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There are  va r ious  potent ia l  means  to  rec la im  energy  

f rom  heat  re j ec ted to  coo lant  o r  to  the exhaus t .  W e 

have ment ioned in  the pas t  the  BMW  “Turbos teamer ’  

and we have looked more  deep l y  a t  the  W oodward  

Super  Turbocharge r  (RET 020) .  A t  the  Eng ine E xpo 

Frenc h company heat2power  revea led i t s  pat ented 

exhaus t  heat  regenerat i on  sys tem,  g iv ing  us  a  

fur the r  tas te  o f  the  techno logy we can expec t  to  see  

in  the next  decade,  when Fo rmula  One takes  

anot her  s tep in  energy recovery  sys tem 

deve lopment .  

  In  essence the heat 2power  s ys tem uses  a 

supp lementa ry  ‘ho t  a i r ’  eng ine.  In  such an eng ine 

there  i s  no fue l  and no in terna l  combus t ion,  the  

p is ton i s  dr i ven by the expans ion o f  a i r  tha t  has  

been heat ed by  an exte rna l  sou rce.  The heat 2power  

sys tem sets  a  tu rbo -supercharge r  and a  heat  

exchanger  in to  the pr imary eng ine exhaus t  sys tem. 

The tu rbo compresses  a i r  tha t  charges  the  

secondary heat  eng ine whi le  the heat  exchanger  

downs t ream is  used as  the exte rna l  heat  sou rce.  

  Scept ics  m ight  wonder  i f  the  pos t - tu rbo  pr imary  

eng ine exhaus t  gas  i s  s ign i f i cant l y  hot te r  than the  

compressed cha rge supp l ied  t o  t he heat  eng ine.  

heat 2power  has  done a  lo t  o f  ana l ys is  o f  r i va l  

sys tems and o f  th is  new approach i t  c l a ims  that  i t  

works  bet te r   than known  a l te rnat i ve  techno log ies ,  

fo r  example  the Organ i c  Rank ine  dev ices .  For  

example  :  t he  use  o f  a i r  makes  the heat2power  

sys tem s imple  and avo ids  negat ive  e f fec ts  o f  p is ton 

b low-by on lub r ica t i on .  I t  repor ts  t hat  the  

e f fec t i veness  o f  i t s  sys tem has  been conf i rmed by 

s imula t ions  under taken by  “a  majo r  OE M”.  So  fa r  we 

don ’ t  have  the  ev idence  o f  phys ica l  t es t ing  o f  the  

heat 2power  sys tem app l ied  in  a  race eng ine 

env i ronment .  In  t he absence o f  tha t ,  we wi l l  accept  

the  f igures  o f fe red by hea t2power  as  an i nd ica t i on  

o f  what  heat  recove ry  tec hno logy m ight  be capab le  

in  the  fu tu re .  E ven  scep t ics  wi l l  f i nd  i t  food fo r  

thought .    

  So the heat2power  exhaus t  ene rgy regenerat ion  

sys tem l inks  an exis t ing  pr imary eng ine to  a  

secondary heat  eng ine,  wh ich exp lo i t s  exhaus t  gas  

ene rgy o the rwise was ted  and  in  fac t  need one  o r  

more cy l inde rs ,  depend ing on the power leve l .  In  th is  

sys tem a l l  o f  the  exhaus t  gas  ex i t i ng  t he pr imary 

eng ine passes  through a  t urbocharger ’s  tu rb ine and 

then the heat  exchanger ,  wh ich causes  a  marg ina l  

loss  o f  per f ormance th rough inc reased backpressure  

and c omprom ise o f  exhaus t  tun ing potent i a l .  

However ,  i f  heat2power ’s  ca lcu la t ions  a re  accepted 

that  i s  fa r  more than o f f se t  by the power  de l i vered  

wi th  the secondary heat  eng ine.   

  The tu rb i ne  i s  par t  o f  a  convent i ona l  t u rbo-

superc harge r  un i t  tha t  supp l i es  compressed a i r  

d i rec t l y  to  the secondary heat  eng ine ra the r  than to  

the IC eng ine i t se l f .  A  heat  exchanger  i s  pa r t  o f  a  

separate  ‘ho t  a i r ’  c i rcu i t  serv i ng the heat  eng ine.  

The heat  exchanger  i s  ak in  to  the a i r -a i r  dev ice  

rout i ne l y  used to  coo l  the  charge in  a  convent iona l  

tu rbo sys tem but ,  ra t he r  t han pass ing a i r  f rom  the 

a tmosphere  so as  to  coo l  a  duc ted charge a i r f l ow,  

th is  dev ice  passes  exhaus t  gas  so as  to  heat  a i r  

c i rcu la t ing  wi th i n  the hot  a i r  c i rcu i t  the reby  

prov id ing the requ i red exte rna l  heat  source.   

  The heat  eng ine ’s  s ing le  cy l inde r  has  fou r  va l ves .  

I t  has  a  convent i ona l  p is ton that  in  tu rn  dr i ves  a  

convent iona l  c rankshaf t ,  f r om  which  power  i s  added 

to  the  p r imary  eng ine dr ive t ra i n  and  f rom  which  the  

t im ing dr ive  i s  taken.  One  o f  the  four  va l ves  adm i ts  

a i r  f rom  the  turbo -compressor  another  sends  spent  

gas  to  the  p r imary  eng ine  exhaus t  sys tem 

downs t ream of  the  tu rb i ne  and heat  exchanger .  The  

o the r  t wo are  t rans fer  va l ves ,  one o f  wh ich sends  

a i r  f rom  the cy l inde r  to  the  heat  exchanger  wh i l e  the 

o the r  comple tes  the hot  a i r  c i rcu i t ,  readm i t t ing  the  

a i r  heated by passage th rough the heat  exc hanger .   

  The heat  eng ine has  four  ope ra t i ng  c yc les  wi th  

normal  exhaus t  and in t ake  events  cont ro l led  by the 

respec t i ve  va l ves .  Dur i ng the heat  eng ine ’s  

compress ion s t roke not  on ly  i s  the  i n take a i r  hav ing 

been compressed by the  turbo but  i t  i s  fu r ther  

compressed by the p is ton.  Th is  happens  befo re  the 

hot  a i r  c i rcu i t  comes  in to  p lay.  The hot  a i r  c i rcu i t  



va l ves  a re  opera ted so t hat  a  s lug o f  a i r  i s  sent  

around that  c i rcu i t ,  th rough  the  heat  exchanger .  

Th is  heated  a i r  hav ing been readm i t ted to  the 

cy l inder ,  i t  i s  the  expans ion o f  hot  a i r  tha t  d r i ves  

the p is ton on the power  s t roke.  

  The heat  eng ine  i s  not  th ro t t led  and is  a lways  

ope ra t i ng  a t  fu l l  power ,  so  long as  the p r imary  

eng ine ’s  th ro t t le  i s  open,  generat i ng  a  f low o f  

exhaus t  gas .  However ,  a  cons tant l y  va r iab le  

t ransm iss ion sys tem is  used to  regu la te  the heat  

eng ine ’s  input  to  the d r ive t ra in .  Under  dec e le ra t ion ,  

w i th  the p r imary eng ine th ro t t le  c losed the dr i ve t ra in  

can power  the heat  eng ine,  due to  the d i rec t  

connec t ion  bet ween the t wo.  The heat  eng ine can 

there fore  add to  the eng ine brak ing e f fec t  and i t  can 

be used to  generate  and s tore  a i r  p ressure  for  

subsequent  reapp l i ca t ion .  The heat 2power  sys tem 

can a lso  be used in  con junc t ion  wi th  a  KERS,  each  

complement ing the o t he r .  Exhaus t  heat  recove ry  i s  

e f fec t i ve  when the th ro t t l e  i s  open;  KERS is  more 

app ropr i a te  when exp lo i t ing  c losed - thro t t le  t ime.  

  heat2power  remarks  tha t  in  the  case o f  a  race  

eng ine the ra t io  o f  ICE c rankshaf t  power  to  thermal  

power  loss  through the exhaus t  can  be  as  h i gh as  

1 :1 .8 .  In  o ther  words ,  a  500 bhp race eng ine can 

ac tua l l y  re j ec t  900 bhp wor th  o f  ene rgy through i t s  

exhaus t .  heat2power  c la ims that  i t s  sys tem can 

rec la im  up to  30% of  t h is  l oss  a t  l ow eng ine speed.  

W hen the eng ine i s  opera t ing  bet ween peak  torque 

speed  and peak  power  speed ( the normal  ope ra t ing  

window of  a  race eng ine )  the  ga in  can s t i l l  be  as  

h igh as  20%.   

  Thus ,  heat2power  c la ims  that  i t s  sys tem has  the 

potent ia l  t o  rec la im  under  no rmal  opera t ing  

cond i t ions  some 20% of  the  900 bhp o therwise 

was ted f rom  a 500 bhp eng ine.  In  o t he r  words  i t  can  

be expec ted to  t rans form  a 500 bhp race eng ine in to  

a  680 bhp un i t ,  th rough  the add i t i on  o f  a  heat  

eng ine  wi t h  suppor t ing  tu rbo  and heat  exchanger  

sys tems.  Note  that  no f lu ids  are  requ i red f or  th is  

s imple  secondary  eng ine –  perhaps  not  even  

lub r icant  i f  advanced coa t ings  are  fu l l y  exp lo i t ed .  

heat 2power  repo r ts  that  i t s  sys tem weight  i s  o f  the  

order  o f  one k i lo  pe r  1 .6  bhp generated.  A  ga in  o f  

180 bhp there fo re  equates  to  a  sys tem weight  o f  

112 kg.  C lear ly  there  are  weight  and packag ing  

d isadvantages  but  the  whole  po in t  o f  the  sys tem is  

tha t  per fo rmance is  inc reased for  no  inc rease in  f ue l  

consumpt ion.   

  On the face o f  i t  a  regu la r  tu rbo -superc ha rge r  

sys tem l i kewise  recaptu res  ene rgy spent  th rough 

the exhaus t  to  i nc rease per fo rmance and even wi th  

charge a f t ercoo l ing  sys tem taken in to  account  i t  

rep resents  a  l o t  less  add i t iona l  we ight .  However ,  

the  d i f fe rence is  tha t  the  convent iona l  tu rbo sys tem 

is  des igned to  compress  the charge a i r  so  t hat  more  

fue l  can be hand led,  the reby to  inc reas e power .  The  

heat 2power  sys tem doesn ’ t  jus t  exp lo i t  exhaus t  gas  

ene rgy.  I t  recaptu res  i t  so  as  to  reduce the amount  

o f  energy  was ted.  I t  i s  equa l l y  app l i cab le  to  a  tu rbo 

eng ine as  to  a  nat ura l l y  asp i ra ted eng ine.  Moreover ,  

i t  doesn ’ t  know what  sor t  o f  eng ine i t  i s  dea l i ng  

wi th ;  can be used wi t h  any t ype –  compress ion 

ign i t i on ,  t wo s t roke,  fou r  s t roke,  ro t ary ,  a l te rnat i ve  

fue l  and  what -have -you.  And impor tant  in  the  

op in ion o f  heat 2power  i s  the  e f f i c ienc y a t  pa r t  load 

which  makes  i t  fu l l y  t ransposab le  to  road -

app l i ca t ions .  

  So,  i f  heat2power ’s  ca lcu la t ions  are  i ndeed  

cor rec t ,  what  m ight  be the impac t  o f  the  sys tem 

upon a  Fo rmula  One car?  

  Le t  us  d is rega rd  fo r  a  moment  the fac t  tha t  the  

ar r i va l  o f  heat  energy  recove ry  sys tems is  l i ke ly  to  

co inc ide wi th  new eng ine regu la t ions .  I f  we take t he  

example  o f  a  cont empora ry  Formula  One car ,  th is  

we ighs  605  kg and exp lo i t s  around 760  bhp.  The  

same car  hypothet ica l l y  f i t t ed  wi th  a  heat 2power  

sys tem that  rec la ims  20% of  spent  ene rgy as  

desc r ibed above i n  theo ry  would  produce 1034 bhp  

whi l e  pus h ing we ight  t o  776 kg.  Never t he less ,  the  

car ’s  power  to  we ight  ra t io  wou ld  have gone  up,  

f rom  1.256 bhp  per  k i lo  to  1 .332  and t h is  fo r  no  

inc rease in  fue l  consumpt i on.  

  In  prac t i ce ,  fo r  reasons  o f  sa fe t y  t he F IA  is  

expec ted to  peg power  out put  a t  a round the cur rent  

leve l  when th is  t ype o f  techno logy i s  in t roduced.  I t  

w i l l  do  so by means  o f  new eng ine regu la t ions .  So 

we can expec t  smal le r ,  less  power fu l  p r imary  

eng ines  supp lemented by  k inet i c  and heat  rec overy  

sys tems to  main ta in  today ’s  per f ormance leve l  fo r  

s ign i f i cant l y  less  fue l  consumpt ion.  In  fac t  the re  

m ight  we l l  be  a  fue l  f low meter ing dev ice  to  govern  

th is  new generat i on  o f  power  p lant .  That  wi l l  r ea l l y  

sor t  the  e f fec t i veness  o f  the  potent ia l  ene rgy 

regenerat ion  sys tems as  pa r t  o f  an i n tegra ted  

dr i ve t ra i n  package.  

 

 

 

 
Race Eng ine Techno logy was  es tab l i s hed i n  2003  
and now pub l i s hed  e ight  t imes  a  yea r ,  Race Engine 
Techno logy i s  a  un ique,  h igh qua l i t y  rev iew o f  
contempora ry  rac ing power t ra in  techno logy.  I t  i s  
w ide ly  read  by des ign  and deve lopment  eng ineers  
and  o thers  i nvo l ved p ro f ess iona l l y  in  t h is  wor l dwide  
indus t r y  and jus t  as  av id ly  by those i n teres ted i n  a  
sub jec t  tha t  has  a  huge  ‘enthus ias t ’  fo l lowing.  I t  
reaches  the major i t y  o f  a l l  compet i t ion  eng ine 
bu i l ders  r i gh t  ac ross  the g lobe –  the hea r t  o f  i t s  
readersh ip .  V is i t  www.h ighpowermedia .com for  more  
in format ion.  


