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D E T E ~ I N ~ I O N  OF I G N I T I O N  POINTS OF LIQUID FUELS 

UNDER PRESSURE-" 

By Jv Tausz and F. Schulte. 

Tmo ser ies  of experiments were t r i e d ,  i n  order t o  determine 

the igni t ion point  a t  any desired pressure9 the f i rs t  ser ies  a t  

constant and the seconrl a t  varying pressure. 

great ly  and indicate  that tes t ing  under pressure, i n  the invest i -  

The r e su l t s  d i f f e r  

gation of  l iqu id  fuels ,  can be done best  i n  the laboratory and that  

the determination of the igni t ion points  i n  an open vessel  furn- 

ishes no cer ta in  indicat ion of  the behavior of the fue l  i n  the +en- 

gine since, contrary t o  the general impression, the igni t ion points  

of the various fue ls  are very d i f fe ren t ly  affected by  changes i n  

pressure; hence the differences i n  the corresponding calculat ions 

of the temperature and f i n a l  compression required i n  a Diesel 

engine. 

General remarks on ignit ion-point determinationst- I n  recent 

years the determination o f  the igni t ion points  has become xore gen- 

e r a l  as a n?eans of judging l iqu id  fue ls .  From the r e s u l t s  of such 

determinations i t  i s  usually possible t o  judge the s u i t a b i l i t y  of 

the various f u e l s  f o r  the Diesel engine. The determination at or- 

dinary atmospheric pressure, L e a y  i n  an open vessel ,  furnishes, 

* From "Zei tschrif t  des Vereines Deutscher Ingenieureyfl  Nay 31, 
1924, pp8 574-578- 
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however,, only a general basis, since changes i n  pressure cause 

very d i f fe ren t  changes i n  the ign i t i on  points. 

The assumption of Wollers and Ehmke, as likewise of A l t  ( s e e  

N a A . C o A *  Technical Memorandurn No. 281), that the absolute ign i t ion  

temperatures of d i f fe ren t  l i qu id  fue l s  continue t o  bear the same 

r e l a t i o n  t o  one another a t  d i f fe ren t  pressures, i s  not correct.  

On the contrary, the ign i t i on  points,  even of  successive f rac t ions  

of the same o i l ,  o f ten  vary q u i t e  d i f f e ren t ly  w i t h  changing pres- 

sure. The differences are s t i l l  greater  f o r  d i f f e ren t  o i l s -  

The inadequacy of the determination of the ign i t i on  point i n  

an open vessel i s  demonstrated by the f a c t  that a coal-tar oil, 

mhose ign i t ion  point i -n  a n  open vessel  w a s  considerably lowered by 

the addi t ion of  10% of  ea s i ly  igni ted shale  o i l ,  showed a higher 

ign i t ion  point at  a high pressure than the pure coal-tar o i l  and 

a l s o  by the f a c t  'chat the ign i t ion  point,  which i s  generally low- 

ered by pressure c m ,  i n  Kany i n s t a x e s ,  be raised b y  pressure up 

t o  a cer ta in  degree. 

A s  determined i n  an open vessel, the ign i t ion  point i s  a def i -  

n i t e  physicochemical property. Divergences i n  fne r e s u l t s  obtained 

by d i f fe ren t  invest igators  are pa r t ly  due t o  the fact  that sub- 

s tances  ca l led  by the same name, l i k e  gasoline, d i f f e r  considerably 

i n  t h e i r  composition, according t o  the  sou3sce of the petroleum from 

which they are obtained, and p a r t l y  t o  the f ac t  that s l i gh t  impur- 

i t i e s ,  which may great ly  a f f e c t  the ign i t i on  point a t  normal pres- 

sure,  a r e  disregarded. For example, chemically pure benzene ( f r e e  
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from sulfur  compounds) f i r s t  ign i t e s  a t  662OC (1224OF) , while b 

gene containing sulfur  (a l so  commonly cal led pure) ign i tes  at 57 

(2071'F) Since t h i s  difference i n  composition was disregarded, 

benzene has hither to  been assigned a much too lov  igni t ion point-  

Variations i n  the ign i t ion  point of a substance a re  a l so  of ten 

ascr ibable  t o  def ic iencies  i n  the experimental apparatus. If the 

essent ia l  conditions f o r  accurate determinations (such as the ex- 

clusion of ca t a ly t i c  influences , uniform temperature i n  the vessel ,  

correct  proportions of f u e l  and a i r  01: oxygen) a r e  f u l f i l l e d ,  the 

resu l t s ,  even f o r  great ly  d i f fe r ing  apparatus, are ident ica l  and 

always reobtainable. 

I n  order t o  obtain the important uniform d i s t r ibu t ion  of heat,  

the  igni t ion vessel  imst be enclosed. i n  an oven lined w i t h  asbestos,  

so that, a f t e r  the flame is removed, the temperature of the vesse l  

w i l l  f a l l  but 2-3OC (3.6-5.4'F) per minute. X6reover, greater accu- 

racy can be obtained by taking the ign i t i on  point while the temper- 

a ture  i s  f a l l i n g  than nhi3-e i t  i s  r i s ing ,  as has been customry.  

The temperature i s  first raised 5O0C (90°F) a t  a time, u n t i l  igni- 

t i o n  takes  place. It i s  then allowed t o  cool  and the exact igni- 

t i o n  point i s  determined during the cooling. 

The capacity of many ignition-point t e s t e r s  i s  so small that 

unrel iable  r e s u l t s  a r e  obtained, especial ly  i n  the determination 

with a i r ,  on account of the irnposgibility of obtaining the r igh t  

proportions o f  f u e l  and air. Good r e s u l t s  mere ob.tained w i t h  an 

ignition-point t e s t e r  having a capacity of 25  CXP (1.52 cuein-) , 
i 
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through which 200-300 cm3 (12.2-18.3 cut in . )  of a i r  o r  70-80 em3 

(4.27-4.88 cu-in.)  of oxygen was conducted per minute, w i t h  the a 

d i t i o n  of a 15-30 mg (0.23145-0.4629 grain)  drop of fue l ,  such as 

f a l l s  from a f i n e l y  pointed pipette.. 

A t  a temperature 30 t o  5OoC (54-90'F) above the igni t ion point 

* the fue l  generally ign i tes  immediately, i - e . ,  within 0.02-0.05 see- 

ond a f t e r  the introduction of the f u e l -  

when the temperature i s  f a l l i n g -  The delay i n  the ign i t ion  a t  the 

minimum temperature a t  which i t  can take place ( i g e + ,  a t  the igni- 

t i o n  point)  va r i e s  great ly  and may amount t o  as much as 5 seconds.. 

As Hawkes found i n  h i s  experiments ("Engineering," 1920, V o l .  110, 

p.749), the delay i s  about the same f o r  igni t ion under pressure- 

This i n t e rva l  is  longer 

Igni t ion depends on the chemical composition of the" f u e l  and 
t 

the preceding chemical changes, which d i f f e r  f o r  different  pres- 

sures and temperatures. Physical conditions, such as the fineness 

of divis ion and diffusion, have no immediate e f f e c t  on the igni t ion 

temperature, but  affect  on ly  the completeness and rap id i ty  of the 

combustion (Compare Wartenberg, "Zei tschsif t  des Vereines Deutscher 

Ingenieme," 1924, Vol. 68, ~ ~ 1 5 3 ,  and Haber and Wolf, l rZei tschrif t  

f&r Angewandte Cbemie," 1923, Vol. 36, pp373), 

The chemical changes preceding ign i t ion  a re  very complex an3 

very d i f f i c u l t  t o  investigate,  on account of t h e i r  rapidi ty-  The 

inadequacy of former hypotheses i s  demonstrated by several conspic- 

uous phenomena, which they f a i l  t o  explain. For example, the ig- 

n i t i on  temperature i n  oxygen i s  not  always lower than i n  air ,  but 
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many substances have a higher igni t ion temperatuse i n  oxygen than 

i n  the air. Furthermore, the ign i t ion  point i n  oxygen i s  not al- 

ways the same as i n  air undm a pressure of 5 atmospheres, i n  w h i  

the  amount of oxygen i s  the same as i n  the same volume of pure ox- 

ygen at  normal pressure. The igni t ion points d i f f e r  great ly  i n  

these two cases and the discrepancy increases w i t h  the s ize  of the 

molecules and the quantity of unsaturated compounds contained i n  

the fuel .  Moreover, the sensitiveness of many substances i s  so  

great Ithat even var ia t ions i n  the barometer considerably a f f ec t  the 

ign i t ion  point and many substances ( e-g.., anhydrous butyr ic  and 

va le r i c  acids) even have two igni t ion points i n  a i r J .  The former 

f i r s t  igni tes  i n  air at 320'0 (608'F) w i t h  a delay of 2 t o  3 sec- 

onds. 

combustionl 

place, with a delay of about 1 second- 

Above 3 2 2 O C  (611,6°F) no real  ign i t ion  occurs, but only quiet  _.  

Only above 35OoC (662'F) does real  i gn i t i on  again take 

According t o  Tausz, these and other  phenomena can be explained 

b y  the creat ion of primary substances (peroxides) which, although 

the time i s  so short  that no extensive decomposition o r  complete 

evaporation o€ the fu.el can occur before the igni t ion,  s t i l l  p lays  

an important ro le ,  since, even i n  very small quant i t ies ,  they exert 

a strong influence by  the i r  sudden dis integrat ion.  * 
* The chemical changes before igni t ion,  previous hypotheses and the 
new hypothesis resul t ing from our experiments a r e  minutely described 
i n  "Mitteilungen des chem.-techn. I n s t i t u t s  der Techn. Xochschule, 
Kar1sruhe,l1 published by  Knapp i n  Halle. The ign i t ion  points of the 
d i f fe ren t  substances both i n  an  open vesse l  and under pressure, as 
also the various devices required f o r  the i r  determination, a r e  a l s o  
f u l l y  described* 
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Det,erminatioll of ign i t ion  point under pressure .- A s  already 

mentionecl, the determination of the ign i t ion  point i n  an open ves- 

s e l  furniShes no cer ta in  indicat ion of the s u i t a b i l i t y  of a l iqu id  

f u e l  f o r  the Diesel engine, since the igni t ion points  of d i f fe ren t  

f u e l s  vary d i f f e ren t ly  with increasing pressure. It i s  of l i t t l e  

use fo r  t e s t ing  unsuitable fue l s  {such as coal-tar o i l )  which a re  

rendered u t i l i z a b l e  by additions,  since a lowering of the igni t ion 

point a t  normal pressure may, under high pressure i n  an  engine, be 

converted into an elevation of the ign i t ion  point-  

sought t o  execute the experiments under pressure and two d i f fe ren t  

Hence it  was 

arrangei3ents were t r ied.  I n  experiments A the igni t ion was ef- 

fected at  constant pressure nithou'c spraying. In  experiments B 

the fue l  was sprayed by compressed a i r ,  so that the  changes preced- 

i n g  igni t ion took place under rapidly increasing pressure, the same 

as i n  a Diesel engine. 

Emeriments A (without spra,yinq) .- Fig. 1 shows the ar- 

rangement of the ignition-point t e s t e r .  The introduct ion tube c 

i s  hermeticaLly attached- t o  the ign i t ion  block a by  rneans of the 

screw-cap b- This tube can be closed a t  the  top by means of the 

cap d. The pipe f leads t o  the manometer h and t o  the expan- 

s ion valve i o  The a i r  intake valve i s  located i n  the pipe e ,  

Near the top of the  tube c, a packing box k i s  introduced, 

through which passes a rod w i t h  a mire loop 

block has, j u s t  below the ign i t ion  chamber, a hole f o r  introducing 

the thermo-electric couple- The bottom of the ign i t ion  block i s  

m. The igni t ion 
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protected from the gas flame b y  an asbestos disk.  The introduct i  

tube c i s  surrounded by a cooling jacket 1. In order t o  e f f ec t  

a slow cooling, the ign i t ion  block i s  protected by  an asbestos- 

l i ned  sheet i r o n  cylinder, 

The fue l  to be tes ted i s  enclosed i n  a glass  bulb of about 

0.25 cm3 (1.52 cu.in.) capacity. The capi l lary t i p  of  the bulb 

not be fused together, s ince that might cause the experiment t o  

by  YQe fa i lu re  of the bulb t o  break. 

must 

f a i l ,  

The ign i t ion  block I s  brought t o  a cer ta in  temperature, the in- 

troduction tube begins t o  cool and the glass bulb i s  laid o s  the 

wire loop rfl. After tne introduction tube i s  closed,  i t  is  f i l l e d  

w i t h  air under the desired pressure with the  aid of  the valve g. 

After the l a t t e r  i s  closed an6 while the temperature of the igni t ion 

block i s  fa l l ing ,  the glass  bulb i s  dropped into the igni t ion cham- 

ber  by ro ta t ing  the mire loop. 

cated by the def lect ion of the manometer pointer,  the cap d i s  re- 

moved and the i n t e r i o r  cleared out a i th  a strong current of a i r .  

If ign i t ion  occurs, which i s  indi- 

The experiments a r e  then continued a t  the same pressure and somewhat 

lower temperatures u n t i l  the lowest temperature i s  found a t  which 

ign i t ion  occurs. Gasoline, benzene, petroleum, paraff in ,  l i g n i t e  

o i l ,  shale o i l  and coal-tar o i l  were tes ted  i n  the a3ove manner- 

A s  shown by  Fig. 2, the ignition-point clxrves f o r  pure a l ipha t i c  

fue ls  a r e  very similar and approach 20O0G (392'F) a t  12 atrn. pressure. 

Shale o i l  i gn i t e s  a t  a somewhat higher temperature, coal-tar o i l  con- 

siderably higher and benzene the highest of  all. 

* 
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Since the fue l  was not  spjc8yed and the pressure was consta 

these experiments, the r e su l t s  cannot accurately indicate  the be- 

havior of  the fue l s  i n  the Diesel engine. I n  order t o  approximate 

the conditions i n  the Diesel engine, the attempt was made t o  i gn i t  

the  fue l s  i n  the f ines t  possible sprayc 

ments the pressure was so adjusted that the  delay was eliminated 

I n  tfie fol loning experi- 

and the ignition took  place immediately a f t e r  the fue l  was injected,  

Experiments B ( T F j i  t h  sprapine;) -- The arrangement f o r  t h i s  

purpose i s  shown i n  Figs. 3-5. The introduction t u b e .  b and the 

ign i t ion  block f a r e  scremed into the i ron  block a. The intro-  

duction tube b can be closed by  means of a cap d and has a 

cooling-water jacket e. 

a before enter ing the tube b. A spherical  non-return valve v 

i s  inser ted i n  the air-in-kake pipe, so that  the burned gases cannot 

enter  the container rn. The bl-ock a has another connection lead- 

ing t o  the manometer 1. There i s  a l so  a chimney q confiected w i t h  

an asbestos-lined chamber r, which has an  opening f o r  the burner 

s under the ign i t i on  block f D  

The compressed air i s  heated i n  the block 

The tank m, f o r  the blast a i r ,  was made so l a rge  that the 

tension of the l a t t e r  did not diminish more +,ban 0.3 atm. while 

f i l l i n g  the ign i t i on  point tes te r ,  The pressure i n  t h i s  tank w a s  

indicated by the manometer n o  Between th i s  tank and the ignit ion- 

point t e s t e r  there  was an i n l e t  valve 0 ,  which, a f t e r  a s l igh t  

turn,  opened wide enough t o  fill the apparatus w i t h  coriressed a i r  

almost instant ly-  This tank was replenished from the compressed-air 

tank p. 
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In order t o  measure the temperature f o r  the cal ibrat ion of 

thermoelectric couple, the nozzle h w a s  first unscrewed from the  

a i r  pipe and ( a f t e r  heating the ignition-point t e s t e r )  the heat w a s  

shut of f  and the chimney valve t was closed. The temperature th 

f e l l  at  the r a t e  of  about 3OC (5.4OF) per minute.. The temperature 

f a l l  was measured by a thermometer reaching through the a i r  pipe t o  

the bottom of the ignt t ion chamber and the readings of  the m i l l i -  

voltmeter were simultaneously recorded. Since the upper portion 

of the mercury column had the temperature of the a i r  pipe and hence 

of the cooling-water, around 12-15OC (54-5g°F), a corresponding cor- 

rect ion of the thermometer readings had t o  be made f o r  the C a l i -  

bration. 

After the readings had a l l  been made, the temperature i n  the 

upper th i rd  or" the igni t ion chamber was found, a t  the above- 

mentioned sate  of cooling of 3*G (5.4'F) per minute, t o  be only  

2-3OC (3.6-5.4'F) less than the temperature at the bottom of the 

chamber, near the thermoelectric couplel When the cooling was more 

rapid, t h i s  temperature difference at ta ined 1 0 ° C  (18'F) 

I n  order ' t o  de temine  whether the preliminary heating of the 

compressed blast-air was suff ic ient ,  the following procedure was 

adopted. The apparatus w a s  heated t o  about 500°C (932'F), the heat 

turned o f f  and the chimney closed. While the a i r  pipe was cooling, 

a thermometer was introduced as far as the mouth of  the by-pass 

pipe j .  

s ide  turned toward the by-pass pipe, so that  the mercury was not 

The mercury bulb was protected w i t h  asbestos as far as t h e  
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cooled by the  walls of the air  pipe* Then a moderately strong a i2  

stream was blown through the i ron  block and the by-pass pipe in to  

the a i r  pipe and the temperature o f  the  ign i t ion  block and of the 

inflowing a i r  s e r e  taken simultaneously. 

(752'F) i n  the ign i t ion  block, the temperature of the inflowing air 

was 10-12°C (18-21e60F) lower. 

block, the d i f f  erenees were considerably greater ,  the temperature of 

the a i r  being about 15OC (2'7'F) lower than i n  the ign i t ion  block. 

The preliminary heating mas therefore qui te  su.f€icient. 

A t  a temperature of 400' 

kt 2OO0C (392'F) i n  the ign i t ion  

If the igni t ion temperature of coal-tar o i l  i s  t o  be deter- 

mined a t  20 atmospheres, the inteimediate tank i s  f i l l e d  w i t h  air 

at 20*2 atm. from the compressed-air tank p,  the ignition-point 

t e s t e r  i s  heated t o  450°C (842'F) and the air  pipe b i s  simultan- 

. eously cooled by running water. 

and the chimney closed. 

cool  slowly* 

The heating i s  then discontinued 

We then wait u n t i l  the apparatus begins t o  

ASter the cap d i s  unscrewed, 1-3 cm3 (OAO61-0-183 cti-in.) of 

coal-tar o i l  i s  dropped on the roll of mire gauze c b y  means of  

a pipet te ,  

by a short turn of the valve 0 ,  K i t h  a i r  at 2OY2 atm. 

The air pipe i s  then closed and the apparatus i s  f i l l ed ,  

The igni t ion i s  indicated by a short  backward def lect ion of the 

pointer  of the manometer 1. The combustion gases are then released 

through the valve into the open air9 the cap i s  removed and, a f t e r  

withdrawing the roll of wire gauze, the igni t ion chamber i s  blown 

out  w i t h  a strong stream of air, in  order t o  remove a l l  t races  of 

the cornbustion products. 
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The same process was repeated at  425OC (797OF) arti ign i t ion  

curred* 

Several more tr ials,  between 400 and 425'C, Bave 4 1 8 O C  (784.4'F) a 

-the final ign i t ion  point. 

rmnner a t  other pressures, 

I n  the  next t r i a l  a t  4OO0C (75Z°F), there  was no ign i t io  

The same fuel  was t es ted  i n  the s m e  

The experiments were f irst  performed without the nozzle hs The 

r e s u l t s  varied so much, however, as to indicate  the need of some 

change. In  introducing the fue l  without a nozzle, a considerable 

portion of i t  remained between the air  pipe and the igni t ion chamber. 

After introducing the nozzle h,  the discrepa-ncies ceased and repe- 

titions of the experiments gave the same resul ts .  

After a se r i e s  of experiments, the ign i t ion  block and nozzle 

had t o  be unscrewed, SO that the unburned carbon could be removed 

from the walls. 

Results.- Taking in to  consideration the shortness of the time 

i n  which igni t ion nust take place i n  a Diesel engine ( l e s s  than Os02 

second i n  rapid engines), me camot  assume that the igni t ion i s  pre- 

ceded by any considerable evaporation. Rather, 9n the most favora- 

ble case, only the outer layer of a drop ewqorates  and. mingles w i t h  

the air  and ign i t e s  a t  the requis i te  temperature. The higher temper- 

a ture ,  thus produce&, then causes the ignition of a l l  the rest of the 

fue l .  I n  the v ic in i ty  of the ign i t ion  point,  the temperature i s  gcn- 

e r a l l y  too low t o  produce instantaneous igni t ion.  

If coal-tar o i l  and shale o i l  are mixed i n  di€ferent .  proportions 

m d  then tes ted i n  Moorel s igni t ion chamber a t  ordinary atmospheric 
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Pressure, the ign i t ion  point  fa l ls  continually as the proportion o 

shale o i l  i s  increased4 

tween experiments wfth air and with oxygen+ 

oxygevl, the ign i t i on  point f e l l ,  with increasing proportion of shale 

o i l ,  at first very rapidly and then (above 40% of shale o i l )  mch 

slower, 

uniformly* A mixture of equal parts of a i r  and oxygen did not yield 

a mean ign i t ion  curve between the curve f o r  air  and the one f o r  oxy- 

gen, but gave a, curve hardly agrceing with e i ther  of the l a t t e r  at 

any point and only s l i g h t l y  Spproaching the oxygen curve- 

Fig. 6 also shows the l a c k  of  agreement be  

I n  t h e  experiments v i  

Tn the experiments with air, the ign i t i on  point f e l l  more 

If the ign i t ion  points  of these mixtures are determined under 

pressure and especial ly  by the B method, they do not f a l l  uniform- 

l y  with increasing proportion of shale o i l  at a given pressure, but 

d i f f e r  greatly from those obtained at 1 atmospheres Fig. 7 gives 

the curves obtained b y  p lo t t i ng  the ign i t i on  temperatures against  

the pressures f o r  pure shale o i l  and coal-tar o i l  and d i f f e ren t  mix- 

tu res  of the same. 3 i t h  a mixture containing 10% of shale o i l ,  the 

curve of the ign i t i on  points  runs above that for  coal-tar o i l  alone- 

Vith 20% of shale oil the  ign i t i on  curve i n t e r s e c t s  the curve. 

. f o r  coal-tar o i l  a t  8 atm. and runs, from there up, higher than the 

cume f o r  the 1% mixture. Only mixtures containing above 30% of 

sha le  oil give ignition-point curves running consis tent ly  below the 

curve f o r  pure coal-tar o i l ,  even a t  t h e  highest pressuresr These 

differences can be be t t e r  shown by a t r iaxial  system of coordinates 

t 

{Fig. S ) ,  vhich gives the corresponding ignition-point curve f o r  
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each pressure. 

Mixtures of coal-tar o i l  and l igni te- tar  o i l  (Figs. 9-10) e 

h i b i t  similar phenomena though l e s s  pronounced. I n  these mixtures 

more than 3@ of l igni te- tar  o i l  ( t h e  more eas i ly  combustible sub- 

stance) i s  required to  lower the ign i t ion  points under pressure. 

when we employ a mixture of a more eas i ly  with a l e s s  eas i ly  combus 

t i b l e  substance ( e . g . ,  anthracene o i l )  i n  a Diesel. engine, we f ind 

that a t  l e a s t  50-60% of the former i s  required f o r  good functioning. 

The r e su l t s  of the 3 ser ies  of  experiments a g e e  with prac- 

t i c a l  t e s t s  i n  an engine. 

possible to  determine, i n  the laboratory, the s u i t a b i l i t y  of  oils 

o r  mixtures f o r  use i n  Diesel engines be t t e r  than w i t h  the Usual ig- 

nition-point t e s t e r s .  Fig. 12 i s  contrary to  Aft's assumption that 

With the help of t h i s  apparatus i t  i s  

the temperatuse i n  a Diesel engine a t  the ins tan t  of ign i t ion  i s  

about 100°C (180'F) higher than i n  an open ignition-point t e s t e r ,  

According t o  A l t ,  the ign i t ion  poin t  of  benzene, which i s  57OoC 

(1058 F) i n  a current of oxygen i n  an open vessel,  would be 720°C 0 

(1328°F) i n  a Diesel engine. Fig. 11 shows, however, that the ig- 

n i t ion  point of benzene l i e s  between 450 and 5OO0C (842 and 9 3 9  F) 

a t  pressures of 20 t o  40 atmospheres, such as ex is t  i n  Diesel en- 

gines. Even i n  cases where, on account of delayed ignition, a some- 

what higher temperature has t o  be assumed, the ign i t ion  point must 

s t i l l  be far below 720°C (1328°F). Likewise, according t o  Figr  11, 

the ign i t ion  temperature of gasoline i n  an engine, as given by Alt, 

i s  much too high. 
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These examples indicate that the cornpxted ignition temperatu 

This value, as likewise the requis i n  the  engine is not correct. 

f i n a l  compression pressure, can hardly be computed-, since the ignl- 

tion tmperatures of d i f f e ren t  fuels  change very d i f f e ren t ly  with 

i ne reasi  ng pre s sure. 

Translation by Dwight M. Elidler, 
National Advisory Cormittee 
f o r  Aeronautics. 
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1 = Petrole  

3 = Paiaf f in  
4 = Gasoline 
5 = Shale o i l  
6 = Coal-tar 
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Fig.  6 Igni t ion  points  of mixtures o f  
shale o i l  and coal-tar o i l  at 
1 atm. i n  dry oxygen, i n  50 % 
oxygen and i n  air .  
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b = 5 0 %  
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f = Goal-tar o i l  
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Fig.  7 Experiments €3 with coal- 
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tar  o i l  and shale  o i l  nnd 
mixtures contp.ining 10,20, 
30 and 50 % shale  o i l  
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Fig.8 Ignition. points  of mixtures o f  
shale  o i l  and coal-tar o i l .  

E =: Coal-tar o i l  
A = Lignite-tar o i l  

C = 305 
D = 10% 

B = 5075 

m 
a, 

30 
ti 
8 5 20 
m 

a, 
iJ 

d 

co 

9 
0 10 

% 

' 2 0 0  300 400 500 600 700 O C  

Fig.9 Ignition-point curves f o r  pressure 
experimentswith l i gn i t e - t a r  o i l  and 
coal-tar o i l  and mixtures containing 
10,30 and 50% l igni te - ta r  o i l .  
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Fig.10 Ignition points of rnixtures of 
U.g&ite-t&r oil 3~2th coal-tar oil. 
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1 = Paraffin 5 = Gasoline 
2 = Petroleum 6 = Cylinder oil 
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.11 Results of pressure experiments B. 


