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Revers ib le Energy FLuctuat ion Conver ter

The invent ion,  a Revers ib le Enelgy F luctuat ion (REF) conver ter  enables heat

inconing by radiat ion,  conduct ion or  convect ion over  a wide tenperature range to

be conver ted at  a  h igh ef f ic iency and for  a lou nater ia l  cost  in to usefu l  output

pover ,  A l ternat ive ly ,  the REF conver ter  can be oFerated ' r i th  an input  Powe!  to

pr!trp heat fron a lower teEPerature region to a higher teEPerature region Hith a

high coef f ic ient  of  per fornance.

The RIF conver ter  f i rs t  absorbs and conver ts  the inconing heat  in  any forn

into e lect r ic  energy f luc luat i .ons in  a heated layer .  The e lect r ic  energy f luctua-

t j .ons are the resul t  o f  the randon not ion of  e lect r ic  charges in  the heated layer .

I t  is  iFpor tant  to  understand that  the avai labte power f roo these e lect l ic

energy f l .uctuet ions is  very Lalge.  For  exanple,  the avai lab le e lect r ic  f luctua-

t ion poh'er  f ron a layer  onl .y  one Bi l l ionth of  a  cent ineter  th ick can be ruch larger

lhan 100 n i t l ion wat ts  per  square neter  or  larger  than requi red fot  any Plesent

appl icat i .on.  These e lect r ic  energy f luctuat ions are coupled across a thernal

barr i ,e !  f ron the heated layer  to  a layer  of  co ld rect i fy i .ng d iodes on the oPPosr te

s ide of  the themal  baFier .  A power output  is  then obta ineC f lou the resul tant

rect i . f ied current .

For  d i f ferent  appl j .ca l ions ranging f roo terrest ia l  hone and connerc ia l  so lar

energy porer  convers ion;  sPace solar  energy Porer  convers ion;  hone and conmerc j -a l

heat  ptnping,  a i r  condi t j .on i .ng,  and ref r igerat ion;  and foss i l  fue1 pover  convers ion,

inc luding topping and ta i l ing of  ex is t ing s) ,s te i ls ,  d i f ferent  design opt i .ons have

bcen analyzed.  A design opt ion s i ,n j . lar  in  par t  to  convent ional  so l .ar  ce l l  des igas

ts shown in  the drawing.  In  th is  design the inconing heat  is  absorbed j .n  the mela l

f i lE and neta l .  droplets  on the hot  s ide of  the lhernal  barr ier .  The e lect r ic  energy

f luctuat ions resul ts  in  a f luctuat ing vol tage on the neta l  droPlet .  This  vo l tage,

in  turn,  resul ts  in  an e lect r ic  f ie ld  acmss the therra l  barr ier  Co the adjacent

leg ion of  the d iode barr ier .  The rect i f ied current  resul t ing f ron the e lect r ic

f ic ld ,  across the barr ier  of  the cold rect i fy ing d iode resul ts  in  a d i rect  current
qr tput  

bet i {een the neta l  tern inal  on the bot torn of  the d iode barr ier  ard the col . l .ect -

r :18 aeta l  f i ln  on the top of  the d iode barr ler .  For  th is  design as ' re l1  as the othel
qcs i9 ls ,  

the heat  punp node i ,s  inrp lemented by a d i rect  cu l rent  Power i 'nPut  to  the
cool .ed layer  to  t ransfer  the energy f luctuat ions f ron the cold s i .de to the hot  s ide.
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A l l  d e s i g n  o p t i o n s  i n c l u d i n g  p l a n a r  a n d  n o n - p l a n a r ,  t h i n  f i l n  a n d  d i s c r e t e

cotrponent  oodels  for  th is  invent ion have as in tegra l  conponents the heated f i rs t

layer  and the thernal  barr ier  whi .ch nakes possi .b le four  advantages over  so lar  ce l ls

to be real . i :ed.  These advantages are naxj .num ef f ic iency wi . th  ef f ic i .enc ies of  over

601 for  h igh power so lar  energy convers ion;  na-r inum power output  wi - th  avai lab le

poHer tens of  thousand t ines larger  than can be t ransfered by radiat ion to so lar

cel ls ;  n j .n i r r . -o l  Dater i .a l  requi renents of  the order  of  one hundredth of  the barr i .er

Dater j .a l  for  so lar  ceLLs;  the widest  operat ing tenperatu le range for  narry  revers-

ib le  appl icat i .ons do*n to the cr togenic  tenperature range and up to the incaadescent

teBperature rarge.

These four  advantages are the d i . rect  and j .n terre lated physica l  resul t  o f  the

addi t j .on of  the heated f i rs t  layer  and the thernal  barr ier  which together  f i rs t

conver t  the heat  to  e lect r ic  energy f luctuat ions and then t ransfer  th is  energy in

the near  f ie ld  to  rect i fy ing d iodes.  These two addi t ional  layers,  then enable the

vol tage leyels  of  the input  energy to be ef f ic ient ly  contro l led and to be at  a  h igh

Pover  fevel  which together  resul t  in  the foregoing advantages for  the REF conver ter .

In  addi t ion to the foregoing repor ted work,  theoret ica l  analys is  for  ideal i :ed

REF oodels invoJ.v ing i .n teract ing par t ic les have been obta ined and are to be publ ished

that  g ive resul ts  that  ind icate the per fornance of  these REF nodels nay be incre3sed

to h igher  l j .n i ts  than that  g iven by the Carnot  cyc le.  These theoret ica l  resul is

\ t  be conf i rared by exper inents before the pracc ica l  lesul ts  can be assessed s ince
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, resent  physi .ca l  knowledge does not  enable a def in i t ive anal . ) ,s is  or  predic t ion to
' :e  oa. le  of  pract ica l  RIF c i rcu i . ts  involv ing in teract i .ng par t ic les.  Never theless,

- e  p o s s i . b l e  g a i n  i n  p e r f o r n a n c e  i f  t h e  p r a c i i c a l  i m p l e n e n t a t i . o n  o f  t h e s e  i d e a l i z e d

i E F  t r o d e l s  i n v o l v i n g  i n t e r a c t i n g  p a r t i c l e s  c a n  b e  r e a l i : e d  c a n n o t  b e  i g n o r e d .  I f

re  are t -or turate and the resul ts  of  the p lanned erper iments do conf i rn  the predi .c t ions

o f  t h e  t h e o r y  o f  t h e s e  i d e a l i z e d  R E F  n o d e l s  f o r  i n t e r a c t i n S  p a r t i c l e s  f o r  a  p r a c t i c a l

lodel ,  then the energy cr is is  of  the wor ld wi l l  be e l in inated a lnost  over  n ighr .

These erper i .nents ld i1 l .  then conf i ro  that  the in teract ing par t ic le  REF nodels

l . re  abla to  achieve a l00t  power convers ion ef f ic iency for  any tenpelature and for

rny ten 'perature d i f ference and are able to  achieve a poHer convers ion output  f ron

:nput  heat  to  the cold s ide of  the thernal  banier  of  the REF conver ler ,  These

capabi l i t ies wi l l  na le i t  poss j .b le to  achj .eve energy independence wi thout  requi r ing

cnergy storage for  any hone or  bui ld ing or  for  cars or  a i rp lanes.  The potent iaL

v i l . l  a l .so ex j .s t  for  the Long teEn to contro l  the weather  ard rec la in the deser is .

rh i le  i . t  is  inpor tant  to  note that  th is  potent ia l  per foraarce is  based on an

ideal . i . :ed in teract j .ng par t ic le  REF nodel  and rhat  th is  potent ia l  per fo l rnance cannot

be conf i : leC l 'mt j . l  the resul ts  of  the p lanned exper inents are obta ined,  i t  is  a lso

i rpor taat  to  note that  the h igh potent ia l  per fornance of  the independent  Par t ic le

REF nodel  to  approach the Carnot  cyc le ef f ic iency is  in  no vay dependent  on the

. 'esul ts  of  the exper inents on the in te iact ing par t ic le  REF nodeI .
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