
Air Conditioning Compressors





pera tu re ,  qua l i t y  and  movement  in  a l l  co rners  

o f  the  veh ic le .  The  modern  heat ing ,  vent i l a -

t ing  and  a i r  cond i t ion ing  sys tem (HVAC)  can  

ensure  tha t  therma l  comfor t  and  a l l  round  

v is ib i l i t y  a re  de l i ve red  in  env i ronments  tha t  

range  f rom the  heat  o f  Phoen ix  Ar i zona  to  

the  co ldest  Scand inav ian  w in te r.

I n t r o d u c t i o n

The passenger  compar tment  o f  a  modern  

automob i le  o ffe rs  a  ve r y  d i ffe rent  env i ron -

ment  to  tha t  o f  a  veh ic le  f rom f i ft y  yea rs  

ago .  As  we l l  as  the  e rgonomica l l y  des igned  

seat ing  and  ins t rument  l ayout ,  the  a l l  round  

v is ib i l i t y  and  the  e ff i c ien t  use  o f  space ,  

today ’s  passenger  has  cont ro l  over  a i r  tem-

View of  ins t rument  pane l  and  HVAC cont ro ls

Expanded  v iew of  a  modern  
HVAC compressor

The  ver y  hear t  o f  the  a i r  cond i t ion ing  sys -

tem is  the  compressor.  I t s  key  t asks  a re  to  

genera te  the  requ i red  f low of  re f r ige rant  

a round  the  sys tem and  a t  the  same t ime 

to  compress  i t  su ff i c ien t l y  to  ra i se  i t s  

tempera tu re  above  the  ambient  in  o rder  

tha t  heat  can  be  re jec ted  f rom the  sys tem.  

These  demands  must  be  met  e ff i c ien t l y  over  

ve r y  w ide  ranges  o f  compressor  speed  and  

ambient  cond i t ions .  A t  the  same t ime ver y  

demand ing  no ise  genera t ion  const ra in ts  and  

expect a t ions  o f  durab i l i t y  have  to  be  met .

A i r  C o n d i t i o n i n g  

C y c l e

I t  i s  se l f  ev ident  tha t  heat  tends  to  f low 

f rom h igh  tempera tu re  to  low.  I f  we wish  to  

p rov ide  coo l ing  a t  a  loca t ion  in  a  h igh  tempe-

ra tu re  env i ronment  then  we a re  e ffec t i ve ly  

ask ing  heat  to  f low f rom low tempera tu re  

to  h igh .  To  ach ieve  th is  i t  i s  necessar y  to  

opera te  a  thermodynamic  cyc le  in  wh ich  a  

re f r ige rant  a t  a  low tempera tu re  i s  used  to  

ex t rac t  heat  f rom the  loca t ion  to  be  coo led .  

The  re f r ige rant  i s  subsequent l y  compressed  

unt i l  i t  becomes hot  enough  to  be  ab le  to  

re jec t  heat  to  the  ambient .  A fte r  coo l ing  to  

near  amb ient  tempera tu re  by  the  ambient  

a i r,  i t  i s  expanded  back  to  low pressure ,  a  

p rocess  wh ich  genera tes  fu r ther  re f r ige rant  

tempera tu re  reduct ion  tha t  becomes low 

enough  to  be  used  fo r  coo l ing  a t  the  re -

qu i red  loca t ion .  The  cyc le  i s  comple te .  The  



requ i red  coo l ing  i s  thus  ach ieved  but  a t  the  

expense  o f  the  work  necessar y  to  d r i ve  the  

compressor.

T h e  A u t o m o t i v e

A i r  C o n d i t i o n i n g

A p p l i c a t i o n

The automot ive  app l i ca t ion  p laces  ver y  

spec ia l  demands  on  the  a i r  cond i t ion ing  sys -

tem.  A  t yp ica l  veh ic le  sys tem has  a  s im i l a r  

coo l ing  capac i t y  to  tha t  requ i red  fo r  the  a i r  

cond i t ion ing  o f  a  sma l l  house  desp i te  the  

vas t  d i ffe rence  in  vo lumes to  be  coo led .  The  

reasons  fo r  th is  a re  t wofo ld .  F i r s t l y  coo l ing  

dut y  per  un i t  vo lume is  much  h igher  fo r  the  

veh ic le  because  heat  t rans fe r  coeff i c ien ts  

bet ween hot  amb ient  a i r  and  the  outs ide  

sur faces  a re  much  h igher  due  to  movement  

o f  the  veh ic le  th rough  the  a i r.  Second ly  

the  p ropor t ion  o f  the  enc losure  cons is t ing  

o f  g lass  i s  ve r y  h igh  fo r  the  veh ic le  –  a  

fac to r  tha t  makes  the  e ffec t  o f  d i rec t  so la r  

r ad ia t ion  heat ing  ve r y  h igh .  On top  o f  th is  

a  pa r t i cu la r l y  demand ing  requ i rement  i s  to  

coo l  the  cab in  ve r y  rap id ly  a fte r  the  veh ic le  

has  been  soaked  in  an  amb ient  tempera tu re  

o f  40°C o r  h igher.  A t  the  s t a r t  o f  the  coo l  

down tempera tu res  in  the  cab in  can  be  as  

h igh  as  60  o r  70°C.

Another  s ign i f i cant  way  in  wh ich  automot ive  

a i r  cond i t ion ing  d i ffe rs  f rom the  domest ic  

o r  commerc ia l  ve rs ion  i s  the  quest ion  o f  

compressor  d r i ve .  In  the  veh ic le  the  com-

pressor  i s  be l t  d r i ven  by  the  eng ine  so  tha t  

independent  cont ro l  over  the  compressor  

speed  i s  not  poss ib le .  Th is  obv ious ly  has  

s ign i f i cant  imp l i ca t ions  fo r  sys tem cont ro l  

and  means  tha t  there  can  be  ca l l s  fo r  h igh  

sys tem per fo rmance  a t  t imes  when the  

compressor  speed  i s  ve r y  low.  An  impor t ant  

The  cha l lenge  o f  compressor  packag ing

imp l i ca t ion  o f  th is  i s  tha t  the  compressor  

d r i ve  sha ft  must  pass  out  o f  the  compres -

sor  cas ing  wi th  the  resu l t an t  potent i a l  fo r  

re f r ige rant  leakage .  Hermet ic  compressors  

a re  not  poss ib le  and  ver y  e ffec t i ve  sha ft  

sea ls  must  be  used .  A  second  imp l i ca t ion  

o f  the  ex te rna l  d r i ve  i s  tha t  the  compressor  

must  be  eng ine  mounted  so  tha t  lengths  o f  

f lex ib le  hose  must  be  in t roduced  to  accom-

modate  re la t i ve  movement  bet ween eng ine  

and  chass is  mounted  components .

As  wi th  o ther  a i r  cond i t ion ing  app l i ca t ions  

sys tem eff i c iency  i s  ve r y  impor t ant  and  the  

automot ive  app l i ca t ion  i s  no  except ion .  Whi le  

the  charac te r i s t i cs  o f  a l l  the  ma jo r  compo-

nents  in  the  sys tem cont r ibu te  to  overa l l  e f -

f i c iency  any  compressor  ine ff i c ienc ies  must  

be  kept  to  a  min imum.  A  fu r ther  fea tu re  o f  

the  compressor  tha t  requ i res  se r ious  con -

s idera t ion  i s  i t s  in t r ins ic  no ise  genera t ion  

-  modern  veh ic le  no ise  requ i rements  mean  

tha t  the  compressor  must  be  ver y  qu ie t  and  

v ib ra t ion  f ree .

And  f ina l l y,  th ree  fu r ther  requ i rements  o f  

the  compressor,  spec i f i c  to  the  automot ive  

app l i ca t ion ,  bu t  wh ich  app ly  equa l l y  to  ever y  

veh ic le  component  –  a re  s t r ingent  con -

s t ra in ts  on  s i ze ,  we ight  and  cost .  

As  a  resu l t  o f  a l l  these  const ra in ts  der i v ing  

f rom the  use  o f  an  eng ine  d r i ven  compres -

sor,  i t  i s  o ften  suggested  tha t  an  e lec t r i ca l l y  

d r i ven  sys tem wou ld  p rov ide  a  much  bette r  

so lu t ion .  The  reason  tha t  i t  i s  no t  feas ib le  

on  cur rent  veh ic les  i s  insuff i c ien t  e lec t r i ca l  

power  i s  ava i l ab le  and  i t s  app l i ca t ion  must  

awa i t  the  w idespread  imp lement a t ion  o f  h igh  

powered  and  e ff i c ien t  in tegra ted  s t a r te r /  

genera to rs .  The  app l i ca t ions  in  wh ich  an  

e lec t r i ca l  compressor  wou ld  make  rea l  sense  

however  a re  in  hybr id  and  fue l  ce l l  veh ic les  

where  suff i c ien t  e lec t r i ca l  power  i s  read i l y  

ava i l ab le .

heat rejected to ambient

expansion device

heat absorbed from cabin

condenser

evaporator

compressor

Schemat ic  o f  a i r  cond i t ion ing  cyc le



Delph i  veh ic le  w i th  Heat  Pump supp lement a r y  heat ing

The  h igh  e ff i c iency  o f  modern  eng ines  can  

lead  to  the  s i tua t ion  in  wh ich  insuff i c ien t  re -

jec ted  heat  i s  ava i l ab le  fo r  comfor t  hea t ing .  

Th is  fac t  has  p rompted  the  suggest ion  tha t  

the  a i r  cond i t ion ing  sys tem be  opera ted  in  

reverse  as  a  heat  pump to  supp lement  the  

eng ine  heat  and  the  v iab i l i t y  o f  the  concept  

has  been  demonst ra ted  on  a  number  o f  p la t -

fo rms.  The  imp l i ca t ions  fo r  the  compressor  

a re  tha t  the  requ i red  opera t ing  l i fe  can  be  

near l y  doub led  and  the  compressor  amb ient  

sa fe  opera t ing  tempera tu re  range  must  be  

ex tended  downwards  to  minus  20°C.

R e f r i g e r a n t  I s s u e s

The automot ive  a i r  cond i t ion ing  indust r y  

responded  p ro -ac t i ve ly  to  the  demands  o f  

the  1987  Mont rea l  Pro toco l  and  by  1994 ,  

2  yea rs  ea r l y,  the  change  over  f rom R12 to  

R134a  was  comple te  fo r  a l l  veh ic le  p roduc -

t ion  l i nes  in  the  deve loped  wor ld .  I t  soon  

became apparent  tha t  th is  may  not  be  the  

end  o f  the  s to r y  and  wi th  inc reas ing  pene-

t ra t ion  o f  a i r  cond i t ion ing  in  the  European  

market  together  w i th  the  demands  o f  the  

Kyoto  Pro toco l  p ressure  has  bu i l t  to  make  

changes  to  s t i l l  fu r ther  reduce  the  potent i a l  

cont r ibu t ion  o f  a i r  cond i t ion ing  sys tems 

to  g loba l  warming .  A  new D i rec t i ve  has  

recent l y  comple ted  i t s  p rogress  th rough  the  

European  leg is l a t i ve  p rocess .  I t  requ i res  the  

e l im ina t ion  o f  R134a  f rom a l l  new mode ls  

f rom 2011  and  f rom a l l  new veh ic les  by  2017.  

The  cur rent l y  cons idered  a l te rna t i ves  a re  

R152a  wi th  a  g loba l  warming  potent i a l  l ess  

than  10% of  tha t  o f  R134a ,  o r  the  so -ca l led  

‘na tu ra l ’  re f r ige rant  R744  (ca rbon  d iox ide ) .  

R152a  has  thermodynamic  cha rac te r i s t i cs  

ve r y  s im i l a r  to  those  o f  R134a  and  wi l l  be  

d i rec t l y  usab le  w i th  cu r rent  compressor  

techno logy.  I t s  potent i a l  d raw back  i s  a  

degree  o f  f l ammab i l i t y  tha t  has  made the  

indust r y  re luc t ant  to  cons ider  i t .  More  re -

cent l y  o ther  l a rge  chemica l  compan ies  have  

announced  the  potent i a l  ava i l ab i l i t y  o f  new 

a l te rna t i ves .  L i tt le  i s  known about  them a t  

th is  s t age  but  i t  i s  assumed tha t  they  too  

wou ld  funct ion  w i th  cu r rent  compressor  

techno logy.  There  must  be  a  quest ion  as  to  

whether  the  necessar y  deve lopment  and  
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Idea l i zed  p ressure  entha lpy  d iag ram of  CO 2 cyc le

tes t ing  and  then  imp lement a t ion  o f  the  

necessar y  manufac tu r ing  capac i t y  can  be  

comple ted  in  t ime to  meet  the  requ i rements  

o f  the  European  leg is l a t ion .  I f  R744  becomes 

the  chosen  route  the  imp l i ca t ions  fo r  com-

pressor  techno logy  a re  ve r y  fa r- reach ing .  A i r  

cond i t ion ing  sys tems wi th  R744  need  com-

pressors  w i th  d isp lacement  o f  on ly  a  f i fth  

o f  tha t  requ i red  fo r  R134a  but  opera t ing  at  

much h igher  pressures.  Discharge pressures 

of  120 bar  are normal  compared with a  t yp i -

ca l  18 bar  for  an R134a system. As can be 

imagined,  these factors  have b ig  impl icat ions 

for  the compressor  layout  and st ructura l  

st rength requi rements and a lso represent  a  

part icu lar ly  severe shaft  sea l  cha l lenge.

An ea r l y
compressor,
the  De lph i  R4

C o m p r e s s o r  

Te c h n o l o g i e s

Ai r  cond i t ion ing  began  to  become ava i l ab le  

fo r  veh ic les  in  the  ea r l y  1950s .  From the  

beg inn ing  a  number  o f  d i ffe rent  compressor  

techno log ies  have  been  used .  The  ea r l i es t  

sys tems used  p is ton  compressors  in  va r ious  

conf igu ra t ions .  The  Fr ig ida i re  F5 ,  a  f i ve  p is -

ton  wobb le  p la te  conf igu ra t ion ,  used  in  the  

ea r l i es t  GM veh ic les  w i th  a i r  cond i t ion ing  

was  f i r s t  p roduced  in  1956  –  i t  we ighed  in  a t  

18kg!  The  R4  compressor  w i th  a  scotch  yoke  

mechan ism was  f i r s t  p roduced  by  Har r i son  

(now De lph i )  i n  1974  and  rema ined  in  p ro -

duct ion  unt i l  1995 .  I t  was  190mm in  overa l l  

d i ameter  and  we ighed  9kg .



Sect ion  th rough  an  ea r l y  f i xed  swash -p la te  
compressor,  the  De lph i  HD6

I l l us t ra t ion  o f  Sc ro l l  compress ion  p rocess

The  mechan ism of  a  va r i ab le  wobb le  p la te  compressor

The  p re fe r red  conf igu ra t ion  fo r  a  p is ton  

compressor  soon  moved  to  a  doub le  ac t ing  

swash -p la te  des ign  o f  wh ich  the  Har r i son  

(De lph i )  HD6 i s  t yp ica l .  The  f i xed  swash -

p la te  i s  he ld  bet ween the  oppos ing  ends  

o f  the  doub le  p is ton  by  a  pa i r  o f  shoes  and  

t wo s tee l  ba l l s .

A  second  pos i t i ve  d isp lacement  conf igu ra -

t ion  used  i s  the  s l id ing  vane .  I t  o ffe rs  ad -

vant ages  o f  compactness  and  low cost  but  

ca r r ies  the  pena l t y  o f  ve r y  poor  e ff i c iency  a t  

h igh  p ressure  ra t ios .  

The  o ther  ma in  conf igu ra t ion  i s  the  sc ro l l  

compressor  in  wh ich  one  sc ro l l  w i th  an  in -

vo lu te  su r face  o rb i ts  ins ide  a  f i xed  second  

sc ro l l  o f  the  same shape .  I t  can  be  seen  

f rom the  f igu re  tha t  the  cont ac t  po in ts  o f  

the  sc ro l l s  enc lose  a  cav i t y  o f  reduc ing  s i ze  

( shaded  g reen )  tha t  moves  f rom the  outs ide  

to  the  cent re  as  the  one  sc ro l l  o rb i ts  ins ide  

the  o ther.  The  resu l t  i s  an  induct ion  o f  gas  

a t  the  per ipher y  o f  the  sc ro l l  and  de l i ve r y  

o f  compressed  gas  a t  the  cent re .  These  

compressors  a re  ve r y  e ff i c ien t  and  qu ie t  

but  represent  a  s ign i f i cant  cha l lenge  fo r  

manufac tu re  and  hence  fo r  cos t .  They  have  

the  d isadvant age  tha t  a l though  a  va r i ab le  

ve rs ion  o f  th is  compressor  i s  poss ib le ,  the  

super io r  e ff i c iency  advant age  i s  los t .

Ea r l y  compressors  were  a l l  f i xed  d isp lace -

ment  and  sys tem cont ro l  was  ach ieved  by  

swi tch ing  the  compressor  on  and  o ff  by  

means  o f  an  e lec t ro -mechan ica l  c lu tch  

cont a ined  wi th in  the  compressor  pu l ley.  

As  cons idera t ion  began  to  be  g iven  to  the  

app l i ca t ion  o f  a i r  cond i t ion ing  to  sma l le r  

veh ic les  w i th  sma l le r  eng ines  i t  was  found  

tha t  the  s ign i f i cant  and  sudden  inc rease  in  

eng ine  load  tha t  resu l ted  f rom compressor  

swi tch ing  caused  p rob lems fo r  the  sma l l  

eng ine  wi th  resu l t an t  i ssues  o f  d r i vab i l i t y.  

A  compressor  w i th  va r i ab le  d isp lacement  

o ffe red  the  so lu t ion  to  th is  p rob lem.  In  1985  

Har r i son  (De lph i )  were  the  f i r s t  to  go  in to  

se r ies  p roduct ion  w i th  a  va r i ab le  compres -

sor,  the  V5 ,  a  wobb le  p la te  des ign  wi th  f i ve  

p is tons .

A l though  sc ro l l ,  vane  and  p is ton  compres -

sors  a re  a l l  s t i l l  i n  use  in  au tomot ive  app l i ca -

t ions ,  the  p is ton  compressor  i s  dominant .  

Where  the  combina t ion  o f  e ff i c iency  and  

cont ro l l ab i l i t y  i s  the  key  requ i rement ,  p i s ton  

compressors  o ffe r  the  best  so lu t ion .

P i s t o n  C o m p r e s s o r s

The compressor  has  the  t ask  o f  induc ing  gas  

a t  a  low suct ion  p ressure  and  de l i ve r ing  i t  a t  

a  h igher  d ischarge  p ressure .  I t  ach ieves  th is  

by  us ing  reed  va lves  tha t  opera te  au toma-

t i ca l l y  to  cont ro l  the  f lu id  f low in to  and  out  o f  

the  cy l inders .  S t a r t ing  w i th  the  p is ton  a t  top  

dead  cent re  the  p ressure  in  the  sma l l  c lea r-

ance  vo lume wi l l  be  c lose  to  the  d ischarge  

p ressure  as  the  p is ton  has  jus t  de l i ve red  i t s  

cha rge .  As  the  p is ton  recedes  and  the  p res -

su re  in  the  c lea rance  vo lume fa l l s ,  the  de l i ve -

r y  reed  va lve  c loses  automat ica l l y,  d r i ven  by  

the  d ischarge  p ressure .  S ince  the  c lea rance  
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Ind ica to r  d iag ram fo r  swash -p la te  compressor

vo lume is  sma l l ,  the  p ressure  d rops  qu ick ly   

un t i l  i t  i s  be low the  suct ion  p ressure .  A t  

th is  s t age  the  in t ake  va lve  opens  and  the  

fu r ther  movement  o f  the  p is ton  induces  

f resh  charge .

Afte r  bottom dead  cent re  the  p is ton  com-

presses  the  gas  induced  in to  the  cy l inder  

unt i l  i t  reaches  the  d ischarge  p ressure .  A t  

th is  s t age  the  de l i ve r y  va lve  i s  opened  auto -

mat ica l l y  by  the  p ressure  d i ffe rent i a l  and  

the  compressed  charge  i s  de l i ve red .

There  a re  severa l  key  fea tu res  o f  th is  ove -

ra l l  p rocess  impor t ant  fo r  per fo rmance  and  

e ff i c iency.  The  c lea rance  vo lume must  be  as  

sma l l  as  poss ib le  w i thout  r i sk ing  in te r fe -

rence  bet ween the  p is ton  and  the  cy l inder  

head  as  a  resu l t  o f  d i ffe rent i a l  the rma l  expan -

s ion  o r  s t ress  e ffec ts .  The  consequences  

o f  f in i te  c lea rance  vo lume a re  p r inc ipa l l y  

ind ica ted  by  the  compressor  vo lumet r i c  

e ff i c iency  wh ich  i s  the  ra t io  o f  the  vo lume 

of  de l i ve red  gas  measured  a t  the  suc t ion  

p ressure  re la t i ve  to  vo lume d isp laced  by  the  

p is ton .  The  dynamic  response  charac te r i s -

t i cs  o f  the  reed  va lves  a re  a l so  impor t ant .  

Vo lumet r i c  e ff i c iency  i s  a l so  impacted  by  the  

quant i t y  o f  gas  tha t  leaks  pas t  the  p is tons  

to  the  c rank  case ,  wh ich  i s  dete rmined  by  

p is ton  sea l ing  and  c lea rances .

Eff ic iency  Def in i t ion

volumetric  η v

 del ivered volume

  displaced volume

  ideal  minimum work needed
isentropic  η s

 work done to compress gas

  work done on compressed gas
mechanical  ηm

 work input to compressor shaft

Tab le  o f  compressor  e ff i c ienc ies

The  second  measure  o f  compressor  per fo r-

mance  qua l i t y  i s  the  i sent rop ic  e ff i c iency.  

I t  i s  g i ven  by  the  ra t io  o f  the  theore t i ca l  

m in imum work  requ i red  to  compress  the  gas  

f rom suct ion  to  d ischarge  p ressure  re la t i ve  

to  the  work  ac tua l l y  done .  The  theore t i ca l  

m in imum is  based  on  an  idea l i zed  ‘ i sent ro -

p ic ’  p rocess  in  wh ich  no  tu rbu lence  genera -

t ion  o r  v i scos i t y  e ffec ts  occur.  The  th i rd  

measure  o f  compressor  per fo rmance  qua l i t y  

i s  the  mechan ica l  e ff i c iency.  Th is  i s  the  ra t io  

o f  the  work  ac tua l l y  done  on  the  gas  re la t i ve  

to  the  measured  power  input  to  the  com-

pressor  sha ft .  The  d i ffe rence  bet ween these  

t wo f igu res  i s  due  to  f r i c t ion .

V a r i a b l e  P i s t o n

C o m p r e s s o r s

As s t a ted  above ,  Har r i son  (now De lph i )  was  

the  f i r s t  to  go  in to  se r ies  p roduct ion  w i th  a  

va r i ab le  compressor.  The  wobb le  p la te  tha t  

d r i ves  the  p is tons  wi th  th is  des ign  i s  f ree  

to  t i l t  so  tha t  the  p is ton  s t roke ,  and  hence  

d isp lacement  can  be  changed .  The  wobb le  

p la te  mechan ism a l lows ver y  shor t  and  

compact  p is tons  to  be  used .  The  ba l l -ended  

connect ing  rods  a re  swaged in to  the  p is tons  

and  wobb le  p la te  wh ich  resu l ts  in  s t rong ,  

low f r i c t ion  and  ver y  s imp le  jo in ts .  The  fac t  

tha t  the  connect ing  rods  a re  t i l ted  s l i gh t l y  

dur ing  compress ion  as  a  resu l t  o f  the  wobb le  

p la te  movement  means  tha t  the  fo rces  ac t -

ing  do  not  a l l  l i e  a long  the  p is ton  axes .  The  

resu l t  i s  tha t  h igher  v ib ra t iona l  ha rmon ics  

can  be  genera ted  wh ich  makes  management  

o f  compressor  no ise  more  o f  a  cha l lenge  

than  wi th  l a te r  genera t ions  o f  swash -p la te  

compressor.  Nonethe less  the  va lue  o f  th is  

conf igu ra t ion  i s  i l l us t ra ted  by  the  fac t  tha t  i t   

i s  s t i l l  p roduced  a t  a  ra te  o f  severa l  m i l l i on  

un i ts  per  yea r  wor ldwide  fo r  ins t a l l a t ion  in  

new veh ic les  as  o r ig ina l  equ ipment ,  o ffe r ing  

a  good  compromise  bet ween cost  and  the  

funct iona l i t y  o f  a  va r i ab le  d isp lacement  com-

pressor.

The  next  genera t ion  o f  va r i ab le  compres -

sors  used  a  swash -p la te  mechan ism,  l a rge ly  

because  o f  i t s  advant ages  o f  low v ib ra t ion  

and  no ise .  The  mechan ism by  wh ich  the  

compressor  d isp lacement  i s  cont ro l led  can  

be  descr ibed  in  p r inc ip le  re la t i ve ly  s imp ly,  

bu t  in  fac t  the  ac tua l  d i sp lacement  o f  the  

compressor  in  any  g iven  s i tua t ion  resu l ts  

f rom a  qu i te  complex  in te rac t ion  o f  fo rces .



Var i ab le  swash -p la te  compressor  showing  mechan ism

Tab le  o f  swash -p la te  to rque  genera t ing  mechan isms

The  swash -p la te  has  a  l i nkage  mechan ism 

tha t  a l l ows i t  to  ro t a te  thus  chang ing  i t s  an -

g le  and  wi th  i t ,  the  p is ton  d isp lacement .  The  

l i nkage  i s  des igned  so  tha t  the  c lea rance  

vo lume rema ins  as  const ant  and  sma l l  as  

poss ib le  over  the  fu l l  swash -p la te  ang le  

range  f rom fu l l  s t roke  to  min imum st roke .

Th is  swash -p la tes  f reedom to  ro t a te  means  

tha t  under  any  g iven  opera t ing  cond i t ions  

i t  w i l l  t ake  up  a  pos i t ion  tha t  i s  dete rmi -

ned  by  the  ba lance  o f  a l l  the  fo rces  ac t ing  

on  i t  tha t  tend  to  cause  i t  to  ro t a te  about  

i t s  cent re  o f  ro t a t ion .  The  f i r s t  e lement  o f  

complex i t y  i s  tha t  the  cent re  o f  ro t a t ion  i s  

not  f i xed  as  i t  sh i fts  loca t ion  s l igh t l y  w i th  

the  swash -p la te  ang le .  I t  l i es  fa i r l y  nea r  to  

the  swash -p la te  connect ion  w i th  the  l i nk  but  

i t s  exac t  locus  i s  a  funct ion  o f  the  l i nkage  

mechan ism loca t ion ,  d imens ions  and  o f  the  

swash -p la te  ang le .  The  most  obv ious  fo rce  

tha t  comes in to  p lay  i s  the  gas  p ressure  

ac t ing  on  the  p is ton  c rown.  Es t imat ion  o f  

i t s  average  e ffec t ,  however  i s  complex  as  

the  cy l inder  p ressure  va r ies  g rea t l y  a round  

the  cyc le .  A t  the  same t ime i t s  l i ne  o f  ac t ion  

i s  cont inua l l y  chang ing  and  hence  so  i s  the  

e ffec t i ve  to rque  i t  exer ts  about  the  cent re  

o f  ro t a t ion .  Th is  to rque  wi l l  obv ious ly  tend  

to  upst roke  the  compressor.

A  less  obv ious  source  o f  to rque  genera t ion  

on  the  swash -p la te  i s  the  ine r t i a  o f  the  p is -

tons  wh ich  a re  repeated ly  acce le ra ted  and  

dece le ra ted  as  the  compressor  i s  opera ted .  

I t  m ight  be  thought  tha t  the  e ffec t  o f  the  

fo rces  fo r  acce le ra t ion  and  dece le ra t ion  

cance l  each  o ther  out  but  in  fac t  the  p is ton  

i s  acce le ra ted  upwards  over  the  ha l f  o f  the  

swash -p la te  fu r thest  f rom i ts  cent re  o f  ro t a -

t ion  and  cor respond ing ly  dece le ra ted  over  

the  ha l f  nea res t  to  the  cent re  o f  ro t a t ion .  

The  fo rmer  there fo re  exer ts  g rea te r  to rque  

and  the  net  resu l t  i s  a  tendency  to  upst roke  

wh ich  i s  p ropor t iona l  to  the  square  o f  the  

p is ton  speed  and  thus  becomes s ign i f i cant  

a t  h igher  compressor  speeds .

A  second  to rque  genera t ing  fo rce  tha t  i s  a  

s im i l a r  func t ion  o f  compressor  speed  comes 

f rom cent r i fuga l  a ffec ts  ac t ing  on  both  the  

l i nk  mechan ism and  the  swash -p la te  i t se l f.  I f  

one  cons iders  the  t wo ha lves  o f  the  swash -  

p la te  neares t  and  most  remote  f rom the  cen -

t re  o f  ro t a t ion  i t  i s  c lea r  tha t  the  cent r i fuga l  

fo rces  o f  the  more  remote  ha l f  genera te  the  

g rea te r  to rque  and  the  net  resu l t  w i l l  be  a  

tendency  to  dest roke  the  compressor.

Fur ther  fo rces  genera t ing  ro t a t ion  to rque  

can  come f rom the  f i tt i ng  o f  upst roke  and /o r  

downst roke  spr ings .  These  can  be  ins t a l led  

on  the  shaft  to  ass is t  the  upst roke /down-

stroke process under some compressor opera-

t ing  cond i t ions  and  i f  f i tted  w i l l  obv ious ly  

cont r ibu te  to  the  overa l l  ba lance  o f  to rques .  

Here  the  e ffec t  w i l l  be  a  s imp le  funct ion  o f  

the  swash -p la te  ang le .

The  f ina l  cont r ibu to r  to  the  ba lance  o f  to r-

ques  i s  tha t  genera ted  on  the  unders ide  

o f  the  p is tons  by  the  c rank  case  p ressure .  

A l though  the  c rank  case  p ressure  rema ins  

const ant  a round  the  cyc le  i t s  l i ne  o f  ac t ion  

a round  the  p la te  must  be  in tegra ted  to  ob -

t a in  an  average  net  to rque .  I t  i s  the  ab i l i t y  to  

cont ro l  th i s  p ressure  tha t  a l l ows the  ba lance  

to  be  sh i fted  and  thus  the  swash -p la te  ang le  

to  be  cont ro l led .  C rank  case  p ressure  i s  con -

t ro l led  w i th  b leeds  f rom both  suc t ion  and  

h igh  s ide .  The  sma l l  suc t ion  b leed  i s  usua l l y  

permanent  and  the  h igh  s ide  b leed  i s  con -

t ro l led  by  means  o f  a  va lve .  I f  the  h igh  s ide  

b leed  i s  c losed  the  suct ion  b leed  pumps the  

c rankcase  down to  suc t ion  p ressure  w i th  the  

resu l t  tha t  the  compressor  opera tes  a t  fu l l  

Mechanism Effect  Comment

Cy l inder  p ressure  Upst roke  In tegra ted  a round  swash -p la te

P is ton  ine r t i a  Upst roke  S ign i f i cant  a t  h igh  speed

Cent r i fuga l  fo rces  Dest roke  S ign i f i cant  a t  h igh  speed

Spr ings  Upst roke /dest roke  Where  f i tted

Crank  case  p ressure  Dest roke  Ad jus ted  fo r  cont ro l



Compressor  cont ro l  cu r ves

Sect ion  th rough  
pneumat ic  compressor  

cont ro l  va lve

s t roke .  I f  the  d ischarge  p ressure  gets  too  

h igh ,  the  h igh  p ressure  b leed  can  be  opened  

and  the  c rank  case  p ressure  inc reases .  At  

some s t age  i t  w i l l  be  h igh  enough  fo r  the  

ba lance  o f  to rques  to  dest roke  the  compres -

sor.  The  cont ro l  has  been  ach ieved .  

The  h igh  p ressure  cont ro l  va lve  can  be  an  

automat ic ,  sp r ing  opera ted  va lve  o r  an  e lec -

t r i ca l l y  swi tched  and  e lec t ron ica l l y  cont ro l -

l ed  va lve .  The  fo rmer  conf igu ra t ion  i s  known 

as  pneumat ic  cont ro l ,  the  l a tte r  i s  ca l led  

ex te rna l  cont ro l .

The  dominant  e lement  o f  sys tem cont ro l  

i s  the  therma l  expans ion  va lve  tha t  ac ts  to  

ma in t a in  a  g iven  degree  o f  superheat  o f  the  

re f r ige rant  leav ing  the  evapora to r.  I f  the  

evapora to r  p ressure  becomes too  low and  

the  r i sk  o f  evapora to r  f reez ing  occurs ,  the  

pneumat ic  cont ro l  va lve  comes in to  opera -

t ion  to  reduce  the  compressor  s t roke  and  

ma in t a in  the  requ i red  evapora to r  p ressure .  

The  automat ic  cont ro l  mechan ism comes 

f rom the  be l lows wh ich  i s  under  permanent  

vacuum on  i t s  ins ide  and  exposed  to  the  

suct ion  p ressure  on  the  outs ide .  I f  th i s  

p ressure  d i ffe rent i a l  fa l l s  too  low due  to  

low suct ion  p ressure  the  be l lows expand  

to  d r i ve  the  need le  to  open  the  connect ing  

passage  bet ween d ischarge  p ressure  and  

c rank  case .  The  resu l t ing  inc rease  in  c rank  

case  p ressure  leads  to  a  reduct ion  in  s t roke  

wi th  the  consequent i a l  reduct ion  in  re f r i -

ge rant  mass  f low ra te  and  inc rease  in  suc -

t ion  p ressure .  As  the  evapora to r  p ressure  

inc reases  the  p ressure  d i ffe rent i a l  d r i ves  

the  need le  to  c lose  the  connect ing  passage  

bet ween d ischarge  p ressure  and  c rank  case .  

The  c rank  case  p ressure  fa l l s  as  a  resu l t  o f  

the  suc t ion  b leed  and  the  compressor  s t roke  

inc reases .
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The use of external  control  g ives an extra 

degree of f lexibi l i t y.  Pneumatic control  main-

ta ins evaporator pressure so that a i r-off  

tempera tu res  rema in  a  few degrees  above  

0°C  and  any  need  fo r  h igher  tempera tu res  

than  th is  a re  ach ieved  by  mix ing  wi th  warm 

ambient  o r  rec i rcu la ted  a i r.  As  a  resu l t  more  

compressor  work  i s  done  to  coo l  the  a i r  

down to  the  low tempera tu re  than  i s  rea l l y  

necessar y.  Ver y  s ign i f i cant  energy  sav ings  

can  be  made by  us ing  the  ex te rna l  cont ro l  

to  manage  the  sys tem capac i t y  so  tha t  on ly  

su ff i c ien t  coo l ing  i s  p rov ided  to  meet  the  

rea l  need  so  tha t  s ign i f i cant  reheat ing  o f  

the  comfor t  a i r  i s  no t  needed .

T h is  potent i a l  fo r  energ y  sav ing  i s  the  most  

impor t ant  aspec t  o f  ex te rna l  e lec t ron i c  con -

t ro l  bu t  i t  a l so  o f fe rs  o the r  ad vantages  such 

as  de - s t rok ing  a t  sys tem shu t  down so  tha t  

the  eng ine  l oad  fe l t  by  the  eng ine  a t  sys tem 

s t a r t - up  c an  be  g radua l l y  i nc reased –  known 

as  “sof t  s t a r t”.  A  fu r the r  ad vantage i s  the  ab i l -

i t y  to  exe rc i se  a  deg ree o f  cont ro l  ove r  c ab in  

humid i t y  and avo id  excess i ve  d r yness  tha t  

c an  occur  w i th  s imp le  pneumat i c  cont ro l .

F i xed  compressors  have  e lec t romagnet ica l l y  

opera ted  c lu tches  to  a l l ow sys tem cont ro l  

by  swi tch ing  the  compressor  d r i ve  on  and  

o ff  as  requ i red .  Va r i ab le  compressors  have  

t rad i t iona l l y  re t a ined  the  c lu tch  to  be  ab le  

to  tu rn  the  sys tem off  when not  requ i red  o r  

shou ld  sys tem cond i t ions  approach  unsafe  

opera t ing  leve ls  fo r  any  reason .  A  more  recent   

i nnovat ion  i s  the  in t roduct ion  o f  c lu tch less  

compressors .  I t  i s  made poss ib le  by  the  

imp lement a t ion  o f  ex te rna l  compressor  con -

t ro l .  Here  the  compressor  can  be  dest roked  

to  such  an  ex tent  tha t  i t  no  longer  pumps 

and  can  be  permanent ly  d r i ven  wi thout  

d iss ipa t ion  o f  s ign i f i cant  energy.  Typ ica l  

des t roked  energy  consumpt ion  i s  on ly  150W 

at  30 0 0rev /min .  Ver y  sma l l  s t roke  can  be  

re la t i ve ly  eas i l y  ach ieved  and  the  cha l lenge  

i s  to  ac t i va te  upst roke  aga in  when requ i red .  

The  advant ages  a re  p r inc ipa l l y  packag ing  

and  we ight  a l though  cost  sav ings  a re  a l so  

poss ib le .

Sect ion  th rough  e lec t ron ica l l y  
cont ro l led  compressor  va lve



SP -  f i xed  d isp lacement

##  -  d i sp lacement  in  cc /10

SP08

SP10

SP13

SP15

SP17

SP21

Fixed

Delph i  eng ine -d r i ven  R134a  compressor  range

A  C o m p r e s s o r  R a n g e

One frequent ly hears a need expressed with 

phrases such as:  ”I  want the most eff ic ient 

and l ightest component possible.” In real i ty 

however,  i t  is  not possible to opt imise against 

two independent parameters at  the same t ime 

-  the most eff ic ient possible wi l l  not necessa-

r i ly  be the l ightest and vice-versa (other than 

by coincidence).  Whi le opt imisat ion against a 

s ingle parameter is possible,  the s ignif icance 

of the second can only then be expressed as 

a l imit  or  a constra int .  “I  want the most eff i -

c ient component possible weighing less than 

1kg.” 

It is general ly recognised that the automo-

tive industry sources against the single opti -

misation parameter – cost. While there are 

very many other constraints within which 

they have to operate – both appl ications and 

market based constraints – these can only be 

expressed as l imit ing values. The target wil l  

always be to acquire the product that meets 

the needs of the appl ication at the lowest 

possible cost. Since the needs expressed as 

constraints vary greatly, depending upon appl i -

cation, a supplier needs to offer an extensive 

range of compressors offering a spectrum of 

balances between sophistication and cost in 

order to stand a chance of meeting the needs 

of a signif icant proportion of the market. This 

wil l  extend from simple f ixed compressors to 

meet the most straightfor ward appl ications to 

electronical ly control led variable compressors 

where performance, accuracy and eff iciency 

play a more important role.

As means of  i l lust rat ion the Delphi  com-

pressor  product  range for  R134a is  ind icated 

below. Compressors are shown with the 

t rend for  both increas ing sophist icat ion and 

cost  go ing f rom left  to  r ight  and increas ing 

d isp lacement go ing f rom top to bottom.

The SP range of fixed swash-plate compressors 

each with five double acting pistons represents 

the lowest cost solution for applications that 

can tolerate the implications of a cycling clutch. 

The double piston configuration means that 

in effect there are a total of ten compression 

cavities which yields very low levels of pres-

sure fluctuation. This feature combined with the 

smoothness of the swash-plate drive results in 

an inherently quiet compressor.

The V5 range of wobble plate variable compres-

sors has already been described as the original 

Delphi variable compressor. It has seen con-

siderable refinement over the years and whilst 

it cannot compete with the CVC swash-plate 

range for quietness and efficiency it represents 

a very cost-effective introduction to variable 

compressor technology. The dual PTFE piston 

rings contribute to low blow-by and good oil 

retention. 

The Compact Variable Compressor (CVC) range 

of compressors uses swash-plate technology 

to ensure that a/c system generated noise and 

vibration is kept to a minimum. Internally and 

externally controlled versions are available.

The externally controlled range of CVC compres-

sors are offered with and without clutch. In the 

clutchless compressor the ability to upstroke 

again after destroke to a minimum that is only 1 

or 2% of maximum stroke is ensured by the very 

tight tolerances of the piston and cylinder bore 

dimensions. They ensure very low blow-by which 

helps maintain low parasitic losses and ensure 

that upstroke can be achieved when required.
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Swash -P la te

Inc reas ing  soph is t i ca t ion  and  cost  t rend

### -  d i sp lacement  in  cc

V  -  wobb le  p la te

#  -  number  o f  cy l inders

i  -  i n te rna l  cont ro l

e  -  ex te rna l  cont ro l

#  -  number  o f  p is tons

CVC -  va r i ab le  swash -p la te  

###  -  max  d isp lacement  in  cc

i  -  i n te rna l  cont ro l

c  -  c lu tch less

e  -  ex te rna l  cont ro l

123V5 i

132V5 i

144V5 i

151V5 i

156V5 i

156V5e

179V7e

5CVC120 i

6CVC125 i

6CVC135 i

6CVC140 i

6CVC160 i

7CVC165 i

7CVC185 i

5CVC120c

6CVC125c

6CVC135c

6CVC140c

6CVC160c

7CVC165c

7CVC185c

5CVC120e

6CVC125e

6CVC135e

6CVC140e

6CVC160e

7CVC165e

7CVC185e



I t  can  be  seen  tha t  the  CVC range  i s  ve r y  

comprehens ive .  Not  shown here  i s  the  

fu r ther  f lex ib i l i t y  o ffe red  by  a  ve r y  w ide  

range  o f  poss ib le  p ip ing  conf igu ra t ions  

wh ich  together  ca r r y  the  imp l i ca t ion  tha t  a  

l a rge  number  o f  d i ffe rent  compressor  con -

f igu ra t ions  must  pass  down the  p roduct ion  

l i nes .  I t  has  been  conc luded  by  some tha t  

th is  complex i t y  i s  l i ke ly  to  have  a  negat i ve  

e ffec t  on  p roduct  qua l i t y  when in  fac t  the  

oppos i te  i s  t rue .  To  manage  the  complex i t y  

a  sys tem known as  RF ID –  rad io  f requency  

ident i f i ca t ion  –  i s  used  in  wh ich  each  ind iv id -

ua l  compressor  ca r r ies  a  ch ip  w i th  i t  down 

the  p roduct ion  l i ne .  Dur ing  the  passage  

down the  l i ne  the  ch ip  reads  and  ver i f i es  a l l  

the  in fo rmat ion  about  the  ind iv idua l  compo-

nents  as  they  a re  assembled  (manufac tu r ing  

da tes ,  d imens ions ,  e tc )  and  communica tes  

i t  back  to  a  cent ra l  computer  fo r  f i l i ng .  Th is  

da t a  on  each  ind iv idua l  compressor  i s  then  

ava i l ab le  fo r  l a te r  access  shou ld  there  be  

p rob lems fu r ther  down the  l i ne  o r  p rob lems 

f rom the  f ie ld .  The  ava i l ab i l i t y  o f  a l l  th i s  com-

prehens ive  and  det a i led  da t a  cont r ibu tes  to  

the  es t ab l i shment  and  ma in tenance  o f  the  

ver y  h igh  leve ls  o f  re l i ab i l i t y  requ i red  by  the  

app l i ca t ion .

N e w  Te c h n o l o g i e s

In  recent  yea rs  a  se r ious  in te res t  in  the  

use  o f  R744  as  re f r ige rant  in  au tomot ive  

a i r  cond i t ion ing  sys tems has  been  gene -

ra ted .  European  leg is l a t ion  has  recent l y  

been  passed  tha t  w i l l  fo rce  the  indust r y  

to  move  away  f rom R134a  and  R744  has  

become the  lead ing  contender.  As  a  resu l t  

De lph i  i s  deve lop ing  a  range  o f  swash -p la te  

compressors  to  meet  th is  need .  Cur rent  

p ro to t ypes  have  f i ve  p is tons  and  max imum 

d isp lacement  o f  30cc  a l though  the  number  

o f  p is tons  in  the  f ina l  p roduct  range  i s  s t i l l  

under  deve lopment .  Both  f i xed  and  va r i ab le  

ve rs ions  o f  d isp lacements  o f  15 ,  21  and  

30cc  a re  p lanned .  I t  i s  env isaged  tha t  fo r  

low d isp lacement  the  number  o f  p is tons  

wi l l  be  bet ween 5  and  7,  a t  the  h igh  end  i t  

w i l l  be  bet ween 7  and  9 .  The  reason  fo r  th is  

uncer t a in t y  i s  tha t  the  appropr i a te  ba lance  

bet ween cost  and  no ise /durab i l i t y  has  not  

ye t  been  es t ab l i shed .

I t  can  be  seen  tha t  as  a  resu l t  o f  the  ve r y  

d i ffe rent  f lu id  p roper t ies ,  the  d isp lacements  

o ffe red  a re  ve r y  much  lower  than  fo r  R134a .  

The  range  fea tu res  sha ft  sea l ing  by  face  sea l  

and  in te rna l  o i l  separa to r.  The  need  fo r  the  

l a tte r  comes f rom the  s ign i f i cant  evapora to r  

per fo rmance  degradat ion  tha t  occurs  w i th  

CO 2 i f  excess  o i l  i s  a l l owed to  c i r cu la te .

The  second  new techno logy  concerns  com-

pressors  fo r  fu tu re  power t ra ins ,  whether  

hybr id  o r  fue l  ce l l  –  the  e lec t r i ca l l y  d r i ven  

compressor.  Under  deve lopment  i s  a  fami l y  

o f  sc ro l l  compressors  d r i ven  by  315  vo l t  

b rush less  e lec t r i c  motors .  Sc ro l l  d i sp lace -

ments  a re  28  and  38cc  fo r  coo l ing  capac i t ies  

o f  5 .6  and  7.1  kW respect i ve ly.  The  motors  

a re  coo led  us ing  the  low tempera tu re  re -

f r ige rant  vapour  f rom the  evapora to r  w i th  

a  resu l t an t  motor  e ff i c iency  o f  94%.  The  

inver te r  i s  coo led  by  conduct ion  f rom the  

same re f r ige rant  and  i t  too  has  e ff i c iency  in  

the  94  to  98% range .

De lph i  CO 2 compressor

Sect ion  th rough  De lph i  E lec t r i c  Compressor

1  Sc ro l l  Compressor
2  Permanent  Magnet  Motor
3  Inver te r  and  In tegra ted  E lec t ron ics

1 2

3

C o n c l u s i o n

This paper has aimed to present the technical requirements of the compressor for use in 

automotive air  conditioning applications and to show how the diverse requirements of the 

application mean that a supplier must have available a range of technologies and specif i -

cations to be able to meet these needs. It  goes on to show how the Delphi compressor 

product range is designed to give comprehensive coverage and f inishes with consideration 

of compressors for developmental technologies that are l ikely to become signif icant in the 

relatively near future.
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