
wheels  contained  total  heat  exchange  media  having 
an  aluminium  foil  substrate  with  a  surface  coating 
of  a  desiccant  material  consisting  of  a  dry  film  of 
silica  gel,  an  oxidised  surface  or  a  separate  coating 
of  aluminium  oxide.  (See,  for  example,  DE-A-133 
855).  These  later  aluminium  wheels  exhibit  greater 
strength  and  durability  than  the  prior  paper  and 
asbestos  media  and  also  have  the  advantage  in 
some  cases  of  being  capable  of  being  washed  with 
water  and/or  steam  without  harming  the  desiccant 
coating. 

The  sensible  and  latent  heat  exchange  media 
used  in  the  wheels  are  generally  in  the  form  of  a 
matrix  that  provides  air  passages  therethrough 
through  which  an  air  stream  can  flow.  The  matrices 
can  take  a  variety  of  forms,  such  as  a  fibrous  mesh 
or  honeycomb.  One  type  of  honeycomb  matrix  is 
formed  of  a  plurality  of  spaced,  substantially  par- 
allel  layers  of  a  sheet  material,  particularly  alternat- 
ing  layers  of  a  corrugated  sheet  material  and  a  flat 
sheet  material.  In  the  latter  case,  the  corrugations 
are  generally  parallel  and  provide  a  plurality  of 
axially  extending  passageways  extending  along  the 
depth  of  the  wheel. 

Such  a  total  energy  recovery  wheel,  when 
placed  between  two  air  streams  in  counterflow,  will 
enable  sensible  heat  to  be  transferred  between  the 

two  air  streams.  The  air  stream  with  the  higher 
temperature  will  heat  the  sensible  heat  exchange 
material  of  the  sensible  and  latent  heat  exchange 
media  of  the  slowly  rotating  wheel  which,  in  turn, 

5  heats  the  lower  temperature  air  stream.  Further  the 
wheel  transfers  the  latent  heat  between  two  air 
streams  of  different  absolute  humidities.  The  des- 
iccant  portion  of  the  sensible  and  latent  heat  ex- 
change  media  of  the  wheel  adsorbs  moisture  from 

io  the  air  stream  of  higher  absolute  humidity  until 
reaching  equilibrium  with  the  air  stream  of  higher 
absolute  humidity  and,  as  a  result  of  the  vapour 
pressure  differential  between  the  desiccant  and  the 
air  stream  of  lower  absolute  humidity,  will  release 

75  the  moisture  to  the  air  stream  of  a  lower  absolute 
humidity  until  reaching  equilibrium  with  the  air 
stream  of  lower  absolute  humidity.  Absolute  humid- 
ity  is  defined  as  the  weight  of  moisture  per  unit 
weight  of  dry  air  and  is  distinguishable  from  rela- 

20  tive  humidity,  which  is  defined  as  the  ratio  of  the 
absolute  humidity  to  the  maximum  possible  density 
of  water  in  the  air  at  a  given  temperature. 

Thus,  in  the  cooling  mode,  the  energy  recovery 
wheel  cools  and  dries  hot,  humid  incoming  air  by 

25  absorbing  sensible  heat  and  moisture  from  the 
incoming  air.  The  sensible  heat  and  moisture  ab- 
sorbed  by  the  sensible  and  latent  heat  exchange 
media  of  the  wheel  are  then  transferred  to  the  cool, 
dry  outgoing  air.  As  a  result,  the  energy  necessary 

30  to  further  cool  and  dehumidify  the  incoming  air  to 
the  desired  temperature  and  humidity  is  reduced. 

In  the  heating  mode,  the  energy  recovery 
wheel  heats  and  humidifies  cool,  dry  incoming  air 
by  absorbing  sensible  heat  and  moisture  from  the 

35  warm,  humid  outgoing  air.  The  sensible  heat  and 
moisture  absorbed  by  the  sensible  and  latent  heat 
exchange  media  of  the  wheel  are  then  transferred 
to  the  cool,  dry  incoming  air.  As  a  result,  the 
energy  necessary  to  further  heat  and  humidify  the 

40  incoming  air  to  the  desired  temperature  and  humid- 
ity  is  reduced. 

One  problem  associated  with  total  energy  re- 
covery  wheels  arises  from  the  fact  that,  generally,  a 
typical  wheel  rotates  at  a  rate  of  about  twenty 

45  revolutions  per  minute.  Thus,  the  wheel  is  in  con- 
tact  with  each  air  stream  for  only  about  1.5  sec- 
onds  per  revolution.  The  sensible  heat  exchange 
material  and  the  desiccant  must,  therefore,  be  ca- 
pable  of  absorbing  the  sensible  and  latent  heat 

50  from  and  releasing  the  absorbed  sensible  and  la- 
tent  heat  to  the  respective  air  streams  very  quickly. 

A  second  problem  with  the  use  of  such  total 
energy  recovery  wheels  is  that  desiccants  here- 
tofore  used  in  the  sensible  and  latent  heat  ex- 

55  change  media  often  adsorb  and  transfer  contamin- 
ants  found  in  the  exhaust  air  stream  along  with  the 
moisture.  It  should  be  noted  that  the  most  impor- 
tant  reason  for  continuously  exhausting  air  from  an 
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enclosed  space  and  replacing  it  with  fresh  air  is  to 
remove  air  borne  contaminants  from  the  air  in  the 
enclosed  space.  Such  undesirable  contaminants  in- 
clude  ammonia,  hydrocarbons  from  solvents,  car- 
bon  monoxide,  nitrogen  dioxide  and  sulphur  diox- 
ide.  Desiccants  such  as  activate  alumina  (AI2O3) 
and  silica  gel  have  a  very  wide  pore  size  distribu- 
tion  0.9  nm  to  7nm  and  0.8nm  to  10nm  respec- 
tively.  Oxidized  aluminium  surfaces  have  an  even 
wider  pore  size  distribution.  This  wide  pore  size 
distribution  allows  the  desiccant  to  adsorb  air  borne 
contaminants  as  well  as  moisture  from  the  air 
stream.  Desiccants  such  as  lithium  chloride  de- 
liquesce  to  form  an  aqueous  desiccant  solution 
which  absorbs  all  water  soluble  contaminants. 
These  contaminants  are  then  released  back  into 
the  incoming  air  stream  along  with  the  moisture. 
Contaminants  also  use  adsorptive  capacity  of  the 
desiccant  that  would  otherwise  adsorb  moisture. 

Thus  an  object  of  the  invention  is  to  develop  a 
sensible  and  latent  heat  exchange  media  that  is 
considerably  more  efficient  and  faster  acting  than 
those  current  available. 

A  further  object  of  the  invention  is  to  develop  a 
sensible  and  latent  heat  exchange  media  for  a  total 
energy  recovery  wheel  that  will  adsorb  the  mois- 
ture  from  an  air  stream,  but  will  not  adsorb  con- 
taminants  present  in  the  exhaust  air  stream  so  that 
the  contaminants  will  be  purged  along  the  exhaust 
air  stream  rather  than  be  desorbed  into  and  recir- 
culated  with  the  incoming  fresh  air  stream. 

US-A-4595403  discloses  a  total  heat  exchange 
wheel  comprising  either  a  paper-like  material  made 
of  ceramic  fibers  or  molded  product  thereof  as  a 
matrix,  the  interstices  among  the  ceramic  fibers 
being  uniformly  filled  with  molecular  sieve  par- 
ticulates,  said  fibers  and  particulates  being  bound 
by  a  silicate  gel.  The  molecular  sieve  material  is 
said  to  have  a  pore  size  of  up  to  1  .3nm. 

The  present  invention  provides  a  sensible  and 
latent  heat  exchange  media  and  a  total  energy 
recovery  wheel  in  which  the  sensible  heat  ex- 
change  material  is  a  metallic  foil,  the  molecular 
sieve  has  a  polarity  that  it  will  preferentially  attract 
water  molecules  over  molecules  which  have  a  dif- 
ferent  polarity  to  water  molecules,  the  said  pores  of 
the  sieve  have  a  pore  diameter  of  about  0.3nm, 
and  the  molecular  sieve  is  not  capable  of  adsorb- 
ing  contaminants  from  either  of  said  air  streams, 
the  molecular  sieve  being  capable  of  adsorbing 
and  releasing  said  moisture  within  a  period  of  1.5 
seconds. 

The  present  invention  also  provides  a  method 
of  simultaneously  absorbing  thermal  energy  and 
adsorbing  water  from  an  air  stream  and  alternately 
releasing  thermal  energy  and  water  to  an  air 
stream,  comprising:  passing  the  air  stream  through 
a  total  energy  recovery  wheel  comprising:  a  rotat- 

able  hub,  and  a  sensible  and  latent  heat  exchange 
medium  surrounding  the  hub  and  providing  pas- 
sageways  through  which  an  air  stream  can  flow 
through  said  medium  and  comprising:  a  sensible 

5  heat  exchange  medium  for  alternately  absorbing 
heat  from  an  air  stream  and  releasing  heat  to  an  air 
stream,  and  a  layer  of  molecular  sieve  material 
formed  on  the  surfaces  of  the  aluminium  heat  ex- 
change  medium  for  alternately  adsorbing  water 

10  from  an  air  stream  and  releasing  water  to  an  air 
stream,  rotating  the  wheel  while  passing  an  air 
stream  therethrough,  said  method  being  charac- 
terised  by  selecting  the  sensible  heat  exchange 
medium  to  be  a  metallic  foil,  selecting  a  molecular 

15  sieve  material  which  has  a  pore  size  of  about 
0.3nm,  and  a  polarity  that  will  preferentially  attract 
water  over  molecules  which  have  a  different  polar- 
ity  to  water  molecular,  and  rotating  said  wheel  at  a 
rate  such  that  residence  time  of  the  gas  stream 

20  within  the  sensible  and  latent  heat  exchange  me- 
dium  is  about  1.5  seconds,  within  which  time  ad- 
sorption  and  desorption  of  water  by  the  molecular 
sieve  material  reaches  100%  equilibrium. 

The  sensible  latent  heat  exchange  media  of  the 
25  invention  is  more  efficient  in  absorbing  and  releas- 

ing  both  sensible  and  latent  heat,  and  as  a  result, 
total  energy  recovery  wheels  utilising  the  sensible 
and  latent  heat  exchange  media  of  the  invention 
can  be  substantially  more  compact  than  those  cur- 

30  rently  available  while  still  being  equally  or  more 
effective  at  similar  pressure  loss  parameters. 

Further,  the  molecular  sieve  in  the  coating 
composition  adsorbs  moisture  in  an  air  stream,  but 
will  not  adsorb  any  of  the  contaminants  in  the  air 

35  stream  because  of  its  specific  pore  size  and  polar- 
ity.  Thus,  the  sensible  and  latent  heat  exchange 
media  of  the  invention  will  adsorb  latent  heat  with- 
out  also  adsorbing  contaminants  from  the  outgoing 
air  stream  and  desorbing  them  to  recirculating 

40  them  with  the  incoming  air  stream.  This  selectivity 
is  not  possible  with  the  types  of  desiccants  used 
heretofore  in  connection  with  sensible  and  latent 
heat  exchange  elements. 

These  and  other  objects,  features  and  advan- 
45  tages  of  the  subject  invention  will  become  more 

fully  apparent  from  the  following  detailed  descrip- 
tion  given  by  way  of  example  with  reference  to  the 
accompanying  drawings  in  which: 

FIGURE  1  is  a  perspective  view  of  a  total  en- 
50  ergy  recovery  wheel  employing  the  sensible  and 

latent  heat  exchange  media  of  the  subject  inven- 
tion, 
FIGURE  2  is  an  enlarged,  fragmentary,  and  ex- 
ploded  view  of  the  sensible  and  latent  heat 

55  exchange  media  of  the  total  energy  recovery 
wheel  of  Figure  1  , 
FIGURE  3  is  a  typical  readily  available,  compari- 
son  of  the  equilibrium  water  adsorption  capacity 
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of  several  desiccants,  including  the  molecular 
sieves  used  in  the  sensible  and  latent  heat  ex- 
change  media  of  the  invention,  at  various  rela- 
tive  humidities, 
FIGURE  4  is  a  comparison  of  the  relative  mois- 
ture  adsorption  rates  of  several  desiccants,  in- 
cluding  the  molecular  sieves  used  in  the  sensi- 
ble  and  latent  heat  exchange  media  of  the  in- 
vention, 
FIGURE  5  is  a  typical  readily  available,  compari- 
son  of  the  equilibrium  water  adsorption  capacity 
of  a  0.3nm  molecular  sieve  at  various  water 
vapour  partial  pressures  and  various  desiccant 
temperatures, 
FIGURE  6  is  a  typical,  readily  available,  com- 
parison  of  the  equilibrium  water  absorption  ca- 
pacity  of  silica  gel  at  various  water  vapour  par- 
tial  pressures  and  various  desiccant  tempera- 
tures,  and 
FIGURE  7  is  a  total  enthalpy  performance  com- 
parison  of  several  sensible  and  latent  heat  ex- 
change  mediajncluding  one  formed  according 
to  the  subject  invention. 

The  sensible  and  latent  heat  exchange  media 
10  of  the  invention  is  formed  of  a  gas  permeable 
matrix  12.  The  gas  permeable  matrix  12  includes  a 
plurality  of  passageways  14  therethrough  through 
which  an  air  stream  can  flow  through  the  sensible 
and  latent  heat  exchange  media  10. 

Preferably,  the  gas  permeable  matrix  12  is 
formed  of  a  plurality  of  spaced  layers  of  a  sheet 
material  16.  Typically,  the  sheet  material  16  is  from 
about  0.025  to  about  0.076mm  thick.  More  prefer- 
ably,  the  layers  of  sheet  material  16  are  alternating 
layers  of  a  corrugated  sheet  material  18  and  a  flat 
sheet  material  20  that  forms  a  honeycomb  matrix. 
The  corrugations  22  of  the  corrugated  sheet  ma- 
terial  18  are  preferably  substantially  parallel  to 
each  other  and  are  from  about  1.27mm  to  about 
2.54mm  in  height  and  from  about  2.54mm  to  about 
5.18mm  in  width  .  Most  preferably,  the  corrugations 
22  are  slightly  flattened  at  their  apexes  24  in  order 
to  minimise  the  pressure  loss  in  the  air  stream  as 
the  air  stream  flows  through  the  passageways  14  of 
the  sensible  and  latent  heat  exchange  media  10 
and  to  maximise  the  sensible  heat  and  mass  trans- 
fer  coefficients  of  the  sensible  and  latent  heat  ex- 
change  media  10.  However,  the  corrugations  22 
can  be  triangular  or  square  .  Further,  gas  per- 
meable  matrix  12  itself  can  take  other  forms,  such 
as  a  fibrous  mesh. 

The  substrate  of  the  gas  permeable  matrix  12 
is  formed  of  a  sensible  heat  exchange  material  26 
that  is  capable  of  absorbing  sensible  heat  from  a 
warm  air  stream  and  releasing  the  absorbed  sensi- 
ble  heat  into  a  cool  air  stream  as  the  air  streams 
flow  through  the  sensible  and  latent  heat  exchange 
media  10.  The  sensible  heat  exchange  material  26 

of  the  gas  permeable  matrix  12  is  a  metal  foil  such 
as  aluminium  or  stainless  steel.  The  heat  capacity 
of  the  sensible  heat  exchange  material  26  and  the 
overall  surface  area  of  the  sensible  heat  exchange 

5  material  26  and  within  the  gas  permeable  matrix  12 
are  two  factors  in  determining  whether  a  material  is 
a  suitable  sensible  heat  exchange  material  26  for 
the  sensible  and  latent  heat  exchange  media  10. 
Surprisingly,  the  latter  factor  appears  to  be  the 

io  more  important  of  the  two  because  of  the  short 
time,  about  1  .5  seconds,  that  the  air  streams  are  in 
contact  with  the  moisture  and  heat  exchange  media 
10. 

A  layer  28  of  a  coating  composition  is  applied 
is  to  at  least  a  portion  of  the  surface  of  the  sensible 

heat  exchange  material  26  of  the  gas  permeable 
matrix  12.  The  coating  composition  comprises  a 
molecular  sieve.  Molecular  sieves  are  so  named 
because  of  their  ability  to  screen  molecules  based 

20  on  the  size  of  the  molecules.  Thus,  molecular 
sieves  differ  from  other  adsorbents,  such  as  silica 
gel  and  activated  alumina,  which  have  a  very  wide 
pore  size  distribution.  Suitable  molecular  sieves  are 
those  having  a  plurality  of  pores  of  a  substantially 

25  uniform  size  such  that  the  molecular  sieve  is  ca- 
pable  of  adsorbing  moisture  from  a  humid  air 
stream  flowing  through  the  sensible  and  latent  heat 
exchange  media  10,  and  is  capable  of  releasing  the 
adsorbed  moisture  into  a  dry  air  stream  flowing 

30  through  the  sensible  and  latent  heat  exchange  me- 
dia  10,  but  is  not  capable  of  adsorbing  contamin- 
ants  from  either  of  the  air  streams.  Because  water 
molecules  have  a  critical  diameter  of  0.28nm  and 
small  contaminants  such  as  ammonia  and  hydro- 

35  gen  sulphide  have  critical  diameters  of  0.36nm,  the 
molecular  sieves  preferably  have  a  pore  diameter 
of  about  0.3nm. 

Molecular  sieves  are  materials  whose  atoms 
are  arranged  in  a  crystal  lattice  in  such  a  way  that 

40  there  are  a  large  number  of  interconnected  uni- 
formly  sized  pores.  The  pores  are  capable  of  ad- 
sorbing  molecules  of  a  size  smaller  than  that  of  the 
pores,  particularly  water  molecules.  Molecular 
sieves,  thus,  can  be  used  to  adsorb  and,  thus, 

45  separate  or  screen  molecules  that  are  smaller  than 
the  pores  form  larger  molecules.  One  class  of 
molecular  sieves  are  zeolites. 

Zeolites  are  hydrated  silicates  of  aluminium 
and  sodium,  potassium  and/or  calcium,  having  the 

50  general  formula:  Na2  0.nSi02xH20.  Zeolites  can  be 
naturally  occurring  or  artificial.  Naturally  occurring 
sieves  include  chabazite,  thomsonite,  heulandite, 
faujasite,  permutite,  analcite,  erionite,  natrolite,  stil- 
bite,  and  mordenite.  However,  not  all  of  the  natural 

55  zeolites  exhibit  molecular  sieve  characteristics,  be- 
cause  the  natural  zeolites  have  a  broader  pore  size 
distribution  than  is  suitable  for  an  efficient  molecu- 
lar  sieve. 

4 
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Artificial  zeolites  molecular  sieves  include 
zeolites  A,  D,  L,  R,  S,  T,  X  and  Y.  Zeolite  A  is  a 
crystalline  zeolitic  molecular  sieve  represented  by 
the  general  formula: 

1  .0±0.2M2-  „0:AI2  03  :1  .85±0.5Si02  :yH2  0, 
wherein  M  represents  metal,  n  is  the  valence  of  M, 
and  y  may  be  any  value  up  to  about  6.  Zeolite  X  is 
a  crystalline  zeolitic  molecular  sieve  represented 
by  the  general  formula: 

0.9±0.2M2_  nO:AI2  0:AI2  03  :2.5±0.5Si02  :y  H2  0, 
wherein  M  represents  a  metal,  particularly  alkaline 
and  alkaline  earth  metals,  n  is  the  valence  of  M, 
and  y  may  be  any  value  up  to  about  8.  The 
molecular  sieves  generally  known  in  the  art  as 
0.4nm  molecular  sieves  have  a  pore  diameter  of 
about  0.4nm  and  are  an  alumino  silicate  of  crystal 
structure  A  with  sodium  cations.  The  molecular 
sieves  generally  known  in  the  art  as  0.3nm  molecu- 
lar  sieves  are  an  alumino  silicate  of  crystal  struc- 
ture  A  and  with  sodium  and  potassium  cations.  The 
0.3nm  molecular  sieves  are  prepared  by  substitut- 
ing  most  of  the  sodium  cations  in  a  0.4nm  molecu- 
lar  sieve  with  large  potassium  cations.  Thus,  while 
most  the  pores  in  0.3nm  molecular  sieves  are 
about  0.3nm  in  diameter,  some  of  the  pores  are 
about  0.4nm  in  diameter. 

A  further  advantage  provided  by  the  molecular 
sieve  with  respect  to  the  selective  adsorption  of 
water  molecules  is  the  polarity  of  the  molecular 
sieve.  Thus,  molecular  sieves  have  a  polarity  so 
that  they  will  preferentially  attract  water  molecules 
over  molecules,  such  as  carbon  monoxide,  which 
have  a  polarity  different  from,  but  are  similar  in  size 
to  water  molecules. 

It  has  been  thought  that  suitable  desiccants  for 
sensible  and  latent  heat  exchange  media  10  must 
have  a  high  overall  capacity  to  adsorb  moisture 
from  an  air  stream,  particularly  over  a  range  of 
from  20%  to  90%  relative  humidity.  Instead,  it  has 
been  determined  that  the  initial  rates  at  which  the 
desiccant  adsorbs  and  desorbs  the  moisture  from 
the  air  stream  are  more  important  considerations 
when  the  desiccant  is  to  be  used  in  a  sensible  and 
latent  heat  exchange  media  10,  because  the  air 
streams  are  in  contact  with  the  sensible  and  latent 
heat  exchange  media  10  for  only  about  1.5  sec- 
onds.  Molecular  sieves  have  the  unique  ability, 
among  the  desiccants  typically  used  in  sensible 
and  latent  heat  exchange  media,  to  adsorb  mois- 
ture  from  an  air  stream  within  that  short  time  frame. 

Because  molecular  sieves  are  chemically  inert 
the  presence  of  the  molecular  sieve  in  the  layer  28 
of  a  coating  composition  adds  a  degree  of  corro- 
sion  resistance  to  the  latent  and  sensible  heat 
exchange  media  10. 

The  latent  and  sensible  heat  exchange  media 
10  of  the  invention  can  be  prepared  by  coating  a 
strip  of  the  desired  sensible  heat  exchange  ma- 

terial  26,  such  as  a  strip  of  aluminium,  with  a 
binder  having  a  dry  film  thickness  of  preferably  at 
least  about  0.00518mm  more  preferably,  from 
about  0.00518mm  to  about  0.017mm,  and  most 

5  preferably  about  0.012mm.  Suitable  binders  exhibit 
good  adhesion  to  aluminium,  are  compatible  with 
the  sensible  heat  exchange  material  26,  and  remain 
tacky  for  a  suitable  length  of  time,  such  as 
polyurethanes,  nitrile-phenolics,  water-based  bind- 

io  ers  and,  preferably,  alkyd  based  resins  having  a 
solids  content  of  between  about  15%  and  about 
25%,  by  weight  in  methyl  ethyl  ketone  or  toluene. 
The  binder  can  be  applied  to  the  sensible  heat 
exchange  material  26  in  any  one  of  a  number  of 

is  ways,  including  dipping,  spraying,  and  knife  over 
roller  coating.  The  binder  composition  preferably 
includes  a  solvent,  such  a  stoluene,  so  that  the 
surface  of  the  coating  layer  remains  tacky  for  a 
sufficient  time  to  allow  for  the  application  of  the 

20  molecular  sieve  to  the  surface  thereof. 
After  the  binder  has  been  applied  to  the  sensi- 

ble  heat  exchange  material  26,  the  binder  is  dried, 
such  as  blown  dry  with  hot  air,  until  just  slightly 
tacky.  A  layer  of  the  desired  molecular  sieve,  a 

25  0.3nm  molecular  sieve,  is  then  applied  to  the  sur- 
face  of  the  coated  strip  of  sensible  heat  exchange 
material.  Preferably,  the  coated  strip  of  sensible 
heat  exchange  material  26  is  continuously  passed 
through  a  fluidized  bed  of  the  molecular  sieve 

30  particles  so  that  a  substantially  even  layer  of  mo- 
lecular  sieve  is  deposited  on  the  surface  of  the 
binder.  Preferably,  the  molecular  sieve  particles 
have  an  average  particle  diameter  of  from  fine 
powder  to  about  200  mesh,  that  is  to  say  a  mesh 

35  with  apertures  of  0.074mm  diameter.  The  com- 
pletely  coated  surface  of  the  sensible  heat  ex- 
change  material  26  is  then  dried  to  a  tack  free 
state,  such  as  by  using  hot  air.  The  same  process 
is  repeated  to  coat  the  other  side  of  the  sensible 

40  heat  exchange  material  26. 
Alternatively,  the  coating  composition  can  in- 

clude  both  the  molecular  sieve  and  from  about  5% 
to  about  15%,  by  weight,  of  the  binder.  Suitable 
binders  include  those  binders  mentioned  previous- 

45  ly.  It  should  be  noted  that,  the  binder  and  molecu- 
lar  sieve  should  be  applied  to  the  latent  and  sensi- 
ble  heat  exchange  material  26  so  that  the  binder 
does  not  block  the  pores  of  the  molecular  sieve, 
thereby  destroying  the  ability  of  the  molecular 

50  sieve  to  function. 
As  illustrated  in  Figure  1,  the  sensible  and 

latent  heat  exchange  media  10  of  the  invention  is 
particularly  useful  in  a  total  energy  recovery  wheel 
30.  The  total  energy  recovery  wheel  30  includes  a 

55  hub  34  and  the  sensible  and  latent  heat  exchange 
media  10  circumferentially  surrounding  the  hub  34. 

The  layer  28  of  coating  composition  is  wash- 
able  with  steam  or  water  when  in  place  as  part  of 

5 
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the  sensible  and  latent  heat  exchange  media  10  of 
a  total  energy  recovery  wheel  30. 

In  the  preferred  case,  wherein  the  sensible  and 
latent  heat  exchange  media  10  is  formed  of  a 
plurality  of  alternating  layers  of  a  corrugated  sheet 
material  18  and  a  flat  sheet  material  20,  an  elon- 
gated  strip  of  the  corrugated  sheet  material  18  and 
an  adjacent  elongated  strip  of  the  flat  sheet  ma- 
terial  20  are  wound  circumferentially  around  a 
spool  until  the  wound  strips  form  a  cylinder  of  the 
appropriate  diameter.  A  suitable  adhesive  can  be 
applied  to  the  flat  sheet  material  20  prior  to  the  flat 
sheet  material  20  being  paired  with  the  corrugated 
sheet  material  18  in  order  to  adhere  the  two  sheets 
together  and  to  increase  the  structural  integrity  of 
the  sensible  and  latent  heat  exchange  media  10 
and  the  resulting  total  energy  recovery  wheel  30. 
The  wound  cylinder  is  then  cut  axially  into  prefer- 
ably  eight  pie-shaped  sections  32.  The  pie-shaped 
sections  32  are  then  secured  to  a  hub  34  so  that 
they  extend  axially  outwardly  from  the  hub  34 
between  spokes  36  to  form  the  total  energy  recov- 
ery  wheel  30.  A  rim  38  is  then  secured  around  the 
outer  circumferences  of  the  total  energy  recovery 
wheel  30.  The  total  energy  recovery  wheel  30  is 
mounted  with  a  frame  40  through  the  hub  34  so 
that  the  wheel  30  is  free  to  rotate.  A  motor  42  is 
mounted  within  the  frame  40  to  rotate  the  total 
energy  recovery  wheel  30  via  an  endless  belt  (not 
shown)  which  engages  the  rim  38  of  the  total 
energy  recovery  wheel  30. 

Generally,  total  energy  recovery  wheels  30  are 
on  the  order  of  from  about  20.3cm  to  about  30.5cm 
in  depth  and  from  about  61cm  to  about  426cm  in 
diameter. 

In  use,  the  total  energy  recovery  wheel  30  is 
mounted  within  a  frame  40  so  that  the  total  energy 
recovery  wheel  30  is  free  to  rotate.  The  frame  40  is 
disposed  between  the  inlet  and  exhaust  air  streams 
of  a  heating  and  cooling  system  and  is  orientated 
so  that  the  corrugations  22  of  the  corrugated  sheet 
material  18  of  the  sensible  and  latent  heat  ex- 
change  media  10  of  the  total  energy  recovery 
wheel  30  provide  passageways  14  extending  ax- 
ially  through  the  sensible  and  latent  heat  exchange 
media  10.  Thus,  the  air  streams  can  flow  from  one 
side  of  the  wheel  to  the  other.  Typically,  the  inlet 
and  exhaust  air  streams  flow  in  opposite  directions 
simultaneously  through  different  portions  of  the  to- 
tal  energy  recovery  wheel  30.  As  the  wheel  30 
rotates,  generally  about  twenty  revolutions  per 
minute,  the  portions  of  the  total  energy  recovery 
wheel  30  are  alternately  in  contact  with  the  inlet 
and  exhaust  air  streams.  The  portions  of  the  total 
energy  recovery  wheel  30  are  in  contact  with  both 
air  streams,  at  different  times,  during  each  revolu- 
tion.  As  the  air  streams  flow  through  the  sensible 
and  latent  heat  exchange  media  10  of  the  total 

energy  recovery  wheel  30,  the  sensible  and  latent 
heat  exchange  media  10  absorbs  heat  and  mois- 
ture  from  the  warmer,  more  humid  air  stream  and 
released  heat  and  moisture  to  the  cooler,  drier  air 

5  stream. 
In  the  cooling  mode,  the  total  energy  recovery 

wheel  30  cools  and  dries  the  warm,  humid  incom- 
ing  air  stream.  The  portion  of  the  sensible  and 
latent  heat  exchange  media  10  of  the  total  energy 

io  recovery  wheel  30  in  contact  with  the  incoming  air 
stream  absorbs  heat  and  moisture  from  the  warm, 
humid  incoming  air  stream.  As  the  total  energy 
recovery  wheel  30  rotates  so  that  that  portion  of 
the  sensible  and  latent  heat  exchange  media  10  is 

is  in  contact  with  the  outgoing  air  stream,  the  heat 
and  moisture  absorbed  by  the  sensible  and  latent 
heat  exchange  media  10  of  the  total  energy  recov- 
ery  wheel  30  are  then  transferred  to  the  cool,  dry 
outgoing  air  stream.  The  process  is  repeated  con- 

20  tinuously  as  the  total  energy  recovery  wheel  30 
continues  to  rotate.  As  a  result,  the  energy  neces- 
sary  to  further  cool  and  dehumidify  the  incoming 
air  stream  to  the  desired  temperature  and  humidity 
is  reduced. 

25  In  the  heating  mode,  the  total  energy  recovery 
wheel  30  heats  and  humidifies  the  cool,  dry  incom- 
ing  air  stream.  The  portion  of  the  sensible  and 
latent  heat  exchange  media  10  of  the  total  energy 
recovery  wheel  30  in  contact  with  the  outgoing  air 

30  stream  absorbs  heat  and  moisture  from  the  warm, 
humid  outgoing  air  stream.  As  the  total  energy 
recovery  wheel  30  rotates  so  that  that  portion  of 
the  sensible  and  latent  heat  exchange  media  10  is 
in  contact  with  the  incoming  air  stream,  the  heat 

35  and  moisture  absorbed  by  the  sensible  and  latent 
heat  exchange  media  10  of  the  total  energy  recov- 
ery  wheel  30  are  then  transferred  to  the  cool,  dry 
incoming  air  stream.  The  process  is  repeated  con- 
tinuously  as  the  total  energy  recovery  wheel  30 

40  continues  to  rotate.  As  a  result,  the  energy  neces- 
sary  to  further  heat  and  humidify  the  incoming  air 
stream  to  the  desired  temperature  and  humidity  is 
reduced. 

As  shown  in  Figure  3,  the  overall  capacity  for 
45  molecular  sieves  to  absorb  moisture  does  not  in- 

crease  appreciably  between  20%  and  90%  relative 
humidity.  In  contrast,  the  overall  capacity  of  silica 
gel  to  absorb  moisture  nearly  triples  between  20% 
and  90%  relative  humidity.  However,  as  shown  in 

50  Figure  4,  molecular  sieves  reach  their  equilibrium 
capacities  at  a  very  fast  rate  as  compared  to  other 
desiccants,  such  as  silica  gel  and  activated  alu- 
mina,  used  in  currently  available  sensible  and  la- 
tent  heat  exchange  media  10.  More  specifically,  the 

55  0.3nm  sieves  reach  100%  of  their  equilibrium 
capacities  in  less  than  5  seconds,  whereas  silica 
gel  and  activated  alumina  require  more  than  30 
seconds  to  reach  their  equilibrium  capacities.  More 

6 
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importantly,  the  silica  gel  and  activated  alumina 
reach  only  about  10%  of  their  equilibrium  capacity 
within  the  first  3  seconds. 

The  information  presented  in  Figure  4  was  pre- 
pared  by  coating  aluminium  substrate  with  a  coat- 
ing  of  a  0.3nm  molecular  sieve,  a  0.5nm  molecular 
sieve,  silica  gel  and  activated  aluminium.  The  coat- 
ing  thicknesses  and  weight  of  desiccant  per  kg  of 
aluminium  were  similar.  The  coated  aluminium  was 
formed  into  media  samples  of  alternating  flat  and 
corrugated  strips,  having  a  depth  of  about  2.54 
cms.  The  samples  were  allowed  to  reach  equilib- 
rium  at  35  °  C  DB/25  °  C  WB,  47%  relative  humidity, 
a  vapour  pressure  of  2633  N/m2  and  a  water  vap- 
our  partial  pressure  of  1239  N/m2.  Air  at  21  °C 
DB/16°  WB,  60%  relative  humidity,  a  vapour  pres- 
sure  of  1519  N/m2,  was  passed  through  the  sample 
at  a  rate  of  about  meters/minute.  The  weight  of  the 
samples  was  recorded  after  various  periods  of 
time. 

The  percentage  of  equilibrium  capacity  of  the 
desiccant  reached  by  the  particular  time  was  cal- 
culated  by  first  dividing  the  weight  gain  of  the 
sample  by  the  initial  weight  of  dry  desiccant  to 
determine  the  weight  gain  of  the  sample  per  pound 
(per  454g)  of  dry  desiccant.  Then,  the  percentage 
of  equilibrium  capacity  of  the  desiccant  reached  by 
the  particular  time  was  determined  by  dividing  the 
weight  gain  of  the  sample  per  pound  (per  454g)  of 
dry  desiccant  by  the  equilibrium  capacity  of  the 
desiccant  as  determined  from  Figures  5  and  6. 

Figures  5  and  6  illustrate  the  equilibrium  mois- 
ture  capacity  of  a  0.3nm  molecular  sieve  and  silica 
gel,  respectively,  at  various  water  vapour  partial 
pressures  and  temperatures.  It  can  be  seen  from 
Figures  5  and  6  that  silica  gel  has  a  greater  in- 
crease  in  equilibrium  capacity  as  the  partial  pres- 
sure  of  water  vapour  in  the  air  increases  than  does 
a  0.3nm  molecular  sieve. 

The  overall  effectiveness  of  0.3nm  molecular 
sieve  as  a  desiccant  for  a  total  energy  recovery 
wheel  was  compared  to  that  of  silica  gel  by  com- 
bining  the  information  found  in  Figures  4,  5  and  6. 
As  can  be  seen  from  Figure  6,  the  capacity  of 
silica  gel  to  adsorb  water  increases  about  0.041  Kg 
of  water  per  Kg  of  dry  desiccant  between  35  °C 
DB/25  °C  WB,  47%  relative  humidity,  a  vapour 
pressure  of  2633  N/m2,  and  a  water  vapour  partial 
pressure  of  1239  N/m2  and  21  'C  DB/16*  C  WB, 
60%  relative  humidity,  a  vapour  pressure  of  1519 
N/m2,  and  a  water  vapour  partial  pressure  of  914 
N/m2.  The  desiccant  temperature  is  approximated 
by  the  average  temperature  of  the  air  streams,  or 
28°  C.  On  the  other  hand,  as  can  be  seen  from 
Figure  5,  the  capacity  of  a  0.3nm  molecular  sieve 
increases  only  0.008Kg  of  water  per  Kg  of  dry 
desiccant  under  the  same  conditions.  It  can  be 
seen  from  Figure  4  that  the  percentage  capacity  of 

the  silica  gel  and  the  0.3nm  molecular  sieve  to 
adsorb  water  after  1.5  seconds  was  5%  and  70%, 
respectively.  It  follows  that  the  actual  transfer 
capacities  of  the  silica  gel  and  0.3nm  molecular 

5  sieves  are  0.00205Kg  of  water  per  Kg  of  dry  des- 
iccant  and  0.0056Kg  of  water  per  Kg  of  dry  des- 
iccant,  respectively.  Thus,  under  the  conditions  to 
which  the  total  energy  recovery  wheels  are  ex- 
posed,  the  0.3nm  molecular  sieve  has  a  latent  heat 

io  transfer  ability  superior  to  that  of  the  silica  gel. 
A  comparison  of  the  overall  effectiveness  per- 

centage  of  overall  capacity  reached  at  various  face 
velocities  of  sensible  and  latent  heat  exchange 
media  using  various  desiccants,  including  the  mo- 

is  lecular  sieve  of  the  invention  is  shown  in  Figure  7. 
Samples  using  the  molecular  sieve  desiccant  of  the 
invention  were  prepared  and  evaluated  according 
to  ASHRAE  (American  Society  of  Heating  Refrig- 
eration  and  Air-Conditioning  Engineers)  test  84- 

20  78P.  The  performance  of  media  using  silica  gel 
and  aluminium  oxide  was  derived  from  readily 
available  literature  evaluating  typical  media  using 
those  desiccants.  The  data  were  obtained  accord- 
ing  to  ASHRAE  test  84-789P.  The  sensible  and 

25  latent  heat  exchange  media  of  the  invention  exhib- 
ited  an  ability  to  transfer  sensible  and  latent  heat 
superior  to  that  of  media  using  desiccants  such  as 
silica  gel  and  aluminium  oxide. 

The  sensible  and  latent  heat  exchange  media 
30  10  of  the  invention  will  adsorb  moisture  without 

also  adsorbing  contaminants  from  the  outgoing  air 
stream  and  recirculating  them  with  the  incoming  air 
stream.  The  molecular  sieve  in  the  coating  com- 
position  will  not  adsorb  any  of  the  contaminants  in 

35  the  air  stream  due  to  the  specific  pore  size  of  the 
molecular  sieve,  which  is  smaller  than  the  critical 
diameter  of  the  contaminant  molecules.  The  polar- 
ity  of  the  molecular  sieve  also  provides  preferential 
adsorption  of  water  molecules  over  similarly  sized 

40  molecules  of  other  substances  that  are  less  polar 
than  water  molecules.  Thus,  the  sensible  and  latent 
heat  exchange  media  10  of  the  invention  is  more 
efficient  in  absorbing  and  releasing  both  sensible 
and  latent  heat,  and  as  a  result,  total  energy  recov- 

45  ery  wheels  30  utilising  the  sensible  and  latent  heat 
exchange  media  10  of  the  invention  can  be  more 
compact  than  those  currently  available.  Although 
the  subject  invention  has  been  described  in  use 
primarily  with  respect  to  HVAC  systems,  the  inven- 

50  tion  is  applicable  to  many  other  industrial  pro- 
cesses  that  require  the  removal  of  moisture  and 
sensible  heat  from  an  air  stream. 

Claims 
55 

1.  A  sensible  and  latent  heat  exchange  media 
comprising  a  gas  permeable  matrix(12),  said 
gas  permeable  matrix  providing  passageways 
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(14)  therethrough  through  which  air  streams 
can  flow  through  said  sensible  and  latent  heat 
exchange  media,  and  said  permeable  matrix 
being  formed  of  a  sensible  heat  exchange  ma- 
terial  (26)  that  is  capable  of  absorbing  sensible 
heat  from  a  warm  air  stream  and  releasing  said 
absorbed  sensible  heat  into  a  cool  air  stream 
as  said  air  streams  flow  through  said  sensible 
and  latent  heat  exchange  media,  and  a  layer- 
(28)  of  a  coating  composition  comprising  a 
molecular  sieve  applied  to  at  least  a  portion  of 
the  surface  of  said  sensible  heat  exchange 
material,  said  molecular  sieve  having  a  plural- 
ity  of  pores  of  a  substantially  uniform  size  such 
that  said  molecular  sieve  is  capable  of  adsorb- 
ing  moisture  from  a  humid  air  stream  flowing 
through  said  sensible  and  latent  heat  exchange 
media,  and  is  capable  of  releasing  said  ad- 
sorbed  moisture  into  a  dry  air  stream  flowing 
through  said  sensible  and  latent  heat  exchange 
media,  characterised  in  that  the  sensible  heat 
exchange  material  26  is  a  metallic  foil,  the 
molecular  sieve  has  a  polarity  that  it  will  pref- 
erentially  attract  water  molecules  over  mol- 
ecules  which  have  a  different  polarity  but  are 
similar  in  size  to  water  molecules,  the  said 
pores  of  the  sieve  have  a  pore  diameter  of 
about  0.3nm  and  the  molecular  sieve  is  not 
capable  of  adsorbing  contaminants  from  either 
of  said  air  streams,  the  molecular  sieve  being 
capable  of  adsorbing  and  releasing  said  mois- 
ture  within  a  period  of  1  .5  seconds. 

2.  The  sensible  and  latent  heat  exchange  media 
of  Claim  1  in  which  said  sensible  heat  ex- 
change  material(26)  is  in  the  form  of  a  sheet 
material  and  said  gas  permeable  matrix(12)  is 
a  plurality  of  spaced  layers  of  said  sheet 
material(20)(22). 

3.  The  sensible  and  latent  heat  exchange  material 
of  Claim  2  in  which  said  sheet  material  of  said 
sensible  heat  exchange  material(26)  is  from 
0.025mm  to  0.076mm  thick. 

4.  The  sensible  and  latent  heat  exchange  media 
of  Claim  2  or  3  in  which  said  spaced  layers  of 
sheet  material  are  alternating  layers  of  a  cor- 
rugated  sheet  material(22)  and  a  flat  sheet 
material(20). 

5.  The  sensible  and  latent  heat  exchange  media 
of  Claim  4  wherein  said  corrugation  of  said 
corrugated  sheet  material(22)  are  substantially 
parallel  to  each  other  and  are  from  1  .27mm  to 
2.54mm  high  and  from  2.54mm  to  5.18mm 
wide. 

6.  The  sensible  and  latent  heat  exchange  media 
of  any  one  of  the  preceding  Claims  in  which 
said  sensible  heat  exchange  material(26)  is 
aluminium. 

5 
7.  The  sensible  and  latent  heat  exchange  media 

of  any  one  of  the  preceding  Claims  in  which 
said  layer(28)  of  coating  composition  is  at  least 
0.01mm  thick. 

10 
8.  The  sensible  and  latent  heat  exchange  media 

of  Claim  2  or  any  Claims  dependent  thereon  in 
which  said  coating  composition(28)  is  applied 
to  both  sides  of  said  sensible  heat  exchange 

is  material(26). 

9.  The  sensible  and  latent  heat  exchange  media 
of  any  one  of  the  preceding  Claims  wherein 
said  molecular  sieve  is  zeolite. 

20 
10.  The  sensible  and  latent  heat  exchange  media 

of  Claim  9  wherein  said  zeolite  is  an  alumino 
silicate. 

25  11.  The  sensible  and  latent  heat  exchange  media 
of  any  one  of  the  preceding  Claims  wherein 
said  sensible  and  latent  heat  exchange  media 
is  from  20.3cms  to  30.5cms  in  depth. 

30  12.  A  total  energy  recovery  wheel  comprising  a 
hub(34),  means  for  supporting  a  sensible  and 
latent  heat  exchange  medium  according  to  any 
one  of  the  preceding  Claims  circumferentially 
about  said  hub,  and  drive  means  for  rotating 

35  said  total  energy  recovery  wheel. 

13.  A  method  of  simultaneously  absorbing  thermal 
energy  and  adsorbing  water  from  an  air  stream 
and  alternately  releasing  thermal  energy  and 

40  water  to  an  air  stream,  characterised  by  pass- 
ing  the  air  stream  through  a  total  energy  recov- 
ery  wheel  according  to  claim  12  whilst  rotating 
said  wheel  at  a  rate  such  that  residence  time 
of  the  gas  streams  within  the  sensible  and 

45  latent  heat  exchange  medium  is  about  1  .5  sec- 
onds,  within  which  time  adsorption  and  desorp- 
tion  of  water  by  the  molecular  sieve  material 
reaches  100%  equilibrium. 

50  Patentanspruche 

1.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  umfassend  eine  gasdurchlassige  Ma- 
trix  (12),  wobei  besagte  gasdurchlassige  Matrix 

55  Kanale  (14)  bereitstellt,  durch  welche  Luftstro- 
me  durch  besagtes  Austauschmedium  fur  fuhl- 
bare  und  latente  Warme  flieRen  kann,  und  be- 
sagte  durchlassige  Matrix  aus  einem  sensiblen 

8 
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Warmeaustauschmaterial  (26)  ausgebildet  ist, 
das  Eigenwarme  eines  warmen  Luftstroms  ab- 
sorbieren  und  besagte  absorbierte  Eigenwar- 
me  in  einen  kalten  Luftstrom  entlassen  kann, 
wahrend  besagte  Luftstrome  durch  das  Aus- 
tauschmedium  fur  fuhlbare  und  latente  Warme 
flieBt,  und  eine  Schicht  (28)  aus  einer  Be- 
schichtungszusammensetzung,  die  ein  Moleku- 
larsieb  umfaBt,  das  zumindest  an  einem  Teil 
der  Oberflache  von  besagtem  sensiblen  War- 
meaustauschmaterial  angebracht  ist,  wobei  be- 
sagtes  Molekularsieb  eine  Vielzahl  von  Poren 
von  einer  im  wesentlichen  uniformen  GroBe 
aufweist,  so  daB  besagtes  Molekularsieb  fahig 
ist,  Feuchtigkeit  aus  einem  feuchten  Luftstrom, 
der  durch  besagtes  Austauschmedium  fur  fuhl- 
bare  und  latente  Warme  flieBt,  zu  absorbieren 
und  besagte  absorbierte  Feuchtigkeit  in  einen 
trockenen  Luftstrom,  der  durch  besagtes  Aus- 
tauschmedium  fur  fuhlbare  und  latente  Warme 
flieBt,  zu  entlassen,  dadurch  gekennzeichnet, 
daB  das  sensible  Warmeaustauschmaterial  (26) 
eine  Metallfolie  ist,  daB  das  Molekularsieb  eine 
Polaritat  aufweist,  so  daB  es  eher  Wassermole- 
kule  als  Molekule,  die  eine  andere  Polaritat  als 
Wassermolekule  aufweisen,  aber  von  ahnlicher 
GroBe  sind,  bevorzugt  anzieht,  wobei  besagte 
Poren  des  Siebes  einen  Porendurchmesser 
von  ungefahr  0,3  nm  aufweisen,  das  Moleku- 
larsieb  nicht  fahig  ist,  Verunreinigungen  von 
irgendeinem  besagter  Luftstrome  zu  absorbie- 
ren,  und  das  Molekularsieb  besagte  Feuchtig- 
keit  innerhalb  einer  Periode  von  0,5  sek.  absor- 
bieren  und  freilassen  kann. 

2.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  besagtes  sensible  Warmeaus- 
tauschmaterial  (26)  in  der  Form  eines  Bandma- 
terials  ausgebildet  ist  und  besagte  gasdurch- 
lassige  Matrix  (12)  aus  einer  Vielzahl  von  ge- 
trennt  voneinander  angeordneten  Schichten 
aus  besagtem  Bandmaterial  (20)  (22)  besteht. 

3.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  besagtes  Bandmaterial  von  be- 
sagtem  sensiblen  Warmeaustauschmaterial 
(26)  eine  Dicke  von  0,025  mm  bis  0,075  mm 
aufweist. 

4.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  2  oder  3,  dadurch  ge- 
kennzeichnet,  daB  besagte  getrennt  voneinan- 
der  angeordnete  Schichten  aus  dem  Bandma- 
terial  abwechselnd  Schichten  aus  einem  ge- 
wellten  Bandmaterial  (22)  und  einem  flachen 
Bandmaterial  (20)  sind. 

5.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daB  besagte  Wellen  von  besagtem 
gewellten  Bandmaterial  (22)  im  wesentlichen 

5  parallel  zueinander  verlaufen  und  eine  Hone 
von  1,27  mm  bis  2,54  mm  und  eine  Breite  von 
2,54  mm  bis  5,18  mm  aufweisen. 

6.  Austauschmedium  fur  fuhlbare  und  latente 
io  Warme  nach  irgendeinem  der  vorangegange- 

nen  Anspruche,  dadurch  gekennzeichnet,  daB 
besagtes  sensible  Warmeaustauschmaterial 
(26)  Aluminium  ist. 

75  7.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  irgendeinem  der  vorangegange- 
nen  Anspruche,  dadurch  gekennzeichnet,  daB 
besagte  Schicht  (28)  der  Beschichtungszusam- 
mensetzung  eine  Dicke  von  zumindest  0,01 

20  mm  aufweist. 

8.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  2  oder  irgendeinem  der 
davon  abhangigen  Anspruche,  dadurch  ge- 

25  kennzeichnet,  daB  besagte  Beschichtungszu- 
sammensetzung  (28)  auf  beiden  Seiten  von 
besagtem  sensiblen  Warmeaustauschmaterial 
(26)  angebracht  ist. 

30  9.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  irgendeinem  der  vorangegange- 
nen  Anspruche,  dadurch  gekennzeichnet,  daB 
besagtes  Molekularsieb  Zeolith  ist. 

35  10.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  Anspruch  9,  dadurch  gekenn- 
zeichnet,  daB  besagter  Zeolith  ein  Aluminiums- 
ilikat  ist. 

40  11.  Austauschmedium  fur  fuhlbare  und  latente 
Warme  nach  irgendeinem  der  vorangegange- 
nen  Anspruche,  dadurch  gekennzeichnet,  daB 
besagtes  Austauschmedium  fur  fuhlbare  und 
latente  Warme  eine  Hone  von  20,3  cm  bis 

45  30,5  cm  aufweist. 

12.  Rad  zur  vollstandigen  Energieruckgewinnung 
umfassend  einen  Spulenkern  (34),  Mittel  zum 
Lagern  eines  Austauschmediums  fur  fuhlbare 

50  und  latente  Warme  nach  irgendeinem  der  vor- 
angegangenen  Anspruche  urn  den  Umfang  von 
besagtem  Wickelkern  und  Antreibmittel  zum 
Drehen  des  Rads  zur  vollstandigen  Energie- 
ruckgewinnung. 

55 
13.  Verfahren  zum  simultanen  Absorbieren  von 

thermischer  Energie  und  Wasser  aus  einem 
Luftstrom  und  zum  dazu  versetzten  Entlassen 

9 
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thermischer  Energie  und  Wasser  in  einem 
Luftstrom,  gekennzeichnet  durch  das  Hindurch- 
treten  des  Luftstromes  durch  ein  Rad  zur  voll- 
standigen  Energieruckgewinnung  nach  An- 
spruch  12,  wahrend  besagtes  Rad  mit  einer 
Rate  gedreht  wird,  so  daB  die  Aufenthaltszeit 
der  Gasstrome  in  dem  Austauschmedium  fur 
fuhlbare  und  latente  Warme  ungefahr  1,5  sek. 
betragt,  wobei  wahrend  dieser  Zeit  Absorption 
und  Desorption  von  Wasser  durch  das  Moleku- 
larsiebmaterial  ein  100%iges  Gleichgewicht  er- 
reicht. 

Revendicatlons 

1.  Milieu  ou  agent  d'echange  de  chaleur  latente 
et  sensible  comprenant  une  matrice  de  gaz 
permeable  (12),  cette  matrice  de  gaz  permea- 
ble  fournissant  des  voies  de  passage  (14)  a 
travers  lesquelles  des  courants  d'air  peuvent 
traverser  le  milieu  ou  agent  d'echange  de  cha- 
leur  latente  et  sensible,  et  la  matrice  permea- 
ble  etant  constitute  par  un  materiau  d'echange 
thermique  sensible  (26)  capable  d'absorber  la 
chaleur  sensible  a  partir  d'un  courant  d'air 
chaud  et  de  liberer  la  chaleur  sensible  absor- 
bee  dans  un  courant  d'air  froid  lorsque  les 
courants  d'air  froid  traversent  le  milieu 
d'echange  de  chaleur  sensible  et  latente,  et 
une  couche  (28)  d'une  composition  de  revete- 
ment  comprenant  un  tamis  moleculaire  appli- 
que  sur  au  moins  une  portion  de  la  surface  de 
ce  materiau  d'echange  de  chaleur  sensible,  le 
tamis  moleculaire  ayant  une  pluralite  de  pores 
d'une  taille  sensiblement  uniforme  lui  permet- 
tant  d'adsorber  I'humidite  du  courant  d'air  hu- 
mide  traversant  le  milieu  d'echange  de  chaleur 
sensible  et  latente,  et  de  liberer  I'humidite  ad- 
sorbee  dans  un  courant  d'air  sec  traversant  le 
milieu  d'echange  de  chaleur  sensible  et  laten- 
te,  caracterise  en  ce  que  le  materiau  d'echan- 
ge  de  chaleur  sensible  (26)  est  une  feuille 
metallique,  le  tamis  moleculaire  possede  une 
polarite  qui  attire  de  preference  les  molecules 
d'eau  par  rapport  aux  molecules  qui  ont  une 
polarite  differente  mais  sont  de  meme  taille 
que  les  molecules  d'eau,  les  pores  du  tamis 
ayant  un  diametre  de  pore  d'environ  0,3  nm  et 
le  tamis  moleculaire  ne  pouvant  adsorber  les 
contaminants  provenant  de  I'un  ou  I'autre  des 
courants  d'air,  le  tamis  moleculaire  pouvant 
adsorber  et  liberer  I'humidite  dans  une  periode 
de  1  ,5  secondes. 

2.  Milieu  d'echange  de  chaleur  latente  et  sensible 
selon  la  revendication  1,  dans  lequel  le  mate- 
riau  d'echange  de  chaleur  sensible  (26)  se 
presente  sous  la  forme  d'un  materiau  en  feuille 

et  la  matrice  permeable  de  gaz  (12)  est  consti- 
tute  par  plusieurs  couches  espacees  de  ce 
materiau  de  feuille  (20)  (22). 

5  3.  Materiau  d'echange  de  chaleur  latente  et  sen- 
sible  selon  la  revendication  2,  dans  lequel  le 
materiau  en  feuille  du  materiau  d'echange  de 
chaleur  thermique  (26)  a  une  epaisseur  allant 
de  0,025  m  jusqu'a  0,076  mm. 

10 
4.  Milieu  d'echange  de  chaleur  sensible  et  latente 

selon  la  revendication  2  ou  3,  dans  lequel  les 
couches  espacees  du  materiau  en  feuille  sont 
des  couches  alternees  d'un  materiau  en  feuille 

is  ondulee  (22)  et  d'un  materiau  en  feuille  plate 
(20). 

5.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  la  revendication  4,  dans  lequel  les  ondu- 

20  lations  du  materiau  en  feuille  ondulee  (22)  sont 
sensiblement  paralleles  entre  elles  et  ont  une 
hauteur  allant  de  1,27  mm  a  2,54  mm  et  une 
largeur  de  2,54  mm  a  5,18  mm. 

25  6.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  I'une  quelconque  des  revendications  pre- 
cedentes,  dans  lequel  le  materiau  d'echange 
de  chaleur  sensible  (26)  est  de  I'aluminium. 

30  7.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  I'une  quelconque  des  revendications  pre- 
cedentes,  dans  lequel  la  couche  (28)  de  la 
composition  de  revetement  a  une  epaisseur 
d'au  moins  0,01  mm. 

35 
8.  Milieu  d'echange  de  chaleur  sensible  et  latente 

selon  la  revendication  2  ou  I'une  quelconque 
des  revendications  dependantes,  dans  lequel 
la  composition  de  revetement  (28)  est  appli- 

40  quee  des  deux  cotes  du  materiau  d'echange 
de  chaleur  sensible  (26). 

9.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  I'une  quelconque  des  revendications  pre- 

45  cedentes,  dans  lequel  le  tamis  moleculaire  est 
de  la  zeolite. 

10.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  la  revendication  9,  dans  lequel  la  zeolite 

50  est  un  alumino  silicate. 

11.  Milieu  d'echange  de  chaleur  sensible  et  latente 
selon  I'une  quelconque  des  revendications  pre- 
cedentes,  dans  lequel  le  milieu  d'echange  de 

55  chaleur  sensible  et  latente  a  une  profondeur  de 
20,3  cm  jusqu'a  30,5  cm. 

10 
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12.  Roue  de  recuperation  d'energie  totale  compre- 
nant  un  moyeu  (34),  des  moyens  destines  a 
supporter  un  milieu  d'echange  de  chaleur  sen- 
sible  et  latente  selon  I'une  quelconque  des 
revendications  precedentes,  circonferentielle-  5 
ment  autour  de  ce  moyeu,  et  des  moyens 
d'entraTnement  pour  mettre  en  rotation  la  roue 
de  recuperation  d'energie  totale. 

13.  Procede  pour  I'absorption  simultanee  de  10 
I'energie  thermique  et  I'adsorption  de  I'eau  a 
partir  d'un  courant  d'air  et  alternativement  libe- 
ration  de  I'energie  thermique  et  de  I'eau  a  un 
courant  d'air,  caracterise  par  le  passage  du 
courant  d'air  a  travers  une  roue  de  recupera-  is 
tion  d'energie  totale  selon  la  revendication  12, 
tout  en  faisant  tourner  la  roue  a  une  vitesse 
telle  que  le  temps  de  sejour  des  courants 
gazeux  a  I'interieur  du  milieu  d'echange  de 
chaleur  sensible  et  latente  est  d'environ  1,5  20 
secondes,  duree  a  I'interieur  de  laquelle  I'ad- 
sorption  et  la  desorption  de  I'eau  par  le  mate- 
riau  du  tamis  moleculaire  atteint  un  equilibre  a 
100  %. 
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FIG.   6  
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