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The goal f o r  which we a r e  constantly s t r i v i n g  i s  the  im- 

provement of the  hi@].- cyeed engine and the  eva:tuation of i ts  

various compromises. The main d i f f i c u l t y  is the  maintenance 

of a t rue  sense of preport ion.  We want an e ~ g i n e  which s h a l l  

have a good performance i n  every sense of "c.-le t em,  incZ11ding 

s i lence ,  smooth running, and. durab i l i ty .  :['ti xnxst a l s o  be 

eff  i s i e n t  i n  r e l a t i o n  not only t o  the f ~ e l  it; consuqes, bu t  

a l s o  t o  the  materia'l of which it is  made, '~vhich -is of ten  equally 

important. In t h i s  co~nnection me may assess  the  usefu l  l i f e  of 

a hi&-speed engine to-day as somewhere ab9u.t f i v e  years, s ince 

even though a t  the  end! of t h i s  period it w i 2 . i  prsb6,bly s t i l l  b e  

running as me11 a s  ever, irnproveme~t to-day i s  so rzyid t h a t  it 

w i l l  by then be superannuated. Taken by and large ,  the  f i r s t  

cos t  of an engine and that  of the  f u e l  i t  consumes i n  f i v e  

years  i s  p r e t t y  nearly the  same i n  the  case of a tour ing car  

and in  the  r a t i o  of about 1 : 5 i n  t he  case of a commercial ve- 

h i c l e .  In the case of the touring car,  therefore, a saving of 

10  p e r  cent i n  f u e l  consumption i s  not worth having on economic 

grounds i f  it adds 10 per  cent t o  t he  cos t  of the  engine, and 

improvernent i n  f u e l  economy and reduction in f i r s t  cost a r e  
* From "The Au tomobile Engineer, April ,  1927.   or camplet e 
a r t i c l e ,  see Proceedings of t he  I n s t i t u t i o n  of Automobile 
Engineers, Vol. XX, p. 488.) 
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t h e r e f o r e  of about equal importance economically; while  i n  t h e  

case  of t h e  commercial v e h i c l e  i t  i s  worth adding up t o  50 p e r  

c e n t  t o  t h e  c o s t  of t h e  engine t o  e f f e c t  a saving of 10 pe r  

c e n t  i n  f u e l  ecor,ony. A s  a broad genera l i za t ion ,  t o  save mater- 

i a l  we must inc rease  t h e  speed, but  only u p  t o  t h e  limit at  

~nrhich we can s t i l l  use  t h e  ord inary  m a t e r i a l s  of commerce and 

t h e  ordinary l i m i t s  of accuracy. To economize f u e l  we must 

u s e  t h e  highest  p o s s i b l e  r a t i o  of compression bu t ,  aga in ,  only 

up t o  the  l i m i t  a t  which we can s t i l l  use  t h e  o rd ina ry  f u e l s  

a v a i l a b l e .  Gasoline dopes and fancy s t e e l s  a r e  valuable  as 

. means of enabl ing  u s  t o  explore f u r t h e r  a f i e l d ,  bu t  t h e  author  

would contend t h a t  r,:, d.esigner should r e l y  on  sing ei t l ie r ;  we 

should r e l y  only on the  use  of the  cheapest m a t e ~ i ~ ~ l - s  and t h e  

most widely d i s t r i b u t e d  f u e l s ,  and make t h e  most of these.  

With modern methods of ma,nufacture t h e  cheapest engine i s  not 

n e c e s s a r i l y  t h e  l i g h t e s t ,  bu t  r a t h e r  t h a t  which is  produced 

f rom the  l e a s t  weisht of raw m a t e r i a l .  M u l t i p l i c i t y  of p a r t s ,  

provided these  p a r t s  a r e  small and 'not unduly i n t r i c a t e ,  does 

n o t  n e c e s s a r i l y  involve expense. 

S t i f f n e s s  r a t h e r  than s t r e n g t h  is t h e  dominating consider- 

a t i o n  throughout, and t h a t  s t i f f n e s s  must be  sought not  by 

s h e e r  mass, bu t  r a t h e r  by judicious d i s t r i b u t i o n  of maaterial .  

There i s  a very prevalent  and siridespread b e l i e f  t h a t  t h e  

u s e  of a high compression n e c e s s a r i l y  e n t a i l s  bo th  rough run- 

n i n g  and overheating; t h e r e  can be no g r e a t e r  f a l l a c y .  Let u s  
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d i f f e r e n t i a t e  most emphatically between a high compression 

r a t i o  and too  3 igh  a compression r e s u l t i n g  i n  de tonat ion .  

So long as ve r i g i d l y  keep c l e a r  of de tonat ion ,  then  the  high- 

e r  t h e  compression t h e  coo le r  m i l l  t he  engine run, f o r  t h e  

simple reason t h a t  f o r  t h e  s m e  power we s h a l l  r e q u i r e  much 

l e s s  t o t a l  po ten t i21  hea t  energy and, a t  t h e  same time, we 

s h a l l  b e  t u r n i n g  a g r e a t e r  propor t ion  of it i n t o  u s e f u l  work. 

The curve ( ~ i ~ .  1) shows t h e  v a r i a t i o n  i n  power, i n  f u e l  

economy, ?.nd i n  heat-flow over t h e  r a q e  of compression from 

3.5 : 1 t o  7.0 : 1 taken on a f u e l  t h a t  does not  de tona te  

o v e r  t h i s  ranTe; from t h i s  it w i l l  b e  seen tha t  t h e  surp lus  

hcnt-flow, more p a r t i c u l a r l y  the  temperaturv of t h e  exhaust 

v2,lve, d imi~ i sk res  ve ry  rap id ly  with incre7,ss of conpression. 

IJoreover, as t h e  e f f l c i ency  is  irnproved the? - te rn~ers ture  of 

t h e  surp lus  h e a t  becornes lower and i t s  des-t-ructive c c ~ n i c l t y  

i s  theref  o r e  re8uced. SCI soon, hove-per, a,:< d ~ t o 2 z t  !.on b wc)r-lcs 

apparent ,  t h e  ml-;_ole p i c t u r e  is char:geci. a t  once, &nCi t k e  ~?,-,t- 
T Y ,  f low r i s e s  with a , ~ p a l l i n s  r a p i d i t y .  Ile ;?llst thercf  o r e  f i r s t  

ensure  ~ ~ ' o s o l u t  e l  y t3at t h e r e  s h a l l  b e  -r,o 73er sj.st cnt  detona- 

t ion  under 8,ny n ~ m a l  condi t ion  of running. Occas ion21 s l  ig'r_Jtf 

de tona t ion  under condi t ions  of extreme ag-yrs- at ion does not 

m a t t e r ,  though even t h a t  should b e  avoidable .  

We can supcress  de tonat ion  by: 

(1) The c s e  of me%al l ic  dopes i n  saall q u a n t i t i e s ,  
such as l ead  e th ide ,  i r c n  carbonyl, etc.  



1: . A *  C .A- Technical IiemoranOu~r? No, 420 

( 2 )  The u s e  i n  cons iderable  q u a n t i t i e s  of f u e l  of high 
i g n i t i o n  po in t ,  such as benzol and o t h e r  aromatics ,  
n~zphthenes, a lcohol ,  e t c .  

( 3 )  The des ign  of t h e  combustion chamber. 

The f i r s t  expedient may, i n  t h e  a u t h o r ' s   pinion, b e  ru led  
If out  a l t o g e t h e r  except f o r  p u r e l y  s t u n t "  purposes. A l l  t h e  or- 

;;a,nic m e t a l l i c  dopes a r e  expensive, poisonous, and inore o r  

l e s s  d e l e t e r i o u s  t o  the  engine, and t h e  increase  i n  e f f i c i ency  ' 

r e s u l t i n g  from t h e i r  u s e  i s  moro than off  s e t  by the '  cost ,  dan- 

ger ,  and t r o u b l e  which t h e y  i ~ v o l v e .  

The second e q e d i e n t  is now common p r a c t i c e .  Led by t h e  

S h e l l  Company, a l l  t h e  o i l  companies now so blend t h e i r  f u e l s  

as t o  maintain a uniform and f a i r l y  high propor t ion  of arcmat- 

i c s  and naphtbenes - at a l l  events, on t h e  European market. 

D i f fe rences ,  of course, s t  ill e x i s t ,  depending upon t h e  sources 

of supply a v a i l a b l e  t o  t h e  d i f f e r e n t  o i l  companies, but  they 

axe  nothing l i k e  s o  grea t  as formerly; and, compared w i t h  seven 

y e a r s  ago, a des igper  may now r e l y  s a f e l y  on u s i n g  a compres- 

s i o n  a t  l e a s t  h a l f  a r a t i o  higher ,  thanks t o  the  improvement 

i n  t h e  f u e l  a lone .  

In the  a u t h o r ' s  experie-nce, the  widest scope of a l l  l i e s  

i n  t h e  Elirection of t h e  t h i r d  expedient,  thanks t o  t h e  g r e a t l y -  

increased  knowledge of t h e  process  of cmbust ion and t h e  appl i -  

c a t i o n  of t h i s  knowledge t o  the  design of t h e  combustion cham- 

b e r .  
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In t h i s  connection it may not be  without i n t e r e s t  t o  de- 

s c r i b e  same experiments which we have been making, p a r t l y  a t  

t h e  su?gestion of Mr. H. L o  Horning, of tbe  lfiaukesha Xotor 

Company, w i t h  a side-by-side valve engine having a detachable 
C 

cyl inder  head so arranged that we can very read i ly  f i t  a t e s t  

head of any reasonable shape. A row of s i x  quartz windows i s  

placed across the  head, r ad i a t i ng  at equal i n t  e r v a . 1 ~  from the  

eparklng plug. >These quartz windows a r e  masked by a large  

. r o t a t i n g  d i s c  driven through h e l i c a l  gearing from the  camshaft 

and h2ving s i x  narrow s l o t s .  The phase r e l a t i on  of the  d i sc  

can b e  uaricd at w i l l  by  t h e  operator, and i s  shown by an index 

d i a l .  A Farnborough indi.cator is  connected a l s o  with the  cyl- 

inder  head, s o  t ha t  the pressura r i s e  and i t s  phase r e l a t i o n  

can be  observed a t  the  Game time. Ff gs,  2 and 3 show the  ap- 

para tus  used. The operat ion of the  p lan t  i s  as follows: 

The engine is  run a t  f u l l  load on a ce r t a in  predetermined 

mixture s t reng th  and with the  spark s e t  t o  give maximum power. 

To check exactly the time of the  spark, a paper s t r i p  i s  pasted 

round the  flywheel and the spark i s  allowed occasionally t o  

pass through a po in te r  t o  the  flywheel, thus per fora t ing  the  

paper and so recording exactly the  i gn i t i on  timing. when 

s teady running conditions have been obtained, the  operator ad- 

j u s t s  the  phase of the  strobascope d i s c  u n t i l  he can jus t  see 

t he  flame appearing i n  the  f i r s t '  quartz window adjacent t o  the  

sparking-plug. Under these  condit ions the  f i r s t  window is lit 
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up by z blue flame, while a l l  the  o thers  a r e  i n  darkness. This 

po in t  having been ascertained,  he reads off  the  timing on the  

stroboscope d i a l .  Mext 3e  p"r'cesds t o  r e t a rd  the  phase u n t i l  

flame appears in the  second v i~dow,  and so on u n t i l  a.t last  

a l l  s i x  rindows a r e  showing a lumhous flame. Simultaneously, 

another  operator takes  a s e r i e s  usua l ly  of eight o r  t en  indi- 

c a t o r  diagrams of the  pressure  changes. 

We have now recorded, simultaneously, the  movement of t h e  

flame f ron t  across  the  combustion chamber and the  correspond- 

i n g  pressure-rise.  The stroboscope readings of flame spread 

. rnay be taken a,s accurate t a  within plus  o'r minus 0.5 deqrde, 

and the  ind ica tor  readings of p r e s s u f e r i s e  a r e  of about the  < 

same order  of accuracy so  f&2 a s  r e l a t i v e  readings a r e  con- 

cerned, though the  absolute phase r e l a t i o n  of any ind ica tor  i s  

almays a matter  of sane uncer ta in ty .  Table I gives a t yp i ca l  

s e r i e s  of r e s u l t s  from a f a i r l y  conventional type of cylinder 

head. 
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m e n  detonation occurs a bright f l a s h  aDpears almost simul- 

taneously i n  a l l  s i x  quartz windows, and, a s  showing that i t  ' 

does not take place u n t i l  the flame has reached the  very last 

window, it i s  generally observed that when the phase re la t ion is 

advanced so tha t  the  flame f ront  has only reached say, f i v e  of 

the  windows, no t r a c e  of detonation f l a s h  can be seen, proving 

t h a t  even heavy detonation occuss only near the extreme end of 

the  flame t ravel .  

A conventional type of head was f i t t e d  i n  the f i r s t  instance, 

and a very thorough investigation extending over many weeks was 

casriecl oudon i t  with a v i e r  to  learning as  much as possible of 

the  behavior of the whole plant  and t o  determining the most sig- 

, n i f i can t  t e s t s  t o  be made, and a l so  t o  l a y  down the best course 

of procedure. Since then nearly t h i r t y  d i f fe rent  heads, a l l  of 

the  same compression-ratio, namely, 5.0 : 1, have been tested,  

and with some very s t r ik ing  resul ts .  To determine accurately 

the re la t ive  tendency of various forms of combustion chamber t o  

detonate, the  composition of the  fue l  mas varied u n t i l  detona- 

t i o n  could just be  produced under cer ta in  standard conditions as 

t o  spark advance, mixture strength,  temperature, speed, etc. 

Having found a fue l  mixture which, under these standard condi- 

t ions,  would just detonate, t h i s  mixture was then tes ted i n  our 

variable-compress ion engine and i t s  detonation value careful ly  

ascertained. As i l l u s t r a t i n g  the wide differences between var- 

ious shapes of combustion chamber on the same engine under 
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i den t i ca l  conditions, we have found tha t ,  ref erred t o  our vari- 

able-compression engine, the highest useful  compression-ratios 

of the  various heads tes ted have ranged from 4.8 : 1 to  as 

high as 6.5 : 1 ref erred t o  Shell  No. 1 fue l  a s  standard - 

an extraordinart ly wide variat ion,  a l l  the more so considering 

tha t  none of the heads tested were designed t o  have a low de'to- 

nat ion value. It would have been easy enough to  f i t  a head 

which w o ~ l d  have detonated even below 4.0 : 1; i n  fac t ,  some 

of the engines we have had sent t b  us f o r  t e s t  have detonated 

a t  considerably more than a whole r a t i o  l e s s  than our variable- 

compression engine. It would seem, therefore, that  there i s  f a r  

more t o  be done by studying the shape of the cambustion chamber 

than by any doping of the fue l  or  other known means, with the 

added advantage thixt shape costs nothing and is  ubiquitous. 

With but few exceptions, a l l  the d i f fe rent  forms of heads we 

have yet tested have behaved per fec t ly  ra t ional ly  and have ful- 

f i l l e d  our predictions, while the  i n i t i a l  pause and subsequent 

rapid spread of the  flame a r e  just what a.re to  be expected. 

That the use of a high compression-ratio must necessarily 

involve harsh o r  rough running i s  another fa l lacy.  Roughness, 

a s  ordinar i ly  mean* - a harsh fee l ing  and a general tendency t o  

cause dmrrfiing of the  bodywork, etc.  - i s  dependent, on the one 

hand, on the beam s t i f f n e s s  of the engine as a whole and of the 

crank shaft i n  .particular,  and, on the other hand, on the ra te  

.. of p r e s s u r e r i s e .  Tlie author i s  s a t i s f i e d  that  the actual  maxi- 

mum pressure has l i t t l e  o r  no effect  on roughness, provided 
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tha t  it i s  not b u i l t  up too rapidly. A s  we increase the r a t i o  

of compression we increase, of course, the  maximum pressure, and, 

other things being equal, we increase a l s o  the r a t e  of pressure- 

r i se ,  since combustion becomes more rapid as the density of the 

char@ increases. If we merely increase compression without 

taking any steps t o  control the  r a t e  of pressure-rise, we sha l l  

get  both higher maximum pressures and a more rapid r a t e  of r i se ,  

as shown by the  indicator diagrams i n  Fig. 9, taken from our 

variable-compression engine at  r a t ios  of 4, 5, and 6 : 1 and, 

under mch conditions, the running cer ta inly w i l l  be much rough- 

er .  To-day, however, we can claim t o  have the r a t e  of pressure- 

r i s e  under complete control, and although in  slowing down the 

r a t e  we sha l l  l o se  a t r i f l e  i n  efficiency, the l o s s  i s  insignzf- 

icant  by canparison with the la rge  gain we sha l l  derive from 

the  use  of a higher compression-ratio. Just recently a l so  we 

have had another research engine running, i n  which the maximum 

pressure w a s  a s  high as 1100 l b .  per sq.in., and i n  which we 

could readily control the r a t e  of burning. With t h e  same cam- 

pression-ratio and the same maximum pressure we could vary the  

r a t e  of burning and so completely transform t h e  character of the  

engine from one of the  very smoothest running we have ever had 

t o  one so rough and harsh as t o  be almost intolerable, and t h a t  

without varying the power o r  consumption by more than 2 o r  3 

per  cent. In t h i s  case we were opepat ing on the Diesel cycle - 
a cycle which has the advantage that the  r a t e  of burning can be 
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- controlled a t  w i l l  over a v e r y m i d e  range. 

Valve Position 

The ~ u t h o r  has expressed h i s  views f a i r l y .  frequently as t o  

the  question of valve posit ion and performance. Q u i t e  recently 

we have carried out two se r i e s  of t e s t s  with almost ident ical  

engines of the same bore, one with side-by-side valves, and the 

other  with overhead' valves, a l l  other conditions such a s  valve 

s izes ,  cam shafts ,  compression-ratio, valve timing, etc., being 

ident ical .  Both engines had detachable cylinder heads, and both 

had the  nost e f f i c i en t  form of combustion chamber a e  could de- 

- v i s e  f o r  e i ther  type. The performance of each engine was iden- 

t i c a l  on every point, i n  f ac t ,  the two torque-curve t racings 

could be  l a i d  one on top of the other and they varied by barely 

the  thickness of a l ine.  

There was, however, markedly l e s s  tendency t o  detonate in 

t h e  case of the  side-by-side valve engine, due t o  the more cen- 

t r a l  posit ion of the  sparking plug, and experiments with fue l  

mixtures showed that fo r  equal tendency t o  detonate the com- 

pression might have been nearly half a r a t i o  higher i n  the s i d e  

by-side valve engine, which would have given about 6 per cent 

improvement i n  all-round performance. In  t h i s  case the author 

would emphasize that  we eriployed the most sui table  shape of 

head w e  could devise i n  each instance. 
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The conclusions may be  sumarized b r i e f l y  a s  follows: 

(1) Provided that  the stroke i s  not abnormally short,  the 

side-by-side valve engine w i l l ,  at the same compression- 

ra t io ,  give an exactly similar performance t o  the over- 

head valve push-rod type. 

( 2 )  Owing t o  the more central  posi t ion of the  sparking- 

plug, the  side-by-side valve engine w i l l  stand a higher 

compression-rat i o  than the overhead-valve engine with- 

out detonation, and therefore w i l l ,  i n  practice,  give 

a b e t t e r  performance. 

(3 )  To compensate f o r  t h e  more attenuated shape of the  

combustion chamber, a somewhat higher degree of turbu- 

lence must b e  employed f o r  equal performance - t h i s  ap- 

pears t o  involve a s l igh t ly  more rapid pressure-rise, 

and therefore, f o r  equal s t i f fness ,  it i s  apt  t o  be a 

l i t t l e  rougher running. The author i s  not, however, at 

a l l  s a t i s f i e d  that  t h i s  d i s a b i l i t y  can not be overcame. 

(4)  While it is easy t o  produce a reasonably e f f ic ien t  

combustion chamber f o r  an overhead-valve engine, it i s  

t e r r i b l y  easy t o  come hopelessly to  grief i n  the case 

of the  s ideby-side valve engine. The author has come 

t o  the  conclusion, therefore, that  the r e l a t i v e  popular- 

i t y  of the  overhead-valve engine i s  due t o  the f a c t  
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t1m.t t he  inexperienced designer f e e l s  t ha t  he i s  on 

much sa fe r  ground with t h i s  type. 

( 5 )  The l o s s  of heat t o  the  walls of the  combustion chan- 

ber  dur ing cmbustion and expansion is, a t  moderate or 

high q e e d s ,  so small as t o  be  r e l a t i ve ly  ins ignif  i- 

cant. The low eff ic iency usua.lly associated a i t h  an 

at tenuated form of comSustion chamber i s  due t o  stagna- 

t ion ra ther  than t o  t h e  high surface/volyne r a t i o .  

Yhen a very short  s troke i s  employed, the  cornbu~tion chm- 

b e r ,  i n  a side-by-side valve engine, becomes very shallow, and 

it i s  then d i f f i c u l t  t o  f u l f i l l  a l l  t he  r equ i s i t e  conditions. 

lo reover ,  the  mechanical d i f f i c u l t i e s  i n  the  way of us ing  side- 

by-side valves with a very shor t  s troke,  such a s  the  foul ing of 

t he  cam shaf t  by the connecting rod b ig  ends and the  very 

cramped space f o r  tappet adjustment, a r e  a l l  arguments i n  favor 

of the  overhead-valve arrangement f o r  small engines or  those of 

very  short  stroke. Apart, however, from t h i s  qua l i f i ca t ion ,  

a l l ,  o r  almost a l l ,  the  advantages would a7pear t o  l i e  with the  

side-by-side valve  type of engine, which i s  cheaper, cleaner 

and more accessible.  

The above remarks r e f e r ,  of course, t o  the  push-rod type of 

overhead-valve engine, and na tu ra l ly  do not a ~ p l y  t o  engines 

a i t h  two overhead cam sha f t s  and cen t ra l  ign i t ion ,  which is an 

almost idea l  arrangement from the  point of view of performance, 
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but, i s  cos t ly ,  elaborate and noisy. 

Supercharging 

There has axisen during the  lqst few years a sudden out- 

burs t  of popular i n t e r e s t  i n  supercharging, which gives r i s e  t o  

t h e  quest ion as t o  why so ancient  and so well known a means of 

increas ing the  power output of an engine has not been employed 

before .  

The power output obtainable from an  engine depends upon 

twc f ac to r s ,  and upon two f a c t o r s  alone: 

(1 )  The veight of a ir  i t  can consume per  minute. 

(2)  The eff ic iency a t  which t h a t  a i r  is  u t i l i z e d .  

For reasons which w i l l  be explained l a t e r ,  we can only af- 

fo rd  t o  supercharge an t' e i f  i c i e n t "  engine; theref ore,  r e  must 

f i r s t  define ca re fu l ly  just  what w e  mean by a n  "e f f i c i en t t '  en- 

gine. 

The te rn  "eff iciency" i s  very widely abused. I n  the  bes t  

c i r c l e s  i t  i s  taken t o  mean t he  proport ion gf the  ava i lab le  heat 

of t h e  fue l  which i s  turned in to  ac tua l  power. Even t h i s  def i- 

n i t i o n  i s  not s t r i c t l y  correct ,  f o r  it presupposes t h a t  the  

f u e l  is given su f f i c i en t  a i r  t o  burn it completely, which is 

seldom, i f  ever, the  case. Efficiency should be  reckoned, not 

on the  fue l ,  but  ra ther  on the  a i r  consumed, f o r  every pound of 

a , i r  when carbureted and burned, w i l l  l i b e r a t e  a d e f i n i t e  qum- 
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t i t y  of heat,  i n  round f igured about 1300 B. t .u., almost regard- 

l e s s  of vhether it i s  sa tura tdd  or  supersaturated with fuel .  A t  

f i r s t  s igh t ,  t h i s  may appear a sub t le  d i s t i nc t ion ,  but from many 

p o i n t s  of view it i s  a most important one, and when considering 

supercharging it becomes a v i t a l  one. 

An engine which tvilf give out one brake horsepower f o r  ev- 

ery  7$ pounds of a i r  it consumes per  hour, corresponding t o  a 

thermal ef f ic iency of 26 pe r  cent,  may b e  classed as a f a i r l y  

e f f i c i e n t  engine regardless of i t s  fue l  consumption. The cor- 

r e c t  r a t i o  of a i r  t o  fue l  i s  approximately as 1 5  t o  1, so tha t  

i f  the re  is  no vas te  of fue l ,  such an engine should consume 1/2 

pound of gasoline per horsepower pe r  hour. Supposing, however, 

t h a t  the  carburetor  were badly adjusted, o r  the  d i s t r i b u t i o n  at  

f a u l t ,  the  same engine might ea s i l y  consume 3/4 ins tead of 1/2 

pound per  horsepower per  hour, but  i t s  t r u e  ef f ic iency would 

s t i l l  be unaltered;  it would mean only tha t  the  add i t iona l  f u e l  

w a s  being wasted through some f a u l t  i n  the  carburetor  o r  d - i s t r i -  

but ion system, not t h a t  the  engine w a s  any l e s s  e f f i c i e n t  i n  

t h e  t r u e  sense of the  word. Modern requirements i n  the  way of 

f l e x i b i l i t y  and acce le ra t ion  put  such severe demands upon the 

carburetor  and d i s t r i b u t i o n  system t h a t  i t  is  necessary t o  em- 

ploy a somewhat r i c h  mixture s e t t i ng ,  and therefore  under most 

condit ions we waste a c e r t a i n  amount of fue l ,  added t o  which t h e  

v o l a t i l i t y  of the  fue l  has s t e a d i l y  depreciated; hence the  im- 

provement i n  f u e l  consumption is by no means commensurate rvith 
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t h e  im~rovement i n  e f f i c i e n c y  which 'has been r e a l i z e d  i n  recent  

years .  

The l i m i t  of Dower we can get from any engine is reached when 

e i the r : -  

( I )  The speed of r evo lu t ion  becomes so high as t o  prove me-  

c h a n i c a l l y  d e s t r u c t i v e .  

(2) Tbe flow of waste hea t  becomes g r e a t e r  than t h a t  wi th  

a h i c h  we can cope. 

For any s iven  e f f i c i ency ,  t h e  power of an engine i s  d i r e c t l y  

p ropor t iona l  t o  t h e  weight of a i r  we can make it consume p e r  

hour. Oi3viously, we can double t h e  power output of any engine 

e i t h e r  by cioubling t h e  speed o r  by doubling t h e  p r e s s u r e  a.t t h e  

carburetor .  I n  e i t h e r  case,  t h e  engine w i l l  t ake  i n  twice as 

much a i r  p e r  kour, b u t  i n  e i t h e r  case we s h a l l  bump heavi ly  

a m i n s t  one o r  o the r  of the  two limits j u s t  mentioned. Increas- 

i n g  t h e  pressure ,  i. e., supercharging, p u t s  up the  heat-flow 

very rap id ly  but  does not g r e a t l y  increase  t h e  dynamic s t r e s s e s .  

Increas ing  the  speed increases  t h e  heat-flow somewhat l e s s  rapid- 

l y  b u t  i n t e n s i f i e s  t h e  d y n m i c  s t r e s s e s  excessively.  

In our sea rch  f o r  g r e a t e r  pomer output,  we may a t tempt  a.n in- 

c rease  ir, speed o r  i n  pressure,  and t h e  choice w i l l  depend upon 

t h a t  one of t h e  two l i m i t a t i o n s  t o  which we are a l r e a d y  nea res t .  

a roadly  speaking, me s h a l l  f i n d  t h a t  i n  an engine of l a r g e  

c y l i n d e r  capac i ty  our nea res t  l i m i t  to-day i s  s e t  by heet-flow, 

and our  b e s t  chance of improvement l i e s  i n  inc rease  of speed, 
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v h i l e  i n  an engine of s m a l l  c apac i ty  the  reverse i s  u s u a l l y  t h e  

case  and supercharging gives t h e  g r e a t e r  scope. 

Let us zext  consider  t h e   ela at ionship between heat-flow 

and ef f  i c i e ~ c y .  I n  the  f i rs t   lace it can not be  emphasized t o o  

s t r o n g l y  that it  is  t h e  flow of waste hea t ,  and waste heat alone,  

which does all. t h e  damage i n  t h e  way of burning out  exhaust - 
valves ,  carbonizat ion,  ,gummed r i n g s  and a l l  t h e  o t h e r  kindred 

e v i l s  t o  which t h e  i n e f f i c i e n t  engine i s  he i r .  

Let us t a k e  t h e  case of two engines, each of t h e  same cyl- 

i ~ d e r  capacity,  of which the  e f f i c i e n c i e s ,  def ined  i n  the  manner 

explained above, are 20 p e r  cent  and 30 p e r  cent ,  respect ive ly .  

Let u s  assume t h a t ,  a t  t h e  same speed, each engine consumes t h e  

same weight of a i r ,  and tha t  t h e  p o t e n t i a l  heat equivalent  of 

t h i s  quan t i ty  of a i r  when f u l l y  carbureted amounts t o  100 h o r s e  

power i n  e i t h e r  case.  Xow t h e  f irst  engine w i l l  c l e a r l y  develop 

20 B.HP. and l e t  loose  80 horsepower worth of % s t e  hea t ,  while 

t h ?  s c c o ~ d  v i l l  develop 30 BOW. and t u r n  loose  70 horsepower 

worth of w a s t  e h e a t .  I n  an engine of t h i s  s i z e  and of good av- 

era.ge design,  with reasonably well-cooled exhaust-valve s e a t s ,  

e t c . ,  80 horsepower i s  jus t  about the  utmost l i m i t  of waste heat  

i t  can d i g e s t  f o r  any l eng th  of time without g e t t i n g  i n t o  s e r i o u s  

t r o u b l e .  In  t h e  case,  the re fo re ,  of t h e  20 p e r  cent  e f f i c i e n t  

engine, 20 B6HP. is t h e  utmost we can hope t o  get  ou t  of it with- 

ou t  run-ning up aga.inst our second l i m i t ,  and we c e r t a i n l y  could 

no t  a f f o r d  t o  supercharge. I n  t h e  case  of t h e  30 p e r  cent  e f f i c -  
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i en t  engine we can get 30 B o r n .  and s t i l l  have only 70 h o r s e  

power north of waste heat t o  cope with, and, moreover, it i s  

heat a t  lower temperature and therefore much l e s s  damaging. We 

have said that  we can cope with 80 horsepower worth of waste 

hea t ,  so tha t  in t h i s  case we a r e  not up to  our l i m i t  and could 

afford t o  supercharge the engine up t o  well over 35 BeHP. and 

s t i l l  be  exactly i n  the same posit ion as regards heat limita- 

t ions  as in the case of the l e s s  e f f i c i en t  engine when develop- 

ing 20 BeIIP. . 

Actually, we could go very considerably higher because, i n  

a car, the occasions when we should want 35 BeTXP. a r e  obviously 

much l e s s  frequent than our demands f o r  20 B. HP., so t h a t  we 

should r ea l ly  be qui te  safe  i n  supercharging the more e f f ic ien t  

engine up to  40 B*HPI 

The effect ,  therefore, of increasing the t rue themal  eff i- 

ciencp from 20 percent t o  30 percent is  that  we have increased 

the l imit ing power a t  the same speed from 20 to  40 B-HP., s t i l l  

keeping the same degree of r e l i a b i l i t y  and maintenance of tune, 

and have made supercharging possible, which it cer ta in ly  would 

not have been i n  the previous case. 

When 30th engines are  running along on the l eve l  a t  the same 

speed and &veloping, say, 10 B O B . ,  the  low-efficiency engine is 

pouring out a steady 40 horsepower worth of waste heat, while 

the  more e f f ic ien t  engine when running a t  the same power w i l l  

be  turning out only 70/3, or  23.3 HP., and w i l l  therefore 
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last  f a r  longer without overhaul o r  decarbonizing, so t ha t  on 

t h e  comparatively r a r e  occasions on which f u l l  power is  required 

we could a f ford  t o  increase t he  waste-heat flow t o  considerably 

over 80 EP. am3 s t i l l  r e t a i n  a t  l e a s t  as good r e l i a b i l i t y  and 

maint enance of tune. Taking everything i n t o  considerat ion, me 

should probably be  pe r f ec t ly  sa fe  i n  boosting the nore e f f i c i e n t  

engine up t o  a t  l e a s t  50 B-HP. 

The i~nprovment i n  thermal eff iciency,  due t o  the  b e t t e r  

knowledge non ava i lab le ,  has resul ted  i n  q u i t e  an extraordinary 

increase  i n  Dower output, v i t h  the  r e s u l t  t h a t  even vi thout  super- 

charging the  2 - l i t e r  e ~ g i n e  of to-day gives very nearly,  i f  not 

qu i t e ,  as cuch power a,s the 4 - l i t e r  engine of t e n  years ago, o r  

t h e  6 - l i t e r  engine of f i f t e e n  years ago, although the  external  

design does not appear t o  have undergone any conspicuous change. 

L i t t l e  o r  nothing is known 3bout supercharging to-day which 

vas not common knowledge twenty or  t h i r t y  years ago. Then as 

to-day, it tms pe r fec t ly  well  known t h a t  the  power output of an 

engine ms e i r c c t l y  proport ional  t o  the  pressure of the  carbu- 

r e t o r ,  and could be  increased pro rata with tha t  pressure  by 

supercharging. Then, as to-day, blowers of t he  Roots o r  vane 

type were well known and i n  regular  comnereial use. The only 

new f a c t o r  which 5as emerged i s  tha t  i t  i s  only within the  las t  

few years t ha t  engines have been ~ r o d u c e d  of vrhich the  thermal 

e f f ic iency  i s  high enough t o  permit of supercharging. 

The car  engine of ten  years ago would hardly stand the  f u l l  
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nofaat  atrcospheric pressure,  and w a s  e i t h e r  de l ibe ra t e ly  o r  in- 

adequately t h r o t t l e d  a t  the  valves, carburetor,  o r  30th. A s  

the  ef f ic iency improved, so t he  breathing capacity of engines 

mas increased, u n t i l  to-day i t  is  so  high tha t  yge can a f ford  even 

t o  add t o  the  normal atmospheric pressure; i n  o ther  words, t o  

supercharge; bu t  it must not be  supposed tha t  Secause one en- 

g ine  of good modern design w i l l  stand supercharging, another of 

i n f e r i o r  design w i l l  do likewise. To t ack  a supercharger on t o  

an ine f f i c i en t  engine is merely t o  court .disaster .  

Broadly speaking, the  pos i t i on  to-day is  t ha t  the best de- 

signed engines have very near ly  reached t h e  li~iit of speed at- 

t a inab le  in the  prespunt s b t e  of the  a r t ,  but a r e  well ~ i t h i n  

t h e  l i m i t  of heat-fl'ow; hence, the obvious s tep  i s  t o  super- 

charge them i f  me a r e  s t r i v i n g  t o  get the  utmost out of a siven 

cyl inder  capacity.  Who can say vhat the  fu ture  w i l l  bring? 

I t  may qu i te  well b e  tha t  the  t rend of improvement m i l l  Se i n  

the  d i r ec t ion  of fu r ther  increase i n  speed, and t h a t  we s h a l l  

aga in  reach t h e  l i m i t  s e t  b y  heat-flow without supercharging. 

This w i l l  be a more healthy development, f o r  the  supercharger 

is  an added complication, and, as such, i s  always unciesirable. 

Moreover, supercharging g rea t ly  increases the  tendency t o  deto- 

na t e ,  and therefore  tends t o  lower the eff iciency;  while a tor- 

- responding increase  i n  speed tends t o  reduce detonation, and so  

permits  us t o  increase the  ef f ic iency.  The au thor ' s  vie& is 

there fore  that  supercharging f o r  motor ca rs  is  somewhat of a 
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p a s s i n g  phase nade g o s s i b l e  a t  t h e  moment because, i n  t h e  race 

f o r  improvement, th6 thermodynamic s i d e  has moved more r a p i d l y  

than t h e  mechanical; moreover, it has been s t imula ted  by  artiei- 

c i a 1  condi t ions,  such as r a c i n g  r u l e s  and t axa t ion .  

Torque Recoil  

When nre have reached - i f ,  indeed, we ever  s h a l l  reach - 
t h e  l i m i t  of compression and t h e  l i ~ i t  of speed, and have sup- 

p ressed  211 t o r s i o n a l  a-nd o t h e r  dynanic v ib ra t ion ,  what then? 

vie can e l i n i n a t  e almost a l l  engine n o i s e  audib le  t o  the  passen- 

ge r s  by r e a l l y  c a r e f u l  cam des ign  o r  by t h e  use  of s l eeve  va lves  

apd b y  ca re fu l  i n s u l a t i o n  of t h e  engine. We can, t h e  author  con- 

tends ,  e l iminate  p r a c t i c a l l y  a l l  d y n m i c  v i b r a t i o n  by the  use of 

s i x  cy l inder s  ~ i t h  a c e n t r a l  f l y ~ h e e l ,  and ve  can almost, i f  not  

q u i t e ,  e l iminate  a l l  combustion shock by proper con t ro l  of the  

r a t e  of burning - t he  one f a c t o r  we a r e  l e f t  with, and i t  i s  a 

v e r y  i i p o r t a n t  one, i s  torque  r e c o i l .  Ne can do something t o  

m i t i g a t e  t h e  e f f e c t s  of torque  r e c o i l  by t h e  use  of a sprung 

and damped engine mounting, and, of course, by inc reas ing  the 

number of cy l inder s ,  b u t  t h e  author  i s  tempted t o  suggest  tha t  

t h e  most promising l i n e  of development l i e s  i n  t h e  u s e  of two 

crank s h a f t s  r o t a t i n g  i n  oppos i te  d i r e c t i o n s ,  so t h a t  t h e  torque 
- 

r e a c t i o n  i s  self-contained mithin the  s t r u c t u r e  of t h e  engine 

i n  rnuch the  same manner as t h e  r eac t ions  of t h e  two opposing 

couples a r e  self-contained mithin the  s t r u c t u r e  of a. four- or  

s ix-cyl inder  engine. 
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Some f i v e  and twenty years  ago t h a t  great pioneer,  D r .  

Lanchester, produced a car, very famous i n  i t s  day, i n  which he 

used a two-cylinder horizontally-opposed engine with two crank 

s h a f t s  i n  reverse ro ta t ion.  Though it had but  two cylinders,  

and those of very l a rge  s ize ,  the  smoothness of running was re- 

markable. Later Lucas produced a two-cycle engined car  a l s o  

with reverse ro ta t ion .  

With t he  advent of four- and six-Bylinder engines, however, 

torque reco i l  was g rea t ly  reduced, and faded in to  a minor e v i l  

bes ide  to rs iona l  v ibra t ion,  harshness, etc.  

Gradually and progressively we have doctored most of these 

i l l s ,  but torque r eco i l  remains, and becomes the more noticeable 

f e a t u r e  as o ther  complaints a r e  healed, and the  more aggressive 

as the  use of closed bodies increases.  To-day the  author th inks  

t h a t  the  t i n e  i s  r ipe ,  o r  near ly  r ipe ,  t o  reconsider the  use of 

reverse ro ta t ion  f o r  the  more luxurious t y p e s  of pleasure cars. 

With center  flywheels on each crank shaf t  and double hel i -  

c a l  gearing adjacent t o  the  flyfrheels, r e  could get r i d  of any 

gear noise, and i n  t h i s  nanner, the  author suggests, l i e s  I t h e  

p o s s i b i l i t y  of nroducing an engine of which the existence could 

scarce ly  be f e l t .  

Research 

In conclusion, the  author s t ressed  the  need of i n t e rp re t ing  

f o r  manufacturers the products of research. In s p i t e  of our 
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s tarved resources, the  work carr ied  out by our Government estab- 

l ishments ar,d un ive r s i t i e s  vas more imagina,tive and nroductive 

than that  of o ther  countries.  This was not the  case, ho1,vever, 

with the  automobile trade, where research mas regarded with 

grave suspicion, ~vhich contrasted adversely with Continental 

p r a c t i c e .  B r i t i s h  research was followed and applied on the  

Continent and i n  America, and subsequently copied i n  Englznd. 

There was a l a g  of from three  t o  f i v e  years between the  for- 

e igne r ' s  appreciat ion and our own of the value of B r i t i s h  re- 

search. 
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