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Figure 2. - Temperature-rire correction  factore aa function or fuel-& ratio.  
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Fraction of stoichiometric fuel-air ratio, 6 

(a) Combustion pressurea from 4 to 16 atmospheres. 

Figure 2. - C o u p m a .  Temperaturc-riee correction factors as function of fuel-air ratio. 
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(e) Combustion pressures from 16 to E4 atmospheres. 

Figure 2. - Concluded. Temperature-rlse correction  Pactore as function of fuel-air  ratio. 
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Figure 3 .  - Continued. Temperature-rise comeotion factors a8 function of CombusCion-temperate r i se .  
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( c )  Combustion preseurea from 1 t o  4 atmoepheres. 

Figure 3.  - Continued. Temperature-rise corfeatlon factors as funcFion of combustion-tempurature rise. 
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NATIONAL ADVISORY CObMITCEZ FOR AEROHAUTICS 

ruEAL !lmEERA!ruRE RIGE rn To CONS'PANT- 

PRESSURE COMBUSTION OF A JF-4 FUEL 

By S. C. Huntley 

SUMMARY 

The ideal  kemperature rise due t o  the constant-pressure combustion 
of a methylene ( ~ 3 ~ )  fuel  was calculated. C% close- approximEttes 
m-F-5624 grade JP-4 fuel  presently used in most turbojet and ram-jet 
enghes. Char ts  are presented fram which the ideal temperature rise or 
the ideal quastity of fuel required to obtain a specified canibustion 
temgerature may be  obtained f o r  any flight condition 1- t o  be en- 
countered with turbo jet or  ram-jet  engines using this fuel. 

The charts are  applicable only t o  a fuel havhg a hydrogen-carbon 
mass r a t i o  of 0.168. They include a range of fuel-air ra t ios  frm 0 to 
1.2 fraction of stoichiometric  fuel-air r a t i o  with dissociation  taken 
Fnto account, inlet-air  temperatures fram 400° t o  1600° X, and combus- 
tion  pressures from 1/16 t o  64 atmospheres. The use of the charts is. 
i l lustrated by several  exmqles. 

JXCRODUCTION 

A knowledge of the combustion temperature o r  of the quantity of 
fuel  required  to  obtaln a specified combustion temperature is necessary 
in the perform&ce analyses of a i r c ra f t  turboJet and ram- jet engbes. 
Ideal combustion temperature is generally  calculated ass- complete 
oxidation of the fue l  *ere f inal  fuel-air  r a t io s  are leaner than s to i -  
chiometric and where dissociation is unirqportant. In the stoichiometric 
range of fuel-air   ratios,   ideal cambustion temgeratures are generally 
calculated  assumbg that chemical  equjlibrium exists among the  conibus- 
tion  products and dissociation is thereby W e n  into account. With dis- 
sociation, the i d e a l   c d u s t i o n  temperature is dependent on combustion- 
pressure  level. 

Accurate calcuht ion of -the ideal cmibustion-temperature rise of 
hydrocarbon fuels has been einplified by the presentation of charts  for 
cases *ere the final fuel-air  ratios are leaner than stoichiometric 
and at combustion t q e r a t u r e s  where dissociation is  unimportant. 
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ExanrpLes of these  charts are found in  ref'erenceff 1. and 2. S-lm-llar 
charts &re pesented  i n  reference 9,"wbich also includes .the stoichio- 
metric  range of fuel-air rat ios .  In the l a t t e r  case, with dissociation 
taken  into account, the charts are applicable  to combustion processee 
occurrFng at pressure Levels fram 1 t o  5 atmospheres. 

The aperational range of turbojet and ram-jet engines has been ex- 
tended in recent years t o  high alt i tudes and high flight speeds. This 
Fncrease in operational range has extended the range of  combustion- 
pressure levels which must be covered i n  the performance analyses of 
these engines. A laborious  solution is required  to  calculate ideal 
combustian-temperature rise in the stakhicrmetric range of fuel-air 
ra t ios  where cambu&3on-pressuxe level has an effect .  I n  addition, a 
different  solution is required  for each c0nibin.ati.c-m of combuetion pres- 
sure, inlet-air temgerature, md fraction of stoichiometric fuel-air 
ra t io .  Therefore, it is evident that a need exists for a.n accurate ayld 
sitqple method  of ae€ermining the ideal combustion-temperature rise i n  
the  stoichiometric range of .fuel-alr ra t ios  and f o r  an extensive range 
of combustion pressures. The purpose of this report is t o  provide 
charts fran mich  the ideal temperature r i ee   o r  the ideal quantity of 
fuel  required  to  obtafn a specified cambustion temgerature may be ob- 
tained  for a coraprehensive range of turbojet- and ram-jet-engine opera- 
ting  conditions. ;; 

A general method and thermodynamic tablee for the solution of kher- 
moaynamic properties of a canbustion gas in chemical  equilibrium are 
provided in refereace 4. This method has been used at the NACA Le& 
laboratory t o  establish themdynamic  pro$erties of a cmibustion gas 
for  a CH2 h e 1  and air reaction. These unpublished data were used t o  
compute the ideal  cdustion-temperature  r lse.  The temperature-rise 
'results are presented  herein. 

- 

. . . -  . . .  

Charts are presented from w h i c h  the ideal co"birm-teapcrature 
rise or  the ideal quantity of fuel  required  to obtain a specified can- 
bustion  temperature ?my be easKiy and accurstely obtained. The charts 
are applicable only t o  a f'uel having a hydrogen-carbon -6 ' r a t io  of 
0.168, which closely"approximates MIL-F-5624 @;rad&JP-4 fue l  presently . . 
used in most turbojet and ram-jet engines. -The charts are based on a 
constant-pressure  adiabatic combustion process ccrvering a range of fuel-  
a i r  ra t ios  from 0 t o  1 . 2  fraction of stoichiometric, a range of conibus- 
t i on  pressures from 1 16  t o  64..a%moepheres, -and a range of..-inlet-air 
temperatures. from 400 t o  1600' R .  Use of the ChElrts for a nonadiabatic 
combustion process or  f o r  variations In heat  content of the fuel is cari- 
sidered, and their use is i l lus t ra ted  by numerical examples. 

- 

. . - . . - -. 

" 

- 

b 
. . . . . - . .- 

. .  



NACA RM E55G27a 3 

c. 

SYMBOLS 

t The following synibols are used Fn this report: 

a,b,c,d  canstants used in interpoht ion  process  

C0 
P 

f' 

hC 

hT" 

I m 

i P 

8 

T 

specif ic  heat at  constant  pressure and standerd conditions, 
Btu/lb-OR 

stoichiometric fuel-air mass r a t i o  (0.067626 ] 

lower heating value of fuel at constant pressure 

sum. of sensible  enthalpy and chemical  energy at temperature 
T and standard  conditions,  Btu/lb 

difference i n  enthalpy at T and at 400' R (table II) , 
Btu/lb 

a i r  mass -f low r a t i o  a t  s ta t ion  i 

molecular weight, lb/lb -mole 

mass-flow rate, lb/sec 

absolute' combustion pressure, atm or lblsq ft 

f rac t ion  of  stoichiometric fuel-a* r a t i o  - 

absolute terngerature, ?R 

temgerature rise, OR 
m f e r e n c e   t a p e r a t m e  rise ar correction  factor, 91 

Subscripts: 

a air 

f fuel 

€3 coriibustian gas 

i s ta t ion  

r reference  or assigned value 
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X adjusted d u e s  

1,2,3 8 tat  ions 

The chads presented  hereinyapply t o  as ideal constant-pressure 
adiabatic combustion process with an assigned-value. of fuel enthalpy. - .  

A method is discussed the section USE OF CHARTS which accounts f o r  - 

a nonadiabatic combust.ion process or for a change in the assigned  value 
of fuel  enthalpy. Chemical equilibrium was assunecl to exist amng the 
produck. of conibustion in  the stoichiometric  range of fuel-air r a t io .  
A t  leaner-than-stoichiometric  fuel-air  ratios and at low combustion tem- 
peratures  carnpletely oxidlzed products of conibustion were assumed. 

PC 
b 
Lrl 

- 

For  convenience, the  enthalpy  used is defined as the sum of sen- 
sible enthalpy and chemical  energy. When the chemical  energy i s  in- 
cluded Fn the enthalpy of each  substance,  enthalpy of the cmbustion 
g a ~  fo r  an adiabatic ccoribus t i on  must equal the enthalpy of the  fuel and 
air entering  the combustion process,  or 

where the state temperature for each term in equatbn (1) is taken as 
the  appropriate  entering or  leaving temperature. Combustion-gas enthal- 
py was calculated from equation (1) for 811 assigned value of fue l  en- 
thalpy, for selected  values of inlet-air temperature, and for   severa l  
fractions of stoichiometric  fuel-air   ratio.  

The composition of air  was assumed to  consis t  of the following mole 
fractiona: N2, 0.780881; 02, 0.209495; A, 0.009324; C02, O.OO0300. The 
air enthalpy at selected  values of inlet-atr temperature was calculated 
LLS ing this  composition and the molar e n W p y  of each con8 t i t uen t  from 
the thermodynamic .tables of reference 4. 

The assigned  value of fuel enthalpy was determbed at-a fuel  tem- 
perature of 54Qo R .  A t  this  temperature, t h .  l iqu id  CH2 f u e l  w&s ae- 
sumed t o  have a lower heating  value at constmt  pressure of 

-18,700 Btu per pound. The lower-heating value at %onstant pressure is 
defined 8 8  the amount of heat removed during the  constant-pressure com- 
bustion of a fuel Stnd gaseous oxygen mlxture when the i n i t i a l  and f inaL 
temperatures are equal and the completely oxidized conibustion products 
are a l l  in  the gaseous state. The reaction  eqmtitm for tEe determina- 
t ion  of the lower heating value of C€$ fue l  is then 

z 
C% + 5 O2 * C02 + H20 

Y 
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*v 
and the enthalpy  equation is 

from wbich 

The assigned  value of fuel enthalpy at a temperature of 540' R was de- 
termined from equation (4) us- the a s s i s e d  lower heating value a t  
constant  pressure and the molar enthalpy of each constituent fmm the 
thermodynamic tables of reference 4 .  Stoichiometric  fuel-air r a t i o  
is evaluated by consideration of equation (2) and the mole fraction 
O2 Fn the air available f o r  cumbustion as 

\ 
% 2(0.209495) f' - = 

%E2 
3 

or 

f = 0.067626 ) 
The c d u s t i o n  temperature associated w i t h  a specific  value of 

f' 
of 

(51 

combustion-gas  enthalpy-was determined by fnterpolaiion from established 
relations between temperature,  enthalpy, and specific heat at constant 
pressure. These the  'c  properties were obtained a t  a sequence of 
temgeratures in e i t h m r  100° K increments. In  the  stoichiometric 
range of fuel-air   ratios,  chemical  equilibrium was assumed to exist  
among products of combustion consist- of CO, C02, H, HZ, H20, 0, 02, 
OH, N, N2, NO, and A .  Applying the  general method  of reference 4 t o  
these assumed products of combustion leads t o  eight  dissociative  equi- 
librium equations  for gaseous  molecules in  terms of atomic species, 

carbon was assumed among the combustion products,  the  equilibrium equa- 
t ion f o r  C02 was expressed in terms of CO and 0. Conservation of mass 
leads  to  five  additional  equations, one for  each a t d c  type, namely, 
f o r  C, E, 0, N, and A. The t o t a l  pressure  being  the sum of the partial 
pressure of each constituent  provides an additional equation. The si- 
multaneous solution of these  equations  subsequently leads t o  the campo- 
s i t ion  of the combustion gas fo r  a canstant-pressure combustion process 
a t  a specified  temperature, pressure, and fraction of stoichlometric 
fuel-air   ra t io .  The composition of the ccxnbustion gas and selected 
thermodynamic properties were established  for a  sequence of tapera tures  
in 200' K increments, at several  pressures, and at several  fractions of 
stoichiometric  fuel-air  ratio. 

-ly, fo r  CO, 02, H2, H20, 02, OH, N2, and NO. However, as no free 



A t  leaner-than-etolchiametric fuel-air ratios and a t  low combustion 
temgeratures, the combustion gas was assumed t o  be cmpletely oxidized. 
Theproducts of combustion, in thia  case, were assumed to  consist  of COz, 
%O, and the original a i r  entering the ccxnbustion less the aygen that 
went into the formation of C02 and H20, which leads t o  

and . .  

where the state temperature 
the combus t i on  temperature. 
t ion with the thermodynamic 
thalsy and specific  heat a t  

for  each.tem In eq-tbns (6) and (7) is 

tables of reference 4 t o  calculate the en- 
Equations (6) and (7 1 were used conjunc- 

constant pressure of the completely  oxidized 
combustion gas at a sequence .of temgeratures in 100' K increments and at 
several  fractions of stoichiometric  fuel-air  ratio. 

A relation between tenperatme, enthalpy, and specific heat a t  con- 
stant  presaure was egtablis-. by assumbg th& - . . 

Tg- = + b ( g } 2  + c( 
Q Q 

and 

where a, b, c, and d were evaluated  for each  temperature increment 
from the thermodynamic properties of each tenperatme sequence. This 
relation was then assumed t o  be true  for any temperature between the 
values a t  which a, b, c, and d Were determined. T h i s  method gives 
an interpolation  process based on a 2-potnt - 2-slope  technique. From 
t h i s  established relat ion the ccmibustlon temperature  associated with a 
specific  value of c&ustion-gas.enthalpy was determined for selected 
d u e s  of inlet-air tenperatme and for several fractions of stoichio- 
metric  fuel-air ratio. 

yc 
7 

M 
PC 
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The ideal combustion-temgerature rise  associated with a constant- 
pressure  adiabatic combustion process is shown in figure 1 f o r  a c a b u s -  
tion  pressure of 1 atamsphere and fo r  inlet -air  temgeratures of 400' and 
1 W 0  R as a function of the fraction of s toichimetr ic   fuel-air   ra t io .  
The effect of dissociation on temperature r i s e  is i l lus t ra ted  by the 
separation between the curves with dissociation and ,without dissociation. 
The effect  of dissociation is to  decrease the ideal temperature rise 
attainable wLth a campletely  oxidized combustion gas, especially at high 
values of combustion temperature. The typical  trend of temgerature r i s e  
as the inlet-air  temgerature is increased is t o  reduce the  temperature 
rise. The temperature rise is reduced more a t  near-Stoichiometric mix- 
tures, and the peak temperature rise occurs at richer mjxtures with 
higher W e t  temperatures. These trends in  temgerature rise - for  a pres- 
sure  level of 1 atmosphere are also typical of other canbustion-pressure 
levels. . .. .. 

The values of temgerature r i s e  i n  the  stoichiometric  range of fuel- 
air rat ios  were  computed with the assumgtion of dissociation; whereas, 
at the  leaner  mel-air   ratios no dissociation was assumed. The result-  
ing two sets  of values were fafred  together as shown  by the dashed  curves 
in figure 1. The resulting continuous  curves were used i n  subsequent 
charts f o r  the  relation of ideal combustion-temperature r i s e  as a  func- 
t ion of the fraction of s toichimetr ic   fuel-air   ra t io .  

Ideal combustion-temgerature rise at a conkustion  pressure of 1 
atmosphere is presented in table I as a function of the  fraction of 
stoichiometric  fuel-air  ratio  for a range of Fnlet-air temperatures from 
400' t o  160O0 R.  Temperature rise 0 1 .  the ideal quantity of fuel  re- 
quired t o   o b t a h  a specified temgerature r i s e  m y  be e a s i l y  obtained a t  
any 0.001 Incremental fraction of stoichiometric fuel-air rat io   or  at 
any 100' R increment in inlet-air temperature. These increments In fuel- 
a i r   r a t i o  and inlet-air  temperature are sufficiently small. to give  ac- 
curate  values by a .simple. straight-line  interpolation at any Fnterval 
between increments. 

Ideal combustXon-temperature r i s e   fo r  any cortibustion pressure other 
than 1 atmosphere is obtained by additive  correctian  factors  applied t o  
the value of temperature rise obtained from table I at the appropriate 
fraction of s toichimetr ic  fuel-air r a t io  and inlet-sir tauperature. 
Exact differences in temgerature r i s e   f o r  equal. increments of the  log- 
arithm of cmibustion pressure are presented in figure 2. The number of 
temperature-rise  differences .to be added depends on the difference of 
the  pressure  level from 1 atmosphere, as WU be shown l a t e r  in examples 
i l lustrat ing  the use of the charts. Temperature rise  is very  nearly 
l inear with the  logarithm of combustion pressure. Consequently, a 
straight-l ine 'jntF?rpolation u6h.g the logarithm of the particular 
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pressure  gives a close approximation t o  the  difference in temperature 
r i s e   fo r  a pressure withfn each  increment. This relation was used t o  L 

establish  lines of intermediate  pressure  levels on each chart  of figure 
2, from which the  appropriate  temperature-rise  correction  factor lnay be 
easily  obtained. More exact  interpolations may be achieved, of c o w ~ e ,  
by direct  plots of the tqera ture- r i se   d i f fe rence  as a function of the 
logarithm of colzibustian pressure. 

Correction-factor  charts have also been prepared to assiat in  ob- dr 
tawing  the ideal quantity of fue l  required f o r  a specified  temperature 
r i s e  at any combustion pressure. These char ts  are  presented i n  figure 
3. Additive correction  factors  are  obtained fram figure 3 as a function 
of the  specified  temgerature  rise, the inlet-air  te~~rperature, and the 
combustion preasure. These additive  correction  facturs are derived in  
a m e r  similar t o  that fo r  the correction  factors of figure 2. The 
quantity of fuel required f o r  a specified  temperature  rise a t  any com- 
bustion  pressure is  obtabed from table I after applying the correction 
factors of figure 3 to  the  specified temperature r ise .  The rider of 
correction  factors t o  be applied t o  the  specified  temperature  rise is 
again dependent on the  difference between the preesure  level md 1 
atmosphere. 

r- 
Fc to 

c 
USE OF CBARTS 

The combustion charts  presented  herein may be  used directly  for an P 
adiabatic combustion process and for the  assigned  value of fuel enthalpy. 
The charts may also be  used for a nanadiabatic combustion process, such 
as a loss of a i r  or power extraction, and for variations In the  heat can- 
tent of the  fuel.  A geaeral system is presented in  figure 4, w h i c h  shows 
enthalpies for a nonadiabatic cornbustion process with a loss of air in 
the system and with a variation Fn heat  content of the fuel fram the as- 
signed fuel enthalpy. The heat balance is 

and the mass balance of the system is 

ma,r - %,i + mp,2 = "g,3 

Since, by definition, 

Sf '  = 
m a , l  a, i - m  

and > 
m a , i  J 

i =  m a,l  a, i - m  
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then, cambining equations (lo), (111, and (12) and using  the assigned - fuel  enthalpy  yield 

2 
4 
IP Mow, by using an adJusted inlet-air temgerature Tx t o  accomodate the 

change in energy  from an adiabatic  process  with  assigned  conditions, the 
adjusted inlet-air enthalpy is 

t The generalized  heat-balance  equation which is  similar to equation (1) 
ia directly  applicable to the combustion charts. 

A n  adjustment of Met-air  t q e r a t u r e  is necessary to sat isfy  the 
difference between the  generalized inlet-air enthalpy (h$] and the 

volves- only a change in sensibl;? enthalpy;  consequently, any available 
sensible-enthalpy table fo r  air may be used to obta ln   the   cor responw 
adjustment of inlet-air temperature. For convenience, a chart of sen- 
s ible  air enthalpy  as a function of temperature is presented in table II, 
which was calculated using the same air carposition and molar enthalpy 
of each constituent as was uied for the conibustion charts. The change 
in  enthalpy  resulting frakn the loss of air  in a general system  [such as 
f ig .  4) may be  used direct ly  fn equation (14). An appropriate term may 
also be included to account for any other change Fn energy which ruay re- 
sult Fn a nonadiabatic  process,  such as energy extracted from the system 
for auxiliary equipment. 

A variation in fuel  enthalpy fran the  assigned  value may be the  re- 
sult of a change Fn either  the lower heahfng value of %he fue l  at con- 
stant pressure  or in the   fuel- inlet   taperatwe.  The change i n  enthalpy 
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resulting from a change Fn the lower heating value of the   fue l   a t  con- 
stant  pressure is s" Sf (-18,700 - hc) . A change in enthalw  re- 
resulting from a variation Fn f u e l - m e t  temperature from the assigned 
value o f  540° R may be obtained from a consideration of the  specific 
heat a t  constant  pressure of the liquid fuel. A typical  variation of 
specific  heat w i t h  fuel  temperature was obtained from reference 5 for a 
JP-4 hydrocarbon fuel. The chasge in fuel enthalpy from the  ass.igned 
value at 540' R was calculated by using 

($1 = 0.502 + 0.000525(Tf - 540) 
f ,   l iqu id  

For convenience, a chart of the change in fue l  enthal-gy of a stoichio- 
metric  mixture on a unit-mass-of-air basis is  presented in  table I11 as 
a f'unction of the fuel-inlet temperature. The product of a chart value 
and the  fraction of s t o i c h i m t r i c  fuel-air ratio  yield8 the appropriate 
charnge in air enthalpy for  a variation jh fuel-inlet  temperature 
(es. (141) - 

P , '. 

The use of the canbustion charts is i l lustrated by calculations 
f o r  a turbojet  engine w i t h  an afterburner far which the followdng con- 
ditions are employed: engine-inlet temperature, 520' R; 4-percent lose  
in a i r  f low by compressor interstage  air  bleed  occurring a t  a tempera- 
ture of 624O R; combustor-inlet  temgerature, looOo. R, engine f'uel-air 
rat io ,  25 percent of stoichiometric;  fuel-inlet  tenprature, 54Qo R; 
lower heating  value of fuel at constant  pressure of -19,135 Btu per 
pound a t  540' R; turbine-outlet  tkperature, 1675O R; afterburner fuel- 
air  ratio,  55 percent of 6 t O i c h i o m e t r i C ;  afterburner conibustion pressure, 
400 pounds per  square foot; and afterburner cornbustion temgerature, 
3500° R .  

%ample 1 - Determination of Ideal  Turbine-Outlet Temgeratum? 

Generalizing the heat  balance frcan the engine inlet t o  the turbine 
outlet  indicates that an adjustment in the  inlet-air  tenperatme is mc- 
essary  before using table I. From equation (14) the  adjusted  inlet-air 
enthalpy is 

a, 1 

From table I1 

- (4) = 53.7 - 28.8  = 24.9 Btu/lb 
a, i a , l  

" 

P 
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and 

(%O) = 28.8 - 0.04(24.9) + 0.25 X 0.067626(19,135 - 18,700) 
&,X 

= 35.2 Btu/lb 

Tx = 547' R 

Then, from T,, 5, and table I, 

AT = ll95O R 

The ideal  turbine-outlet %emperatme is 1195O + 547O = 1742O R. No cor- 
rection is necessary for confbustion pressure at th i s  l o w  conibustion tem- 
perature  ( lean  fud-afr  ratio).  z 

P 
d 

(u Exmrple 2 - Determination of Ideal Engine Fuel-Air  Ratio 8 
This example is the  inverse of example 1, and 822 i teration process . is necessary  because of the change i n  fuel enthalpy  fromthe  assigned 

value. 

8 An approximate adjusted  inlet-air  temperature may be obtalned by 
using an estimated  id&l  engine  fuel-air  ratio. %e estimated  fuel-air 
r a t i o  is obtained from a temperatup? ri6e based on the adjusted in le t  
temperature and the ideal LE' of example 1. The approximate AT is 
1675O - 547O = I"8O R; the  ideal. AT is  1195O R. An ideal  fuel-air  
r a t i o  estimated from a r a t i o  of these temperature rises and the  actual 
fuel-air   ra t io  is 0.25 X - - l l 95  - 0.236 fraction of stoichiometric  fuel- 
air ratio. An approximate adjusted inlet-air enthalpy is 

(4) = 28.8 - 0.04(24.9) + 0.236 X 0.067626(19.135 - 18,700) 
&,X 

= 34.7  Btu/lb 

or, from (Ah$) and table 11, 
a,x - 

T, = 545O R 

i 

" 

A new approximation 
using Tx = 545O R, 

of speclfied AT i s  1675O - 545O = ll3Oo R. By 
AF =-1130° R, and table I, the  ideal  f 'uel-air  ratio I 
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is found t o  be 0.2348 fract ion of stoichiometric  f 'uel-air  ratio. A 
reiteration  process using this fue l - a i r   r a t io  gives the same adjusted 
inlet-air temperature; therefore, no further iterations are necessary. 

Example 3 - Determination o f  EhgFne Cambustion Temperature 

If it is  assumed t h a t  the conibustion of ideal engine f u e l  occurs 
only i n  the engine combustor, then  the ideal fue l - a l r   r a t io  may be spec- 
i f i e d  by either  the combustor temperature r ise   or   the  engine fzemperature 
r i s e .  Consequently, the combustor temperature r i s e  m y  be calculated 
from the  ideal.fue1  f low determined i n  example 2 and the combustor-inlet 
temperature by applying a heat  balance to   t he  engine combustor. Gener- 
alizing the heat belance from the combustor i n l e t  t o  exit indica- an 
adjustment of conkustor-inlet  temperature i s  necesaary  before using taiole 
I. This heat  balance  indicates an adiabatic  process w i t h  a n  adjustment 
for   var ia t ion of fuel  enthalpy of tlie ideal f u e l - a h   r a t i o .   F u r t h e r m e ,  
the combustor air f low is equal  to the air flow used t o  specify the ideal 
fue l - a i r   r a t io  of..exAglple 2; so no adjustment of fue l - a i r   r a t io  i e  neces- 
sary.  From the codustor-inlet  temperature, table 11, and the i dea l  
fue l -a i r   ra t io ,  

= 145.5 + 0.2348 X 0.067626(19,135 - 18,700) = 152.4 Btu/lb 
*,x 

or 

T, = 1027' R 

Then, from Tx, idea l  S, and t ab l e  I, 

AT' = 1058' R 

The e n g i n e  combustion temperature is 1058O + 1027O .= 2085' R. 

Example 4 - DeterminatFon of Ideal Afterburner Ccanbustion Teqerature 

Generalizing  the  heat  balance from the-engjne inlet t o  the af te r -  
burner  out%  indicates that an adjustment-ir.t& .&igine-inlet tempera- 
ture  is t o  be made m i c h  differs from example 1 because of the addition- 
a l  fuel  supplied  to the afterburner; therefore, 

+ 0.55 X 0.067626(19,135 -. 18,700) = 51.4 3tu/lb 

. 
I 

" 

L 

II 

or 
T, = 614O R 
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- 
The t o t a l  fuel-air rat io   suppl ied  to   the system is 0.25 + 0.55 = 0.80 
fraction of the  stoichiometric fuel-air r a t io .  Then, from Tx, t o t a l  
S, and table  I, 

AT = 3ll9O R 

As afterburner combustion occurs at a pressure of 400 pounds per square 
foot,  correction  factors must be applied t o  the  temperature rise ob- 
tained from table  I. From figure 2(a), t o t a l  S, T,, and P, 

&AT = -7O R 

From figure 2(b), t o t a l  S, T,, and P = 1/4 atmosphere, 
. .  - 

W = -24' R 

The ideal  afterburner combustion temperature- is 3 D 0  - 7O - 24O + 614' = 
3702O R. 

ExElznple 5 - &termhation of Ideal  Afterburner Fuel-Air Ratio 

. This example is the inverse of example 4; and , as in ample  2, an 
iteration  process is necessary. The specified afterburner temperature 
rise is 3500° - 1675O = 1825' R.  From example 4, the  ideal  afterburner 
temperature rise is  3702' - 1675O = 2027O R. An ideal afterburner  fuel- 
a i r  ratio  estimated from a r a t i o  of these temgerature rises and the ac- 
tual afterburner f uel-air   ra t io  is 0.55 X - 1825 = 0.495 fract ion of 
stoichiometric fuel-air r a t io .  An approximate adjusted inlet-air en- 
thalpy f r o m  an estimate of the to t a l   i dea l  fuel-air r a t i o  is  

(+O} = 28.8 - 0.04(24.9) + (0.2348 + 0.495)0.067626(19,135 - 18,700) 

I 

t 

2027 

a, x 
= 49.3  Btu/lb 

or, f r o m  (s) and tab le  11, 
a J X  

Tx = 6 0 5 O  R 

An approximation of total-temperature rise is 3500° - 605O = 2895' R. By 
using = 605' R, All = 28950 R, P =I 400 pounds per squaxe foot, and 
figure 3, the following correction  factors are obtained: 

- &E = 3' R (from f i g .  3(a)) 

W = go R (frm f ig .  3(b)) 
w 
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The-adjusted  temperature rise becomes  2895' + f 9' = 2907' R. From 
table I, T, = 605O E, and AT = 2907O R, the ideal fuel-air   ra t io  is 
found t o  be 0.7247 fraction of stoichiometric fuel-alr ra t io .  A re- 
iteration  process wing this fuel-air ratio  gives  the same adjusted 
inlet-air taperahre;   therefore ,  no fur ther   i terat ions are necessary. 
The ideal afterburner fuel-air r a t i o  is then 0.724'7 - 0.2348 = 0.4899 
fraction of s toichimetr ic  fuel-air r a t io .  

Lewis Flight Proplilslon Laboratory 
National Advisory Cammittee f o r  Aeronautics 

Cleveland, Ohio, July 28, 1955 -. 
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3 1 1 5  

3 1 1 0  
3 1 1 8  

3118 
3 1 1 8  

3 1 1 1  
3 1 1 1  
3 1 1 . 1  
3 1 1 0  
S l l O  

3 1 1 0  
3 1 1 0  
5 x 0 9  

331; 
3 1 0 8  
3 1 0 8  
3 1 0 7  

3 1 0 7  

3 1 0 8  
3 1 0 8  
3 1 0 5  
3 1 0 5  
3 1 0 5  

3 1 0 7  

- 

1m 
3 0 5 4  
- 
3 0 6 4  
3 0 5 4  

3 0 5 4  

3 0 5 4  
3 0 5 4  

3 0 5 4  
3 0 5 4  

3 0 5 4  
3 0 5 4  

3 0 5 4  
3 0 5 3  
3 0 5 3  

3 0 5 3  
3 0 5 3  
3 0 5 3  
3 0 5 3  
Y D 5 3  

3 0 5 3  
3 0 5 0  

3 0 6 P  

:E: 

3 o s a  
3 0 3 8  

so31 

3 0 5 1  
305 '3  

3 0 5 1  
3 0 5 1  

3 0 5 0  
s o t 0  

3 4 6 0  

3 ,049  

3 0 4 9  
3 0 4 9  

3 a u 1  

$::E 
3 4 4 1  
3 0 r 8  
3 0 4 8  

SO47 
3 0 4 7  

3 0 4 7  
3 0 4 6  
3 0 4 6  
3 0 4 6  
3 0 4 5  - 

i 

m4 ~ 

. .. . . .. . 



I I 

Practlon of 
atoiohio- 
ctrio fuel- 
air ratio, 

8 

1J.51 

3.53  
1 5 4  
.I 5 5 

3 .56  

:1 5 fl 
157 

ASCI 
.16 0 

1 6 1  
3 6 2  
1 6 3  
1 6 4  
:16 5 

2 6 6  
d e 7  
3 6 8  

.17 P 
3 6 9  

1 5 2  

i;: 

2;; 

.l73 
1 7 4  
3 7 5  

,a7 q 
3 7 R  

1 8 0  

3 8 1  
.1 8 2 
1 8 3  

1 8 5  

.3: 8 6 
,18 7 
.18 
.18 R 
.I 9 0  

.I s a  
, 1 9 1  

.19  4 

.1 93  

-1 9 s 
.1 9 6 
.1 9 7 

.19  9 

.198 

.a0 0 

1 8 4  

TABE3 I. - Concluded. IDEAL C W ? U 3 T I O N - ~ A R l R E  RISE, AT COWBUSTION PRESSURE W 1 A M O S P W  

Ideal ombuatlon-temperature riae, AT, OR 

- - 400 

3 5 7 5  
3 5 7 3  

3 5 7 1  
3 5 7 0  

3 5 6 R  
3 5 6 7  
3 .566  
3 6 6 4  
3 5 6 3  

S 5 6 0  
3 5 6 2  

3 s 5 7  
3 6 5 9  

3 5 5 6  

35 .55  
3 5 5 3  

3 5  5 0  
3 8 4 9  

3 5 4 7  

3 5 4 4  
3 5 4 6  

3 5 4  3 
3 5 4 1  

3 5 7 a  

3 5  s a  

3 5 4 0  
3 5 3 8  
3 6 3 6  
3 5 3 5  
3 5 3 3 .  

3 5 3 2  
3 5 3 0  

3 5 2 7  
3 5 2 8  

3 5 8 s  

3  5 a.4 
3 6 2 2  
3 .520  
35117 
3 .517 

3 5 1 5  
5 5 1 3  
3 5 1 2  
3 5 1 0  
3 5 0 8  

3 5 0 6  
3 5 0 4  
3 5 0 3  
3 5 0 1  
3 4 9 9  

500 
3 5 2 8  
3 5 2 8  
3 5 2 7  
3 5 2 5  
3 5 2 4  

3 5 8 3  
3 5 9 2  
3 5 8 1  
3 5 1 9  
3 5 1 8  

3 5 1 7  
3 5 1 5  
3 5 1 4  

3 5 1 1  
3 5 1 3  

. 3 5 1 n  
3 5 0 3  
3 .507  
3 5 0 6  
3 5 0 5  

3 5 0 3  
3 5 0 2  
3 5 0 0  
3 4 0 9  
3 4 9 7  

3 4 9 6  

3 4 9 3  
3 4 9 6  

3492 .  
3 4 9 0  

3 4 R 8  
3 4 8 7  
3 4 8 5  
3 4 8 4  
3 4 8 2  

3 4 8 1  
34 '19  
3  4.7 8 
3 4 7 6  
3 4 7 4  

3 4 7 3  

3 4 6 9  
3 4 7 1  

3 4 6 8  
3 4 6 6  

3 4 6 4  
3 4 6 3  
3 4 6 1  
3 4 5 9  
3 4 5 7  

600 
3 4 8 2  
3 4 8 0  
3 4 7 0  
34711 
3 4 7 7  

3 4 7 6  
3 4 7 5  
3 4 7 4  

3 4 7 1  

3 4 7 0  
3 4 6 q  
3 4 6 8  
3 4 6 6  
3 4 6 5  

3 4 6 4  
3 4 6 3  
3 4 6 1  
3 4 6 0  
3 4 5 9  

34 .58  
3 4 5 6  
3 4 5 5  
3 4 5 4  
3 4 5 2  

3 . 4 5 1  
3 A 4 9  
3 4 4 8  
3 4 4 7  
3 4 4 5  

3 4 4 4  

3 4 4 1  
3 4 3 9  
3 4 3 8  

3 4 3 6  
3 4 3 5  
3 4 3 3  

3 4 3 0  

3 4 2 7  
3 4 2 9  

3 4 2 6  
3 4 2 4  
3 4 2 3  

3 4 Z i  
3 4 1 9  
3 4 1 8  
3 4 1 6  
3 4 1 4  

3 4 7 8  

3 4 4 a  

3 4 3 8  

- 

- 700 
3 4 3 2  
3 4 3 1  
3 4 3 0  
3 4 2 9  
3 4  R A  

3 4 R 7  
9 4 2 6  
3 4  2 5  
3 4 2 4  
3.483 

3 4   8 2  
3 4 8 1  
3 4   2 0  
3 4 1 8  
3 4 1 7  

3 4 1 6  
3 4 1 5  
3 4 1 4  
3 4 1 3  
3 4 1 1  

3 4 1 0  
3 4 0 9  
3 4  0 8  
3 4   0 7  
5 4 0 5  

3 4   0 4  

3 4 0 1  
3 4   0 3  

3 4 0 0  
3 3 9 9  

3 5 9 8  

3 3 9 5  
3 3 9 6  

3 3 9 3  
3 3 9 2  

3 3 8 9  
3 3 9 1  

3 3 n e  
3 3 8 7  
3385 

3 3 8 4  
3 3 8 2  
3 3 8 1  
3 3 7 9  
3378 

3376 
3 3 7 5  
3 3 7 3  
3 3 7 2  
3 3 7 0  

- 
800 - 

3 3 R l  
3 3 8 0  
33 '19  
3 3 7 9  
3 3 7 8  

3 3 7 7  

3 3 7 5  
3 3 7 6  

3 3 7 4  
3 3 7 3  

3 3 7 2  
3 3 7 1  
3 3 7 0  
3 3 6 9  
3 3 6 8  

3 3 4 7  
5 3 6 6  
3 3 6 5  
3 3 6 4  
3 3 6 2  

3 3 6 1  
3 3 6 0  
3 3 5 9  
3 3 5 8  
3 3 5 7  

5 3 5 6  
3 3 5 4  
3 3 5 3  
3 3 5 2  
3 3 5 1  

3 3 5 0  
3 3 1 9  
3 3 4 7  
3 5 4 6  
3 3 4 5  

3 3 4 4  
3 3 4 2  
3 3 4 1  
3 3 4 0  
3 3 3 8  

3 3 3 7  
3 3 3 6  
5 3 3 4  
3 3 3 3  
3 3 3 2  

3 3 3 0  
3 3 2 9  
3 3 2 8  
3 3 2 6  
3 3 2 5  - 

~~ 

SO0 
3 3 2 9  
3 3 2 R  
3 3 2 7  
3 3 2 6  
3 3 2 5  

3 5 8 5  
3 3 8 4  

3 3 8 1  

3 .323 
3 3 2 2  

3 3 1 9  
3 3 8 0  

3 3 1  R 
3 3 1 7  
3 3 1 7  

3 3 1 6  
3 3 1 5  
3 3 1 4  
3 3 1 3  
3 3 1 2  

3 3 1 0  
3 3 1 1  

3 3 0 9  
3 3 0 R  
3 3 0 7  

3 3 0 6  
3 3 0 6  
3 3 0 4  
3 3 0 3  
3 3 0 1  

3 3 0 0  
3 2 9 9  
3 2 9 8  
3 2 9 7  
3 2 9 6  

3 a 9 s  
3 2 9 4  
3 2 9 3  
3 2 9 1  
3 2 9 0  

3 8 8 9  
3 8 8 8  
5 2 8 7  
3 2 8 5  
3 2 8 4  

3 2 8 3  
3 2 8 2  
3 2 8 0  
3 2 7 9  
3 2 7 R  

loo0 
3 8 7  5 
3 2 ~ 4  
3 9 7 3  
3 2 7 2  
3 8 7 2  

3 8 7 1  
3E7 0 
3 2 7 0  
3 2 6 9  
3 2 6 8  

3 8 6 7  
3 2 6 6  
5 8 6 6  
3 R 6 5  
3 8 6 4  

3 8 6 3  
3 2 6 e  
3 8 6 1  
3 2 6 1  
3 2 6 0  

3 8 5 9  
3 2 5 8  
3 2 5 7  
3 2 5  6 
3 2 5 5  

3 R 5 4  
3 2 5 3  

3 2 5 1  
3 R 5 1  

3 2 5 0  
3 8 4 9  
3 2 4 8  
3 2 4 7  

3 8 5 2  

384 .6  

3 a 4  5 

3 8 4 3  
3 2 4  4 

3 2 4 1  
3 2 4 0  

3 2 3 9  
3 2 3 8  

3 2 3  5 
3 2 3 6  

3 2 3 4  
3 2 3 3  

3 2 3 0  
3 2 3 2  

3 R 2 9  

3 8 3 7  

1100 
3 2 1 9  
3 2 1 R  
3 2 1 8  
3 2 1 7  
3 2 1 7  

3 2 l f i  

3 2 1 5  

3 2 1 3  
3 2 1 4  

- 

3 a 1 5  

3 8 1 5  
3 8 1 8  
3 9 1 1  
f 2 l l  
3 2 1 0  

3 8 0 9  

3 8 0 8  
3 8 0 7  

3 2 0 8  

3 2 0 6  

3 2 0 5  
3 2 0 5  
3 2 0 4  
3 2 0 3  
3 2 0 2  

3 2 9 1  
3 8 0 1  
3 8 0 0  
3 1 9 9  
3 1 9 R  

3 1 9 7  
3 1 9 6  
3 1 9 5  
3 1 9 5  
3 1 9 4  

3 1 9 3  

5 1 9 1  
3 1 9  0 
3 1 8 9  

3 1 8 8  
3 1 8 7  
3 1 8 6  
3 1 8 5  
3 1 8 4  

5 1 8 3  
3 1 8 2  
3 1 8 1  
3 1 8 0  
3 1 7 9  

3 1 9 a  

1200 
3 1 6 2  
3 1 6 2  
3 1 6 1  
3 1 6 1  
3 1 6 0  

3 1 6 0  

3 1 5 8  
3 1 5 9  

3 1 5 8  
3 1 5 7  

3 1 5 7  
3 1 5 6  
3 1 5 6  
3 1 5 5  
3 1 5 4  

3 1 5 4  
3 1 5 3  
3 1  5 2  
3 1 5 2  
3 1 5 1  

3 1 5 0  
3 1 6 0  
3 1 4 9  
3 1 4 8  
3 1 4 8  

3 1 4  7 
3 1 4 6  
3 1 4 6  
3 1 4  6 
3 1 4 4  

3 1 4 3  
3 1 4 3  

3 1 4  1 
3 1 4 0  

3 1 4  0 
3 1 3 9  
3 1 3 8  

3 1 3 6  
3 1 3  'I 

31 .55  
3 1 3 5  
3 1 3  4 
3 1 3 5  

3 1 4 8  

3 1 3 a  

3 1 3  1 
3 1 5 0  
5 1 8 9  
3 1 8 9  
3 1 8 8  - 

1300 
3 1 0 4  
3 1 0 4  
3 1 0 3  
3 1 0 3  
3 1 0 2  

3 1 0 2  
3 1 0 2  
3 1 0 1  

3 1 0 0  
3 1 0 1  

3 0 9 9  
3 1 0 0  

3 0 9 9  
3 0 9 8  
3 0 9 7  

3 0 9 7  
3 0 9  6 
3 0 9  6 
3 0 9 5  
3 0 9 5  

3 0 9  4 
3 0 9  4 

3 0 9 3  
3 0 9 2  
3 0 9 2  

3 0 9 1  
3 0 9 1  
3 0 9 0  
3 0 8 9  
3 0 8 9  

3 0 8 8  
3 0 8 7  
3 0 8 7  
30A 6 
3 0.8 5 

3 0 8  4 
3 0 8 5  

3 0 8 3  
3 0 8  3 
3 0 8 2  

3 0 8 1  
3 0 8 0  
30RO 
3 0 7 9  
3 0 7 8  

3 0 7 7  
3 0 7 7  
3 0 1 6  

3 0 7 4  
3 0 7 5  

1400 
3 0 4 5  
3 0 4 5  
3 0 4 4  
3 0 4 4  
3 0 4 3  

3 0 4 3  
3 0 4 3  
3 0 4 2  
3 0 4 8  
3 0 4 1  

5 0 4 1  
3 0 4 1  
3 0 4 0  
3 0 4 0  

- 

3 0 3 9  

3 0 3 9  
3 0 3 8  
3 0 3 8  
3 0 3 7  
3 0 3 7  

3 0 3 6  
3 0 3 6  
3 0 3 5  
3 0 3 5  
3 0 3 4  

3 0 3 4  
3 0 3 3  
3 0 3 3  
3 0 3 8  
3032.  

3 0 3 1  
3 0 3 1  
3 0 3 0  
3 0 3 0  
3 0 8 9  

3 0 8 8  
3 0 2 8  
3 0 2 7  
3 0 8 7  
3 0 2 6  

3 0 8 5  
3 0 2 5  

3 0 8 3  
3 0 2 4  

3 0 8 3  

3 0 2 2  
3 0 2 1  
30.31 
3 o a o  
3 0 1 9  - 

1600 

2 9 2 2  
2 9 2 2  

2 9 2 2  

2 9 2 1  

2 9 2 1  

2 9 2 0  

2 9 2 0  
2 9 2 0  

2 9 1 9  
2 9 1 9  

2 9 2 3  

9 9 2 2  

a s a l  
a 9 2 1  

a g t 9  

2 9 1 R  
2 9 1 8 '  
2 9 1 R  
2 9 1 8  
2 9 1 7  

8 9 1 7  
2 9 1 6  
2 9 1 6  
a 9 1 6  
8 9 1 5  

8 9 1 5  
2 9 1 5  
2 9 1 4  
2 9 1 4  
2 9 1 4  

2 9 1 3  
2 9 1 3  
a g l a  
a s l a  
a s 1 8  

2 9 1 1  
2 9 1 1  
2 9 1 0  

2 9 0 9  
a s l o  

8 9 0 9  
2 9 0 8  
2 9 0 8  
2 9 0 8  
2 9 0 7  

2 9 0 ' 1  
2 9 0 6  
2 9 0 6  
2 9 0 5  
2 9 ~ 1 5  

s - 1.101 t o  1.200 
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TI Enthalpy difference, (+'),, Btu/lb 
OR 

T 

0 1 2 3 4 5 6 7 8 9  
4 

40 3.6 3.8 4.0 4.3 4.5 4.8 5.0  5.2 5.5 5.7 
50 6.0 6.2 6.4 6.7 6.9 7.2 7.4  7.6  7.9 8.1 
Bo 8.4 8.6 9.1 8.6 9.3 Q.6 s . a f i . 0 .  0.S 0.5 
70 40.8 1.0 1.2 1.5 1 .7  2.0 2.2  2-4  2.7 2.9 

.4 3.6  3.9  4.1  4.4  4.6 4.8 5.1 80 
Bo 

1200 

20 
10 

30 
40 
50 
60 
70 
Bo 
93 

20 
10 

30 
40 
w 
60 
70 
Bo 
90 
Kx) 
10 
20 
30 
40 
50 
60 
70 
Bo 
90 
00 
10 
20 
30 
LO 

kthalw dlfference, (A?@,, Et& 

0 1 2 S 4 6 6 7 8 a  

145.5 5.8 6.0 6.3 

150.5. 0.8 1.0 LS: 
8.0 8.3 8.5 8.8 

3.0 3 . 3  3.5 3.8 
5.5 5.8 6 . 0  6.3 

160.5 0.8 1.0 13 
8.0 8:3 8.5 8.6 

3.0 3 . 3  3 .5  3.8 
5.5 5 .8  6.0 6.5 
8.0 8.5 8.5 6.8 

3.1 3.3  3.6 3.8 
170.5 0.8 1.0 1.3 

6.5 6.8 
9.0 1.3 
1.5 1.8 
4-0 4 .3  
6.5 .6.8 
9.0 .a.3 

4 - 0  4.3 
13 L 8  

6 5  6.8 
9 .0  8.3 
15 L E  

5.6 5.8 6.1 6 3  

180 .6  0.9 1.1 1.4 
8.1 8.3 8.6 8.9 

3 .2  5.4  5.7 3.9 

6.6 6-8 
9.1 9.4 
1.6 1.9 
4.2 4.4 

5.7 5.9 6.2 6.5 6-7 7.0 '1.2 .5 7.7 8.0 
8.2 8.5 8.7 9 . 0  9.2 9.5 9.8 0.0 0.5 0.5 

190.8 1.0 1.3 1.5 1.a e.o 2.3 2.5 2.8 S.L 
3.3 5.6 3-e .4.1 4.3 4.6 4.8 5.1 5 . 5  = = 

6.1 6.4 

1.2 1 .5  
3.8'  4.0 

8.7 8.9 

6.3 6.6 
8.9 9.2 
1.5 1 . 7  
4.0 4 3  
P I  u a  

6.6 

1 .7  
4.3 

9.2 
5.9 

201.0 
3.5 
6.1  6.6 

9.4 
2 . 0  
4.5 

B.s 
Zll.2 

3.8 
6 .3  _... ..._ 7.1 .._ 

- 

9.3 9 . ; ; . 8 ~ 7  

4 . 1  4.5 4.6 4.9  5.1 5 . 4  5.6 5.9- 6 .1  6 . 4  
6 . 7  6.8 7.2 2.4 7.7 8.0 8.2 B.5 8.7 S.U 

W . 8  2. .4 2.6 2.9 5.1  3 .4   -3 .7  5.9 4.2 
4.4 4.7 5.0 5.2 5.5 5.7  6.0  6.5 6.5 6.8 
7.0 7.3 7.6 7.8 8 . 1  6.3 8.6 8.9 9.1 9.4 
9.6 9.9 0 .2  0.4 0 .7  0 .9  1.2 1 . 5  1 3  2.0 

242.2 2.5 2.8 3.0 3 . 3  3.5 3.8 4.1 4.3 4.6 
4 .8  5.1 5.4 5.6 5.8 6 . 1  6.4 6 . 7  6.9 -r * r .L 

7.5 7 . 7  8.0 5.2 8.5 6.a 9.0 9.S 9.5 9.8 
250.1 0 3  0.6 0.9 1.1 1.4 1.6 1.9 2.2 2-4 

2.7  2.9 3.2 3.5 3.7. 4.0 4.3 4.5 4 - 8  5.0 
5 .3   5 .6  5.8 6 J  6.4 6.6 6.9 7-1 7.4 7.7. 
7.0 4-2 8.5 8.7 9.0 9.Z 8.5 W O . 0  0.3 

260.6 Ci.8 1.1 1.S 1.6 1.9 2.1 2.4 2 .7  2.9 
5 .2  3.5 3.7 4.0 4.2 4.5 4.8 5.0 5.S G ~ c  
5 . 8  6.1 6 . 1  6.6 6.9 
8.5 8.7 9.0 9.2 9.5 

!71.1 1.4 1.6 1.9 2.1 2,4 2.7 2.9 S.2 5.5 
3 .7  4.0 4 .3  4.5 4 .8  5.1 5.5 5.6 5.8 6.1 
6.4 6.6 6.9 7.2 ?.4 7.7 8.0 8.2 8.5 8.8 

IS1.7 1.9 2.2 2.5 2.7  3.0 S.3 3.5 1.8 ' 

" ." 

- 
2 - .* 

50 5.1 5 .4   3 .6   3 .9   4 .1  4.4 4.6 4.9 5 . 1  5.4 50 7.0  ?.2  7.5  7.8  8.0 8.S 6.6 8.8 B,b 9. i  
4.3 4.6 d.9 5.1 S.4 5.6  5.9 6.2 6.4 6.7 

70 292.3 2.6 2.8 3.1 3.4 3.6 3.9 4.2 4.4 4 .7  
80 140.6 0.8 L I  1 .3  L.6 1.8 2.0 2.3 2.5 2 . e  80 5.0 5.2 5.5 5.8 6.0 6.3 6.6 6.8 7.1  7.4 
90 3.0  3.3 3 . 5  3.8 4.0 4 .3   4 .5   4 .8  5;O 5.3 90 7.6 1 . S -  8.2 6.4 8.7 8.0 9.2 4.6 9 . 8 r  

60 9.6  a .sJd.2  0 .4   0 .7  1.0 1.2 1.5 1.8 2.0 
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Y 
3 

FQR A STOICEIIOMETRIC MIXTURE 

Fuel 
temperature, 

Enthalpy d i f fe rence ,  

Btu/lb-air 
f' b q > p  

400 
410 
420 
430 
440 
450 
460 
4 70 
480 
490 
500 
510 
520 
530 
540 
550 
5 60 
5 70 
580 
5 90 
600 

-4.4 
-4 .l 
-3.8 
-3.5 
-3.2 
-2.9 
-2.6 
-2 -3 
-2 .O 
-1.7 
-1.3 
-1.0 
-.7 - .3 
0 
.3 
.7 
1.0 
1.4 
1.7 
2.1 
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3 600 

3200 

2800 

2400 

2000 

1600 

1200 

800 

400 

NACA RM E55GZ7a 

0 .2 .4 .6 .8 1.0 1.2 
Fraction of stoichiometric  fuel-air ratio, S 

Figure 1. - I d e a l  temperature  rise f o r  constant-preseure combustion 
as function of fraction of stoichiometr5-c f'uel-sir ratio. Com- 
bustion pressure, 1 atmosphere. 
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pigun 2. - Continued. Tqpwrature-rise correction factors am htion of i u - a i r  ratio. 
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(e) Combuetion peasurea from 16 to 64 atmospheres. 

Figure 2. - Concluded. Temperature-riee  correction  factors BB function of fuel-air ratio. 
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Canbution-temperature rise, AT, % 

(b) Combustion greesures f r o m  1 to l/4 atmosphere. 

Figure 3.  - Continued. Teaperature-rise aorreotion factor8 as function of ombut ion- tomparate  rise. 
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B l p e  3. - Continued. Temperature-rias c m e o t l m  factarm a8 function of combustlon-twperat.~rs riae.  
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Figure 3. - Continued.  Temgerature-rise a m e a t i o n  factors as function of combustion-temperatura a les .  
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