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ABSTRACT 

1 An' efficient method is presented for calculating equilibrium chemical composition 
at a given pressure and stoichiometry with temperature, enthalpy, or entropy specified 
as the additional condition. A substantial reduction in computational time was achieved 
over conventional methods by employing a linearization technique and reducing the number 
of equations to be solved to a small number of linear algebraic equations. Examples are 
given for the H2/O2 system (six equations reduced to two) and C/r^/C^/NVAr system 
(eleven equations reduced to three). A computer program is presented for solving 
problems with fuels which involve C and H (hydrocarbon or hydrogen) or N and H 
(such as hydrazine) and with oxidants such as O2, H2 O2, and HNO3. Extension of the 
method to include other systems is explained in sufficient detail to eliminate the 
requirement for an extensive knowledge of chemistry by potential users. 
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aji Matrix coefficient 

a,b,c,x,y,z    Relative atom moles of nitrogen (N), argon (Ar), carbon dioxide (CO2), 
carbon (C), hydrogen (H), and oxygen (O) 

bi.it kth coefficient in polynomial thermodynamic property of species i 

Cp Specific heat of mixture, cal/°K 

Cp Mean specific heat, Btu/lb°R 

CPi Specific heat of species i, cal/mole°K 

dji Matrix coefficient 

F Gibbs free energy of the mixture, cal/mole K 
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cal/mole6K 

H Enthalpy of the mixture, cal/gm 

H Mean enthalpy, Btu/lb 
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hj Enthalpy of species i, cal/mole°K 

J(aji) Determinant of matrix of coefficients 

K Equilibrium constant 

m Number of independent species which determines order of matrix 

n Total number of species 

P Pressure, atm 

Pi Partial pressure, atm 

Pv Vapor pressure, atm 

Qcomb Heat of combustion of a fuel, Btu/lb 
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R Gas constant, cal/mole°K or cm3 atm/mole°K 

r Ratio of number of atom moles of a species to that of another 
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"ij^ij Stoichiometric coefficients of species i in reaction j 

0 Equivalence ratio 

SUPERSCRIPTS 

o Standard state 

Specified input value 

Current estimate of variable 

* 
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SUBSCRIPTS 

ij,k,j3 Dummy indices 

i Property of ith species 

j Property of jth reaction 

ref Property evaluated at reference temperature 

T Temperature 
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SECTION I 
INTRODUCTION 

There are many problems involving the performance of propulsion systems in which 
it is necessary to know the equilibrium properties of combustion gases. As long as 
combustion temperatures are relatively low (T < 3000 to 3500°R) good results can be 
obtained by assuming no dissociation of the combustion products and including an 
empirical correction for dissociation as a function of temperature only. An effective 
isentropic exponent can be determined and fluid dynamic properties may be calculated 
using conventional aerodynamic functions. 

When it is necessary to evaluate systems where higher temperatures occur, such as 
turbojets with afterburners, ramrockets, or ramjets, low temperature empirical corrections 
rapidly become very poor. A much more difficult equilibrium chemistry calculation must 
then be carried out since the complete set of nonlinear equations which describe chemical 
equilibrium must be solved. 

Solution of the complete set of nonlinear equations is very laborious by conventional 
methods, even  for a relatively simple system  such as a laboratory flame. Computers 
alleviated this problem (Refs. 1 through 3). Increasing system complexity and requirements 
for thousands of data point calculations brought new problems directly associated with 
the old, time-consuming methods of calculation. 

Numerical techniques for solving systems of nonlinear equations have been developed 
to a high degree; therefore, it is necessary to devise operations in the system of equations 
to effect significant reductions in the overall calculation time. The most successful operation 
which has been applied is that of linearization, using a truncated Taylor series expansion 
about the solution (Refs. 4 and 5). The method of Ref. 4 employs an expansion of the 
free energy of the mixture, using the method of steepest descent to minimize this quantity 
corresponding to chemical equilibrium. The method of Ref. 5 employs an expansion of 
the conservation equations and the Newton-Raphson method to solve for the equilibrium 
composition. 

The technique described in this report is essentially that of Weinberg (Ref. 5) extended 
to allow temperature to be calculated simultaneously with the chemical composition and, 
in addition, to include a numerically stable computational technique. When temperature 
is to be determined, either enthalpy or entropy may be specified at a given pressure, 
thus allowing the temperature to be obtained from an energy balance on an engine or 
from the known entropy at some point along an isentropic expansion or compression. 

SECTION II 
CALCULATION OF EQUILIBRIUM COMPOSITION 

In order to calculate the equilibrium composition of a mixture of n components 
(species) at a given temperature, pressure, and equivalence ratio, one needs n independent 
equations. For a system containing q elements from which n species are constituted, it 
is possible  to  write q conservation equations which are linear combinations of the 
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concentrations of species, and n-q chemical equilibrium equations which are, in general, 
nonlinear combinations of the species concentrations. These chemical equilibrium equations 
define the relative amounts of each species at a particular pressure and temperature. 

In general, it is possible to choose any q species which, as a group, contain all the 
elements and write equilibrium equations for the remaining species. Substituting these 
equations into the conservation equations results in a set of q nonlinear equations in q 
unknowns. 

Several methods have been developed for solving nonlinear equations with the 
Newton-Raphson method—the most frequently used. There are limitations to the use 
of this method, but it is a powerful tool, and convergence can usually be guaranteed. 
The nonlinear equations are linearized by expanding the equations in a first-order Taylor 
series. In order to solve the linearized set it is necessary to have approximate values of 
concentration for q of the species. The set of q linearized equations is then solved for 
corrections to the approximate values. The process is repeated to find new corrections 
to the previous values. Although the Newton-Raphson technique always converges to a 
solution, some experience is necessary to ensure that the physically realistic solution is 
obtained. In addition, the rate of convergence is greatly improved if experience is used 
to specify which of the q species should be chosen and good approximations are made 
for the initial values. Finally, if the number of equations can be reduced, considerable 
savings in computational time are obtained since, if there are q equations for q unknowns, 
q2 operations are necessary to solve for the q unknowns. 

The method developed in this report is essentially the application of experience to 
improve established methods for equilibrium calculations. The method is extremely efficient 
in obtaining solutions for a variety of complex systems including the simultaneous solution 
of the energy or entropy equations to determine temperature if it is an additional unknown. 

The species are assigned partial pressures Pj and the necessary equations are 
(temperature is not a variable in the following derivation) 

Pi =  g(Pp>        i =  1, n-m; ß -  1, m (1) 

where the functions g(P) are the equilibrium equations and may include one or more 
of the conservation equations. The conservation equations are expressed in the form 

aß = gtPtf        K - 1>n>ß = 1-m (2) 

where a& is defined in such a way that it is identically equal to zero when the solution 
has been obtained. Expanding Eq. (2) in a Taylor series and neglecting orders higher than 
the first 

n     dao (2) 
aß = aß   L UK8*    fi = 1-m 

K=l K 
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Differentiating Eq. (1) one obtains: 

°i   ~ L   dPn ... 
ß=\        P <4) 

Note that since the equations are to be solved in finite difference form, finite difference 
notation is used throughout. 

Substituting Eqs. (4) in Eqs. (3), evaluating the partial derivatives using Eqs. (1), 
and letting a,ß approach 0, one obtains m equations for the m unknown 8ß. The 5^'s 
are the desired corrections to the initial values of Pp which are denoted by Pp. Thus 
the corrected value is given by 

Pß = pß + sß (5) 

and the remaining (n - m)Pj's are obtained by substituting the Pp's in Eqs. (1). The process is 
repeated until the 5p's are within acceptable limits. 

Some examples of increasing complexity are given which illustrate this method 
of calculation and, in addition, a method is included which simultaneously solves for the 
temperature when enthalpy or entropy is known. 

2.1    APPLICATIONS OF THE METHOD 

2.1.1    Hydrogen/Oxygen (m = 2) 

The following n equations completely describe the relationship between the n 
unknown partial pressures. 

Dissociation Equilibria 

j =  1 0.5 H2 ±? H Pi  = K,^ 

J  =   2 0.5 02 *? 0 P2 = K2>/P7 

j  = 3 H20 ** 0.5 H2 + OH P3 = K3P4A/P7 

j  =  4 H20 ±r H2 + 0.5 02. p4 = «Ax/Pi 

(6) 

Species 

i   =  1     2     3        4       5      6 
H   O   Oil   H20   H2   o2 

Element Conservation Equations 

H atoms:   2PS  +  Pj   +   P3  +   2P4 =   P}, 

O atoms:    2Pg   +   P2   +   P3   +   P4   =   PQ 
(7) 
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In addition, there is the following conservation equation for species 

n 

E pi = p (8) 
i=l 

Let the ratio of H atoms to O atoms in the unburned mixture be denoted rHo 
= PH/PO ■ 

The O atom conservation equation can then be substituted into the H atom conservation 
equation as follows: 

2P5 +  Px  + P3 +  2P4 - rHO(2P6 + P2 + P3 + P4)  =  0 (9) 

One thus has six equations for the six unknown partial pressures. The equilibrium constants 
Kj are known functions of temperature (see Appendix I). It remains to choose the two 
species to which the remaining four species are to be related. The two appearing in the 
largest concentration should be selected in order to minimize numerical problems. At low 
temperatures, dissociation will be almost zero. The partial pressure of atomic hydrogen 
and oxygen and hydroxyl radicals will be negligible. For fuel lean calculations the partial 
pressure of hydrogen molecules will be negligible as will be the partial pressure of oxygen 
molecules for fuel rich calculations. For stoichiometric calculations, all the partial pressures 
are small except that of water vapor. Thus, water vapor is a natural choice and hydrogen 
and oxygen are used for rich and lean calculations, respectively. Stoichiometric calculations 
are made with hydrogen as the second variable although oxygen could be used instead. 

FUEL LEAN CASE 

P,  = KjK^Pf P6* P3  = K,K*Pf P} 

P2   =   K2P£. P5   "   K"4
lp4P6/j 

These equations represent those expressed as Eqs. (1). Differentiating these equations 

«1 = 0.5-^84-0.25-=^ 
4 6 

S2 =  0.5-^ S6 
6 

S3 =  0.5-^S4 + 0.25 ^S6 
4 6 

P5 P5 8,  = -1 SA - 0.5 -^ 8, 5        p      4 p      6 
4 6 

(11) 

These equations represent those expressed as Eqs. (4). 
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Let 
«1   =  2P5 +   Px  +   P3 +  2P4  +  rHO(2P6 + P2 + P3 + P4) 

and 

a2=£Pi-P (12) 
i=I 

These equations represent those expressed as Eqs. (2). Differentiating these equations 

da-. da j 

5P7 = ~ rH0 
1 

W3  
=   l *"   'HO 

da-. 
rH0   ^ = 

2 
5a j 

5P" =  "2rH0 
6 

da 9 

ei-1 i  =   1,6 

(13) 

These expressions together with Eqs. (11) above represent those expressed as Eqs. (3). 

METHOD OF SOLUTION 
i 

1. Assume values for P4' and ?ß' using the stoichiometric equation 

P4 =  20P/U + <f>) Pg =  P - P4 rH0  =   2,1 

where 0 is the prescribed equivalence ratio. 

2. Compute initial values of P^' where 

P, = K,K4"P4 *Pfi '< 

similarly for P2', P3', and P5'. 

3. Compute initial values of the coefficients of the 5k Eqs. (11) where 

81 =  0.5P!/P454 . 0.25-4-A 
P,   6 

similarly for 621 S3, and 65. 
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4. Compute a\  and 02 using Eqs. (12). 

5. Compute the (da/dP^) 8^ terms using Eqs. (13) and collect all the coefficients 
of S4 and 8s  together to form a 2 by 2 matrix 

-«!  = p[0.5P;+0.5(l-rHO)P;  +  (2-rH0)P;  +   2P;]84 
4 

+ ^[-0.2öPj'-0.5rHOP;-0.25(l-rIlo)P;   +  P's -  2rHOP6']56 
6 

-a2 =^[O.5P;.O.5P;+P;+P;]S4 

^[-0.25P1 + 0.5 P2-r0.25P3-0.5 P5 + P6]5 
\ (15) 

Substituting for 8ß from Eq. (6) into Eq. (5) gives an equation for 84. 
Substitution of 84 into either Eq. (14) or (15) gives an equation for 86- 

6. Compute P4 = P4 + S4 and P6 = P6' + S6 

7. Repeat processes 2 through 6 until 84 and Ss are very small (10"5 is 
considered sufficiently small for most calculations). The resulting errors in 
dependent species concentrations are always less than this (see Eqs. (11)). 

8. Compute final values of Pi, P2, P3, and P5 to obtain the equilibrium 
composition. 

FUEL RICH OR STOICHIOMETRIC CASES 

«1  = 0.5 pi55 
5 

P2 P2 S2   =   TS4   -   p"S5 
4 5 

s3 = y-s4 -o.s!is5 <16> 
4 5 

p p 
h = 2

T
S

4 - 2FS5 
4 5 

Thus 

1 * r y * 

"al   ■  —'[-rHOP2 + (1-rHO)P3   *   (2-rHO)P4  "  4rHOP6]56 

+ -1[0.5 P; + rH0P;* 0.5(1 -rHO)P; + 2P;+4rHOP;iS5 (17) 

~«2   =   A[P2 + P3 + P4+2P6lS4 + -,[°-5P]'-P2-0-5P3 + P5-2P6l35 
P4 P5 

pl = KjP^ 

P2 = K2K4 P4Pj 

P3 = K3P4Pg'^ 

P6 = K4'2P2P:2 
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Solve as for lean case with 

p's = P - P^ <f> > 1 

p; = 10-2       4» = 1 

1.2    C/H/O/N/A (m = 3) 

In this example, a system of equations is derived which can be used to calculate 
equilibrium composition for hydrogen/air or hydrocarbon/air combustion with pressure 
specified and either temperature,- enthalpy, or entropy specified. This set has been 
programmed in FORTRAN IV for general use, and a copy of the listing is attached as 
Appendix II. 

The following n dissociation equilibrium and conservation equations completely 
describe the relationship between the n unknown partial pressures. 

i ue 1 Lean 

V    V V    P'2D'4 Klr8 r7 

Fuel Rich 

1 Pl 
v 

=   K  P 2 

2 P2 = 
v 

K  P'1 K2r7 P2 =   K2P8P6 

3 P3 = 
V    V If  p'jp't 

N3r8 r7 P3 =   K3P8P1 

4 P4 = 
V     V V    P '2   P 'J N4r10r7 P4 

V   V    -] 
=  WP10P6 

5 P5 = K5P9P71/J P5 = K5P9P6P8 

6 P6 = K6P8P7 * P7 
2    -2 

- K6PflP6
2 

Species 

i  =   123        4       5       67      8       9       10   Ar 

H   0   OH   H20   NO   CO   H2   02   C02   N2   A 

Conservation Equations 

Lean 

P9=   rc^Pjo + P^/tl + KsP^) 

(18) 
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Rich 

•P9  =   rCN(2P10 + P4)/(l+K5P6/P8) 

rAR 
rAN(2Pio + P4) 

Pl   +  P3   +  2P6  +  2P8  +  rHN<2Pio + P4>   =  ° 8   '    "Bn — IU  ■ " f (\Q\ 

P2 + P3 + P4 + P5 + 2P7  + P8 +  2P9 - POK(2P,0 + P4)  =  0 

10 

EPi-<P-PAR)   =   ° 

A more sophisticated method of bookkeeping is used in order to simplify the program 
logic in this example. The matrix is set up as follows 

X a.-S-  =  a-       i   =   I«! 
i=l J J 

The solutions are obtained using Cramer's Rule 

-°1       a12 

(20) 

•l- 

a13 

2       a22       a23 -a 

~°3       a32 *33 

(21) 

(a..) 

and similarly for 62 and 63, where J(aji) is the determinant of the coefficient matrix. 

all a12 a13 

J(Bij) = a21 a22 a23 

a31 a32 a33 

+ 0 (22) 

For fuel lean mixtures, Si = 87. 62 — 8&, and 63 = 5i 0; f°r fuel rich or stoichiometric 
mixtures, 5j = &$ with 82—8$ and 83 — SlO- The coefficients in the matrix equation 
are derived as in the example given in section 2.1.1. 

a,   = 

a«  = 

a,  = 

Pl  +  P3  
+   2P6  +   2P8  -  rHN(2P10  +  P4> 

P2  +  P3  +  Pi  +  P5  +   2P7   +  P8'  +  2PJ  ~  W2Pl'o + P4> 

10 

EPi  -(P-PAR) 
i=l 

(23) 
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ali   =   dl,i   +   d3,i 

a2i   =   d2,i   +   d3,i 

2d6>i   +   2d ..(2d, 8,i  -   rHN^a10,i + d4, dA  ;) 

d4,i   +   d5,i   *   2d7,i   +   d8,i   +   d 

10 

%i = L  dK,i  T  dAR,i 
K=l 

9,i "   rON(2d10.i   +   d4,P (23) 
(Continued) 

FUEL  LEAN CASE 

y / 

dlfl  = -0.25P,/P7 

* r 

d2J =     0.5   P2/P7 

d1(2 = P./Pa 

d2>2 = 0 

dl,3  =   ° 

d2i3 =  0 

* f 

d31  =     0.25P3/P7 

d4il = o.5 P;/P7' 

d3>2 = 0.5P3/P8      d33 =  0 

d4.2  = ° 
* * 

d4i3 =  0.5P4/P10 

d9,l   =   rCN[d4,l-°-5C2P10 + P4)(K5/P7       )/(1 + K!/P7    )]/(1 + K5/P7    ) 

d9,2   =   ° d9,3   =   'CN^2 + d4,3^1 + KS''P7   ^ 

J5,l ^.i-^-o.s-^    d52 = o 

9 7 

d6>]   =  -0.5P6/P7 

d7,l   =   1 

d8,l   =   ° 

d.O,l   =   ° 

"AR,!   =   rAN "4,1 <d, 

i,2   =   P6/'PE 

d7>2 = 0 

d8.2   =   ] 

d10,2   =   ° 

dAR,2   =   ° 

d d       P5 d5,3   =   d9,3 — 

d6,3   =   ° 

d7,3   =   0 

d8,3   =   ° 

d10,3  =   ] 

dAR,3   =   rAN*2 + d4,3) 

y (24) 

FUEL RICH CASE 

dl,l  = 0.5P,/P6 

d2>1 = -P;/P6' 

d3,l   =   dlJP3/Pl' 

d1>2 = 0 

d2,2   =   P2/P8 

d3,2   =   P3/P8 

'1.3 

'2,3 

'3,3 

0 

0 

0 (25) 

d4,l   =  -'YP6 d4,2   =   P4^P8 M.3 0.5P4/P)0 

d7,l   =  -2P7/'P6 
d7,2   =   21VP8 '7,3 =  0 
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d9.1 = trCNd4>1-K5P8P9)(l+K5P6/P8) 

d9,2  = <'CNd4,2*K5WP82><1 + W^V 

^.s = rCN<2 + d4,3Hi + K5P6'/P^ 

d5.1   = ^9.1K5/Pi + P5>/P6 

a5,2  -   va9, 2N5r6~r5 »/r8 (25) 

d5,3  -   (d9, ,3K5P6>/P8 
(Continued) 

d6,l  =   1 d6.2  =  ° d6,3   "   ° 

d8,l   =   ° d8,2  =   1 d8,3   =  ° 

d10.1   =   ° d10,2  =   ° d10,3   "   X 

dAR,l   =   rAN ld4,l dAR,2  "   rAN d4,2 dAR,3  ■   rAN*2 + d4,3* 

METHOD OF SOLUTION 

1.     Assume values for Pg', ?[Q, and P7' or Pg'; evaluate TAN, rcN>rHN, and 
roN using the stoichiometric equation 

xC +  yH  +  zO  +  aN +   bA 

xC02 + -|-  H20 + (-|-x--J)02 + -i N2 + bA (Lean) (26) 

or 

-| CO + yC02  + (z-1.5x)H20 + (0.5y - z-1.5x)H2 + -| N2 +  bA       (Rich) 

Rich Fuel Case 

Lean Fuel Case 

P6' = PU - 2 +  1.5x)/lx + 0.5(y + aU 

Pg = P(z - 1.5 x)/[x + 0.5(y + a)] (27) 

Pj'o  =  P a/[x + 0.5(y + a)] 

P7' =  P [z - (2x + 0.5y)]/(0.5 y + z + a) 

P8'  =  Py/(0.5y+ z+a) (28) 

PjO   =  Pa/(0.5y+ z+a) 

10 
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Atomic Ratios 

rAN   =   b/a rCN   =   c/a rHN   =   y/a rQN   =   z/a 

2. Compute Pi' using the dissociation equilibrium (Eqs. (18)) 

3. Compute djj, ajj, and Oj using Eqs. (23) and (24) 

4. Solve for 5; as in Eq. (21). 

5. Correct P8\ P10', and either P6' or P7' using the $i (Pj = Pi' + Si). 

6. Compute new Pj', i = 1, 5, P7', and Pg', using the dissociation equilibria. 

7. Repeat cycle 3 through 6 until the 5j are less than a specified magnitude 
(10~s is usually adequate). If there is no carbon in the fuel, then x should 
be set equal to zero. If there is no carbon in the system, rcN is zero and 
the "lean" dsi and df(3 calculations should be bypassed. 

SOOT  FORMATION 

If there is insufficient oxygen to burn all the carbon, then soot will be produced. 
This case is handled by adding the carbon formation equation 

Cs + C02 ^ 2CO Ks = Pg/Pl (29) 

The carbon vapor (saturation) pressure can be obtained using Gibb's phase rule, 
assuming coexistence of condensed phase and vapor phase 

Pv=  exP[<s   -  Fc°iV)/RT] (30) 

where Fc° is the standard free energy of carbon and subscripts s and v denote solid (soot) 
and vapor phases, respectively. Actually, Pv * 0 for most applications; thus, only Ps (soot 
concentration - not a pressure) needs to be considered and it is evaluated using the carbon 
conservation equation (thus P9 and P5 are modified to include Ps). If Pv is not 
approximately zero (T > 4000°C) then it is also added to the carbon conservation equation 
and, in addition, is added to the sum of the partial pressures (Ps is not). 

2.2    CALCULATIONS WHEN TEMPERATURE IS UNKNOWN 

2.2.1    Given Static Enthalpy or Total Enthalpy and Velocity 

The static (sensible plus chemical) enthalpy (H) is calculated from the current values 
of partial pressure and the initial or current estimate of static pressures and the initial 
or current estimate of static temperature (T). If the given value is denoted by H*, then 
the correction equation for temperature is obtained from the enthalpy equation 
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H =   pV E P^i 
i=i (31) 

where 

h,   =  ;Cp dT  T   Ahform . and Pw   = £ P.W. (32) 

i=l 

n 
du    ,p <?H 
äi\ d > + 5T ai (33) 

= 1 

P(HdW + WdH) = £ ^- dP; + ^ dT 

For temperatures below about 4500°R, the frozen specific heat is essentially equal 
to the equilibrium specific heat, i.e., 

Z8r*i-*■««£" (34) 
i=i  • 

thus Eq. (33) is approximated quite well (for calculation purposes) by 

H* - H = AH - C AT (35) 

or 

AT " mC' (36) 

The corrected temperature T = AT + T. 

Using Eq. (35) results in a considerable saving in the number of calculations which 
must be made and does not require an increase in the order of the matrix which must 
be solved. The converged solution is the same whether Eq. (34) or (35) is used for the 
correction equation. 

2.2.2   Given Entropy 

The entropy is used as a control variable in isentropic expansions in which it is desired 
to obtain the temperature and composition as the pressure is reduced during an expansion. 
The correction equation used is 

S  - S = —E AT T (37) 

or 

AT =  T/C    AS (38) 
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The corrected temperature T = T + AT. 

Above T = 4500°R the difference between the frozen and equilibrium values of specific 
heat becomes significant and difficulties are experienced in obtaining convergence of the 
iteration equations. Some additional logic controls were incorporated in the computer 
program to prevent stable oscillations. This technique has proved to be satisfactory for 
temperatures below 5500°R. 

SECTION III 
COMPUTER PROGRAM 

A computer program was written for the Raytheon S20 digital computer to solve 
for the equilibrium composition and thermodynamic properties of a chemical system 
containing carbon, hydrogen, oxygen, nitrogen, and argon, specifically hydrocarbon air 
combustion systems. However, because of the versatility of the input, other types of 
problems may be solved. These include most fuel oxidizer combinations which contain 
at least hydrogen, oxygen, and nitrogen in the fuel and oxidizer. For example, 

1. Hydrogen or hydrocarbons with oxygen-enriched or vitiated air 

2. Hydrazine or methyl hydrazines with N2O4  or nitric acid 

There have been some difficulties obtaining a solution to some types of problems. These 
are discussed near the end of this section. The program listing is presented in Appendix 
II and the results of some calculations are given in Appendix III. 

The computation was divided between two subroutines which are called by a main 
program whose function is to input and output data. The main program will not be 
discussed in detail since it is assumed that any other user would choose to rewrite this 
section for his own specific purpose. The equilibrium calculations are made in subroutine 
PROP which calls on subroutine THERM for the required thermodynamic properties. 

There are four optional calculations which can be made using PROP. These are 
controlled by the integer variable IT in the argument list, and are discussed below. 

IT = 0. Given the moles of the elements carbon (CAR), hydrogen, (HYD), oxygen 
(OX), nitrogen (AN2) and Argon (AR), the pressure (PR) in atmospheres, and 
the enthalpy (H) in Btu/lb, plus an initial estimate for the temperature (TT) 
in °R, the subroutine returns the equilibrium temperature (TT) in °R, the entropy 
(S) in Btu/lb°R, the specific heat (CP) in Btu/lb°R, the molecular weight (WTM), 
an array of the partial pressures of the 10 species (P) in atmospheres, the partial 
pressure of argon (PAR) in atmospheres, and the number of iterations (NT) 
required to obtain the solution. 

IT = 1. Given the moles of the elements, the temperature (TT), and the pressure 
(PR), the subroutine returns the enthalpy (H), partial pressures, and the other 
properties returned when IT = 0. 
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IT = 2. Given the moles of the elements, the entropy (S), and the pressure 
(PR), the subroutine returns the composition, temperature, and other 
thermodynamic properties returned when IT = 0. 

IT = 3. Given the composition (array of P's and PAR), the entropy, and the 
pressure, the subroutine returns the thermodynamic properties for a frozen 
composition. In this case, if a series of entries to the subroutine are made at 
different pressures (for example, a frozen isentropic expansion to a series of 
known pressures) the previous composition is stored so only the initial 
compositions must be entered. 

Normally for this case and the previous one (IT = 2) the input (S) and compositions 
are obtained by running a type 0 or 1 case immediately before the type 2 or 3 series. 
For example, in an isentropic nozzle expansion the combustion chamber conditions are 
first calculated from the fuel-to-air ratio, enthalpy, and pressure, then, using the entropy 
from this calculation, constant entropy cases (IT = 2 for equilibrium or IT = 3 for frozen 
expansion) may be calculated. 

In summary the argument list of PROP is as follows: Inputs which are unchanged 
are 

CAR Relative moles of carbon 

HYD Relative moles of hydrogen atom 

OX Relative moles of oxygen atom 

AN2 Relative moles of nitrogen atom 

AR Relative moles of argon 

PR System pressure in atmosphere 

IT Type of case 

Variables which are both input and output are 

H Enthalpy, Btu/lb. For IT = 0, H is entered as the desired mixture 
enthalpy and returned as the enthalpy of the mixture found by the 
program. For all other cases, it is an output only and is the mixture 
enthalpy. 

TT Temperature, °R. For IT = 1, it is the desired mixture temperature 
and is not changed. For all other cases, it is entered as an initial 
estimate of mixture temperature and is returned as the converged 
mixture temperature. 

14 



AEDC-TR-71-256 

S Entropy, Btu/lb°R. For IT = 4,S is entered as the desired mixture 
entropy and is returned as the calculated mixture entropy. For IT 
= 1 and 0, it is an output only and is the mixture entropy. ■ 

P(10) An array of species partial pressures, atm. For IT = 3, it is an input 
using the values from the previous calculation and is returned ratioed 
by the pressure in the previous calculation to that in the present one. 
For all other cases, it is an output only. 

PAR Argon partial pressure, atm. It is used the same way as the other partial 
pressures. 

Variables which are output only are 

CP Specific heat, Btu/lb°R 

WTM       Molecular weight 

NT Number of iterations required for convergence 

A brief description of the subroutine PROP follows. In this subroutine the equations 
are solved as outlined in Section 2.1.2. 

1. A decision is made as to whether the mixture is rich or lean and Initial 
estimates are made of the partial pressures of the control species (H2, H20, 
and N2 for a rich case and O2, H2O , and N2 for a lean case). 

2. Inside the main iteration loop, the partial pressures (P(I)) of the remaining 
species are calculated from equilibrium constants calculated from free 
energies obtained from THERM. 

3. The partial derivatives (D1(J) to DAR(J)) of the species with respect to 
the control species are calculated. 

4. The coefficients A1(I) of the error terms DELI, DEL2, and DEL3 and 
the constants SP1 and SP3 in the expanded conservation equations are 
determined. The matrix is solved for the three error terms which are then 
added to their respective estimates of partial pressure for the control species. 

5. If T is known (IT = 1), these new pressures are used as estimates and 
the process is repeated until convergence occurs, i.e., the absolute value 
of DELI, DEL2, and DEL3 is less than DELL (lO6 in this version). 

6. For the other cases, an enthalpy or entropy is calculated using the new 
partial pressures and the estimated temperature by calling THERM. The 
temperature estimate is then corrected and the entire process repeated with 
the new T and control specie pressures until convergence occurs, i.e., the 
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absolute value of the DEL's less than DELL and the error in H or S less 
than the frozen value of specific heat or dS/dT, respectively. This control 
gives a maximum error in termperature of 1°K. Subroutine THERM 
computes the thermodynamic properties of mixtures of the eleven species 
using the curve fit coefficients from Ref. 6. It is called through an argument 
list consisting of the following terms: 

Inputs not changed by the subroutine are 

p Array of partial pressures of the species 

T Temperature, °K 

PR System pressure, atm 

PAR Argon partial pressure, atm 

KT Integer variable 

Outputs are 

KT = 0 

H   = Mixture enthalpy, cal/gm 

CP = Mixture specific heat, cal/gm°K 

F = Array of H/RT for 10 species 

WTM   = System molecular weight 

KT = 1 

F    = Array of F/RT for 10 species 

H and CP and WTM are meaningless 

NOTE:    The only input necessary with this option is T. 

KT = 2 

H   = Mixture entropy, cal/gm°K 

CP = Mixture S/T, cal/gm°K2 

F   = Array of S/R for the 10 species 

WTM = System molecular weight 
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A sample calculation typical of that done in a main program is outlined in detail 
in Appendix III. 

In solving a combustion problem at known enthalpy or entropy for composition and 
thermodynamic properties, there are four unknowns. These are the three control species 
compositions and the temperature. The error terms in the species equations neglect the 
partial derivatives of composition with respect to temperature, and the error term in the 
energy equation neglects the partial derivatives of enthalpy with respect to composition. 
This is a great simplification since the neglected partials require time-consuming 
computation and also add an additional term to the matrix of error terms. 

In some test problems, the solution instead of converging has oscillated around the 
correct answer. These have been cases where the temperature was high and the uncoupling 
of the species and energy equations was potentially serious. No cases of nonconvergence 
were seen when the final temperature was below 5000°R which should include almost 
all problems of interest involving air as an oxidizer. 

Several controls have been added to the program to increase the numerical stability 
for type 0, 2, and 3 problems. 

1. For equivalence ratios near stoichiometric, the initial estimate of species 
concentration for H2 in rich mixtures and stoichiometric or 02 in lean 
mixtures is set equal to 0.01. If this is not done, the initial estimate of 
some of the free radicals will be abnormally high and the calculation will 
not converge. 

2. When the error in temperature changes sign, two iterations of composition 
are made at the same temperature. This control has prevented the solution 
from oscillating in most cases. 

3. The initial estimate of temperature has been left as an input. A good 
estimate will increase the speed of convergence. However, it is usually safer 
to estimate low rather than high since the equilibrium constants are set 
up to be large at high temperature and thus can greatly overpredict the 
dependent species if the temperature estimate is too high. 

4. The change in temperature per iteration step is reduced below that 
calculated by the enthalpy equation. 

SECTION IV 
RESULTS OF CALCULATIONS 

Some results of calculations obtained using this program are given in Appendix III. 
Table I is a computer printout listing the results from a number of cases where equivalence 
ratio, enthalpy, and pressure were specified for a CnH2n hydrocarbon burning in air. Table 
II lists the results of cases where equivalence ratio temperature and pressure were specified. 
Table III lists the results of a frozen entropic expansion, and Table IV lists the results 
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of an equilibrium isentropic expansion from 10 atm to a given pressure for an equilibrium 
gas with a given equivalence ratio and temperature. These results have been compared 
with those of Ref. 7 and computed results using the program of Ref. 1. For the same 
input conditions the temperatures agree to within 1°K, the compositions of the major 
species to less than 1 percent, and the minor species to a few percent. 

The number of. iterations required shows that problems where composition or 
temperature only is a variable (frozen isentropic expansions or known temperature) 
converge more quickly than problems where both temperature and composition are varied. 
It also shows that solutions are obtained more quickly at lower temperatures where 
dissociation is small. 

The times required for the calculations shown in Table I are for the Raytheon 520 
computer and would be expected to decrease if a faster machine were used (approximately 
a factor of five for the IBM 360). 
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APPENDIX I 
THERMODYNAMICS OF CHEMICAL EQUILIBRIUM 

MIXTURES OF PERFECT GASES 

A chemical reaction is formulated generally as follows: 

The free energy per mole of a mixture is given by 

i=l i=l 

The logarithm of the equilibrium constant for the reaction is given by 

The change in free energy in a chemical reaction is given by 

i=] 

n 
rr r 

EKj-^jKf'r.i +RT(!nPij) 

= RTttKj +£ ^i7-Wi> FT.I 
i=i 

Chemical equilibrium is readily defined as follows: 

AF. = 0 

AU enthalpies for the reference states of the elements are 0 at 77°F (298.15°K). 

HfUei is the molar enthalpy of the fuel at the inlet temperature. For a compound 
such as the fuel, or the CO2 in the air, or an clement not in the standard state, the 
molar enthalpy is: 

/
T,0R

   C dT + Hf 
536.67 536.67 R 
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for example, air at 540°R 

H     =          0.780881 x 23.22 = 18.132 

+0.209495 x 23 = 4.902 

+0.909324 x 16.56 = 0.154 

+0.00030    x -169263.7 = -50.779 

-27.590 Btu/lb mole 

Heats of formation are not available for most mixed hydrocarbon fuels such as JP4. 
The energy content of this type of fuel is more commonly given as heat of combustion. 
The relation between these two properties may be derived as follows: 

"reactants (T   ref)     =     Hproducts (T   products) 

=     Qcomb.(T   ref)   +  Hproducts (T   ief) 

The reaction for a CHn fuel is 

CHn + (1 + ^)02 - C02 + |H20 

for a basis of 1 mole of fuel with a heat of combustion of. Qcomb. x WTMfuei 

Hfue.(Tfuel)  + CPfue, x <Tref-Tfuc,)  + (l-f)Cpo  (T-77) = Qcomb.(Tre() 

x (12.011 + 1.008n)   +HC02(Tref)  + | HH>0(T „j 

For example, a CH2 hydrocarbon with a lower heating value of 18,000 Btu/lb at 70°F 
and a specific heat of 0.53 Btu would have an enthalpy at 20°F calculated as follows: 

Hfuel (T=20) = -°-5x 14.027(70-20) - (l + |) x 7.02(70-77) 

+   18000  x   14.027  -  169.335 -  104092 

= -21410 Btu/lb mole 

If this fuel is mixed with 540°R air at an equivalence ratio of 0.5, the enthalpy entered 
into the program is: 

7T      -27.59   +   0.5   x   -21410 
H = 

28.9666   +   0.5   x    1.95905 

= -358.4 Btu/lb 
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IT = 0 

IT = 1 

IT = 2 or 3 

APPENDIX II 
COMPUTER PROGRAM LISTINGS 

NOMENCLATURE FOR MAIN PROGRAMS INPUTS 

NPHI = Number of equivalence ratios 

NP = Number of pressures 

NH = Number of enthalpies 

PHI = Equivalence ratio 

P = Pressure, atm 

H = Enthalpy, Btu/lb 

same as IT = 0, except 

NH = Number of temperatures 

T. = Temperature, °F 

same as IT = 1, except 

T = Stagnation temperature, °F 

ITT = IT 
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MAIN PROGRAM FOR KNOWN ENTHALPY, IT = 0 

DIMENSION XX(14.50> 
 BiMEWSiON PHInO),P<igji»jio).x(io)_ 

READ (29,97) NPHI.NP.NH 
 REA.Q...(29.196) (PHI(J).Jsl.NPHI) 

HEAD (29,96) (P(J).Jsl.NP) 
RE AJL_(.2jJ.9_6.L-IM.(-J-lzJ=l. NH >_ 

99 FORMAT (    2F12.4,F10.1,F12.2.2F12.5.F11.3,2I6.F9.3) 
9.8_FJ)RDAJ...U0gl2t4l  
97 FORMAT (315) 
96 FORMAT IPEKLi1. 
95 FORMAT <8X,2HE0.10X,1HP.9X.1HT,11X,1HH.11X.1HS.12X.2HCP.7X»3HM0L. 

• 5X, 2HNO»_4Xj_4HT_VPE, 2Xj4HT I.M,£)  
94 FORMAT (8X.5HRAT10.6X,3HATM.6X,5HDEQ R,7X,6HBTU/LB.5X,9HBTU/LB OR 

•» _4Xt_9HBTLi/LB TR.4X.2HWT.5X.4HI TSR.3X.4HCAS6.3X.3HSEC/)  
93 FORMAT (5X.2HEÖ ,6X»1HP,7X.1HT,12X.25HSPECIES   HOL   FRACTIONS) 
92. FORMAT .(.4X.5HRAT IQ.3X.3HATH.4X.5HDEG R.7X.1HH. 11X.1HQ.11X.2HOH. 

• ioXt2H~NO.l6x.2HCO/) 
91 FORMAT (4X.5HRATI0.3X.3HATM.4X.SHDEG R.7X.2HH2.10X.2HQ2.9X  

•.3HH2Ö.9X, 
»3HC02.10X.2HN2.10X.1HA/) 

90 FORMAT (B0H1 SPECIFY ENTHALPY EQUIVALENCE RATIO AND PRESSURE FOR A 
> CH2 HYDROCARBON WITH AIR) 

B9 FORMAT (F9.3.F7.2.FB.1.6E12.4) 
86 FQRMAT.(F9.3.F7.2.FB.1.5E12.4) 

C=.41959 
r. = l.5^1762 
E=. 009324 
KK = 0 
WRITE (21.90) 
WRITE (21.95) 
WRITE (21,94) 
IT = 0   
DO 1 Jsl.NPHI 
As.l396633»PHI(J)».00Q3 
3=.279326»PHI(J) 
DO 2 JJ'l.NP 
DO 3 JJJBI.NH 
T=400Q.  
CALL PROP (A.B,CD.E.T.P(jJ),H(JJJ)iS.CP,UT,X.PAR.TIME.NT,IT) 

_IF (NT.GE.50) GO TO 2  
WRITE (21.99) PHI(J). P( JJ) ,T.H( JJJ ) ,S. CP, MT.NT, IT. TIME 
_<JS = KK + 1 ,  
Rp=i./p(jj) 
DO 4 Ka4,13   

4 XX(K .KK)=X(K-3)»RP 
XX(1 .KK)sPHI(J) 
XX(2 .KK)sP(JJ) 
X_X_(3 ,KK)aT  
XX(14,KK)sPAR*RP 

3 CONTINUE  
2 CONTINUE 
.1 CONTINUE  

WR~ITE (21,90) 
" WRITE "(2l'. 93) 
WRJTt (2l.92)_ 
WRITE (21,86) ((XX(J.K),Jsl,8).Kal,KK) 
WRIT' (21,90)  
WRITE (21,93) 
-(RITE (21.91) 
WRITE (21.89) ((XX(J,K).J=1,3),(XX(J.K).J= 9.14),K*1»KK) 
STOP  ._. 
c ND 
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MAIN PROGRAM WHERE TEMPERATURE IS KNOWN, IT = 1 

DIMENSION   XX<14,50) 
_n I HENS I ON  PH 1(1(1),P(iO).T(10>,X(10) 
WEÄD~(?9,97)   NPHI.NP.NH 
=?EAll   (29,96)    (Pril(J). Jsl.NPHI) 
^EAD (79,96) (P(J).Jal.NP) 
READ (?9,96) (T(J),Jsl.NH)               

99 FORMAT "(    2F12.4'.F10."l.F12.2,"?F12.5,FH~"Si"2TSiT9.37 " 
9fl FORMAT (1CE12.4) 
97 FORMAT (315) 
96 rpRHAT (BElfi. )  
95 FORMAT (BX,2HEO,inX,lHPf9X,lHT,llX.lHH,llX,lHS,12X.ZHCP,7X,3HMOL, 
_ «5X,2HN0.4X,4MTYPE.2X,4HTIME) •     
94 FORMAT" (nx.5"HRA"fiO."6X";"3lTÄTM,6X";'5h~D'E~G R~f7X, ÄHBTU/'LBI 5X,9H"3TU/L"B'"OR 

»,  4X,9H°TU/LB HR,4X.2 H W T ,_5X • 4_H IT ER ,3 X> 4HC ASE, 3X, 3H SEC /)     
93 FORMAT "(5X.2HEO . 6X, 1HP» 7X, 1HT.~12X,"25HSPECTES'" MOL "  FRACTIONS")"' 
92 FORMAT (4X.5HRATI0,3X,3HATH,4X,5HDEG R.7X.1HH, UX. 1H0,11X, 2HQH» 
•10X,2HNQ,10X,2HCO/> 

91 FORMAT (4X.5HRATI0.3X,3HATM.4X.5HDEG R.7X,2HH2,10X,2H02.9X 
•,3HH20,9X, 
»3HCQ2,10X,2HN2.i0X.lHA/.>       _   

90 FORMAT (83H1~SPFCIFY TE"M"PERTUR"E'Y EQUIVALENCE RATIO AND "PRESSURE FO" 
«q A CH2 HYDROCARBON WITH AIR)  

89 FORMAT (F9.3,F7.2,F8.1.6E12.4) 
88 FORMAT (F9.3,F7.2,F8.1.5E12.4> 

C=.41959 
Dsl.561762 
E=. 009324" 
<K = 0  
wRITC <2i,9ÖJ 
HRITF   (21.95)  

"iJRTTV-T2TT94) 
IT=1  
HO   1   J=1,NPHI 
4=.1396633*PHI(J)+.O0O3 
3=.27932A«PHKJ)  
DO  2  JJsl.MP 
no   3   JJJsl.NH 
CALL   PRO"   (A,B,C.D,E,T<JJJ),P<JJ).H.S,CP.WT.X,PAR,TIME.NT,m 
Tr~('NT7G"ET5T)   GO  TCT2   
WRITE   (21.99)   PHKJ).   P( JJ), T( JJJ) .HiS.CP. WT,NT, I T. TIME  
«K3KK+1 

 RP=1. /P (_jj) ;  
.    00 "4""K="4,l3 " " " 
4   XX(K   ,KK)=X(K-3)»RP 

XX(1   .KK)=PHI(J> 
XX(2   ,KK)=P(JJ) 
XX(3   .KK)=T(JJJ) 
XX(1«.KK)=PAR»RP 

3 CONTINUE 
2 CONTINUE 
1 CONTINUE 

HRITE- (21.90) 
WRITE (21.93) 
WRITE' (21.92) 
JLRJTE (11,B8) ((XX(J,K),Jsl,8) ,K = 1,KK) 
"RITE (2i,90) 
*RITE (21,93)         
*'RITP (21.91) 
VR1TE (21.»9) ((XXtJ.K).Jsl.3),tXX(J,K),J= 9,14),K = 1.KK ) 
STOP 
= ND  
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MAIN PROGRAM FOR ISENTROPIG EXPANSIONS, IT = 2 OR 3 

DIMENSION   XXU4.50) 
JUHEMS-lflU  PiUXlfl.).P(10).T(10).X(10) 

100   CONTINUE 
 BEAD   (29,97)   NPH1.NP,NH>ITT 

IF     (NPHI.EO.O)   60  TO  101 
BRAD   (29.9ft)   (PHliJ).J»l.NPHI) 
READ   (29.96)   (P(J).J»i.NP) 

JREAD   (29.96.L-(-T(J).JH.NH) 
99 FORMAT (    2F12.4,F10.1.F12.2.2F12,3,F11,3.2I6.F9.3) 
9fl FORMAT M0E1P.4)  
97 FORMAT (413) 

JU.  F.ÜBKAX-taE10*£l.- 
95 FORMAT (8X.2HE0.10X.1HP.9X.1HT,11X,1HH.11X.1HS.12X.2HCP»7X.3HM0L, 
 *?X.?HNn,4X.4HTYPF.?X.4HTlMF)  
94 FORMAT (8X.3HRAT10.6X,3HATM.6X.5HDEG R.7X.6HBTU/LB.5X.9HBTU/LB OR 
 ft. 4X.9HRTU/1 H QR.4X.?HHT.M.4HlTER«3)t.4HCASEt3Xi3HSEC/>  
93 FORMAT (5X.2HE0 .6X,1HP»7X»1HT.12X.23HSPECIES   MOL   FRACTIONS) 
82 FQPHAT (4X.BHRATIQ.3X,3HATH, 4X.SHDEQ R.7X.^HHf lHUlMOxl 

•10X.2HN0.10X.2HCO/) 
.91 F0RMA.t-t-4JL.3HRATI0«3J(.3HAIll..! t.mas. 

•.3HH20.9X. 
»3Hrn?,inx.?HN?.inx.iHA/> 

90 FORMAT (83H1 SPECIFY TEMPERTURE 
 *a_A-CH2 HYDROCARBON WITH AIR)  

EQUIVALENCE RATIO AND PRESSURE FO 

89 FORMAT (F9.3.F7.2.F8.1.6E12.4) 
-88 FORMAI.-CE9-.3+E7..^F.a.l.-311?.4) 
85 FORMAT (45H0 
86 FORMAT MHO) 

FROZEN ISENTROPIC EXPANSION FROM 10 ATM.) 

87 FORMAT (45H0EOULIBRIUM ISENTROPIC EXPANSION FROM 10 ATM.) 
C».419.39  
D»l.561762 
_E«,.0.0.9324_ 
KKaO 
MBTTE f?1.0ni 
IF   (ITT.EQ.2)   WRITE   (21.87) 

-IF-IJJT,gQ JJ- WRITE-121.85) 
WRITE   (21.95) 
HRITE-I2LJA).  
DO 1  JBI.NPHI 
A«.13QH&S3»PHItJi+.nnas 
Ba.279326*PHI(J) 

_QQ_2 JJJjljJiH  
TX»T(JJJJ 

JJ «1  
DO  3   Jjal.NP 

.LF-UJ-2)  10.12.1? 
12   ITBITT 
 -IX ■  TX »<P<I.IWPIJ>1 ))*>(!. 087/<rP«HTn 
10  CALL  PROP   (A.B.C.D.E.TX 
 IF   tMT,fiP.«.n>   QO  rn  9  

.P(JJ).H.S.CP.HT.X.PAR.TIME.NT»IT) 

WRITE   (21.99)   PHI(J).   P(JJ).TX 
muiüuj  

.H.S.CP.MT.NT.IT.TIME 

RPal.ZP(JJ) 
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ISENTROPIC EXPANSIONS, IT - 2 OR 3 (Concluded) 

DO   4   K=4,13 
_4. XX(K. •KK)sX(K-3)»RE-  

XX(1   .KK)sPHI(J) 
. -XX (2   *KK)=P(JJ)-  

XX(3   .KK)=TX 
._    XX(14.KK)sPAR»RP. ... ..  
3  CONTINUE 
2  CONTINUE    . _ _ - 
1  CONTINUE 
-WRITE   (21.90).       

IF   UTT.EQ.23   WRITE   (21*87) 
— AF   (I.TT.EQ.3). WR4TE-(21*831- — 

WRITE   (21*93) 
__ WHITE--(.21*92) 

WRITE   (21.88)   ((XX(J.K)tJsl,8).K>l.KK) 
WRITE   (21.90)  
IF   (ITT.E0.3)   WRITE   (21*85) 
IF   (ITT.EQ.2)   WRITE_^1JJ7J  
WRITE   (21.93)     ' 
WRITE-(21*.91>_   ._  
WRITE   (21.89)   ((XX(J.K)«J-1*3).(XX(J*K),J-   9.14).K-l.KK) 

..   ._ GO. TO .100  l  
101  CONTINUE 
 STOP           ...        -  

END 
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SUBROUTINE PROP 

SUBROUTINE PR0P<CAR.HYD.OX.AN2.AR.TT.PR.H.S,CP.WTM.P.PAR. 
_».T-I.HE*NT,-IX-- 

C     SPECIES ARE 1-H.2-0.3-0H.4-N0.5-C0.6-H2.7-02.8-H20.9-C02.10-N2 
-C SUBROUTINE FOR DETERM.LMINQ EQUIL1BRIUM PARTIAL PRFSSURES  
C     T IS TEMP. IN DEQ R AND CAN BE EITHER INPUT OR OUTPUT 
-C : P IS PRESS IN ATMOSPHERES -HP IS AN INPUT  
C     H IS THE ENTHALPY IN BTU PER LBM AND IS EITHER AN INPUT OR OUTPUT 

_C S    TS   TUP   CNTRQPy    IM   QTIJ   Pf=R   I HM-nFB   R   AJUfl   PfTHPR    INPUT   OR   OUTPUT  
C     CP IS THE SPECIFIC HEAT IN BTU PER LBH-DEG R AND IS AN OUTPUT 

J_ HTM   TS   THF   HOI PfiUI AR   NT   OF   THE   H1XTURF   AN    IS   AND   OUTPUT  
C     TIME IS THE PROGRAM EXECUTION TIME IN SECONDS AND IS AN OUTPUT 

-C NT   IS   THC   MO.    OF   ITPRATIflMS   TO   FINn   PARTt-l    PRPSS   iNfl    fS   _N   OUTPUT 
C     IT IS A CONTROL CONSTANT FOR THE SUBROUTINE 

_C LTILO. -H-.AMD  P   ARE. XJ_OJ_N__AND. 1J.CE ._. HlM.ASE_EflUNJl  
C     ITal  T ^ P ARE KNOWN AND ARRAY OF PARTIAL PRESSURES ARE FOUND 

-C IT«2 s   »   P   ABP   KqntlN   ANO   ycP-   a   »TM   ARE   FOUND  
C     IT»3  T o p H PARTIAL PRESSURES ARE KNOWN - FROZEN CASE 

-C IT.I  ma «PPM MoniriPn TO nsn fin cm ATC U.S.PP.UTM  
DIMENSION D1(3).D2<3),D4(3).D5(3).D6(3>.D7(3),D8(3)»D9(3)'D10 

 •i.3J-#.D3JJXtE_L6J  
DIMENSION   DAR(3) 
 DJ JAEJiSJJOJSJ F(1Q3,A1(3J..A 2JL3J.iA.3_t.3Jj.P_Ll 0.1  

CHANOE UNITS OF INPUTS TO BE COMPATABLE WITH PROGRAM 
T - t5./0.»*TT 

HO- <5./9.)»H/.99931 
_IJi._(XT__G E__2J H 0__S____»_9.9.3_3_L 

_JCT.»fl_ 
DELTL»0, 
-CALL TIME. (HI) 
IF (IT - 3) 3,2.3 

_1_CQNT_U. U.E  
DELL".000001 

-FJJ__L_.2 ..•__* R*_.5»H.YD- 
RATIO OF ELEMENTS 
RAN ■ AR/AN2  
RON» CAR/AN2 
__.HN»HYD/A_J2__ 
R0N»0X/AN2 

DEL1«0. 
J>EL2.»_L_. 
DEL3«0. 

_LF. (OXJ.G.L.i:.UEL.>__G_l___)._l. 
IF (CAR.LE.OX) GO TO 20 

 HR.I.IE- 21 _.9_L>  
RETURN 

.____.]___1_ /JiJAR*. 5* (jHj_JL_JN__)_L 
INITIAL GUESS OF H2 H20 AND N2 PARTIAL PRESSURES 

_.PJ.6Jj?^R*_XXi(...3j»J_Yi)_OX*l.,.5jLC.AR)  
P(8)«PR»XX«(               +0X-1,5«CAR) 
PM0>-PR«XX«AN2«._  
1=   6 
fl"   Ifl   ZJ 

1   CONTINUE 
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SUBROUTINE PROP (Continued) 

c INITIAL GUESS OF O2.H20.N2 PARTIAL PRESSURES 
XX ■ .5/<<.5»HYD*OX*AN2)».5*AR> 

? 

P(7)«PR«XX»<0X-FUEL> 
P<S)BHVP*XX*PR 
P(10)=   AN2»XX«PR 
L= 7 

c 
GO TO 71 

c RESET PARTIAL PARTIAL PRESSURES FOR FROZEN CASE--IT«3 
CONTINUE 
PXaPR/PHOLD 
DO 79   Jsl .HI 

72 P(J)»P(J>»PX 
P4RBPAR«PX 

c 
c ITFRATION LOOP TO FIND PARTIAL PRESSURES 

71 CONTINUE 
IF (P(L).LE..r.l) P(U«.0l 
DO 4  K«l»50 
KOUNTrK 

c 

8 

SKIP PARTIAL PRESSURE CALCULATION FOR FROZEN CASE 
IF (IT - 3) B.7,8 

c 
CONTINUE 
CHPCK ALL INITIAL PARTIAL PRESSURES FOR NEßATIVE VALUES 

41 
DO 41 J«l,10 
IF (P(J).LT.O.) P(J)»l.E-5 

c DON'T RECALCULATE FREE ENERGY RELATION FOR T KN0WN--IT«1 
IF (L-1=Q.fi) GO TD 42 
IF (K.GE.2.AND.IT.6Q.1) GO TO 10 
CALL THERM ( P.T.H.CP»F,PR,PAR,WTM.1) 
E(l) = 2.7182818285««(.5«F(8)-.25«F(7)-F(1)) 
E(2) B 2.71828182B3««(.5» F(7)-F(2)) 
E(3) a 2.71828182B3«»(.5 #F(8)*.25«F(7)-F(3>J 
E(4> = 2.7182818285e»<.5»FC10>*.5«F<7)-F<4>> 

10 

42 

E(5) = 2.7182818285««(F(9)-.5«F(7)-F(5)) 
E(6> s 2.71B2B18285«*(F(8)>.5*F(7)-F(6)) 

C CALCULATE PARTIAL PRESSURES OF THE ASSUMED KNOWN SPECIES 
P(l>« SORT(P(B)/SQRTIP(7))l«E(l) 
P<2)« S0RT(P(7))»E(2> 
P(3)>S0RT(P(8)*S0RT(P<7)))*E(3) 
P(4)»S0RT(P<ir)«P(7J)»E<4) 
XX=1./(1.*E(5)/SQRT<P<7)>) 
P(9>B RCN»(2.«P(10)*P(4))»XX 
P<5>» Pt.9_)y_S_0RT(P(7))»E<5) 
P<6)» P<8)/S0RT<P(7n»E<6) 
PAR ■ (2. • P(10> * P(4)1»RAN 

C 
SO TO 43 
CONTINUE 
IF (K.QE.2.ANn.IT.EQ.il QO TO 46 
CALL THERM < P,T,H,CP.FiPR,PAR,WTM,l) 
E<1>» EXP(.5»F«6>-F(in 
E(2>" EXP(F(8)-F(6)-F(2)> 
F(*).EXP(F(A>-r(l>-F(3>> 
E(4>= EXP(F(8)+.5»F<10)-F(6>-F(4)) 
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SUBROUTINE PROP (Continued) 

EC5>"EXP<F<6>*F<9>-F<5)-F(8>> 
.E16_. -EXR.C 2-.JtE-LB)-2.JtLlLL-£ 17__. 

46  P(1)»E(1)»S0RT(P(6)) 
 p(?)BE(2i*ejta „gi_ 

P<3)«E<3)»P(8)/P<1) 
P< 4>tiF(lUtg.Cn )»SHRT(Pf 111) )/P(6> 
P<7)»E<6)»P<B)«P(8)/(P(6)«P<6>) 

Jüfj:E<5)»P(6)/P<_  
XXal./(l.*YY) 

.P_U»RC.N» 1.2 ^«BllILJ _L4__«X_ 
P<5)»P(9)«YY 
PAR  ■   (2.   • P(10>   »  Pt4>)»RAN 

43  CONTINUE 
 UERIV^TI.QN_Df-JELAlI.ONSKlP_.OF..KN.0JN 5__EJL-WJIR..R£SPECl__-.aUES8.. 

DO  11   HI,3 
nitllaO.  
D2(I)»0, 
D3fn°n. 
D4(I)BO. 

 D5..(.I)»0. 
D6(I)«0. 

 D7Ü)ü.0U. 
D8(I)=0. 

 nacn.n. 
11   D10(I)BO. 
 IF   tl .FQ.6>   BO   TO   44 

DKD»   -Pll)/P(7>».25 
_Bli 2 LP_R.11) /P < AJ • • 5„ 
D2(l>3     P(2)/P<7)».5 
D3(l)a P(3)/P<7)»,25 
03<2>»     P(3)/P(B)».5 

_D4CU»     P(4)/P(7)».5  
DT(3)ap(4)/P(10)».5 

J_J.CA8J.EQ,„ni__Q0  TB.441 : :  
D9(l)a   RCN»<D4<1>*(2.«P<10)*P<4X)»XX«.5»E(5)/   P(7')••!.5)*XX 
D9<3)»     RCN»XX*<2.*D4<3)) 
D5(l)n     P(5)/P(9)»D9(1)-P(5)/P(7)».5 
D5(3)»     P( 5 )/p (9J_»D.9_(_3) !  

441  CONTINUE 
 D.6.U). »__-P_(_6) /P.( 7.)„.5_ 

06(2)=     P(6)/P(8) 
_.: P.?IIL__  

D8(2)=l,0 
-P;0(3_L»1J._0  
DAR(1)«RAN»D4(1) 

DAR(3)=RAN*(D4<3>*2.) 
GO   TO   45  

44   CONTINUE 
 PI (i) »P Ui._ ?.6_>J_L 

D2(l)3-P(2)/P(6) 
D2(2)e   P(g)/P(8) 
D3(l)a-P(3)/P(1)*D1(1) 
ns(g>«   P(3WPtB)  
D4(l)»-P(4)/P(ft) 
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SUBROUTINE PROP (Continued) 

04(2)=   P(4)/P(8) 

D7(1)«-2.»P(7)/P(6) 
-DJ1213-JLL7JU.P..I.B )J2.^. 
IF   (CAR.EQ.O..)   00   TO   442 
po(?>axx*tRrM«n4(?)* g(S)>P(*i»p<q>/(P(«)»P(Bn) 
D9<1)=XX«(RCN«D4(1)-P(9)«E<5>/P(8)> 

._D9.(.3)_»RCN«XX»<2..*D4(3) L  
D5U) = YY«D9(1)*P(5>/P(6> 

_D5 (2 )_= Y Y»D 9(2) - P_( 5JIPA 8J  
05(3)=YY»D9(3) 

44? CONTINUE  
D6(1>»1. 

 D8(2)ai... . 
010(3)el. 

-_. DAR(L)=RAN#D_4LLL 
DAR(2)sRAN»D4(2> 

-D A RliLs SAK»I2.» ±H4.( J J_L 
45   CONTINUE 

DERIVATION   OF   MATRIX  COEFFICIENTS 
._D012   I«1JJ_.       
Al(I)s     D1(I)*D3(I)*2.»D6(I)*2.»D8(I)-RHN»(2.»D10(I)*D4(I)) 

 A2 (J J_" 02 (L) »n3tn«.D4(H»Q5(I i ♦ g.«D7tIl+nB(l)«2.«I)9M).RnN»f2. 
• •D10(I)*D4(D) 
 A3 (I) = . Dl ( I) *D2 U ) *D.3J I) + D4(l)*D5(I)»D6(n*D7<l)*DB<I)*D9M).>Dl(U 

*I)*DAR(I> 
...1.2 .CONTI.NIJE  __     ._  

SP1     »   PC1)*P<3>+2.»P(6)*2.*P(B)-RHN«<2.»P<10>*P<4>) 
SPP     a   P(2)»Pt3)»P(4)+P(SU2.«P(7)»P(8)+2.»P<9)-ROW<2.»P<10>*P(4 

• )) 
    _ „S£3.   _?_0, _ . 

DO   13   Ial.10 
 L3_SJ».3.   AS P 3 _♦ p (1). 

SP3»SP3-PR*PAR 

SOLUTION   OF   MATRIX 
._D.E.N»_    AJUJL.).• U2 (.2.)• A.3.(.3J_-_A3(2)»A2( 3) )-A2<l)«< A1(2)*A3(3)-A3( 2)* 
«A1(3))-»A3C1)«{A1(2)*A2(3)-A2(2)*A1(3>) 

DEN» 1../.DEN 
XN1   ■SP1«<A3<2>»A2<3)-A2(2)#A3(3)>*SP2«<A1<2)»A3(3>-A1(3)»A3<2)>* 

___^*.SR3.*.lAl.C.3.L»A2t2.L-.AJJ2J.ftAiL3JLL 
XN2   sSPl>(A2Cl)*A3(3)-A3(l)4»A2(3))4-SP2»(A3(l)«Al<3)-Al<l>«A3(3>> + 

 •S.PJS« < ALU )_• A2.(3J_-A2.( L) »Al( J )J 
XN3   =SPlMA3tl)»A2(2>-A2(l)»A3(2>)«-SP2»CAl<l>»A3<2>-A3(i>*Al(2)U 

. tSP.3 »_ CASmi* AH2_)j; Al.ll IM 2 (2JJ :  
C 
_E CALCULATION OF PARTIAL PRESS CORRECTION AND NEW GUESSED PART PRESS 

DELl= XN1 »DEN 
 JJ£L2.3_X_M2_§J)EN_ 

DEL3BXN3*DEN 
.  ..PaL«J?lL)AJlELL. 

P(8)»P(8)*DEL2 
_J»CJJDL1.=PX10) ♦DEL3- 

31 



AEDC-TR-71-256 

SUBROUTINE PROP (Concluded) 

FIND ENTHALPY OR ENTROPY FOR ITERATION TO FIND TEMP. 
7  COM-tiMue : :  

IF(IT-1)18.6 .17 
17 CALL-JHERH(P.T.H.CP.F.PR.PAR.HTM.2) 

QO TO 60 
ia_CAU TUPBM (P.T.u.rp.r.PB.PAP.uTM.ni 
80 CONTINUE 
 IF <icT.sT.nj no TO as 

DELT»(HO-H)/CP 
F  <ngi, T»RPI,T| I  »1,1 

82  T*T*DELT»,83 
 SO  TO   85  
81   T»T*DELT«.38 
 1CTJI2  
85 ICT«ICT«1 
 nELTLiDELT 

IF (T.LE.300.) T»300. 
TF tT.BF.snnn.i T__nnn. 

C 
X ITERA.T-10N-COMJAQLr-.t£MP-^I THIN __.DE_L.Ofl -FRESS_HI1HIN_DELL- 

IF(ABS(H0-H) - CP)6,6»4 
 ___L_JJ_r__2_.. 21*21*3  

21 IF<ABS(DEL1)   -  DELL)   22*22.4 
22 IF    (ABSfRPI?)    -   DPMI    93.93.4 
23   IF(ABS(DEU3)   -   DELL)   5,3,4 

4   CONTINUE 
5   CONTINUE 

PHOLD«PR 

c 
S»H 

CALL THERMCP#T,H»CP»F,PR.PAR.WTM.2> 
-SSH.»J____>33_.  
CALCULATE ENTHALPY AND ENTROPY ETC. FOR TEMP KN0WN--IT=1 
.CALL. THERMCP.T.H.CP.F.PR.PAR.HTMjJJ :  
HBH*.999331*9./5. 
CP'CR».999331  
WTMaWTM 
_______ 1__L 
NTaKOUNT 
CALL TIMER (TT2) 
TIME « TT2-TT1 
_3__LY____ 

99 FORMAT (  41H ITERATION DID NOT CONVERGE IN 50 STEPS 
97 FORMATOfiH THI_S_CASE HAS TOO LIJ.TJ.i_ 02 TO RUN ) 

END 
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SUBROUTINE THERM 

SUBROUTINE   THERM   (ALP.T.H.CP.F.PR,PAR.WTM.KT) 
._DWENSLQN ALP<10) .CC<6UCIXUHU ,TTtS),Ff 10) 

5.8253029E-1.2.8S95544E0,9.98350«lE-4,-2,l8799046-7.1.9802785E-li. 
-3.84 5.294jaE^16.*.3.,.8JSil Z12E.3 ^Ju5g970166JL«AJ.14A94?JiEJ).-4.1197237J-:£J_ 
9.6922467E-6,-7.B633639E-9,2.23095l2E-12,9.7447894E3»2.5694290E0. 

A3.i5?936nen.i.<inso8gfP-3.-s.7Q7fl4figE-7.i.n&gagn9B.«n. 

DATA   CT /       2.5,4»0.,2.5470497E4,-4.600l096E-l, 
2.JU4 «JL.^2 .q47n4g7F4f-4.*nnifl9*E-i.3.nglBB94.,-g.l7S7g40E-3. 
3.7542203E-6,-2,9947200E-9,9.0777547E-i3,2.9137i90E4,2.6460076E0, 
g.S37g^67Pn..i.a49gl0nP-S..8.flni79PlP>9.5.9643621i:.lg. 
-5.5743608E-16.2.9230007E4.4.9467942E0.3.8234708EO.-1.1187229E-3, 
1. 2466B19E-6L.^2..1 0.3 58.966.-1 DJ r5_.234lt>55lE±lAa3.,.58527B713_a_ 

-7.3720783E-15.9.8522048E3.6.9446465E0.3.7871332EO.-2.1709526E-3, 
5^0 75.13 3 7 E.?J6 *-^3-.-4.7.37 7?*E»9r 7 J2168_41E-13.-1.4363508E4.?. 633949960» 
2.95ll519E0.1.5525567E-3.-6,19ll411E-7»1.1350336E-iQ# 
±1J8 82 7J*2E_--15_^ri^ 42318 2.7E_4^^5.31445JE1L-3L .8 4MÄ49£flj 
-9.6H9332E-Ä.9.5122662E-9.-3.3093421E-12.-9.6725372E2. 
■ i.4ii7B5fi E0i3.0436697EP-i6.118711DE-4.-7i3993ggie-»i-2.03ai9D7E-ll 
,2.4593791E-15.-B.5491002E2^-1.648l339E0j3.7189946E0. 
■^A5i6Z2flaE-3JAJJ?837153£-6J -.8 ._219.8Z1.6E-9.2 ^.7-0821805-12. 
-1.0576706E3,3.9080704EO,3.5976129EO,7.8145603E-4,-2.2386670E-7» 
4L2490l5.9E-.ll^-3JJ4Ä020jiE^i5J-lL19_27_9_ia£3^3.7l92A5AEiL._. 
4.1565016E0.-1.7244334E-3,5.6982316E-6,-4.5930044E-9,1.4233654E-12 

2aa770E4_-6.B616246E-l_2.67C7532E0.3.031711gE-3_ 
-8.535l570E-7,1.1790853E-10r-6.1973568E-15*-2.9888994E4» 
6.883839lE0»2.l70l000E0«l.O378llSE-2.-1.0733938E-5.6.34B9l7aE-9. 
-1.628o70lE-12,-4.8352602E4,l.O664388El»4.4129266E0»3.l922896E-3, 
1.2976230E-6f2.4l47446E-1,0,-1.6742986E»14i-4.8944043E4t  
'7.2875769E-l,3.6916148E0,-1.3332352E-3»2.6503100E-6. 
■9.768834lE-in.-9.977gg34E-14_-1.B62B336E3_2.287498060.2.«8487*1 
,1.5976316E-3,-6.2366234E-7#l,l315849E-10,-7.6B97070E-l5, 
■8.9017445E2.6_. 3902879E0/ 
TTLN » ALOGCT) 
_TLN..«_l.^_TJi!l  
CP»0. 
H«0. 
RT«1.98718»T 
TT.HL»I  
DO 1    K«2,4 

_1_ TUCK )_■ _T_T_(K -1)«T 
TT(5.«1./T 
 U*l  

IF(T.LE.1000,>  KA«0 
J_J__._2___«1-._1D  
KK> 14«(K-1)*KA 
_DJL_3._J«.i^.  
KKK«<KK*J) 

3 entJta CTtKKK _«TT_J»1I 
CC(i>» CT(KKfl) 
-1E..KT-1) 10.4.5 

10 F<K)»       CC(l)*.5»CCt2>+CC(3)/3.*.23«CC(4)*.2«CC(5)*CC(6> 
 3_Q_T_Q_6  

4 F(K)«(CC(1)«TLN )-.5»CC(2)-<CC<3>*.5«CC(4|)/6.-,05«CC(5)*CC(6)- 
 «CT(KK*7)  

GO TO 2 
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SUBROUTINE THERM (Concluded) 

5 IF (ALP<K).LE.O.)  SO TO 2 
 E.(K)-=-CC(l)»TTLN!t>.CCi2J*J«CC.tl)*C.(LliJ/3*0_^_ 
•,25«CC<5> *■ CT<KK*7> - ALOB(ALP(K)> 

_6_H..?_ H ..♦. ALP (K ) «F (K1  
CPP  *      ALP(K)*(CC<1>*CC(2)+CC<3)+CC(4>*CC(5>) 

 €P. s -CP *..CPR  -   
2 CONTINUE 
 P.ABL-.0-. 

IF   (PAR.GT.O.)     PARL'ALOO(PAR) 
.WTJ1   ■   ALP.(1)»1.00797   *ALP(g)«15.9994*AI Pt3>»17.0074*ALP<41*30.0061 
1*ALP(5)«28.01^55*ALP<6)»2.01594*ALP<7)«31.9988*ALP(8)»18.01534 

..2.*ALPm»44.00995*ALP.<10)»28.0134+eAR#39..948.. 
CP=<CP*PAR«2.5)»<1.98718/WTM) 

_ LF(KT-l)   7,8.9 ...   _     
7 H=<PAR»(2.5-(745.375/T))*H)*<RT/WTM) 
 HIHSHIK/P.R    

QO TO 8 
_2_SJSL_LH_*. PJLR*.J[2,.5#TJlII_*4JJ46J.n26 ..--BAB] LLW(1.9R718J£MT.M.)_ 

DSDT sCP/T 
 H = S     _     

". CPOSDT " r" 
.  _HTM«WTM/PR    . .  ._ _    .  
8 RETURN 
 EAD ._  

34 
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TABLE I 

SPECIFY ENTHALPY EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON HtTH AIR 
 ES .    J ".T. H 5 CP HOL 

RATIO     ATM"     DEO R      BTU/LBBTU/LB OR   BTU/LB OR   ST^ 
HO 
ITBR 

TYPE  TIME 
-"EASE  sic 

.9000 

.5000 T 2802.4 
3407.5 

.01 
199.64 

2.26695 
2,33133 

.S0«41 

.31769 
28.932 
28.913 

7 
6 

0 
0 

1.452 
1.264 

.5000 

.5000 

.5000 

.1000 

• ir"'i  3*13.0 
,lL 1   4874,7 

Jo6.il 
'600.06 
800.03 

.01 

2,38604 
2.43476 

.32249 

.32496 
28.791 
28.527 

1 8 
12 

0 
0 

1.641 
2.390 

•1f" 
I.OL J 
l.Of 
li0L it 

4536.7 
2803.1 
3418,0 
3973.8 

8.4JÖ09 
2.10890 

.32637 
,30942 

28.149 - 
28.933 

8 
8 

0 
0 

1.640 
1.639 

.9000 

.5000 
199.64 
400.13 

2.17322 
2.22746 

,31777 
.32309 

28.924 
28.871 

7 
. 9 

0 
0 

1.-452- 
1.077 

.9000 

.9000 

.5000 

.5000 

.5000 

.5000 

11 4423.9 
4770.3 
2803.9 
3422.6 

.600.10 
800.03 
".02 

199.65 

2.27902 
2.31647 

.32407 

.32779 
28.70* 
28.431 

12 
15 

0 
0 

2,390 
2.952 

10.0 
10.0 
10.0 
10.0 

*= 
1.05007 
2.01519 

.30042 

.31763 
18.933 
28.929 

9 
9 

0 
0 

1.827 
1.82B 

4003.6 
4918.9 

. 400.16 
600.09 

2.06926 
2.11610 

,.32333 
.32677 

28,909 
28.825 

3 
9 

0 
0 

.702 
1.827 

.5000 

.9000 
io.o 

•1 
49SA.4 
3927.« 

JAO.iO 
-.11 

S.iSASi 
2.41762 

.  .32863 
.33839 

ZB.693 
28.637 

12 
11 

0 
0 

Z.3B9 
2.203 

.9000 

.9000 
.1 
.1 

4214.9 
4438.6 

199.63 
400.36 

"2.46661 ' 
2.51297 

.34021 

.34140 
28.292 
27.877 

9 
8 

0 
0 

1.826 
1.640 

.9000 

.9000 
.1 
.1 

4624.2 
4785.0 

600.27 
800.31 2.59958 

.34221 
,34290 

27.428 
26.959 

11 
19 

0 
0 

2.202 
3.702 

.9000 

.9000 
1.0 
1.0 

4034.3 
1   4396.5 

-.62 
199.69 

4.25834 
2.30565 

.3*952 

.34192 
28.769 
28.512 

6 
12 

0 
0 

1.266 
2.390 

.9000 

.9000 
1.0 
1.0 

i   4682.1 
I    4920,4 

400.40 
600.25 

2.3498S 
2.39144 

.34323 
,34407 

28.172 
27.766 

12 
8 

0 
. 0 

2.390 
1.639 

.9000 

.9000 
1.0 

10.0 
i '  9128.1 
■         4100.4 

800.40 
.00 

"2.43127 " 
2.09963 

.34469 

.34024 
27.371 
28.844 

12 
7 

0 
0 

2.388 
1.454 

.*00B 

.9000 

.9000 

.9000 
1.0000 
1.0000 

ift.ö 
10.0 
10.0 
10.0 

.1 

.1 

1   4548.7 
!   4697.5 

5196.6 
5460.1 

"I  -4 035.6 
1    4886.0 

109.7! 
400.38 

2.1*580 
2.1882« 

.34320 

.34484 
28.687 
28.434 

12 
15 

■ 0 
0 

Z.S9Z 
2.954 

600.24 
600.44 

2.22787 
2.26544 

.349BZ 

.34646 
28.121 
27.772 

15 
12 

0 
0 

2.952 
2.369 

.S3 
199.68 

2.44792 
2.49946 

.34274 

.34425 
28.389 
28.006 

10 
10 

0 
0 

2.015 
2.014 

i.Ooflo 
1.0000 

" l.ooflo 
1.0000 

.1 

.1 
  4490.4 

4664.1 
400.57 
600.11 

2.54122 
2.5147« 

.34525 

.34601 
27.576 
27.124 

H 
17 

D 
0 

2.202 
3.327 

' 4.826 
1.828 
1.827 
2.203 

.1 
1.0 

4SI«.5 
4181.6 

800.21 
-.02 

Z.6Z700 
2.28693 

.34670 

.34427 
26.655 
28.960 

25 
9 

0" 
0 

"0 
0 

i.oooo 
1.0000 

1.0 
1.0 

4494.2 
4753.3 

199.63 
400.58 

2.33292 
2.37636 

.34606 

.34715 
28.256 
27.892 

9~ 
11 

1.0000 
1.0000 

1.0 
1.0 

4975.0 
5172.1 

600.08 
800.38 

2.41736 
2.45683 

.34790 

.34851 

.34542 

.34759 

27.496 
27.077 

IS 
12 

■ff" 

0 
Z.013 
2,386 ,. 

1.0000 
1.0000 

10.01       4294.6 
10.Ol      4672.9 

-.03 
199,54 

2.12721 
2.17169 

28.693 
28.470 

9 
9 

0 
0 

1.8Z7 
1.827 

1.0000 
1.0000 

10.0 
10.0 

4993.2 
5271.3 

400.61 
600.04 

4. Z1328"  " 
2.25213- 

.34888 

.34972 
28.179 
27.891 

12 
9 

0 
0 

Z.991 
1.827 

1.0000 ifl.i 5921.1 ado.40 Z.ZB929 .35034 27.493 11 0 2.Z0Z 

o 
o 

ro 



TABLE I (Continued) 

> 
m 
D 
n 
■H 
3J 

CO 
00 

SPECIFY ENTHALPY EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON HITH AIR 
(-0      P __ _ _ T    _ H       S       CP    HOL 

RATIO    ATM    DEG R    BTU/LB   8TU/LB OR  8TU/LB OR  HT ■ 

,1000 
1000 

1.1000 
1.1000 
"lViooo" 
1-1000 

.1" 
•A. 

1.1000 
l.iono 

■ 1 
.1 
.1" 

1.1000 
1.1000 

1.0" 
1.0 

4073.1 
4323.5 

'«WS.»" 
4691.3 
4B38.7 
48Q6.4 
4936.4 
4793.6 

1.1000 
ljlOOO 
1.1Ö0O 

1.0" 
1.0 

5011.5 
9208.9 

10.0 
10.C 
10.0 " 

1000 
5000 
5000 
5000 
5000 
5000 

■H* 

4883.0 
4707.7 
5037,3 
5315.5 

■:» 
.i 
.1 
.i 

5!4o.-4 
3737.7 
4178."» 
4482.5 
4691.3 
4852.3 

1.5000 
_l_.500O 

l."5Ö"0Ö~ 
1.5000 
1.5b~n<r 
1.5000 
1.5000 
1.5Q0Q 

1.0 
1.0 
1.Ö 
ii.0 

" 1.Ö" 
10.0 

3756.6 
4264.7 
"46»7.2 
4979.3 
"5207.8" 
3763.1 

1.50PQ 
1.5000 
2.0000 
2.0000 
2.0000 
2.0000 

10.0 
10.0 

4301.1 
4793.4 

10.0 
10.0 

.i 
■ l 

5202.9 
5525.9 
3173.9 
3687.5 

.37 
200-11 
400.oB 
600.21 
799.78 

.41 
"200.05 
400.05 
600.19 
799.89 

.37 
199.95 
4Ö0.00 
600.13 
800.00 

.38 
199.88 
399.96 
600.31 
800.32 
 7ST 
199.79 
400.01 
600.36 
800.34 

.38 
199.80 
400.Q2 

"2;47555 " 
2.52307 

2.61166 
2.65394 
2.31307 
2.35867 
2.40192 
2.44234 
2.48143_ 
~2,l5l28 
2^19561 
'2.21664 
2.27529 
2.31203 
2.57079 
2.6211V" 
2.66722 
2.71085 
2.75274 
i.307J0 
447« 
49173 
53317 
57240 
22390 

2.27340 
2.31742 

2.0000 
2.0000 
2.0O00 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 

~"270~00Ö~ 
2.0000 
2.0000 

.1 
1.0. 
1.0 
1.0. 

T7Ö 
1.0 

10.0 
10.0 
10.0 
10.0     - 

TTTTl  

4124.7 
4456.2 
4699.3 
3176.2 
3707.1" 
4201.7 
46Z6.0 
4962.7 
3176.9 
3714.0 
4234.6 
4720.7 
5149.3 

600.40 
800.39 
—"75V 
199.81 
399.91 
600.49 
800.43 

.39 
£99.81 
399.91 
600.45 
800.56 

.39 
199.81 
399.92 
600.46 
800.59 

2.35747 
2.39472 
"TTSJiST" 
2.71973 
"2777090" 
2.81758 
2.86120 
2.47394 
2.53196 
2.58257 
2.62797 
2.66966 
2.28632 
2.34430 
2.39470 
2.43949 
2.48002 

.34626 

.34785 
73« 87 
.34968 
.35039 
.34759 
.34963 
.35077 
.35156 
.35220 
~.34B34 
,35104 
".35248" 
.35338 
.35403 
.35452 
.35699 
.36154 
.36309 
.36423 
TS5T6TT 
.35959 
.36274 
,36463 
.36588 
.35473 
.35984 
.36342 
.36580 
.36735 
.36186 
,36887 
777373" 
.37699 
.37925 
.36189 
.36904 
.37423 
.37790 
.38047 
.36190 
.36910 
.37444 
.37839 
.3B130 

28.058 
27.688 
"2772W 
26.815 
26.352 
28.214 
27.940 
27.587 
27.194 
26.779 
28.302 
28.141 
27.874" 
27.592 
27.199 
26.343 
26.213 
25.938 
25.568 
25.157 

-?673«6"" 
26.313 
26.159 
25,891 
25.551 
26.373 
26.355 
26.290 
26.141 
25.904 
24.369 
24.34Q 
24.233 
24.019 
23.726 
24.371 
24.361 
24.317 
24.202 
24.003 
24.372 
24.369 
24.353 
24.305 
24.202" 

NO 
ITER 

20 
21 

"Si" 
23 
29 
12 

"21" 
21 

~T3- 
12 
10" 
15 
2i 

14 
"17- 

7 
11 
15 
12 
20 

~T 
7 

12 
18 
10 
11 

-JT" 
8 

12 
18 

"_9~ 
7 

"10- 
12 
11 
11 
9 
8 

-9- 
12 
12 
10 
10 
9 

"V 

TYPE 
CASE 

0 
0 
0 
0 
0 
0 
0 
0 

TINE 
SEC 

3.425 
3.586 

-T.587" 
3.915 
4.900 
2.113 
3.589 
3.587 

0> 

2.274 
2.110 
1.784 
2,604 
3.589 
2.437 
2.929 
1.293 
"1.950 
2.606 
2.112 
3.423 
1.622 
1.291 
2.113 
3.098 
1.782 
1.954 

"0 1.992 
0 1.456 
0 2.113 
0 3.097 

"0 IY6Z3"" 
0 1.293 

"0" 
0 
0 
0 
0 
0 

1.785 
2.112 
1.947 
1.993 
1.623 
1.497 
1.619 
2.112 
2.120 
1.790 
1.78B 
1.622 
1.496 



TABLE I (Continued) 

SPECIFY ENTHALPY EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON WITH AIR 
EO P T SPECIES   HOL   FRACTIONS 

RATIO  ATM DEB R OH NO CO 

.900 

.500 
.10 
.10 

2802.4 
3407.5 

.1743-06 

.2146-04 
.8520-05 
.2777-03 

.1978-03 

.1491-02 
.1162-02 
.3964-02 

.7481-05 

.3460-03 
.900 
.900 

.10 

.10 
3913.0 
4274.7 

.3824-03 

.1933-02 
.2226-02 
.7304-02 

.9341-02 

.1067-01 
.8236-02 
.1236-01 

.3265-02 

.1098-01 
.900 
.500 

.10 
1.00 

4538.7 
28(13.1 

.5174-02 

.3116-07 
.1532-01 
.2705-09 

.1633-01 

.8900-04 
.1981-01 
.1163-02 

.1976-01 

.2376-09 

.900 

.500 
1.00 
i.nn 

3418,0 
3973.8 

.4101-09 

.9293-04 
.9233-04 
.8740-03 

.8446-03 

.3488-02 
.4097-02 
.8694-02 

.1199-03 

.1349-02 
.500 
.500 

1.00 
1.00 

4423.9 
4770.3 

.6481-03 

.2192-02 
.3555-02 
.6695-02 

.6299-02 
,1390-01 

.1438-01 

.1941-01 
.9874-02 
.1363-01 

.900 

.500 
10.00 
10.00 

2803.5 
3422.6 

.5599-08 

.7929-06 
.8574-06 
.2986-0« 

.5013-04 

.4625-03 
.1164-02 
.4091-02 

.7931-06 

.3797-04 

.500 

.5nn 
10.00 
10.00 

4003.6 
4518.9 

.1922-04 

.l69i-03 
,3067-03 
.1456-02 

.2111-02 

.5979-02 
.9234-02 
.1975-01 

,4840-03 
.2612-02 

• 500 
.900 

10.00 
.10 

4950.4 
3927.9 

.7309-03 

.7816-03 
.4173-02 
.1146-02 

.1094-01 

.5119-02 
.2242-01 
.4035-02 

.7691-02 

.1169-01 
.900 
.900 

■ 10 
.10 

4214.9 
4438.6 

.2703-02 

.6217-02 
.3315-02 
.6997-02 

.9962-02 

.1490-01 
.6236-02 
.8499-02 

.2947-01 

.3960-01 
.900 
.900 

.10 

.10 
4624.2 
4785.0 

.1144-01 

.1841-01 
.1221-01 
.1690-01 

.1936-01 

.2377-01 
.1062-01 
.1294-01 

.9196-01 

.6205-01 
■ 900 
.900 

1.00 
1.00 

4034.3 
4396.5 

.2444-03 

.1092-02 
.4946-03 
.1665-02 

.3576-02 
,7455-02 

.4326-02 

.6983-02 
.6260-02 
.1735-01 

■ 900 
.900 

1.00 
1.00 

4682.1 
4920.4 

.2924-02 

.5978-02 
.3914-02 
.7412-02 

.1222-01 

.1735-01 
.9916-02 
.1286-01 

.3086-01 

.4400-01 
.900 
.900 

1.00 
10.00 

9126.1 
4100.4 

.1046-01 

.6096-04 
.1226-01 
.1861-03 

.2245-01 

.2277-02 
.1967-01 
.4476-02 

.5559-01 

.2711-02 
.900 
.900 

10.00 
10.00 

4540.7 
4897.5 

.3077-03 
■1192-02 

.7208-03 

.1889-02 

.3897-02 

.6911-02 

.1187-02 

.3299-02 

.5256-02 
i9340-02 
,1414-01 
.1933-01 
.9697-02 
.1012-01 

.7409-02 

.1085-01 

.1456-01 

.1832-01 

.3251-02 

.9345-02 

.9922-02 

.2114-01 
.900 
.900 

10.00 
10.00 

5196.6 
9460.1 

.2659-02 

.5088-02 
.3375-01 
.4604-01 
.2436-01 
.3906-01 

1.000 
1.000 

.10 

.10 
4035.6 
4286.0 

.1613-02 

.4214-02 
1.000 
1.000 

.10 

.10 
4490.6 
4664.1 

.8497-02 

.1450-01 
.6828-02 
.1174-01 
.1801-01 
.4909-03 
.1619-02 
.3780-02 

.1501-01 

.1976-01 

.2404-01 

.3944-02 
" -76J9-02 

.1266-01 

.7486-02 

.9488-02 

.1130-01 

.3133-02 

.5662-02 

.8476-02 

.9281-01 

.6435-01 

.7362-01 

.1714-01 

.3093-01 

.4448-01 

1.000 
1.000 

.10 
1.00 

4816.5 
4181.8 

.2225-01 

.6269-03 
1.000 
1.000 

1.00 
1.00 

4494.2 
4793.3 

.1903-02 

.4282-02 
1-000 
1.000 

1.00 
1.00 

4975.0 
5172.1 

.7999-02 

.1313-01 
.7102-02 
.1167-01 

,1778-01 
.2281-01 

.1127-01 

.1393-01 
.5718-01 
.6803-01 

1.000 
1.000 

10/00 
10.00 

4294.6 
4672.9 

.2088-03 

.7366-03 
.1685-03 
.6629-03 

.2490-02 
,9476-02 

.2721-02 

.9427-02 
.1093-01 
.2176-01 

1.000 
1.000 

10.00 
10.00 

4993.2 
5271.3 

.1861-02 

.3769-02 
.1769-02 
.3659-02 

.9631-02 

.1444-01 
.6762-02 
.1231-01 

.3496-01 

.4739-01 
1.000 10.00 5521.1 .46*2-62 .6500-02 .1943-01 .1590-01 .9926-01 

D 
O > 
X 

OS 



TABLE I (Continued) 

SPECIFY ENVHALPY EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON H!TM AIR 
 E_0 P    T SPECIES  HOL  FRACTIONS  

RATTö" ATM  DEO"~R"    H "0       OH      "NO"    '" C~ö 

> 
m 
a 
o 
■ 
-i 

o 

Lino 
l-ino 

.10 

.10 
4073. i 
4323.5 

.2475-02 

.5787-02 
.8478-03 
.2840-02 

.4977-02 

.9752-02 
72123-02 
.4231-02 

.4143-01 

.5442-01 
l.ino 
l-ino 

.10 

.10 
4522.7 
4691.3 

.1082-01 

.1763-01 
,6160-02 
,1080-01 
.1664-01 
.2535-03 

.1475-01 

.1952-01 

.2375-01 

.2934-02 

.6321-02 

.8266-02 
.6669-01 
.7705-01 

l.ino 
1.100 

.10 
1.00 
1.00 
1.00 

4838.7 
4206.4 
4536.4 
4793.6 

.2610-01 

.1040-02 

.2761-02 

.5681-02 

.1000-01 

.1522-02 

. 4005-1)2 

.6762-02 

.8525-01 

.3619-01 
i.ioo 
l.ino 

.1244-02 

.3246-02 
.7167-02 
.1220-01 

.4714-01 

.5954-01 
1.100 
l.ino 

1.00 
1.00 

5011.5 
5202.9 

.1001-01 

.1584-01 
.6375-02 
.1064-01 

.1742-01 
.-.2245-01 

.9527-02 

.1209-01 
. ,71o2-0i 

.8071-01 
l.ino 
1.100 

10.00 
10.00 

4283.0 
4707.7 

.3796-03 

.1150-02 
.4644-04 
.3988-03 

.1308-02 

.4409-02 
.7605-03 
,3059-02 

.3307-01 
,4013-01 

l.ino 
1.100 

10.00 
10.00 

5037.3 
5315.5 

.2603-02 

.4942-02 
.1366-02 

' .3112-02 
.8798-02 
.1382-01 

.6309-02 

.9819-02 
.5096-01 
.6248-01 

1.100 
1.500 

10.00 
.10 

5560.4 
3737.7 
4178.9 
4482.5 
4491.3 
4852.3 

.4371-02 

.1959-02 

.7575-02 

.1665-01 

.2/42-01 

.3932-01 

,5784-62 
.1303-04 
.3066-03 
.1759-02 

.1911-01 

.5090-03 

.3032-02 

.7924-02 

.1332-01 

.6863-04 

.5882-03 

.1876-02 

.7322-01 

.1189*00 
1.500 
1.500 

• 10 
.10 

.1216*00 

.1245*00 
1-500 
1.5(10 

.10 

.10 
.4706-02 
.8844-02 

.1323-01 

.1791-01 
.3479-02 
.5026-02 

.1279*00 

.1311*00 
1.500 
1.500 

1.00 
1.00 

3756.6 
4264.7 

.6632-03 

.3057-02 

.8342-02 

.1566-01 

.1511-0!» 

.5345-04 

.5283-03 

.2049-02 

.1754-03 

.1331-02 

.4805-02 

.1003-01 

.2402-04 

.2730-03 

.1279-02 

.3094-02 

.1192*00 

.1222*00 
1.500 
1.500 

1.00 
1.00 

4677.2 
4979.3 

.1247*00 

.1278*00 
1.500 
1-500 

1-00 
10-00 

5207.8 
3763.1 

.2486-01 

.2147-03 
.4749-02 
.1590-06 

.1546-01 

.5722-04 
.5186-02 
.7861-05 . 

.1312*00 

.1193*00 
1.500 
l'5oo 

lo.OO 
10-00 

4Joi-l 
4793.4 
»207.9 
5525.9 
3173.9 
3687.5 

.1069-0? 

.3405-02 
~TT*33-0Z 

.1345-01 

.6/01-05 

.9704-04 
.4812-03 
.2181-02 

.100V-OJ 

.6189-03 
.1225*00 
.1248*00 

l-sno 
1.500 

10.00 
10.00 

.5828-03 

.1848-02 
.5918-02 
.1104-01 

-  .3090-02 
.4312-02 

.1273*00 

.1303*00 
2.000 
2.000 

.10 

.10 
.2984-01 
.2515-02 

.1849-07 

.2476-05 
•1071-04 
.1767-03 

.5017-06 

.1407-04 
.1791*00 
.1828*00 

S.onfl 
2'0no 
2.000 
2.ono 

.10 

.10 

.ID 
1.00 

4124.7 
4456.2 
4699.3 
3176.2 

.1012-01 

.2396-01 

.4113-01 

.9541-04 

.4150-04 

.4615-03 

.1634-02 

.1894-08 

.10VO-UZ 

.3372-02 

.6656-02 

.3433-05 

.1248-03 

.4878-03 

.1133-02 

.1613-06 

.1841*00 

.1837*00 

.1826*00 

.1791*00 
2.ono 
2.nno 

1.00 
1.00 

37o7.1 
4201.7 

,8957-03 
.4024-02 

.2896-06 

.1000-04 
.6122-04 
.4611-03 

.4947-05 

.5487-04 
.1831*00 
.1852*00 

S.nfld 
2.000 

1.00 
1.00 

4626.0 
4962.7 

.1199-01 

.2351-01 
.1136-03 
.5795-03 

.1818-02 

.4473-02 
.2045-03 
.8499-03 

.1858*00 

.1854*00 
2.000 
2.000 
2.000 
2.000 

10.oo 
10.00 
10.00 
10.00 

317«. 9~ 
3714.0 
4234.6 
4720.7 

.3028-04 

.2775-03 

.1400-02 

.4604-02 

.1909-09 

.3058-07 !l998-04 
.5127-07 
.1623-05 

.1792*00 

.1832*00 
.1225-05 
.1842-04 

.1643-03 

.7653-03 
.1991-04 
.1249-03 

.1857*00 

.1869*00 
2.000 10.00 5149.3 .1088-01 .1305-03 .2298-D2 .4660-03 .1873*00 



TABLE I (Continued) 

SPECIFY ENTHALPY EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON MITH AIR 
EQ 

RATIO   ATM DEG R 
SPECIES   HOL   FRACTIONS 

H2 02 H20 C02 N2 

.500 

.900 
.10 
.10 

2802.4 
3407.5 . 

.2638-05 

.8209*04 
.1006*00 
.9867-01 

.6739-01 

.6661-01 
6775-01 ' 
6737-01 

7539*00 
7520*00 

.9009-02 

.9003-02 
.500 
.500 

.10 

.10 
3913.0 
4274.7 

.6272-03 

.1892*02 
.9621-01 
.9396-01 

,636».01 
.5823*01 

641B-01 
5623-01 

7469*06 
7377*00 

'.1947-62 
.8883*02 

.500 

.500 
.10 

1.00 
4536.7 
2803.1 

.3543-02 

.8378*06 
.9175-01 
.1006*00 

.5134-01 

.6743-01 
4616-01 
6776-01 

7261*00 
7539*00 

.6744-02 

.9009-02 
.500 
.500 

1.00 
1.00 

3410.0 
3973.6 

.2741-04 

.2520*03 
.9897-01 
.9606-01 

.6700*01 
,6529-01 

4763-01 
6627-01 

7523*00 
7464*00. 

.9006-02 

.8990-02 
.500 
.500 

1.00 
1.00 

10.00 
10.00 
10.00 
10.00 

4423.9 
4770.3 

.9769*03 

.2209-02 
.9298-01 
.9039-01 .- 

.6152*01 

.5604-01 
6137-01 
5295-01 

7415*00 
7317*00 

.8940-02 

.8893-02 
.500 
.500 

2803.5 
3422.6 
4003,6 
4516.9 

.2656*06 

.8882-09 
.1006*00 
.9904-01 

.6745-01 

.6721-01 
6776-01 
6772-01 

7539*00 
7524*00 

.9009-02 

.9008-02 
.500 
.500 

.8955-04 

.4168-03 • 
.9611-01 
.9239-01 

,6625-01 
.,6393*01 

6721-01 
6490-01 

7492*00 
7438*00 

.9001-02 

.8976-02 
.500 
.900 

10.00 
.10 
.10' 
.10 

4950.4 
3927.9 
4214.9 
4438.6 

.li-i'-oS 
,2382-02 
.5162-02 
.8350-02 
.1157-01 
.1457*01 

.8890-01 

.2289-01 
.6464-01 
,1118*00 

5942-01 
1057*00 

7360*00 
7257*00 

.8922-02 
,8690-02 

• 

.900 

.900 
.2811-01 
.3316-01 
.3707-01 
.3963-01 

.1044*00 

.9532-01 

.0523-01 
■ ,7462-01 

9094-01 
7471-01 

7159*00 
7042*00 

.8585-02 ■ 

.8459-02 
.900 
.900 

.10 

.10 
4624.2 
4785.0 

6050-01 
4849-01 

4917*00 
6788*00 

.8323-02 

.8180*02 
.900 
.900 

1.00 
1.00 

4034.3 
4396.5 

.1193-02 
..3178-02 

.2009-01 ' 

.2379-01 
.1146*00" 
.1092*00   , 

1117*00 
9996-01 

7288*00 
7211*00 

.8728-02 

.8652-02 
.900 
.900 

1.00 
1.00 

4682.1 
4920.4 

.5794-02 

.8717-02 
.2830-01 
.3232-01 

.1019*00 

.9328-01 
8466-01 
6994-01 

7110*00 
6997*00 

.8549-02 

.8432-02 
.900 
.900 

1.00 
10.00 

S128.1 
4100.4 

.1175-61 

.4964-03 
.3537-01 
.1838-01 

.8375*01 

.1163*00 
5665-01 
1196*00 

6877*00 
7308*00 

.8309-02 

.8752*02 
.900 
.900 

10.00 
10.00 

4540.7 
4897.5 

.1676-08 

.3553*02 
.2007-01 
.2332-01 

.1129*00 
,1079*00   , 

1077*00 
9545-01 

7253*00 
7172*00 

.8709-02 

.8628-JI2 
.900 
.900 

10.00 
10.00 

9196.6 
5460.1 

.5895-02 

.8993-02 
.2690-01 
.3006-01 

,1007*00 
.9284-01 

-8154-01 
6784-01 

7074*00 
6966*00 

.8993-02 

.6427-02 
. 1.000 
1.000 

.10 

.10 
4035.6 
4286.0 

.5188-02 

.8497-02 
.1155-01 
.1798*01 

.1194*00 

.1108*00 
1041*00 
8770-01 

7152*00 
7049*00 

.8559-02 

.8444-02 
i.ooO 
1.000 

.10 

.10 

1.00 
1.00 
1.00 

4460.« 
4664.1 

" 4816.5 
4181.8 
4494.2 
4753.3 

.11.05-01 

.1551*01 

.1145-01 

.3345*02 

.2564-01 

.2800-01 

.3103-61" 

.7600-02 

.1007*00 

.8986-01 
7201-01 
5841-01 

6926*00 
6802*00 

•B419-DÜ 
.8178*02 

1.000 
1.000 

.7859-01 

.1234*00 
4703-01 
1121*00 

6674*00 
7196*00 

.8037-02 

.8611-02 
1.000 
1.000 

.5970-02 
,9063-02 

.1312-01 

.1854-01 
.1168*00 
,1084*00 

»736-01 
6176-01 

7107*00 
7001*00 

.8920*02 
. .8410-02 

1.000 
1.000 

1.00 
1.00 

4975.Ö ' 
5172.1 

.1231-01 

.1570-01 
.2313-01 
.2664-01 

.9895*01 

.8863-01 
6727*01 
5452-01 

6887*00 
6768*00 

.8291-02 

.8164-02 
1.000 
1.000 

10.00 
10.00 

4294.6 
4672.9 

.1994-02 

.3B64-02 
.4459-02 
.8582-02 

.1263400 

.1216*00 
1189*00 
1071*00 

7232*00 
7162*00 

.8692-02 

.8584-02 
1.000 
1.000 

10.00 
10.00 

4993.2 
9271.3 

.6275-02 

.9045-02 
.1321-01 
.1754-01 

.1158*00 
11076*00 

9298*01 
7871-01 

7072*00 
.6971*00 

.8497-02 

.8398-02 
1.000 10. ÖÖ 5591.1 .1210-01 .2129-01 .9891*01 6918-01 «843*00 .8290-02 
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TABLE I (Concluded) 

> 
m 
o 
o 
i 

H 
33 

SPECIFY ENTHALPY FÖÜTvÄLBNCl RATIO AND PRESSURE FOR A CM2 HYDROCARBON WITH AIR 
EO P T SPECIES  MOL  FRACTIONS   *  

02 RATIO   ATM DEG R H2 H20 COZ N2 

10 

O) 

1.100 
i.ino 

.10 

.10 
4073.1 
4323.9 

.9798-02 

.1301-01 
.4583-02 
.1059-01 

.1250*00 

.1159.00 
.9736-01 
.8294-01 

.7030*00 
6927*00 

,8407-02 
.6296-02 

l-ino 
i.ino 

-10 
•10 
.10 

1.00 

4922.7 
4691.3 

.1669-01 

.2020-01 
•1610-01 
.2057-01 

.1052*00 

.9361-01 
.6817-01 
.9599-01 

6810*00 
6687*00 

8169-02 
8034-02 

1-100 
1.100 

4838.7 
42o6.4 

.2339-01 

.7972-02 
.2383-01 
.1725-02 

.8182-01 

.12*3*00 
.4910-01 
.1034*00 

.6563*00 
7072*00 

.7896-02 

.8493-02 
Lino 
1.100 

1.00 
1.00 

4936.4 
4793.6 

.1025-01 

.1342-01 
.6156-02 
.1127-01 

.1227*00 

.1138*00 
.9106-01 
.7691-01 

6991*00 
6889*00 

.8372-02 

.8266-02 
1-100 
1.100 

1-00 
1.00 

9011-9 
5202.9 

.1692-01 
 tl041-01 

.1586-01 

.1951-01 

.3640-03 
,2605-02 

.1036*00 

.9269-01 
.6349-01 
.9175-01 

6776*00 
6699*00 

8148-02 
6024-02 

1.100 
1.100 

10.00 
10.00 

4283.0 
4707.7 

.7029-02 

.6053-02 

.1036-01 

.1331-01 

,1318*00 
.1281*00 

.1069*00 

.9906-01 
7098*00 
7046*00 

8480-02 
8432-02 

1.100 
i.ino 

10.00 
10.00 

5037,3 
9319.9 

,6504-02 
.1066-01 

.1219*00 

.1133*00 
.8692-01 
.7381-01 

6963*00 
6865*00 

8392-02 
8299-02 

1-100 
1-500 

10.00 
.10 

5960.4 
3737.7 

.1661-01 

.5349-01 
.1438-01 
.1238-04 

.1039*00 

.1183*00 
.4132-01 
.9436-01 

4798*00 
6446*00 

0149-02 
7699-02 

1.500 
1.500 

.10 

.10 
4178.9 
4482.5 

.4977-01 

.4841-01 
.3028-03 
.1651-02 

.1171*00 

.1096*00 
.5079-01 
.4609-01 

6413*00 
6339*00 

7661-02 
7981-02 

1.900 
1.900 

-10 
.10 

4691.3 
4892.3 

.4088-01 

.4984-01 
.3909-02 
.6288-02 

.9870-01 
,8674-01 

.4021-01 

.3434-01 
6241*00 
6132*00 

7473-02 
7392-02 

1.900 
1.900 

1.00 
1.00 

3796.6 
4264.7 

.9373-01 

.5019-01 
.1437-05 
.5369-04 

4196*00 
.1204*00 

.9419-01 

.9083-01 
6493*00 
6439*00 

.7706-02 
,7690-02 

1-900 
1-900 

1.00 
1.00 

4677.2 
4979.3 

.4817-01 

.4818-01 
.5278-03 
.1883-02 

.1170*00 

.1089*00 
.4732-01 
.4243-01 

6396*00 
6322*00 

,7649-02 
,7967-02 

1-500 
1.900 

1.00 
10.00 

5207.8 
3763.1 

.4942-01 

.5381-01 
.3810-02 
.1511-06 

.9621-01 

.1192*00 
.3680-01 
.9413-01 

6228*00 
6499*00 

7468-02 
7708-02 

1.500 
1.900 

10.00 
10.00 

4301.1 
4793.4 

.9039-01 

.4813-01 
.6770-0* 
.1005-03 

.1219*00 

.1217*00 
.9081-01 
.4808-01 

6490*00 ' 
6432*00 

7703-02 
7684-02 

1-900 
1-500 

10.00 
10.00 

5202.9 
5525.9 

.4733-01 

.4809-01 
.5844-03 
.1687-02 

.1179*00 

.1098*00 . 
.4463-01 
.4001-01 

6388*00 
6319*00 

7640-02 
7971-02- 

2.000 
2.000 

.10 

.10 
3173.9 
3687.5 

.1313*00 

.1262*00 
.4793-06 
.6696-06 

.7597-01 

.7919-01 
.2819-01 
.2421-01 

9787*00 
9780*00 

6910-02 
6902-02 

2.000 
2.000 

.10 

.10 
4124.7 
4496.2 

.1204*00 

.1133*00 
.1716-04 
.1303-03 

.7«ll-Al 

.7709-01 
.2202-01 
.2096-01 

9794*00 
9702*00 

6871-02 
6811-02 

2.000 
2.000 

.10 
1.00 

4699.3 
3176.2 

.1061*00 

.1314*00 
.4925-03 
,4868-09 

.7193-01 

.7962.01 
.1913-01 
.2812-01 

9629.00 
9788*00 

6728-02 
6911-02 

2.000 
2-000 

1.00 
1.00 

3707.1 
4201.7 

.1269*00 

.1230*00 
.7816-07 
.2777-05 

.7998-01 

.8136-01 
.2409-01 
.2161-01 

9789*00 
9774*00 

6908-02 
6699-02 

2.000 
2.000 

1.00 
i.oo 

10-00 
10.00 

4626.0 
4962.7 
3176,9 
3714,0 

.11*2*06 

.1127*00 
.3194-04 
.1616-03 

,8070-01 
.7723-01 

.2004-01 

.1872-01 
9746*00 
9696*00 

6863-02 
6606-02 

2.000 
2.000 

.1314*00 

.1271*00 
.4906-10 
.8247-08 

.79*3-01 

.7971-01 
.2811-01 
.2399-01 

5788*00 
9767*00 

6911-02 
6910-02 

2.000 
2.000 

10.00 
10.00 

4234.6 
4720.7 

■1241*00 
.1210*00 

.3394-06 

.5170-09 
.8203-01 
.8276-01 

.2144-01 

.1977-01 
9783*00 
9771*00 

6909-02 
6892-02 

2.000 10.00 9149,3 .1179*00 ,3462-0« .8192-01 .1092-01 9/49*00 6863-02 



TABLE II 

w 

SPECIFY TEMPE 
EO 
RATIO 

RTURE  EQUIVALENCE RATIO AND PRESSURE FOR A CH2 
P         T          H          S 

HYDROCARBON 
CP 

WITH AIR 
HOL     NO TYPE  T1HE 

ATM      DEO R BTU/LB BTU/LB OR BTU/LB OR NT     ITER CASE   SEC 

.5000 

.5000 
.1 
.1 

3000.0 
4000.0 

63.06 
442.16 

2.28869 
2.39664 

.31243 

.32316 
28.930    2 
28.754    2 

1     .322 
1    .322 

.5000 

.5000 
,5000 
.5000 

.1 
1.0 

5000.0 
3000.0 

1295.10 
62.49 

2.»8364 
2.13044 

.32848 

.31243 
27.003     3 
28.932    2 

1    .373 
1    .322 

1.0 
1.0 

!   4000.0 
9000.0 

410.51 
963.64 

2.23007 
2.35194 

.32326 

.32862 
28.869     3 
28.141     3 

1    .373 
1    .372 

.5000 

.5000 
10.0 
10.0 

1    3000.0 
4000.0 

6Z.21 
398.84 

1.97231 
2.06887 

.31243 

.32330 
28.933    2 
28.906    3 

1    .322 
1    .372 

.5000 

.9000 
10.0 

.1 
5000.0 
3000.0 

625.68 
-391.15 

2.16345 
2.30552 

.32903 

.32718 
28.625    3 
28.906    3 

1     .372 
1    .372 

.9000 

.9000 
.1 
.1 

1   4000.0 
5000.0 

44.68 
1108.12 

2.42892 
2.66347 

.33890 

.34390 
28.966    4 
26.222    4 

1    .424 
1     .423 

.9000 

.9npD 
1.0 
1.0 

3000.0 
i   4000.0 

-391.97 
-16.42 

2.14706 ' 
2.25426 

.32719 

.33925 
28.908     Z 
28.780     2 

1    .322 
1     .322 

.9000 

.9000 
1.0 

10.0 
SoSi.O 
3000.0 

674.29 
-392.32 

2.40637 
1.98876 

.34431 

.32719 
27.635    4 
28.910    2 

1      .«Z3 
1    «322 

.9000 

.9000 
1.0000 
1.0000 

10.0 
10.0 

4000.0 
9000.0 

-40.11 
465.69 

2.08972 
2.20149 

.33940 

.34521 
28.862    3 
28.337     4 

1    .373 
1    .423 

.1 

.1 
3000.0 
4000.0 

-498.27 
•24.84 

2.30733 
2.44134 

.33073 

.34249 
28.887     9 
28.427     9 

1     .474 
1     .473 

1.0000 
1.0000 
1.0000 
1.0000 

.1 
1.0 
1.0 
1.0 

9000.0 
3000.0 

1074.16 
-900.95 

2.68280 
2.14817 

.34760 

.33075 
26.003    4 
28.697    7 

1    .423 
1     .579 

4000.0 
9000.0 

-98.19 
624.31 

2.26294 
2.42222 

.34292 
. .34798 

28.679    4 
27.446    4 

1     .423 
1     ,423 

1.0000 
1.0000 

10.0       3000.0 
10.0,      4000.0 

-5o2.2l 
-133,00 

1.94453 
2.09516 

.33075 

.34316 
28.901    7 
28.797     9 

1     .975 
1     .474 

1.0080 
1.1000 
l.inoo 
l.inoo 
1.1000 
l.innn 

10,0       5000.0 
.li     3000.0 
. 1    4ooo.o 
.11      5000.0 

4uS.il 
-454.00 
-47.40 

1047.05 
-454.1? 
-96.05 ' 

2.21418 
2.34839 

.34190 

.33333 
28.172    6 
28.347    6 

1    ..5Z4 
1     .465 

2,46372 
2.70379 

.34570 

.35124 
28,132   19 
29.771    7 

1     .849 
1     .506 

1.0 
1.0 

3000.0 
4000.0 

2.18704 
'2.28958 

.33333 

.34591 
28.346    4 
28.294    3 

1      .379 
1    .339 

LIoOö 
1.1000 

1.0 
10.0 

5000.0 
3000.0 

589.20 
-454.20 

2.44014 
2.02572 

.39152 

.33333 
27.216    6 
28.348    4 

1 .   .463 
1    .379 

1.1000 
1.1O0O 

10.0 
10.0 

4000.0 
5000.0 

-108.37 
375.55 

2,l25o3 
2.23176 135233 

28.334    5 
27.910    10 

1    .421 
1     .634 

1.5000 
1.5000 

■ lj      3000.0 
.ll      4000.0 

-270.86 
111.49 

2.49012 
2.59950 

.94444 

.35729 
26.376    4 
26.288    4 

1     .379 
1     .379 

1.5000 
1.5000 

.1 
i.o 

5000.0 
3000.0 

1019.77 
-271.09 

2.79721 
2.31661 

.36527 

.34444 
Z4.60B      9 
26.377    4 

1     .420 
1     .379 

1.5000 
i.5ono 

1.01      4000.0 
1.0,       5000.0 

92.56 
616.42 

2.42107 
2.53639 

.35719 

.36479 
26.350    4 
25.866    9 

1     .379 
1     .422 

, 
1.5000 
1.5000 

10.0 
10.0 

3000.0 
4000.0 

-271.17 
86.85 

2.14330 
2.24616 

.34444 

.35716 
Z6.377     4 
26.369    4 

1      .300 
1     .378 

1.56AA 10.0 9000.0 495.39 Z,33690 ' .36460 zo.oi    9 1     .422 

o 
o 

1 

H 
3) 

ro 
in 
01 



TABLE II (Continued) 

o 
n 
i 
-I 
X 

SPECIFY TEHPCTTüBE    EffOTyiECTEE RATIO AHO PffiWDWl FOB A CH2 HVBHBCARBBH WTTH AIR 
EO P T SPECIES       MOL       FRACTIONS  
RATIO ATM DEO R M 0 OH NO eo 

.900 

.900 
.10 
.10 

3000.0 
4000.0 

lftSfi-05 
5816-03 

.3100-04 

.3022-02 
.3599-03 
,6436-02 

.1837-02 

.9149-02 
.3108-04 
.4475-02 

.500 

.900 
.10 

1.00 
5000.0 
3000.0 

2024-01 
1843-06 

.4484-01 

.9805-05 
.2587-01 
.2025-03 

.4174-01 

.1837-02 
.3806-01 
.9831-09 

.500 

.500. 
1.00 
1.00 

10.00 
10.00 

4000.0 
5000.0 

1054-03 
4409-02 

.9566-03 

.1467-01 
.3691-02 
.1844-01 

.9176-01 

.2300-01 
.1487-02 
.2083-01 

.500 

.900 

Jo 0o.o 
4000.n 

3278-07 
1888-04 

.3101-05 

.3029-03 
.1139-03 
.2095-02 

.1838-02 

.9194-02 
.3109-05 
.4774-03 

.500 

.900 
10.00 

.10 
51)00.6 
3000.0 

8*77-03 
2071-05 

.4647-08 

.1361-04 
.1123.01 
,.3158-03 

.2324-01 

.7999-03 
.0534.62 
.1238-03 

••oo 
.900 

• 10 
.10 

1.00 
1.00 

400Ö.Ö 
5000.0 

10»0"02 
3218-01 

.1513-02 

.3167-01 
.60*1-02 
.2905-01 

.4914-02 

.1499-01 
"" .1458-01 

.7328-01 
.900 
.900 

3000.0 
4000.0 

3685-06 
2074-03 

.4301-05 

.4355-03 
.1776-03 
.3307-02 

.7958-03 

.4125-02 
.3919-04 
.5554-02 

.900 

.900 
i.Ofl 

10.00 
500Ö.O 
3000*0 

7466-02 
6553-07 

.90V2-02 

.1360*09 
.1927-01 
.9992-04 

.1392-01 

.7957-03 
.4092-01 
.1240-04 

.900 

.900 
10.00  4000.0 
10.00  5000.0 

3705-04 
1556-02 

.1322-03 

.2445-02 
.1837-02" 
.1085-01 

.3964-02 

.1209-01 
.1895-02 
.2522-01 

1.000 
1.000 

.10 

.10 
3000.0 
4000.0 

5502-05 
1392-02 

.2125-05 " 

.1012-02 
.1310-03 
.5158-02 

.1239-03 

.3003-02 
.8697-03 
.2256-01 

1.000 
1.000 

.10 ,5000.0 
i.oo Isooo.o 

3535-01 . 
1199-05 

.2847-01 

.4509-06 
.2869-01 
.6041-04 

.1339-01 

.8319-04 
.8288-01 
.4113-03 

1*000 
1.000 

1.00 J4000.0 
1.00 15000.0 

3038-03 
8504-02 

.«22-03 

.7590-02 
.2472-02 
.1840-01 

.2095-02 

.1161-01 
.1146-01 
.5860-01 

l.ooo 
1-000 

10-00 '3000.0 
10.00  4000.0 

2609-06 
6637-04 

.9474-07 

.4750-04 
.8770-6« 
.1154-02 

.5525-04 

.1420-02 
•1961-03 
.9647-02 

1.006 
1.100 

10-00 
• 10 

5000.0 
3000.0' 

1H94-02 
3369-04 

.1802-03 

.9697-07 
.«73J-02 
.2136-04 

.8839-02 

.3257-09 
.3485-01 
.2818-01 

1.10Ö 
1.100 

.10 

.10 
--1TTJÖ- 
1.00 

4000.0 
5000.0 

1919-02 
3867-01 

.5611-03 

.2935-01 
.3944-02 
.2795-01 

.1652-02 

.1184-01 
.3856-01 
.9278-01 

1.100 
1.100 

3000.0 
4000.0 

1066-04 
5511-03 

.5656-08 

.7038-0* 
.6756r05 
.1420-02 

.1030-05 

.6575-03 
.2818-01 
.3276-01 

l.ino 
1.100 

1.00 
10.00 

"10.oo 
10.00 

.10" 

.10 

5000.0 
3000.0 

9/34-02 
3370-05 

- .6176-0!. 
.5656-09 

.1714-01 

.2136-05 
.VJB2-02 
.3257-06 

.7044-01 

.2818-01 
1.100 
1.100 

4000.0 
9000.0 

1703-03 
2384-02 

.7437-05 

.1210-02 
.4639-03" 
.8225-02 

■ ."7J90-D5 
.1556-02 

.2199-03 

.5894-02 

.11323-06 

.2630-03 

.3144-01 

.4957-01 

.1116*00 

.1205*00 
1.500 
1.900 

3000.0 
4000.0 

8366-04 
4543-02 

.7882-0» 

.9352-04 
1.500 
1.500 

.10 
1.04 
1.00 
1.00 

10.00 
10.00 
10.00 

"5000.11 
3000.0 

5354-01 
2646-04 

.1444-01 

.7880-09 
.2209-01 
.2337-05 

.6531-02 

.1367-06 
.1338*00 
.1116*00 

1.500 
1.900 

~4000."Ö 
5000.0 

1*47-02 
1653-01 

.9397-05 

.2222-02 
.4957-03 
.1047-01 

.8333-04 

.3297-02 
.1208*00 
.1281*00 

1.900 
1.500 

"S'oO'o.ö" 
4000.0 

8367-09 
4586-03 

.7880-10 

.9351-06 ' 
.7390-06 
.1571-03 

.4322-07 

.2634-04 
.1116*00 
.1209*00 ' 

1.500 5000.0 5189-09 .2508-03 .3711-02 .1172-02 .1259*00 

to 
(71 
01 



TABLE II (Continued) 

SPECIFY 
GO 

TENPERTURE  EQUIVALENCE RATIO AND PRESSURE FOR A CH2 
P      T           SPECIES   HOL   FRACTIONS 

HYDROCARBON KITH AIR 

RATIO ATM DEO R 

30ÖÖ.D 
,4Q00.0 
»oto.o 
3000.0 
4000.0 
5008.JO 
3000.Ö 
4OO0.IT 

H2 02 H20 C02 N2 A 

.500 

.BOO 
.10 
.10 

.9433-05 

.8389-03 
•1002*00 
.9569-01 

.6726-01 

.6271-01 
.6773-01 
.6287-01 

.7535*00 

.7453*00 
9008-02 
8993-02 

.900 
• Son 

.10 .7229-02 
.2986-05 

.1239-01 
•,1502*00_ 

.3269-01 

.6737-01 
~.25l8-6l 
.6775-01 

.6933*00 

.7536*00 
8408-02 
9009-02 

• 500 
.500 

1.00 
1.00 

.2793-03 

.3432-02 
.9569-01 
.8623-01 

.6914-01 

.5077-01 
.6612-01 
.4508-01 

.7462*00 

.7224*00 
8988-62 
8763-02 

.500 
• 500 

10. oo 
10.00 

.9450-06 

.8644-04 
.1003*00 
.9613-01 

.6742-01 

.6626-01 
.6776-01 
.6722-01 

.7536*00 

.7492*00 
9009-02 
9001-02 

.500 

.«00 
10.00 

.10 

5000.(7 
3000.0 
4000.0 
5000.0 
3000.0 
4(100.0 

.1269-02 

.3771-04 
.86*6-61 
.1931-01 

.5*45-01 

.1180*00 
.5851-01 
.1164*00 

.7349*00 

.7342*00 
6913-02 
8771-02 

.900 
• »no 

.10 

.10 
•2948-02 
■1828-01 

•2399-01 
.4111-01 

•1103*00 
.5837-01 

.1026*00 

.3424-01 
.7237*00 
.6589*00 

6669-02 
7957-02 

.900 
• 9nn 

1.00 
l.GO 

.1194-04 

.1067-02 
.1929-01 
.1988-01 

.1182*00 

.1149,00 
.1185*00 
.1125*00 

.7343*00 

.7293*00 
8772-02 
8733-02 

• 9oo 
• 900 

1.00 
10.00 

5000.0 
3000.0 
4000.0 
5000.0 

.9842-02 

.3777-05 
.3358-01 
.1929-01 

.8964-01 

.1162*00 
.6460-01 
.1185*00 

.6993*00 

.7343*00 
8386-02 
8772-02 

.900 

.900 
10.00 
10.00 

.3571-03 

.4277-02 
.1831-01 
.2450-01 

.1168*00 

.1054*00 
.1165*00 
.9097-01 

.7319*00 

.7141*00 
8758-02 
8599-02 

1.000 
1.000 

-.10 
.10 

3000.0 
4000.0 

.2662-03 

.4607-02 
,4725-03 
,1073-01 

.1301*00 

.1203*00 
.1299*00 
.1061*00 

.7264*00 

.7164*00 
6710-02 
8571-02 

1.000 
1.000 

.10 
1.00 

5000.0 
3000.0 
4000.Ö 
50DO.O 
3000.0 
4000.0 

.S207-0i 

.1257-03 
.3321-01 
.2121-03 

.6335-01 ' 

.1304*00 
.3461-01 
.1304*00 

.6499*00 

.7297*00 
7840-02 
8713-02 

1.000 
1.000 

1.00 
1.00 

.2290-02 

.1277-01 
.5173-02 
.2361-01 

.1258*00 

.9774-01 ■ 
,1163*00 
,6563-01 

.723i*ob 

.6873*00 
8647-02 
8276-02 

1.000 
1.000 

10.00 
10.00 

.5985-04 

.1092-02 
.9362-04 
.2364-02 

.1305*00 

.1284*00 
.1306*00 
.1247*00 

.7298*00 

.7265*00 
6714-62 
8683-02 

l.ooo 
1.100 

10.00 
.10 

5000.0 
3000.0 

.6333-62 

.9985-02 
.1331-01 
.3337-06 

.1151.Oo 

.1299*00 
.9266-01 
,1120*00 

.7070*00 

.7113*00 
8494-62 
8493-02 

1.100 
1.100 

.10 

.10 
4000.0 
5000.0 
3000.0 
4ooo.n 

.9136-02 

.2641-01 
.3299-02 
.2633-01 

.1266*00 

.6750-01 
.1066*06 
.3470-01 

.7051*00 

.6408*00 
8429-02 
7721-02 

1.100 
1.100 

1.00 
1.00' 

.9966-02 

.7533-02 
.3336-07 
.5191-03 

.1900*00 

.1312*00 
.11*0*00 
.1072*00 

.7113*06 

.7097*00 
8494-02 
8477-02 

l.ioo 
1.100 

1.00 
10.00 

5000.0 
3000.0 

.1673-01 

.9987-02 
•1563-oi 
.3336-08 

.1042*00 

.1300*00 
.6418-01 
.1120*00 

.6782*00 

.7113*00 
8154-02 
8494-02 

1.100 
1.100 

10.00 
10.00 

.10 

.10 

4000.0 
5000.0 

.7195-09 
•1004-01 

.5796-0* 

.6000-02 
.1324*00 
.1224*00 

.1067*00 

.8849-01 
.7109*06 
.6974*00 

8489-02 
8362-02 

1.500 
1.500 

3000".0 
4000.0 

.6155-01 

.5116-01 
.6477-08 
.9164-04 

.1116*00 

.1164*00 
.6184-01 
.5238-01 

.6456*00 

.6433*00 
7709-02 
7683-02 ;<» 

1.500 
1.500 

.10 
1.00 

5000.0 
3000.0 
4Ö'00~.0 
5000.0 

"3flno"."o" 
40D0.0 

.5061-01 

.6157-01 
.8549-02 
.6475-09 

.7371-01 

.1116*00 
.2852-01 
.6183-01 

.6016*00 

.6456*00 
7215-02 
7709-02 

m 
O 

1.500 
1.500 

l.oo 
1.00 

.5191-01 

.4825-01 

.6158-01 

.5217-01 

.9174-05 

.2023-02 
.1201*06 
.1081*00 

.5252-01 

.4200-01 
.6449*06 
.6315*00 

7701-02 
7560-02 

(> 
H 

1.500 
1.500 

10.00 
10.00 

.6474-10 

.9163-06 
.1116*06 
.1207*00 

.6183-01 

.5254-01 
.6456*00 
.6454*00 

7709-02 
7707-02 

30 
si 

1.500 10.00 5000.0 .4754-01 ,2578-03 .1203*00 .4659-01 .6415*00 7666-02 i 

W 
0) 



TABLE II (Concluded) 

> 
m 
D 
O 
I 

H 
X> 

SPECIFY TEHPERTURE EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON WITH AIR 
M 

01 

EOULIBRIUN ISENTROPIC EXPANSION FROM 10 ATM. 
    EO P        T       .  H  

RATIO     ATM     DEG R      BTU/LB BTU/LB OR 
._CP_ 
BTU/LB OR 

-NDL_ 
NT 

JUL 
ITER 

_TVPI._JLH___ 
CASE  SEC 

ON 

.5000 
_. .5000 

.9000 
. .5000 

.5000 
 _5ooo_ 

.5000 
... ..5000. 

.9000 
.....900D. 

.9000 
 .9000 

.9000 

.9000 

.9000 
.. .9000 
1.0000 

_1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
l.iooo 
1.1000 
1.1000 
1-1000 
1.1000 
IJIOOO 

1.1000 
1.1000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 

10.11000 
S.fiOOO 
i..;ooo 
.5UO0 

10."000 
______o_ 
l.rono 

. .5000 
10."000 

._5„OOQ.O . 
1.3000 
.5000.. 

lo.nono 
5.C000- 
1.0000 
.5000 

10.(000 
S.roOO 
l.rono 
.5000 

10. "000 
s.rnno 
1.1000 
.5000 

io.:oco 
5.P000 
1.1000 
.5'JOO 

lO.r.ooo 
S.ngno 
l.POOO 
.5000 

10.K00O 
s.rooo 
l.POOO 
.5000 

10.MOO0 
5. "000 
1.0000 
.5000 

4000.0 
3485.0 
2463.1 
2104.4 
5000.0 

_4.49i.J_ 
3319,7 
2865.5. 
4000.0 

_3509.«_ 
2515.4 

. 2162.2 
5000.0 
4565.2. 
3512.6 
3061.1 
4000.0 
3536.2.. 
2556.4 
2201.6 
5000.0 
4577.7 
3590.9 
3159.5 
4000.0 
34S3.8 
2488.1 
2142.2 
5000.0 
4556.8 
3421.7 
2965.6 
4000.0 
3462.0 
2450.6 
2106.0 
5000.0 
4416.9 
3176.9 
2738.0 

398.84 
220.84 
-105.35 
•213.29 
825.68 

 _98___i_ 
166.72 
 19.75 , 

-40.11 
.__tl«.9__. 

•549.78 
__-660,9_5_. 

465.69 
.. 23.4,.48.. 
-214.91 
•371.35 
-133.00 
-312.83 
-648.07 

.-761.17 
405.11 
172.26 

•283.51 
•444.45 
-108.37 
-289.92 
-623.88 
-736.11 
375.55 ' 
140.84_ 

"""-310.77 
•465.65 

86.85 
-107.61 
-462.64 
-981.64 
495.39 
248.82 

-208.68 
-362.77 

2.06887 
2.06887. 
2.06885 
2.06908- 
2.16345 
S.16349 
2.16345 
.2.16344  
2.08972 
2.06972.__ 
2.08972 
2.08973 

.32330 
-.31852. 
.30335 

_. 29556. 
.32903 
_J___6_ 

28.906 
_28..927_ 

.31663 
..310_1_ 
.33940 
_.334J6_ 

26.934 
 2J_.9.34_ 

28.625 
 2B.79JL 

2.20149 
.2,20149.._ 
2.20149 
2.20149 _ 
2.09516 

_?LO_»5_U*  
2.09514 
2*09515  
2.21416 

_. 2.. 2.1416  
2.21416 
2.21416 
2.12503 
2.12503 _ 
2.12503 
2.12503 
2.23176 

_____75_ 
2.23174 
2.23174 
2.24618 
2.24618 
2.24617 

_2<Ä46.0S.  
2.33690 
2.33690 _ 
2.33669 
2_3_3689  

.31804 
-_30-96__ 
.34521 
-.34319 .. 
.33438 

..32816 
.34316 
.33840 
.32225 
,.31373 
.34890 

_. 34694 
.3389. 
.33326 
.34596 
.34036 
.32346 
.31510 
.35233 " 
__35_009_ 
.339~5"7 
.33275 

"735716 
..35117 
.33407 
__52__? 

28.927 
_2__933 
28.862 

_2ft*9__. 

2 
_2_ 

.375 
_1_637_ 

.569 

.568 

.374 
2____ 

2 
-A. 

28.910 
_28,___. 
28.337 
_te.5.?7.. 
28.889 
26.907_ 
267797 
28.868 
28.904 

_._28i»05. 
28.172 
_2B_44B_ 

28.832 
_2B_885 
28.334 
28.346 
28.348 
28.348 
"27.910" 
28.159 

4 
.12 

7 
_5 
5 

_e_ 
4 
4 

2 
JL 
1 

.2. 
2 
2 
1 

2 
_JL 
1 
2 

1.637 
_1_210. 

.379 
_U6.3_6_ 
1.210 
.997 
.425 

2.707 
1.637 
1.210 
.476 

______ 

11 
10 

2 
2 

.36466 

.36078 

.34721 
_33984 

28.349" 
28.348 _ 
26.369 
26.376 

"26.377 

JU-JU-. 
26.231 
26.333 
26.376 
26.377 

5 
11 
11 
_9 
10 
5 
8"' 
_? 
4 

12 
9 
B 

1 
 2 

2 
._2 

1 
2 

5 
11 
11 
11. 

2 
_2 
1 

_ 2 
2 

 2_ 

.992 
_.994_ 
.526 

_1.850 
2.492 

_2.276 
";423" 

_2.240 
2.244 
1.859 
.636 

2.998 

1 
_2 

2 
_.2__ 

1 '.'667 
1.859 
.381 

2.432 
1.858 
1.664 
.424 

2.241 
2.241 
.2 • .244 



sj 

TEMPERT 

M   ISENT 
P 

ATM 

10.00 
9.00 
1.00 

.50 
10.00 
5,00 
1.00 

.50 
10.00 
5.00 
1.00 

.90 
10.00 
5.00 
1.00 

.50 
10.00 
9.00 
1.00 

.90 
10.00 
5.00 
1.00 

.90 
10.00 
9.00 
1.00 

.90 
10.00 

5.. 00. 

URE~    EQUIVALENCE   RAT 

ROPIC  EXPANSION  FROM 
T                        .    SPE( 

DEQ   R                 H 

40'0.0           .1888-04 
3485.0 .1886-09 
2463.1 .7489-09 
21"4.4           .6822-11 
50"0.0           .8477-03 
4491.5          .2550-03 
3319.7           .2120-05 
2865.5 .  ..9434-07 
40'0.0          .3795-04 
359.6           .4417-05 
2515.4          .2829-08 
2162.2 .3552-10 
Sijnu.O          .1556-02 
4565.2          .6407-03 
3912.6 .1500-04 
3061.1 .1026-05' 
40r.0.0           .6637-04 
3936.2 .1179-04 
2996.4 .2623-07 
22C1.6          .6913-0« 
9ono.O          .1894-02 
4977.7 .8638-03 
3990.9           .4550-04 
3159.5 ...5765-05 
40'0.0          .1703-03 
3483.8 .4176-04 
2488.1 .4340-06 
2142.2 .2983-07.. 
SO-'O.O          .2384-02 
455.6.8.       .11.48-02.. 
3421.7          .7308-04 
2965.6 .1257-04 
40"0.0          .4986-03 
3462.0          .9979-04  . 
2450.6          .7489-06 
.210.6.0   _.444B=07_ 
501-0.0          .5189-02 
4416.9. ..2028-01.. 
3176.9 .6433-04 
2738.0          .8160-09 

TABLE III 

lb   AND  PRESSURE~FO~R"A~ CH 

10   ATM. 
:IES       MOL    . FRACTIONS.   . 

0                          OH 

.3029-03           .2099-02 

.5628-04          .6885-03 

.1806-06          .1576-04 

.5727-08        ..1647-05. 

.4647-02          .1123-01 
• 1912-02      ..ft6301-0^. 
.5735-04           .-624Q-03 
.5858-05 .1389-03. 
.1322-03         .1837-02 
.2739-04          ,6462-03 
.1265-06          .1864-04 
.5083-08         .2267-09 
.2445-02          .1085-01 
.1130-02          .6586-02 
.6230-04          .9751-03 
.8757-05          .2665-03 
.4750-04           .1154-02 
.6608-05          .3386-03 
.5899-08          .4437-05 

. ,6092-10 .3202-06.. 
■1802-02         .9731-02 
.7594-03          .5661-02 
.2697-04           .7044-03 
.2526-09          .1623-03 
.7437-09"          .4639-03 
.2206-06          .6036-04 
.2341-11          .8030-07 
.3096-14      _jl734-08 
.1210-02         .8229-02 

_     .3688-03 JlfiSJiO.SL 
.6083-06          .9623-04 
.7278-06          .7439-09 
.9391-06          .1971-03 
.2396-07         .1832-JJ4 
.1749-12         .1873-07 
.1919-19         .3520J.9 

SPECIFY 

EÖÜLIBRIU 
 .  EO 

RATIO 

2 .HYDROCARBON 

 NO 

.9194-02 

.4526-02     _ 

.4438-03 

.1144-03     . 
'   .2324-01 
 a535T-U._. 

.3431-02 
 1393r02  _ 

.3964-02 

.2024-02 

.2277-03 
,6392-04 
.1205-01 
,7860-02 
.2041-02 
,9049-03 
.1420-02 
,,4510-03 

WITH  AIR 

CO 

"74774-03" 
.7285-04 
.1190-06 
.247.7.-08.. 
.8534-02 

....3362^02  
.6867-04 

. .9378-05. _.. 
.1895-02 
.3300-03 
.7903-06 
.2140-07 
.2522-01 
.1390-01 
.7429-03 
.8288-04 
.5647-02 
.1908-02 

    . 

—  

.500 
.  .           .500 

■ 900 
.900 
.500 
.5nn 

-   ••■ 

  
.500 

       .500 
.900 
.900 
.900 

.. —      _.»00 

    - 

—-• -.-. 

.900 

.900 

.900 

.900 
1.000 

.     ..     1.000 

- 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 

.8481-09 
j. 7979-06 
.8839-02 
.9194-02 
.7097-03 
.1811-03 
.2199-03 
±1732-04 
.4838-08" 
,4411-10 
.5894-02 
.2576-02 
.2571-04 
.1079-09 
.2634-04 

_. Jl«7Br09_. 
.4290-09 
,3517-11 

.3857-04 

.3864-05 

.3489-01 

.2261-01 

.3780-02 

.1022-02 

   

1.100 
1.100 
1.100 

.. 1.100 

.3144-01 

.2994-01 

.2502-01 
_Ji«7;Sl  
.4957-01 
.3911-01 
.2977-01 
jiaoi-ox.    _ 
.1209*00 
.1168*00 
.1016*00 
.9166-01 

   

1.100 
1.100 

  
1.100 

 1.100 
1.500 
1.900 
1.500 
1.900 
1.900 

.JJSOO. 

1.00 
.50 

10.00 
5.00 
1.00 

t90_ 
10.00 

...9.. 00.. 
1.00 

.90 

  

.2508-03 
 ,J.6.5A-.0.4„. 

.6367-08 
,4394-10 

.3711-02 
. _..1001-02. 

.7727-09 
_,4?25-06 

,1172-02 
._ ..2270-03  

.5710-06 

.1699-07 

.1259*00 

.1230*00 

.1139*00 

.1079*00 
1.900 
1,900 

> 
m □ 
O 
■ 
-I 
3J 
sj 

ro 



URE     EÖUIVAÜENCE  RÄT 

ROPIC   EXPANSION  FROM 
T    .                        SPEI 

0E6 R                 H2 

40' 0.0           .8844-04 
3485.0 .1669-04 
2463.1 .5815-07 
21T.4.4          .1962-08 
50"0.0          .1269-02 
4491..5 ^§420.-0.3 
3319.7          .1711-04 
2865.5   .1804-05 
4010.0 .3571-03 

..35.39.6 .7512-04. 
2515.4          .3654-06 

.2162..2 .... .1550-07 . 
50r0>0           .4277-02 
4565.2 .    .2392-02 
3512.6 ;l69l-03 
3061.1 .2423-04 
40'0.0          .1092-02 
3536.2.     . .4337-03 
2556.4           .1711-04 
22'. 1.6      .   .2641-05 
SOf'0.0          .6333-02 
4577.7 .4122-02 
3590.9          .8467-03 
3159.9          .2824-03 
40:i0.0          .7195-02 
3483.8 .8259-02  ' 
2488.1 .1315-01 
2142.2 .1669-01 
SOro.O           .1004-01 
4556.8 .8049-02 
3421.7          .8440-02 
2965.6          .1015-01 
40-0.0          .5217-01 
3462.0          .5632-01 
2450.6          .7158-01 
2106.0          .8155-01 
500.0          .4754-01 
4416.9 .4967-01 
3176.9          .5930-01 
2738.0          .6567-01 

TABLE III (Concluded) ■ 

> 
m 
O 
0 
■H 
=0 
■ 

SPECIFY TEMPERT 

"EQULIBRIUM ISENT 
__ EQ          •   P 

RATIO       ATM 

10  AND  PRESSURE  FOR   A   CH2   HYDROCARBON WITH  AIR 

"2 

en 
0) 

10   ATM, 
"IES        MOL        FRACTIONS 

02                      H20                      C02 A 

•500     10.00 
..    .500       5.00 

.500        1.00 
..500          .50 

.9613-01           .6626-01          .6722-01 
...987.7.-01          ..67.10-01         .6768.-01 

.1010*00           .6747-01           .6777-01 
,.1012*0.0.       .,6747-01       ...#777-0J 
.8850-01          .5945-01          .5851-01 
.9255-01           .6334-01           .6409-01 

.7492*00 
.....7.521*0.0 

.7543*00 

.7545*00 

.9001-02 

.9007-02 

.9009-02 

.9009-02 
.500     10.00 
.500       5.00 
.500       1.00 
.500          .50 

,7349*00 
.7433*00 

.8913-02 

.8967-02 
.9933-01          .6713-01          .6768-01 
.1005*00           .6740.01           .6776-01 
.1831-01          .1168*00          .1165*00 
,1872-01           .1178*00           ,1182*00 

,7526*00 
.7538*00 

.9007-02 

.9009-02 
.9no     10,00 
.900       5,(in 
.900       1.00 

                 .900          .50 

.7315*00 

.7334*00 
.8758*02 
,8769-02 

.1959-01          .1183*00          .1185.00 
„_._1?68-D1      ..^JL1B.3*J)JD          ,_UB5*PQ 

.2450-01           .1054*00           .9097-01 

.2.166-01          j_lliO*00   ..1034*00 

.1886-01          .1175*00          .1177*00 

.1924-01.   .      .1181*00        ...1184*00 

.2364-02          .1284*00          .1247*00 

.8603-03 ..  „,.1298*00    . _,1.2B8*00 

.2213-04           .1305*00           .1308*00 

.2520-05          .1305*00          .1308*00 

.1331-01          .1*51*00          .9266-01 

.9210-02.        .1211*00          .1061*00 

.1782-02          .1290*00          .1267*00 

.5209-03          .1301*00          .1297*00 

.5796-04           .1324*00           .1087*00 

.1536-05          .1316*00          .1103*00 

.1085-10          .1268*00          .1152*00 

.1149-13          .1233*00          .1187*00 

.6000-02          .1224*00          .8849-01 

.2430-02          ,1284*00          .1002*00 

.4151-05           .1314*00           .1104*00 

.4233-07          .1298*00          .1122*00 

.9163-06          .1207.00          .5254-01 

.2136-07           .1168*00          .5661-01 

.1199-12           .1016*00           .7183-01 

.1108-15          .9166-01         j.8180-01 
,2578-03          .1203.00 ~      .4659-01 
.2703-04.      ...1217*00      ....5012-01 
.5456-08          .1139*00          .5958-01 
.3318-10          .1075*00          .6592-01 

.7346*00 

.7347*00 

.7141*00 

.7228*00 

.7331*00 

.7342*00 

.7265*00 

.7288*00 

.7299*00 

.7299*00 

.7070*00 

.7158*00 

.7277*00 

.7293*00 

.7109*00 

.7113*00 

.7113*00 

.7113*00 

.6974*00 
,7053*00 

"".7113*00 
.7113*00 
.6454*00 
.6456*00 
.6456*00 
.6456*00 
.6415*00 
.6444*00 
.6456*00 
.6456*00 

,8773-02 
.8773-02 

00 

•900     10.00 
.900        5.00 
.900        1.00 

.    . ..   .900          .50 
1.000     10.00 
l.DOO        5.00 

.8599-02 

.8678-02 

.8766-02 

.8772-02 

.8683-02 
,8704-02 

1.000        l.OO 
1.000           .50 
1.000     10.00 
1.000       5.00 
1.000       1.00 
1.000          .50 
1.100     10.00 
l.lOj)       5.00 
1.100       1.00 

_J..lOO          .50 
1.100     10.00 
1.100       5.00 

.8715-02 

.8715-02 

.8494-02 

.8578-02 

.8693-02 

.8709-02 

.8489-02 

.8493-02 

.8494-02 

.8494-02 

.8362-02 

.8437-02 

.8493-02 

.8494-02 

.7707-02 

.7709-02 

.7709-02 

.7709-02 

.7666-02 
,7696-02 
.7709-02 
.7709-02 

1.100        1.00 
1.100          .50 
1.500     10.00 
1.500       5.00 
1.500        1.00 
1.500          .50 
1.500     10.00 
1.500       5.00 
1.500        1.00 
1.900          .50 



■ft. 

ERTURE 

ENTROPI 
P 

»T 

" 10.0 
5.0 
1.0 

.5 
10.0 
5.0 
1.0 

.5 
10.0 
5.0 
l.C 

10.0 
5.0 
1.0 
.5 

10.0 
5.0 
1.0 

.5 
10.0 
5.0 
1.0 

-5 

TABLE IV 

SPECIFY   TEMP 

FROZEN   IS 
EQ 
RATIO 

EQUIVALENCE.RATIO  AND PRESSURE   FOR   A  CH2 HYDROCARBON WITH   AIR 

C  EXPANSION  FROM 
T 

H             DEG  R 

10   ATM. 
H 

BTU/LB 
s 

' BTU/LB   OR 
CP 

BTU/LB OR 
HOL             NO TYPE     TIME 

WT       ■    ITER       CASE       SEC - 
.9000 
.5000 
.5000 
■ 9000 
.5000 
.5000 
.5000 

         .5000 
.9000 

..9000 
.9000 

        .9000 
.9000 

     .9000 
.9000 

              .9000 
1.0000 

_     .      ...1.0000 

4000.0 
.3448...Z  

398.84 
221.81 

2,06687 
.2.06867 

.32330 

.31809 . 
28.906 
28.906 

5             1              .374 
1             3              .463 

2419.4 
2059.2 

-99.44 
-205.77 

2.06886 
_£i.0.6B.B9 

.30241 

.29450 
28.906 
28.906 

J            3             .945 
1             3              .464 

5000.0 
4316.7 
3043.4 
9605.4 

825.68 
602.06 
194.87 
59.31 

2.16349 
2.16346 

.32903 

.32523 
28.629 
28.629            - 

5            1             .374 
I             3             .463 

2.16346 
_2Ji6J347 

.31284 

.30993 
28.625            ! 
28.62!             < 

f             3              ,949 
1            3             .463 

4000.0 
 3471.. 8  

2471.3 
2122.0 

-40.11 
-217.99 

2.08972 
_^.._0.8.973 

.33940 

.33383 
28.862 
28.862" 

i           1            .379 
1              3               .463 

-544.38 . 
-651.74 

2,08974 
2.08975 

.31703 

.30843 
28.862 
28.916 

f             3              ,949 
1             3              .464 

9000.0 
. ..    4340.2 

3099,4 
2668.2 
4000.0 
3476.0 
2477.3 
2128.9 

469,69 
239.20 

-176.88 
-316.72 
-133.00 
-311.39 
-631.25 
-728.91 

2.20149 
2.. 20149 
2.20150 
2...20151 
2.09516 
2.09517 

.34521 

.34119 
28.337 
28.337            • 

1             1              .425 
1             3              .464 

,32768 
.32048 

28.337            ! 
28.337            < 

!            3             .949. 
1            3             .464 

.34316 

.33790 
28.797            ! 
28.797            ' 

f            1             .475 
1           3            .463 

1.0000 
 1..0000 

1.0000 
_      1.0000 

1.0000 
1.0000. 
1.1000 
1.1000. 
1.1000 
1.1000 
1.1000 
1.1000 

2.09518 
_2.09920 

2.21418 
2.21418 
2.21419 
2.21429 

.31990 

.31074 

.34890 

.34476 

.33123 

.32336 

29.041            ! 
29:361            ' 
26.172            i 
28,172.            1 
28.172            ! 
28.386            i 

1            3             .546 
\             3              .464 

9000.0 
4343t2. 

405.11 
177.23 

k             1              .526 
1            3             .464 

3106.2 
»47o.7 

-241.86 
-374.67 

>             3              .544 
L            3             .222 

10.0 
....   5.B 

1.0 
    A5 

10.0 
5.0 

4000.0 
 _J47£..0_. 

2437.3 
 19.9.0.. 3 

9000.0 
4343.4 

-108.37 
-289.58 
•631.51 
-768.96 
379.95 
145.51 

2.12503 
2.12503 

.34996 

.34013 
26,334           ! 
28.334             ' 

>            1             .423 
»             3              .463 

2.12909 
2.12910 
2.23176 
2.23177 

-.32293  - 
.31303 
.39233 
.34808 

28.340            ! 
28.360           ! 

1            3             .549 
1            3             .949 

27.910         11 
27.910            < 

)            1             .636 
1            3             .463 

1.1000 
.U1000 . 
1.5000 
1.5Q0O 
1.5000 
1.9000 

1.0 
.    _   i5 

10.0 
.5.0 
1.0 

•5 

3106.3 
2949.3 

-277.55 
•456.82 

86.85 
-107.31 
•460.08 
•976.91 

2.23178 
2.2317B 
2.24618 
2.24619 
2.24620 
2.24621 

.33429 
_,.32632 

.35716 

.39077 

27.910            ! 
27.930            < 

t            3             .549 
\            3             .626 

4000.0 
...   .3451.7 

2420.9 
_.   2063.9 

26.369           ' 
26.369            ' 

\            1             .381' 
I            3             .464 > 

.33189 

.32241 
26.369           ! 
26.369           < 

1             3              .544 
t            3            .464 O 

1.5000 
1.5000 

10.0 
5^.0 
1.0 

.5 

5000.0 
4326.0 
3062.7 
2629.9 

495.39 
251.11 

-195.14 
-344.11 

2.33690 
21 33690     ... 
2.33691 
2.33692 

.36468 

.35994 
26.231        • ! 
26.231           ' 

f           I           .423 
1           3            .464 30 

1.5000 
1.5000 

.34474 

.33642 
26.231           ! 
26.231           ' 

1           3            .544 
\           3            .463 

■ 

M 
Ul 
at 



TABLE IV (Continued) 

SPECIFY TEMPERTURE  EQUIVALENCE RATIO AND PRESSURE FOR A CH2 HYDROCARBON WITH AIR 

> m 
u 
o 

_ 

Is} 
Ol 
m 

FROZEN ISENTROPIC EXPANSION FROH 10 ATM. 
EO     P T SJ__J_S H_L ES ACT IONS 

RATIO   ATM    DEG R       H 0 OH NO CO 

O 

• 500 
.500 

10-00 
5,00 
1-00 
. .50 

lo.oo 
3.DO 

4000'0 
3448.2 
2415.4 
2059.2 
5000.0 
4316.7 

.1888-04 

.1888-04 
.3029-03 
.3029-03 

.2095-02 

.2095-02 
.9194-02 
.9194-02 

.4774-03 

.4774-03 
• 900 
.500 

.1888-04 

.1888-04 

.8477-03 

.8477-03 

.3029-03 

.3029-03 
.2095-02 
.2095-02 

.9194-02 

.9194-02 
.4774-03 
.4774-03 

.500 

.5nn 
.4647-02 
,4647-02 

.1123-01 

.1123-01 
,2324-01 
.2324-01 

.6534-02 

.8534-02 
.500 
.500 

1.00 
.50 

3043.4 
2605 ..4.. 

.8477-03 
 ,8477-03 

,3795-04 
.3795-04 
.3795-04 
.3795-04 

.4647-02 

.4647-02 
..1123-01 
.1123.01 

.2324-01 

.2324-01 
.8534-02 
.6534-02 

.900 

.900 
10.00 
5.on 
1-00 

.So 

4000.0 
3471.8 
2471.3 
21??.0 

.1322-03 

.1339-03 
.1637-02 
.1837-09 

.3964-02 

.3964-09 
.1895-02 
•1895-02 

■ 900 
.900 

■  .1322-03 
.1322-03 

.1837-02 

.1837-02 
.3964-02 
,3964-02 

.1895-02 

.1895-02 
■ 900 
.900 

10.00 
5.00 

5000.0 
4340.2 

.1556-02 

.1556-02 
.2445-02 
.2445-02 

.1085-01 

.1085-01 

.1085-01 
._. 1085-01 

.1154-02 
.1154-02 

.1203-01 
,1203-01 
.1205-01 

.   .1205-01 
.1420-02 
.1420-02 

.2522-01 

.2522-01 
.900 
.900 

1.00 3099.4 .1556-02 
.1556-02 

.2445-02 

.2445-02 
.2522-01 
.2522.01. 

1.000 
1 .000 

10.00 
5.00 

4000.0 
3476.0 

.6637-04 

.6637-04 
.4750-04 
.4750-04 

,5647-02 
.5647-02 

1.000 
1.000 

1.00 
...   ,50 
10.00 
5.00 
1.00 

.50 

2477.3 
.2128. __ 

.6637-04 

.6637-04 
.4750-04 
.4758-04 

.1154-02 
-.1154-02 

.1420-02 

.1420-02 
.5647-02 
.5647-02 

l-ono 
liOOO. 

5000.0 
4343.2 
3106.2 
2679.7 

.1894-02 

.1894-02 
.1802-02 
.1802-02 

.9731-02 

.9731-02 
.8839-02 
.6839-02 

.3465-01 

.3463-01 
1.000 
1.000 

.1894-02 

.1894-02 
.1802-02 
.1802-02 

.9731-02 

.9731-02 
.8839-02 
.8639-02 

.3465-01 

.3465-01 
1.100 

 1-100 
1.100 
1.100 

10.00 
5.00. 
1.00 

.50 
IO.O'O 
5.00 

4000.0 
.3472 .J>. 
2437.3 
1990.3 
5000.0 
4343.4 

.1703-03 
... ,1703-03 

.1703-03 

.1703-03 

.2384-02 

.2384-02 

.7437-03 

.7437-Q5 

.7437-03 
,7437-03 
.1210-02 
.1210-02 

.4639-03 

.4639-03 

.4639-03 

.4639-03 

.8225-02 

.8225-02 

.2199-03 

.«••-OS 

.2199-03 

.2199-03 
,5894-02 
.5894-02 

.3144-01 

.3144-01 

.3144-01 

.3144-01 

.4937-01 
,4937-01 

1.100 
1.100 
1.100 
1.100 

1.00 
.     ,5Q. 
10.00 

. ioo 
1.00 

.50 

3106,3 
..234_3,3 
4000.0 
3451.7 

.2384-02 

.23B4-Qg 

.4586-03 

.4586-03 

.1210-02 

.1210-02 

.9351-06 

.9351-06 

.8225-02 

.8225-02 

.1571-03 

.1571-03 

.5894-02 
,5694-02 
.2634-04 
.2634-04 
.2634-04 
.2634-04 

.4957-01 

.4957-01 

.1209*00 
•1209*00                     
.1209*00 
.1209*00 

1.500 
1.500 
1-500 
1.500 

2420.9 
2063.9 

.4586-03 

.4586-03 
.9351-06 
.9351-06 

■1371-03 
.1571-03 

1-500 
1.500 

10.00     5000.0 
3JLOQ._43Z6.JI. 
1.00     3062.7 

.50    2623.5 

.5189-02 

.5189-02 
.2506-03 
.2308-03 

.3711-02 

.3711-02 
.1172-02 
.1172-02 

•1299*00 
.1259*00 

1.500 
1.500 

.5189-02 

.3189-02 
.2508-03 
.2508-03 

.3711-02 

.3711-02 
.1172-02 
.1172-02 

.1259*00 

.1299*00 



TABLE IV (Concluded) 

SPECIFY TENPERTURE     EOU 

N   ISENTROPIC  EX 
P                 T 

ATM          OEQ   R 

10.00     40HO.O 
9.00      3448.2 
1.00     2415.4 

.90     2059.2 
10.00     90r<0.0 
9.00     4316x7 
1.00     3043.4 

.90     26[-9.4 
10.00    4oro.o 
5.00     3471.8 
1.00     2471.3 

_.   .50.   2122.0. 
10.00     5000.0 
5.00     4340.2 
1.00     3099.4 

.50     2668.. 2. 
10.00     4000.0 

9.QO     3476j0 
1.00      2477.3 

.90     2128.0 
10.00     50*0.0 
5,00     4343.2 
1.00     31C6.2 

,50     2679.7 
10.00     40*0.0 
5.00     3472.0 
1.00     2437.3 

.50     1990.3 
10.00     SO'O.O 
5.00     4343.4 

I VALENCE  RATIO  AND  PRESSURE  FOR  A  CH2 HYDROCARBON  WITH  AIR 
   

FROZE 
EQ 

RATIO 

PANSION  FROM   10   ATM. 
SPECIES       MOL.   _F.RA.CT ICHS 

H2                        02                     H20 C02                        N2 A 

.900 
 ..900 

.900 
 .900. 

.900 

.900 

.900 

.900 

.8644-04          .9613-01          .6626-01 

.8844-04           .9613-01           ,6626-01. 

.8844-04          .9613-01          .6626-01 

.8844-04           .9613-01           .6626-01 

.1269-02           .8850-01           .5945-01 

.1269-02          .BBSO-ni          .5945-01 

.6722-01         .7492*00 
_,67.22-Q1   . _. 7492*00 .    . 

.6722-01          .7492*00 

.6722-01          .7492*00 

.9851-01           .7349*00 

.9851-01          .7349*00 

.9001-02 

.9001-02 

.9001-02 

.9001-02 

.8913-02 

.8913-02 
.1269-02         .6850-01         .5945-01 
.1269-02  ■       .8850-01          ..5945-01.. 
.3571-03          .1831-01          .1166*00 

..■3571-03...    .1831-01 _ull*6.*00  
.3571-03          .1831-01          .1166*00 
.3571-03          .2000-01          ,1166*00 

.9851-01          .7349*00 

.9851-01          .7349*00 

.1165*00          .7315*00 
__U69*00_ ..7315*0.0__. 

.1169*00          .7315*00 

.1169*00           .7315*00 

.8913-02 

.8913-02 
.900 
.900 

.6798-02 

.8798-02 
.900 
.9.00- 
.900 
.900 

.8756-02 

.8758-02 
.4277-02          .2450-01          .1054*00 
.4277-02          .2450-01          .1054*00  _. 
.4277-02           .2450-01           .1054*00 
.4277-02          .2450-01         .0094*00 
.1092-02           .2364-02           .1284*00 
.1092-02           .2364-02           .1284*00 

.9097-01           .7141*00 
....?.097;j)l.    .. ,7141*00.._. 

.9097-01           .7141*00 
J9097-01           .7141*00 
.1247*00          .7269*00 
.1247*00           .7269*00 

.8599-02 

.8599-02 
.900 
.900 

,8599-02 
.8599-02 

1.000 
1.000 
1.000 

 1.ooo 
1.000 

.. 1.000 
1.000 
1.000 

.8683-02 

.6683-02 
.1092-02          .1000-01          .1284*00 
.1092-02          .2000-01          .1281*00 
.6333-02           .-331-01           .1191*00 
,6333-02           .1331-01           .1151*00 
.6333-02         .1331-01         .1191*00 
.6333-02           ,2000-01           ,1191*00 

.1247*00           .7269*00 

.1247*00          .7265*00 

.9266-01           .7070*00 
,9266-01          ,7P7J)*00 
.9266-01          .7070*00 
„9266-01           ,7070*00 

.8663-02 

.8683-02 

.8494-02 

.8494-02 

.8494-02 

.8494-02 
1.100 
1.100 
1.100 
J....100. 
l.ioo 
1.100 

.7199-02          .5796-04          .1324*00 

.7195-02          .5796-04          .1324*00 

.1000-01          .5796-04          .1324*00 

.2000-01           .5796144           .1324*00 

.1004-01         .6000-02         .1224*00 

.1004-01          .6000-02          ,1224*00 

.1087*00          .7109*00 

.1087*00          .7109*00 

.1087*00          .7109*00 

.1087*00          .7109*00 

.8849-01         .6974*00 

.8849-01          .6974*00 

.8489-02 

.8489-02 

.8489-02 

.8489-02 

.8362-02 

.8362-02 
1.100 
1.100 

1.00 
.90 

10.00 
9.00 
1.00 
 _.?9.. 

10-00 
5.00 
1.00 

.50 

3106,3 
2545.3 
401-0.0 
3451.7 
2420.9 
2063.9 
50"0.0 
4326.0 
3062.7 
2625.5 

.1004-01          .6000-02          .1224*00 

.2000-01         .6000-02         .1224*00 

.5217-01          .9163-06          .1207*00 

.5217-01           .9163-06           .1207*00 

.5217-01          .9163-06          .1207*00 

.5217-01          .9163-06          .1207*00 

.8849-01          .6974*00 

.8849-01          .6974*00 
,8362-02 
.8362-02 
.7707-02 
.7707-02 
.7707-02 
.7707-02 

  
1.900 
1.900 
1.900 
1.900 
1.500 

 1.900. 
■1.900 
1.900 

.9254-01          .6494*00 
,9254-01           .6454*00 
.9254-01          .6494*00 
.9254-01          .6494*00 

> m 

  
.4754-01          .2576-03          .1203*00 
,4794-01        .,2576-03         ,1203*00 
.4754-01           .2578-03           .1203*00 
.4794-01          .2578-03          .1203*00 

.4659-01          .6415*00 
,4659-01_       .6415*00 
.4659-01          .6419*00 

. ,.4659-01           .6419*00 

.7666-02 

.7666-02 

.7666-02 
,7666-02 

o 
H 
3J 
•ij 

NI 
Wl 
OJ 
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