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FINAL REPORT 
ON 

COLD STARTING OF RXCIPROCATIITG A I R C W T  ENGINES 

IN THO0 UC T ION 

Conventional i n t e r n a l  conbustion a i r c r a f t  engines r equ i r e  t h e  same 
bas ic  condi t ions f o r  s t a r t i n g  i n  cold weather as they do i n  warn 
weather. These are: 

(1) 

( 2 )  

The engine must b e  cranked a t  a reasonable speed. 

A combustible mixture  m u s t  be de l ivered  t o  t h e  
cy l inders .  

( 3 )  An i g n i t i o n  spark m u s t  b e  suppl ied which i s  capable of 
i g n i t i n g  t'ne charge a t  t h e  proper t i m e .  

( 4 )  The f i t s  and olearanoes of mating p a r t s  i n  t h e  engine 
m u s t  be such t h a t  normal Sunctions occur a t  a l l  
temperatures.  

(5)  The engine m u s t  rece ive  a usable  lub r i can t .  

(6 )  The engine must  develop s u f f i c i e n t  power t o  overcome 
i t s  own f r i c t i o n  and a c c e l e r a t e  i t s e l f  t o  t h e  des i red  
operat ing speed. 

O f  t h e s e  bas i c  condi t ions ,  supplying a combustible mixture  t o  t h e  
cy l inders  d w i n g  t h e  cranking per iod,  t h e  acce le ra t ion  period a f t e r  
i n i t i a l  f i r i n g ,  and t h e  inter im i d l i n g  period p r i o r  t o  t h e  carbure tor  
o r  f u e l  metering device becoming a c t i v e ,  p re sen t  t h e  most d i f f i c u l t  
prob lems. 

The u s e  of a n  i g n i t i o n  system "booster" has  been found necessary t o  
in su re  an  adequate spark t o  i g n i t e  t h e  char re  i n  t h e  cy l inders  under 
all conditions.  Spark plug i c ing ,  r e s u l t i n g  from unsucessful s tar t -  
ing a t tempts ,  has been a major obstacle .  
uniform supnly of combustible mixture  t o  t h e  cy l inders  , r e s u l t a n t  
continuous f i r i n g  prevents t h e  formation of ice .  

By maintaining a steady and 

O i l  d i l u t i o n  has  been one of t h e  most d i f f i c u l t  problems because i n  
p r a c t i c e  it was not  always poss ib l e  to:  

(1) Ant ic ipa te  c o r r e c t l y  t h e  temperature a t  t h e  time of t h e  
next  s t a r t i n g  of t h e  engine. 

( 2 )  Obtain t h e  des i red  amount of' d i l u t i o n ,  and 

( 3 )  Prevent ocoasional assoc ia ted  d i f f i c u l t i e s  such as o i l .  
spewing durin. warm-up and poor con t ro l  over t h e  d i lu -  
t i o n  of t h e  o i l  i n  t h e  main reservoi r .  

proper engine cranking from t h e  s tandpoint  of available e lectr ical  energy 
does not  present  a se r ious  problem because cranking b a t t e r i e s  must b e  
kept warm. Therefore,  w i t h  t h e  proper use  of o i l  d i l u t i o n  t h e  s t a r t i n g  
motors a r e  a b l e  t o  tu rn  t h e  ensrines a t  tideqiiate speeds. 

P R O B L E M  HARD C O P Y :  
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Since  successfu l  s t a r t i n g  requires t h a t  t h e  engine b e  undamaged 
as a r e s u l t  of t h e  s t a r t i n g  s t tempts ,  it i s  obvious t h a t  t h e  f i t s  
and clearanoes of mating p a r t s  must b e  suoh t h a t  temperatures 
enoountered under any condi t ions w i l l  n o t  lead t o  i n t e r n a l  f a i l -  
ures .  By t h e  same token, o i l  d i l u t i o n  and s p e c i a l  priming fuels  
m u s t  b e  oa re fu l ly  used so  t h a t  scoring and scuf f ing  do no t  
resul t .  

A l l i son  Divis ion,  GMC , P r a t t  & Whitney A i r c r a f t ,  Ranger Aircraft 
Engines, and Wright Aeronautioal,  conducted extensive laboratory 
oold weather t es t s  on a i rc raf t  engines, Jack Rc Heintz and 'Eleo t r io  
Storage Battery conducted many inves t iga t ions  with e l e c t r i c a l  
s t a r t i n g  equipment, and t h e  Standard O i l  Development Company has  
spent  considerable  e f f o r t  i n  t h e  blending of high v o l r t i l e  priming 
fuels and the development of o i l s  and greases  f o r  low temperature 
operat ion.  These i nves t iga t ions  have produoed considerable  da ta ,  
t h e  scope of whioh is  too  broad f o r  t h i s  r epor t .  
t h e s e  inves t iga t ions  are  l i s t e d  i n  t h e  addendum. 
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FIEAL REPORT 
ON 

COLD STARTING OF RECIPROCATING AIRCRAFT ENGINES 

OBJECT: 

To devise, develop, and evaluate  methods of cold weather s t a r t i n g  
of conventional i n t e r n a l  combustion type a i r c r a f t  engines. 

1. 
i n  cold weather provided t h e  necessary f u e l ,  l ub r i can t  and equip- 
ment a r e  used and t h e  proper precaut ions a re  taken. 

Conventional t ype  a i rcraf t  engines can b e  s t a r t e d  success fu l ly  

2. Of t h e  seve ra l  methods of s t a r t i n g  engines i n  co ld  weather 
none have been developed t o  t h e  poin t  where the equipment used 
may be  considered completely s a t i s f a c t o r y .  

REC OlQJBKGAT IOES : ' 

Althouch other  f o r n s  o f  a i r c r a f t  propuls ion engines a r e  being 
developed which may gradual ly  d i sp l ace  t h e  conventional encine 
t h e  development of cold weather s t a r t i n ?  equipment should 
continue i n  order  t ha t  mil i tan.  a i r c ra f t  us in?  conventional 
engines w i l l  have a quick and p o s i t i v e  method of s t a r t i n g u n d e r  
cold weather conditions.  

PROBLEM HARD C O P Y  
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DISC US S ION i 

Conventional i n t e r n a l  combustion a i r c r a f t  engines may be s t a r t e d  
under cold weather condi t ions by e i t h e r  of two bas i c  methods. 
two methods are known as t h e  "Warm Engine Method" and t h e  "Cold 
a g i n e  Method". 
and g ives  t h e  s a l i e n t  f e a t u r e s  of each method and t h e  temperature  
ranges covered. Forthern "bush" operators  f o r  years  have used t h e  
%arrr! Engine Method" and d u e  t o  t h e i r  a i r c r a f t  be ing  small, s i n g l e  
enyined, and t h e i r  operat ion being very l i n i t e d  i n  scope, t h i s  
method has been s a t i s f a c t o r y  f o r  t h e i r  use. 

These 

Figure 1 d iv ides  each method by temperature ranges 

Heating of any s o r t  r equ i r e s  continuous rnaintmmce of t h e  heat ing 
u n i t  and i n  operat ion i n  t h e  s t i l l  northern a i r  t h e  t e l l - t a l e  
plume of  w h i t e  vapor i ssu ing  from t h e  s tack  can b e  seen f o r  miles. 
In t e rmi t t en t  heat ing,  o r  hea t ing  p r i o r  t o  s t a r t i n E ,  has beelprovided 
by means of small i n t e r n a l  combustion engine driven hea ters .  
ensines  a re  required t o  opera te  on a i r c r a f t  enEine f u e l  
which t o  d a t e  has contained considerable  lead compounds. The products 
r e s u l t i n g  from these  compounds i n  t h e  combustion prooess a r e  deposited 
i n  t h e  combustion chanber, on t'ne valve mechanism and on o the r  exposed 
surfaoes, thereby ser ious ly  a f f e c t i n g  t h e  l i f e  of t h e  eng ne  and requir-  
i n g  frequent  maintenance. 

These 
AN-F-28) 

-3 - 
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COLD WEATHER STARTING 
OF AIRCRAFT ENGINES 
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Figure 2 f u r t h e r  breaks down f i g u r e  1 i n t o  th ree  sub-divisions 
f o r  t h e  warm engine method and two sub-divisions f o r  t h e  cold 
engine method. 

The t h r e e  major sub-divisions of t h e  warm engine method are: 

a. .Standby o r  continuous heating 

b. External heating of t h e  power p lan t  wi th  t h e  heat  being 
appl ied p r i o r  t o  s t a r t i n g .  

C. I n t e rna l  heating o f  t h e  power p l an t  wi th  t h e  heat  being 
appl ied p r i o r  t o  s t a r t i n g .  

The two major sub-divisions of t h e  cold engine method are: 

a. Priming t h e  engine w i t h  l i q u i d  fue l .  

b. Priming t h e  engine w i t h  gaseous fue l .  

The cold engine method of s t a r t i n g  possesses a g rea t  advantage ' in  
t h a t  t h e  engine may be s t a r t e d  w i t h i n  three minutes from t h e  sound- 
ing of t h e  a l e r t  f o r  m i l i t a r y  a i r c r a f t .  
portance i n  m i l i t a r y  t h e a t r e s  o f  operat ion because a i r c r a f t  on t h e  
ground during an a i r  r a i d  a r e  o f t en  l o s t .  

This i s  of utmost im- 

To pe r fec t  t h e  cold engine method of s t a r t i n g ,  t h e  de l ive ry  of 
priming f u e l  t o  t h e  engine requi res  a metering system both f o r  
l i q u i d  and gaseous fue l s .  This is e s s e n t i a l  because o f  t h e  narrow- 
ing o f  t h e  range of combust ibi l i ty  w i t h  decreasing temperatures. 
Many o f  t h e  d i f f i c u l t i e s  encountered wi th  high v o l a t i l e  f u e l s  a r e  
d i r e c t l y  t raceable  t o  improper fue l - a i r  r a t i o  during t h e  s t a r t i n g  
period. 

The cold engine method of s t a r t i n g  requi res  t h a t  o i l  d i l u t i o n  be 
used. This i s  a very  cont rovers ia l  subject ,  and ind ica t ions  a r e  
t h a t  wi th  t h e  proper cont ro l  of d i l u t i o n  many of these  d i f f i c u l t i e s  
w i l l  disappear. Laboratory t e s t i n g  w i t h  o i l  d i l u t i o n  has frequent- 
l y  l ed  t o  d i sas t rous  engine conditions;  however, recent  i nves t i -  
gat ions reveal  t h a t  t h i s  need not be so  wi th  proper control .  
Service operat ions reveal  t h a t  o i l  d i lu t ion ,  when properly used, i s  
not  harmful. 
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ADDENDUM: 

Shor t ly  a f t e r  t h e  entrance o f  t h i s  country i n t o  World War II, it 
became evident  t h a t  m i l i t a r y  operat ions would be conducted i n  cold 
weather a reas  and that t h e  a i r c r a f t  indus t ry  was not  prepared t o  
cope wi th  t h e  extreme condi t ions t h a t  might be encountered. 
condi t ion brought about t h e  fo rna t ion  o f  t h e  SAE Committee E-16, 
Cold S t a r t i n g  Requirements f o r  A i r c r a f t  Engines, This committee 
undertook the  following: 

This 

1. 

2. 

3. 

To determine t h e  ex ten t  of possible conformance of 
e x i s t i n g  a i r c r a f t  engines t o  t h e  paragraph on cold 
s t a r t i n g  i n  t h e  AN spec i f i ca t ions  f o r  a i r c r a f t  engines 
and t o  recommend modifications t o  e i t h e r  o r  both the 
s p e c i f i c a t i o n  and engines t o  achieve s t a r t i n g  a t  t h e  
lowest poss ib le  temperature i n  t h e  s h o r t e s t  possible  
t i m e  . 
To a c t  as  a c l ea r ing  house f o r  t he  disseminat ion of 
cold weather information throughout t h e  a i rc raf t ;  
engine industry.  

To a c t  as a se rv ice  and advisory group t o  t h e  m i l i t a r y  
se rv ices  , 

I n  performing t h e  above many conferences were held and r epor t s  
issued. 
i n  f i g u r e  3. 

A chronology of t h e  committee's a c t i v i t y  is revealed 

-6- 
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