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INCFUZASING THE POWR OF LNTEmAL COMj3USTION ENGIITES. * 
BY Georg Prayer. 

Since the  appeaxance of f our-stroke cycle sIeeve-valve en- 

gines, no important innovations were inade in  the f i e l d  of l i g h t  

in te rna l  combustion engines, u n t i l  the  f i r s t  appearance of an 

engine, i n  which, ;by means of a preliminary compression of the  

gaseous mixture, a higher voluinetric efficiency was obtained 

than i n  normal engines. The idea of increasing the  efficiency 
* 

of engines by preliminary compression i s  not new i n  i t s e l f  and, 

even during the w a r ,  i t  was the basis  of the airplane engine 

types i n  which i t  was sought to prevent the power losses,  due to  

the  reduction i n  the mass of the  explosive charge i n  the cylin- 

d e r s  a t  high a l t i tudes ,  by supplying the engine with the requi- 

s i t e  mass of a i r  by means of a supercharger of t h e  turbo-blower 

type. The difference between these supercharged a i r c r a f t  engines 

and the present supercharged engines consists  ch ief ly  i n  the fac t  

tha t  the endeavor i n  the former case was simply t o  r e t a i n  con- 

s tan t  power, but  i n  the l a t t e r  case, to  material ly increase t h i s  

power. The re su l t  of t h i s  fundamental' difference i s  that  the 

a i r c r a f t  supercharged engine i s  subjected to no increase i n  

s t r e s s ,  since i t  functions a t  normal f l i g h t  a l t i t u d e s  o r  on the 

ground a s  a normal engine, i. e., without the supercharger's func- 
E. 

tioning. The present supercharged engine, on the contrary, i s  

* From "Der Motorwagen,* September 30, 1924, pp. 483-489. 
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subjected to  a c o n s i d e r ~ b l y  grea te r  s t r e s s ,  due t o  the f a c t  tha t ,  

by t'ne add i t ion  of the supercharger, an engine dimensioned f o r  a 

given power i s  made to y ie ld  from four  to  f i v e  times as much 2 

power as an engine of the  same s i ze  without a supercharger. 

We f ind  the  most inipcrtant progress,  i n  t h i s  d i rec t ion,  i n  

the  supercharged engine a t  the  Daimler Engine Works i n  ~ n t e r t d r k -  

heim, the  f i r s t  f irrfl i n  t he  worlci to bui ld ,  a f t e r  years of ex- 

perimenting, an engine su i t ab l e  both fo r  ordinary use and fo r  

rac ing  purposes. 

"La Vie Automobile" of Decerflber 10, 1923, contains an art- 

i c l e  on engines vrith preliminary compression* Experiments with 

such engines extend back to 1902, ~vSien Renault took out  h i s  f i r s t  

pa tents .  During the  mar, a i rp lane  engines i n  France were provid- 

ed with preliminary compression devices of the Rateau type, a s  

shown i n  F ig .  1. The l e f t  s ide  of the  drawing shows a turbine,  

which i s  driven by the  exhaust gases of the  engine md which, i n  

turn,  dr ives  the  turbo-blower on the  r igh t .  

The turbo-blower suppl ies  t he  engine, through the  carbure- 

t e r ,  with the  r equ i s i t e  quan t i ty  of a i r .  According t o  the for- 

mula P V ~  = a constant, the  turbo-blower must de l iver  aa in- 

creased amount of a i r .  I n  t h i s  way, the  constancy of both the  

load and the  engine power i s  maintained. The advantage of the  

Rateau system consis ts  i n  the f ac t  t ha t ,  a t  high a l t i t u d e s ,  the 

power of the  d r iv ing  turbine  i s  automatically increased by the  
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exhaust gases,  because of t h e  f a c t  t h a t  t h e  back p ressu re  on t h e  

exhaust  decreases  as t h e  a l t i t u d e  inc reases ,  while  t h e  p ressu re  

i n  t h e  cy l inder  remains p r a c t i c a l l y  cons tant .  Thus t h e  blower 

r e c e i v e s  g r e a t e r  energy through t h e  g r e a t e r  p ressu re  decrease  

of t h e  turb ine .  Hence i t  i s  p o s s i b l e ,  without f u r t h e r  changes, 

t o  keep t h e  engine power cons tant  wi th in  c e r t a i n  l i m i t s .  A s  

Chauviere very  c o r r e c t l y  remarked i n  t h e  a r t i c l e  i n  " L a  Vie Auto- 

mobile," t h e  ques t ion  3f inc reas ing  t h e  power of a modern engine 

i s  fundamentally- the  problem of in t roducing  more of t h e  f u e l  mix- 

t u r e  i n t o  the  combustion chamber i n  t h e  shor t  space of time 

a v a i l a b l e .  I n  ord inary  engines the  volumetr ic  e f f i c i e n c y  i s  

about  0.85; This  decreases  considerably,  as t h e  crank-speed in- 

c reases :  Fig.  2 gives a n  approximate idea.  The hor izon ta l  l i h e  

a rep resen t s  t h e  d e s i r e d  volume and t h e  curve b represents  the  
P 

decrease  i n  mean pressure  with inc rease  i n  crank-speed. The f a l l  

of t h e  curve b i s  due t o  the  increased flow r e s i s t a n c e  and t o  

t h e  i m p o s s i b i l i t y  of s u f f i c i e n t l y  acc 'e lerat ing t h e  gas flow i n  

t h e  b r i e f  t ime ava i l ab le .  This makes it  necessary t o  inc rease  

t h e  s i z e  of t h e  p ipes  and valves.  Eerewith t h e r e  i s  n a t u r a l l y  

connected t h e  t imely expulsion of t h e  burned gases ,  necess i t a t -  

i n g  the  enlargement of t h e  exhaust p ipe .  The s t r u c t u r a l  d i f f i -  

c u l t i e s ,  involved i n  inc reas ing  t h e  cross-sec t ions ,  are known. 

The r e q u i s i t e  va lve  cross-sec t ion  can be obtained only by in- 

c r e a s i n g  the  s i z e  o r  number of t h e  valves:  Here we soon reach 

t h e  s - t ruc tu ra l  l i m i t s ;  s i n c e  t h e  o t h e r  p o s s i b i l i t y  of a g r e a t e r  

v a l v e - l i f t  i s  se l f -p roh ib i to ry  on account of t h e  g r e a t  f o r c e s  of 
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i n e r t i a .  A t  crank speeds of 5000-6000 R.P.Y., custormry i n  rat- 

i n g  engines, the  gas has such a ve loc i ty  i n  t h e  intake pipes,  

t h a t  i t  i s  impossible to a t t a i n  the  des i red  intake volume under 

any conditions. Hence, the  only posskbi l i ty  of improvement i s  

t o  increase the pressure i n  the in take  pipes. This considerat ion 

l ed  to  the  construct ion of supercharged engines. I n  t h e  c i t ed  

a r t i c l e  in  " L a  Vie A u t o m ~ b i l e , ~ ~  the operation of a F ia t  super- 

charged engine i s  explained ( ~ i g .  3); Since, as already men- 

t ioned,  an overpressure n~ust p reva i l  i n  the intake pipes, the  

f u e l  intake must a lso  be adapted to  t h e  conditions. There a r e  

severa l  ways of doing t h i s .  The a i r  and the f u e l  could be  in- 

j e c t  ed i n to  the  cylinder s imultaneously~ This method has  been 

t r i e d ,  though without much success, due t o  the  d i f f i c u l t y  of 

r i g h t l y  apportioning the  f u e l  i n  such small quan t i t i e s -  Another 

method consis ts  i n  subject ing the  regular  carbureter  to  the  same 

pressure  as the  a i r - in take  pipe.  I n  the  F i a t  system ( ~ i g .  3 ) ,  

t h i s  i s  e f fec ted  by means of a branch pipe from the  compressor 

p ipe  to the  f u e l  tank, with the  regular  f u e l  p ipe  from the  l a t t e r  

to  the  float-chamber of  the  carbureter .  A branch from the  pipe,  

connecting the  compressor pipe with t h e  f u e l  tank, a l so  opens 

i n t o  t he  f loat-chamloer, which i s  a i r - t i gh t  on a l l  s ides .  Thus 

the  surface of the  fue l  i n  the tank and i n  the  float-chamber 

w i l l  both be subjected to  the  pressure produced by the compressor. 

The flow i n t o  the float-chamber i s  then due simply t o  t he  d i f f e r -  

ence i n  l eve l ,  which may be conducive to t rouble i n  p rac t i ca l  

operation. 



Various expedients have been t r i e d  f o r  u t i l i z i n g  t h e  exhaust 

gases  t o  d r i v e  t h e  compressor. I n  t h e  Rateau system employed on 

a i r p l a n e  :engines, t h e  atmospheric back pressure  of t h e  exhaust- 

gas  t u r b i n e  would h e r e  b e  too  g r e a t ,  so t h a t  any seeming ga in  i n  

power would only  be i l l u s o r y *  Hence "La Vie A u t o r n ~ b i l e , ~  i n  t h e  

a r t i c l e  r e f e r r e d  t o ,  suggests  the  idea  i l l u s t r a t e d  by Fig.  4. 

Each cy l inder  i s  provided with two in take  and two exhaust va lves ,  

so  that one exhaust va:Lve corresponds t o  a normally-timed ex- 

haus t  valve,  whife the  o t h e r  valve opens considerably sooner* 

The objec t  of t h i s  arrangement i s  t o  d e l i v e r  t o  t h e  turb ine ,  dur- 

i n g  t h e  power s t roke  of t h e  engine, a mal l  q u a n t i t y  of t h e  c o w  

A b u s t i o n  gas under higher pressure .  The second va lve  opens at 

t h e  regular time, so t h a t  t h e r e  would b e  no excessive back pres- 

su re  from t h e  tu rb ine  t o  t h e  p i s t o n ,  while, on t h e  o the r  hand, 

t h e  working pressure ,  previous ly  suppl ied t o  t h e  turb ine ,  does 

n o t  g r e a t l y  a f f e c t  the  power of t h e  engine. f'n t h i s  connection, 

i t  should be remembered t h a t  i t  i s  ve ry  d i f f i c u l t  t o  time t h e  

v a l v e  openings f o r  t h e  exhaust tu rb ine ,  so as t o  correspond ex- 

a c t l y  t o  t h e  requi red  engine power, without considerably lower- 

i n g  t h e  e f f i c i e n c y  of t h e  engine. f t  might t h e r e f o r e  be b e t t e r  

t o  e l iminate  t h e  r egu la t ion  o f  the  exhaust t u r b i n e  f o r  d i f f e r e n t  

crank speeds. 

Another way t o  d r i v e  t h e  compressor i s  by means of a b a t t e r y  

c a r r i e d  i n  t h e  c a r  ( ~ i g .  5 ) ,  t h e  b a t t e r y  be ing  charged i n  t h e  

u s u a l  rmnner by a n  e l e c t r i c  generator.  This would requ i re  such 

a l a r g e  b a t t e r y ,  however, t h a t  i t  would b e  expedient only  f o r  
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special  purposesc It would be en t i re ly  impracticable f o r  racing, 

on account of i t s  great  weight. 

Another solution i s  found i n  Zol ler t  s coapressor which i s  the 

subject of numerous patents" I n  contrast  with previous compres- 

sors ,  Zol ler t  s compressGs functions continuously with the en- 

gine and d i s t r i b u t e s  i t s  load to every individual cylinder. 

8ince the compressor also produces a higher press-we a t  a given 

crank-speed of the engine, a constant load i s  conveyed to the 

engine, This arrangement of the b l a s t  enables the re tent ion of 

a constant engine power and a lso  i t s  increase a t  any given crank- 

speed. 

F ig .  6 shows a cross-section of the compressor, I n  a hous- 

ing (1) a drum ( e )  i s  provided with s i x  vanes (9 )  and revolves 

eccentrically.  These vanes move rad ia l ly  i n  the revolving drum. 

The s l id ing  members (17), to  which the vanes a r e  attached, run i n  

the race (20) .  This race i s  turned i n  the groove' (18) of the 

housing cover by  the f r i c t i o n  between the race and the s l id ing  

members (11). The individual segnlents of the revolving drum ( 8) 

create  a suction from channel ( 6) and a pressure toward channels 

( 5 )  and (2) Fig. 7 shows the Zoller compressor attached t o  the 

flywheel of a three-cylinder two-stroke engine* 

A s  already mentioned, with Zollerl  s compressor the requis i te  

quanti ty of a i r  o r  fuel  mixture i s  delivered under pressure to 

each cylinder. For t h i s  purpo.se, the compressor has as  many 

vanes as the engine has cylinders. These vanes a r e  arranged i n  

such a manner that  they de l iver  the a i r  under the rmxirilum pres- 
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. s u r e  a t  t h e  i n s t a n t  when t h e  i n t a k e  v a l v e s  open t h e  way t o  t h e  

cy l inder .  The p o s i t i o n  of t h e  vanes with respect  t o  t h e  cranks 

i s  ad jus ted  accordingly.  I n  orc5.c~ t o  o b t a i n  an  overload, a sec- 

ond compression s t age  can b e  providcd. The Zoller! compressor 

makes i t  p o s s i b l e  t o  i n c r e a s e  the  e f f i c i e n c y  of two-stroke en- 

g ines ,  by in t roduc ing  scavenge a i r  and b l a s t  a i r  through t h e  cornt 

p r e s s o r ,  which can be regulated ta a c e r t a i n  ex ten t .  The d i f f i -  

c u l t i e s  of t h e  Zol le r  coinpressor r e s i d e  c h i e f l y  i n  i t s  r a t h e r  com- 

p l i c a t e d  des ign ,  though the  f a c t  t h a t  t h e s e  d i f f i c u l t i e s  a r e  not  

insurmountable seems to have been demonstrated by t h e  success of 

a German automobile f a c t o r y  which has  opemted  motor-cars with 

supercharged engines of t h e  * Z o l l e r  type* 

A s  a l r eady  mentioned, w e  f i n d  the  o n l y  p r a c t i c a l l y  success- 

f u l  supercharged engine i s  t h e  one now made i n  q u a n t i t y  by t h e  

Daimler Engine Company a t  ~n te rd rkhhe im.  The most important de- 

t a i l  i n  a supercharged engine i s  t h c  fue l -ddl ivery  system. 

The Daimler supercharged engine may be b r i  ef l y  descr ibed as 

fo l lows:  I t  i s  r e p e s e n t e d  d i a g r a m m t i c a l l y  by Fig.  8.' A v e r t i -  

c a l  s h a f t  i s  d r i v e n  by 'cevel-gears through the  mult iple-disk 

c l u t c h  k on  t h e  crankshaf t .  On the  lower p a r t  of the s h a f t  

t h e r e  i s  a Root v a l v e l e s s  blower G. On the  upper extension of 

t h e  v e r t i c a l  s h a f t ,  a r o t a r y  f u e l  pump i s  d r i v e n  through a coup- 

l i n g .  The f u e l  is passed through a s t r a i n e r  and then  through the  

hollow upper end of the  s h a f t  to  t h e  pump. The bottom of the  

f u e l  pump i s  he ld  t i g h t l y  aga ins t  t h e  housing by means of a 

spr ing .  The l u b r i c a t i o n  a t  th is  po in t  i s  e f f e c t e d  by a S t a u f f e r  
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spr ing lubr icator ,  the sha f t  above the blower a lso being lubri-  

cated i n  the same manner. Any fue l  leaking from the pump i s  

caught i n  s cavi ty  under the PI-1.n~ and cond~lcted through a pipe 

a in to  the outside a i r .  The ve r t i ca l  shaf t  is firmly held by 

b a l l  bearings. The poaer transmission from the engine shaft  rn 

t o  t h e  v e r t i c a l  shaft  i s  i n  the ra t io '  of 1 : 344. The fuel  

pump i s  automatically s ta r ted  simultaneously w i t h  the s t a r t i n g  

of the blower. From %he blower G, the  air i s  delivered to the 

carbureter intake pipe V S t  and the  fue l  through the  needle- 

valve into  the  float-chamber. Vhen the clutch k i s  discon- 

nected, the fue l  flows i n  a normal manner through the hole b,  

l ikewise to  the float-chamber. The l a t t e r  i s  closed on a l l  s ides  

and t h e  " t ickler1 '  F connected w i t h  it i s  also closed. The 

clutch i s  connected through the levers  h, and 4, with We lever  

of t h e  throttle-valve D ,  i n  such manner that the l a t t e r  can be 

en t i r e ly  opened by the accelerator pedal up t o  a cer ta in  pres- 

suse point, beyond which the valve c i s  closed and the compres- 

sor clutch k is  thrown i n  by the lever  hi. The valve c 

c loses  the air- intake pipe which i s  open under normal conditions* 

A check-valve prevents the re turn  of the  a i r  into the compressor. 

The a i r  nozzle d can be removed from the outside and calibrated.  

I t  i s  held against the fue l  nozzle d, by a spring. I n  s t a r t i n g  

the engine, fue l  can be allowed t o  escape from t h e  fuel  nozzle 

by releasing the t i ck le r  by means of the accelerator pedal. 

Fig. 9 shows the carbureter side of the supercharged engine, 

which w a s  v ic tor ious a t  the "Targa Florioll Contest. It d i f f e r s  
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on ly  i n  c e r t a i n  d e t a i l s  from the  regu la r  Bdercedes superchrged 

engine shown i n  Figs. 9-11, which wsre taken from an a r t i c l e  by 

D r .  Heller,  a s  published i n  ths  "lhfinchener I l l u s t r i e r t e  Presse, 

Noe 3 7 .  The Nercedes ezglne i s  admirably sui ted  f o r  use with a 

compressor- I t  shows tha t  the  knowledge acquired by the  Daimler 

Company from t h e i r  experience with av i a t i on  engines has been sub- 

s t a n t i a t e d  i n  t h e i r  supe~charged type. The s t e e l  cyl inders and 

jackets  a r e  welded togzther i n  a block. The camshaft, on top, 

i s  driven by bevel-gears and t h e  valves a r e  operated by rockers. 

The v e r t i c a l  shaf t  has unbushed, l ight-metal  bearings. The whole 

arrangement of the  Mercedes engine shows c l ea r ly  tha t  a super- 

charged engine must be spec i a l l y  designed i n  a l l  i t s  d e t a i l s  and 

tha t  allowance must be made f o r  the considerable increase i n  

s t r e s s .  

The immediate use of supercharged engines i n  ordinary motor- 

ca r s  i s  rendered inexpedient by the f a c t  tha t  not  every dr iver ,  

even of an ordinary car ,  understands the  ordinary engine. I t  i s  

na tu ra l ly  meh  more d i f f i c u l t  to  opera te  a supercharged engine. 

The compressor i s  not intended to be used f o r  increas ing the en- 

gine power f o r  long periods of time but  only fo r  specia l  pur- 

poses. Cars with supercharged engines a r e  not intended, there- 

f o r e ,  f o r  ordinary use, bu t  only f o r  racing, where, i n  the hands 

, of expert d r ive r s ,  they give excel lent  r e s u l t s .  This statement 

app l i e s ,  of course, only to  the present  s tage of development. 

I n  the use of compressor engines, as i n  the last Baden-Baden 
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c o n t e s t ,  d e f e c t s  occur' i n  t h e  spark-plugs which r e s u l t  i n  f a i l -  

u r e s .  This f a c t ,  by no means, condemns t h e  supercharged engine, 
e 

b u t  only shows t h a t  t h e  spaark-pkg problem must b e  more thorough- 

l y  inves t iga ted .  Natu;.aI:Ly, i n  such an engine, more hea t  i s  de- 

veloped and t h e  s o l u t i o n  of t h e  problem t v i l l  depend l a r g e l y  on 

how success fu l ly  t h i s  d i f f i c u l t y  can b e  overcome, The p o s s i b i l -  

i t y  of f u r t h e r  development has,  however, been es t ab l i shed  and i t  

can reasonably be prophesied t h a t ,  even f o r  o rd ina ry  motor-cars, 

a revo lu t ion  i n  engine cons t ruc t ion  i s  no t  very f a r  off.. 

Likewise i n  o t h e r  coun t r i e s ,  ciutomobile ma-nuiacturers a r e  

g i v i n g  more a t t e n t i o n  t o  supercharged engines,. ' ~ h o u g h  last year 

o n l y  t h e  F i a t  Company ( ~ t a l y )  and the  ~ A s e n b e r ~  (~rneri:a) in- 

s t a l l e d  such engines i n  t h e i r  racing c a r s ,  i n  t h i s  y e a r ' s  French 

c o n t e s t ,  f i v e  of t h e  seven d i f f e r e n t  makes were supercharged en- 

g ines .  The twelve-cylinder ItDelagel1 has  a compressor f o r  each ' 

group of s i x  cyl inders ;  t h e  If Sunbeam, I t  a continuously running 

compressor; t h e  I i A l f a  Romeo,I1 a compressor with two spceds; t h e  

I1Fiah  a cont inuously running compressor , as l ikewise  t h e  Ameri- 

can lfMiller. t l  The vic'bory of the  "Alfa  Roweon and the  winning 

of  t h e  second p lace  by t h e  LIDelagefl demonstrate t h a t  t h e  g r e a t e r  

complexity of supercharged engines does not  prevent automobile 

b u i l d e r s  from using '  them rac ing  c a r s  , order  o b t a i n  t h e  

maximum power i n  i n t e r n a t i o n a l  con tes t s .  Compressors have been  

used  f o r  i n c r e a s i n g  t h e  power of even the  s1;xilles-t engines. A s  

r epor ted  i n  "La Vie A ~ t o r n o b i l e , ~ ~  t h i s  year ' s  motorcycle contes t  
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w a s  :Ton by a Frcnch tmo-stroke two-cylinder engine of 175 cm 

( 10.7 cu.in.1 cyl inder  copaci ty  ( t h e  ' t ~ o v i n t f ) ,  which w a s  equippe, 

wi th  a turbo-blower. This  engine i s  reported t o  have reached 

t h e  ext raordinary  crank-speed of 7500-8000 R0P.M. and t h e  com- 

p r e s s o r ,  with a multiplying-gear of 4 : 1, a spced of about 30,00( 

R.P.MI I n  t h i s  type,  the  compressor suppl ies  a mixture from a 

s p e c i a l  ca rbure te r ,  while t h e  two cy l inder s  a r e  a l s o  supplied 

by two o t h e r  carbure ters .  

A 1 1  t h e s e  f a c t s  go t o  show t h a t  fundamental changos may be  

expected t o  tzke  p lace  b e f o r e  long, e s p e c i a l l y  i n  t h e  construc- 

t i o n  of engines f o r  rac?ng ca r s .  

T r a n s l a t i o n  by Dwight h1. Miner, 
Nat ional  --Advisory Comni t t e e  
f o r  Aeronautics.  . 



N , B v 2 . A .  T e c k i n i c ~ l  Memorandum lT9.321 Figs. 1,2&3. 

Ji 
Rateau preli~inary compression system. 

R.P.M. 
Fig.2 Fall in load with increase in crank speed. 

1 

pe to fuel tank 

Compressor 
Carburet er 

Fig.3 Diagram of Fiat supercharged engine. 



N I A . C  . A .  ~ e c h n i d a l  Idernorandm No. 321 
Pigs.  4&S, 

Exhaust t o  

Fig.4 Supercharged engine wi th  2 i n t a k e  and 
2 exhaust va lves  i n  each cy l inder .  

Ba t t e ry  

Compressor 

Fig.5 Operation of a compressor by a b a t t e r y .  



B.A.C.A. Tochnicol Memoranctum No. 321 

Fig. 6 Zoller Comprssoor 
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11 F i g . 7  Zoller corngrassor on flvlw'leel of  s 3-nvl. trso-atroke e n g i n e .  



Fig e i j  

F i g , 8  ~a i rn ler  QoEpressGr 334 f u e l  de l i ve ry  eystem. 



N,A.C,A, Technic& %srnor;mdm floe 321 Figs ,  9,10&11, 

Fig. 9 Wercedes 2 - l i t e r  victor ious car ( i n  the "Isrga Floriow contest)  
compressor on the l e f t ,  70 mm bore, 125 mm stroke,  

Fig. 10 4 c y l ,  supercharged engine Fig. 11 Oblique v i e w  of engine 
of the  6 / 2 5  HP Mercadee f rorn the compri=i-:~or 
m ~ t o r  citr. erati. %I I I { *S*  




