UNCLASSIFIED

\p 269 927

Reproduced
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, specil-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawilngs, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




ACTIA "

o A

n

ATAl O0ED Ry

C

NASA TN D-914

"\ NASA TN D-914

, XEROX |
b2 2 _ 7 ]
TECHNICAL NOTE
D-914
CALCULATION PROCEDURE FOR THERMODYNAMIC,

" TRANSPORT, AND FLOW PROPERTIES OF THE COMBUSTION PRODUCTS
3 =

OF A HYDROCARBON FUEL MIXTURE BURNED IN AIR WITH RESULTS
FOR ETHYLENE-AIR AND METHANE-AIR MIXTURES
By E. W. Leyhe and R. R. Howell

Langley Research Center
Langley Air Force Base, Va.

ASTIA

ey, oo .
A

I

i

0
IAN 1 9

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON January 1962




‘1R

AANO W H

NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-914
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FOR ETHYLENE-AIR AND METHANE-AYR MIXTURES

By E. W. Leyhe and R. R. Howell
SUMMARY

A procedure is presented whereby the composition, thermodynamic
properties, and transport properties of the dissoclated combustion
products of a fuel consisting of a mixed hydrocarbon compound burned in
alr may be calculated. Equations and procedures for determining super-
sonic nozzle ordinates and flow properties for the dissociated combus-
tion products are presented in an appendix. Results are presented for
the respective hydrocarbon fuels, methane and ethylene, at the equiva-
lence ratios of 1.0, 0.9, 0.8, and 0.7 for pressures varying between

10-% and 8 x 102 atmospheres and temperatures from 200° K to 3,000° K.
INTRODUCTION

The determination of the equilibrium composition and the corre-
sponding thermodynamic, transport, and flow properties for a gaseous
chemical reaction is necessary for certain problems in thermodynamics.
Typical examples of such problems are (1) the expansion of combustion
gases through a nozzle to obtaln thrust as in the case of turbojet and
ram-jet engines and (2) the utilization of combustion gases as the test
medium in a wind tunnel for simulating combined heating and loading such
as that obtained in hypersonic flight. In the latter case, the combus-
tion generally takes place under very high pressure in order to achieve
the desired velocity for simulation. Consequently, it is desirable to
know the properties of such gases over ranges of pressures much greater
than t?ose for which information is presently availsble. (See refs. 1
and 2.

In the present paper, procedures whereby computations of the com-
position, thermodynamic, transport, and flow properties for the products
of combustion of two hydrocarbon fuels burning in air are presented.




Ethylene CoH) and methane CH) are the two fuels considered. The
properties of the combustion products are defined for a range of pres-

sures between 10-h and 8 x 102 atmospheres and for a range of tempera-
tures between 200° K and 3,000° K. The properties have been computed for
fuel-air equivalence ratios of 1.0, 0.9, 0.8, and 0.7. For these com-
putations it i1s assumed that the combustion takes place at constant
pressure, that the combustion efficiency is 100 percent, and that the

gas 18 1n chemical equilibrium,

SYMBOLS

A cross-sectional area, sq ft
a sonic velocity, ft/sec
By proportion by volume of Canml in total fuel .
B, proportion by volume of Cneﬂn2 in total fuel 3
B5 proportion by volume of Cn3Hm3 in total fuel
B), proportion by volume of HpO possibly mixed in fuel
C.Hn hydrocarbon fuel containing n atoms of carbon to m atoms

of hydrogen
Cp specific heat at constant pressure, Btu/lb-oR
Dy ratio by volume of Ny to Oy in air
D, ratio by volume of Ar to O, in aeir
D3 ratio by volume of CO, to O, in air
Dy ratio by volume of HyO to O, in air
E moles of Op available for combustion
Ey excess of moles of Op above that needed for stoichiometric case ¥

F ratio by volume of fuel to air 5
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s ratio by weight of fuel to air

& gravitational conversion factor, 32.1T74 %Ef%%ﬁf;-;fig

H total enthalpy, sensible plus chemical, Btu/lb

h sensible enthalpy, Btu/lb

J mechanical equivalent of heat

K thermal conductivity, Btu/ft-sec-CR

K7 to K7 chemical equilibrium constants based on partial pressures
k Boltzmann's constant (gas constant for one molecule)

Ly,Lp,Ls, Ly defined by equations (4), (5), (6), and (7), respectively

M _ molecular weight, lb/lb-mole

mj ,mp,m3 number of atoms of hydrogen in fuels Cnlﬂml, Cneﬂme, and
Cn5ﬂm§, respectively

NMa Mach number

Npr Prandtl number

n number of moles

ny,ny number of moles of specie

ny,Np,nz number of atoms of carbon in fuels Canml’ CnQHmQ’ and
anHmj’ respectively

P pressure, atm
pi,pJ partial pressure, atm
Q heat of formation, Btu/lb

q dynamic pressure, atm
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d log M)
T
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universal gas constant, 1.98588 Btu/lb-mol-°R

equivalence ratio, equals f/fs and F/FS
specific gas constant, Btu/1b-°R

radius from cone vertex, ft

entropy, Btu/1b-°R

temperature, °K or °R as required

velocity, ft/sec

total weight of gas, 1b

mole fraction

distance along center line measured from nozzle throat, ft

cross-sectional radius of nozzle measured from center line, ft

d log M
0 log T D

“\d log p

4
Ah:sk
€

il

€2

isentropic exponent

numerical step procedure constants

Lennard-Jones force constant

arbitrary criterion of accuracy for Ll/L2
afbitrary criterion of accuracy for p
flow angle, deg

viscosity, slugs/ft-sec

viscosity of ith specie

density, slugs/ft5

ALY Gk el

rt




- —

S

g collision diameter of molecule, angstroms
) defined by equation (L43)

v stream function

Q collision integral (called 9(2’2)* in ref. 15)
Subscripts:

(g calculated value

F flame temperature

i post-combustion specile

J precombustion specie

L | lower limit

h,k,m,n numerical indices in block diagram
1 post-combustion specie, dummy index
o) reference tempefature, o° X

P constant pressure

r reference temperature, 300° K

S stoichiometric

5 constant entropy

T constant temperature

t stagnation or total

U upper limit

w wall condition

Superscript:

¥*

For convenience, parentheses will be used when referring to
specific species. For example, p; for partial pressure of CO is

-
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written p(CO), ny; Yfor number of moles of COp, n(COe), uy for
viscosity of Ho0, p(HQO).

PROCEDURE

The procedure for the computation of the gas properties of the com-
bustion product is sufficiently general to include any combination of three
hydrocarbon fuels together with an equivalence ratio Req which is less

than or equal to one. The term "stoichiometric" refers to the condition of

Req=l.

In order to determine the gas properties of the combustion product,
real gas effects, which may be considerable at the extreme conditions of
high pressures and low temperatures, are omitted and the product gas is
considered to be a calorically perfect gas with variable molecular weight.
The equations employed for the calculations meke use of the following
assumptions: (1) the ideal gas equation of state is valid; (2) the prop-
erties of the species are functions of the temperature only; (3) the
process is adiabatic; (4) the precombustion and post-combustion pressures
are equal; (5) the gas is in chemical equilibrium; and (6) there is no
phase change.

The development of the gas properties 1s divided into three sec-
tions: the composition, the thermodynamic properties, and the transport
properties. The units are listed with the symbols and consistency is
maintained by including conversion factors where necessary. The one excep-
tion is temperature for which T denotes both Kelvin and Rankine tempera-
tures. Kelvin temperatures are used in the text; whereas both Kelvin and
Rankine temperatures are used on the figures.

Gas Composition

The composition of the combustion product gas 1s obtained by using
the equation for chemical reaction along with the equations expressing
the chemical equilibrium constants. The equation for chemical reaction
requires that the mass of each element in the initial constituents be
equal to the mass of each element in the final constituents. As the
mass of each element in the reaction is independent of dissociation,
the mass of each element present can be obtained from the equation for
chemical reaction in which there 1s no dissociation of the constituents.
The final constituents are then allowed to dissociate and their relative
proportions by volume are obtained from the equations expressing the
chemical equilibrium constants.

In the chemical equation for combustion as used here, the initial
constituents are the fuel and oxidizer. The fuel is assumed to consist

AV WH




of an arbitrary mixture of three hydrocarbon fuels with possible water
vapor present while the oxidizer, alr, i1s assumed to consist of oxygen,
nitrogen, argon, carbon dioxide, and water vapor. The choice of an
equivalence ratio indicates the proportion of fuel to oxidizer while
the constituents of each are left arbitrary.

The chemical equation for the burning of the fuel mixture in air
when there is no dissociation is

By (cnlnml) + Bp (Cﬂznmz) + Bx (Cn5Hm5) + E(0p) + D1E(Np) + DgE(Ar)

+ DsE(CO2) + (By + DLE)(HpO)—>(Byny + Bynp + Bzns + DE)(CO2)

"'E'(Blml 4Bghy + Baliy) 0.5y, ¥ DuE](Heo) + DyE(Np) + DB (Ar) + E1(0p)

(1)
where
E; = i;_Rﬂl.Ealnl + Bonp + Byng + f£(Bymy + Bomp + 3?3] (2)
eq
and
E = Biny + Bpnp + B3ns + %(Blml + Bomp + Byn3) + Ep (3)

The equations for conservation of mass for each element are obtained
from equation (1). The masses are transformed into moles and the equa-
tions are expressed as ratios of two particular elements in their standard
molecular state. -

_n(0,) E+DsE + 3(By + DE) -
=S T Biny + Bponp + Bxny + Daf .

I = n(Np) _ DyE (5)
2 n(C) Blnl + B2n2 + B3n3 + DBE
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() %‘-(Blml + Bpmp + Bams) + By + D4E &
> néci Byny + Bony + Bang + DsE
D
n, - Hax)  Je 7)
h n(Na) Dl (

The constants I,, Lo, L5, and Ly are therefore known quantities
determined from the input values.

The constituents of the dissociated combustion product -gas are
next substituted into equations (4) to (7) in place of the input values
and are now expressed in terms of partidl pressures in order to utilize
the equations for the chemical equilibrium constants. The definition of
partial pressure leads to the relation:

P B Bi*®y - (8)
where .
-y o , .
and .
P=2>_ P . ~ (20)
i .

) By restricting the constituents of the dissociated combustion prod-
uct ‘gas to the species Np, Op, Hp, COop, HgO co, OH, NO, O, H, N, and Ar,
equations (4) to (7) can be rewritten as:

p(02) + p(C0p) + %E’(H2O) + p(CO) + p(NO) + p(OH) + p(0)]

t2 ~ p(Wp) + L[p(v0) + p(N)

NOWH B
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1y B(H0) + p(Hp) + %[P(on) + p(H)] ]
=2 = : 12
Ly p(Nz) + %@(NQ) + p(Nﬂ

p(Ng) + %-E)(NO) + p(Ni]
T~ p(COz) + p(CO) G
L, = gg = p(Ar) (14)

1 p(Ng) + %E)(NO) + p(N)]

Independent equations for the chemical equilibrium constants, which
are functions of temperature, and their values were obtained from refer-
ence 3. These equations are:

_ p(CO)p(HS0)
"1 7 5(e0,)p(is) 2

K, - p(NO)p(Hy) (16)

7/2(v2)2 (Rz0)

K5 _ PE(HE)P £022 (17)

22 (520)

_ 2(8)p(0)

K) = Té))_ (18)

p(H)

A - (19)
> pHe(ny)
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~ p*/2(8,)p(0R)
e = E_.0 (20)
p(Ex0)
2(n
p(Nz)
Equations (10) to (21) represent 12 unknowns in 12 equations. The

unknowns are the partial pressures of the 12 species previously listed.
The 12 equations are nonlinear and must be solved by a numerical step
procedure. As a result, it was found to be more convenient to put
equations (12) and (13) into the following form by substituting equa-
tions (15) to (21) into equations (12) and (13).

% p(N2) + %\/K'(P(Ne)] P(Hz) - 25 /@
' Kg

p(H0) = (22)
ST~ )
2,/p(ﬂe) L2 2 p(Hz)
I
o Ky p(Hp) {p(Ng) 4+ %{?(NO) + p(Nib =

L, @(‘1120) + Klp(Ha)]

The equations are now salved as follows: For a particular reacting
mixture select the temperature and pressure for the combustion products,
and then assume values for p(NQ) and p(He). Solve the equations in

the following order:

(a) equation (22) for p(H30) (g) equation (18) for p(0)
(b) equation (16) for p(NOD) (h) equation (19) for p(H)
(c) equation (21) for p(N) (1) equation (20) for p(OH)
(d) equation (23) for p(CO) (3) equation (14) for p(Ar)
(e) equation (15) for p(COp) (k) equation (11) for I,/
(f) equation (17) for p(02> (1) equation (10) for p

O\N\OW H
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This procedure follows that of appendix B of reference 4, which is for
specific fuel and air compositions.

As the calculated value of L1/L2 is;, in general, different from
the known value, a new value of p(Hz) is assumed and the equations are

recalculated. This procedure is continued until the desired accuracy is
obtained. The calculated total pressure is also, in general, different
from the desired total pressure, in which case a new p(Ng) must be

assumed and the entire procedure retraced.

After a few trial calculations, it was noted that physically signif-
icant partial pressures were obtained only when both the numerator and
denominator of equation (22) were positive. Compatibility with this
restriction is obtained by confining p(Hz) within limits which are

established by setting both the numerator and denominator, respectively,
equal to zero and by solving for p(H,). These limits are

2
2(f2)y = %{% \/(}?5)2+%E><N2)+%J?%%Te>]} i

2
o), - A [ e |) @

In order to provide an ordered sequence for the selection of the -
assumed values of p(Né) and p(Hg), a numerical step procedure was

devised. This procedure is shown in the block diagram in figure 1. -

The number of moles of each specie 1s computed from the equation

. n(COQ) + n(co)

I CON IR GO " (e

which is obtained from equation (8). This form was chosen because the
sum of the numbers of moles of COp and CO is equal to the number of
moles of carbon entering into the reaction. Therefore, equation (26)
can be rewritten in terms of known quantities. Thus,




Blnl + ane + B}H} + D}E
2
(C0z) + p(CO) P1 (27)

ny =

In order to complete the identification of the gas, the mole frac-
tion and the molecular weight of the mixture are obtained from the

equations
xi = ni/nl
(28)

EE:T X5 =1
i

and

M= ; XMy (29)

The mole fractions of the species are shown in figures 2 and 3 as
functions of temperature for the combustion products of CoHy-air and
CHy-air mixtures, respectively. Because of the preponderance of data,
these figures were selected at the equivalence ratios of 1.0 and 0.8

for the pressures of 10’”, 10-2, and 100 atmospheres in order to illus-
trate the pressure effects on dissociation. Figures 4 and 5 show curves
of molecular weight against temperature for lines of constant entropy,
which is calculated in the section on thermodynamic properties, for the’
combustion products of CoHy-air end CHy-air mixtures, respectively, both

presented for the equivalence ratios of 1.0, 0.9, 0.8, and 0.7.

Thermodynemic Properties

The thermodynamic properties of the product gas when dissociation
is considered are calculated from the equations to follow. (See refs. 1,
5, 6, 7, and 8.) Data for the pure species were obtained from refer-
ences 3, 7, 9, 10, and 11. (Note that conversion factors are included
where necessary to maintain consistency in units.)

Enthalpy, entropy, and densitx.— Enthalpy is defined as (see, for
example, refs. 1 and 2):

OO N = H
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(30)

]
'”E>'
[y
]
o2
}.a.
&
+
L
(LR

where
T
hi - hi,r = 1-8A Cp,i aT

and Qi,r’ the heat of formation of the pure specie, is referenced to

Tr = 300° K. Values of Q; , are presented in table I, along with
2
references.

Entropy is defined as (see, for example, refs. 1 and 2):

S Xay aT R R
s = - —M— A Cp,i F + Si’r - bd—i loge P - b_d; loge Xi (31)

r

vhere Si,r is the reference value of the specie entropy at T, = 300° K
and p = 1 atmosphere. Values of

si,r are also presented in table I
with references.

The density may be expressed as

_2116.8 M M
1.8 g, JRT T g,JRT (32)

The three thermodynamic properties, enthalpy, entropy, and density,
have been combined to form Mollier charts which are presented in fig-
ures 6 and 7 for the combustion products of CoHy-air and CHy-air mixtures,

respectively, for the equivalence ratios of 1.0, 0.9, 0.8, and O.T.
These Mollier charts are plotted with enthalpy, in the form H - H,, as

the ordinate, pressure as the abscissa, and for lines of constant
entropy, density and temperature.

Specific heat at coﬁstant pressure .- The equation for specific heat
is obtained from equation (30) by taking the derivative of H with

respect to T with p held constant. By rewriting Xi/M as ni/w where
W 1is the weight of the gas
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e {‘—%cp g lmdradEyl g,
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The equations that express the specific heats of the species as func-
tions of temperature are listed in table I, together with their references.
Unfortunately, no values or equations for the specific heats of OH and NO
had been found at the time of the programing. As a result, equations were
written for these specific heats based on equations of similar compounds.
Any inaccuracies introduced by these equations are felt to be small as
the percentages of these species in the product gas are very low. These
equations are also listed in table I. (Since the programing, values of
these specific heats have been found (ref. 12) and the values compare
favorably with those used in this report.)

The specific heats for the combustion products of CoH) -air and
CHy-air mixtures are shown in figures 8 and 9, respectively, again for
the equivalence ratios of 1.0, 0.9, 0.8, and 0.7. 1In these figures,
the specific heat 1s plotted against temperature for lines of constant
pressure.

Isentropic exponent.- The exponent (ref. 1) used to describe an
isentropic change in state of a dissociating gas is no longer defined as
the ratio of specific heats as for the case of an ideal gas. The defi-
nition is taken from the sonic velocity equation:

-2 - (8 2og p°
7= 5, - (5358), (=)
By using the basic thermodynamic relations (see ref. 6)
2p) .. BT
p2\T D
and -
v B, &)
dp\ dp /p |p gchp oT P
(5525- = : (37)

‘(%%)p 1176T (a e

O\\O\W
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together with equation (32) and by defining
_ (3 log M
g (3 log T)p (38)
and
B = (g_l_?.&y_> 2 (39)
log p/p
equation (35) may be rewritten as |
c
7 = R (40)

cp(1 + B) - B(1 - )2

The isentropic exponents for the combustion products of CoHy-air and
CHy-air mixtures for the equivalence ratios of 1.0, 0.9, 0.8, and 0.7 are

shown in Yigures 10 and 11, respectively. In these figures, the isentropic
exponent is plotted against temperature for lines of constant entropy.

Specific gas constant.- The specific.gas constant is defined as

Rsp = % (k1)

The specific gas constants were computed and tabulated but no figures were
prepared as the values can be determined from the values of M given in
the figures.

Flame temperature.- The flame temperature at a given pressure
(ref. 7), which is fixed for a given fuel and oxidizer, equivalence ratio,
and initial temperature of the precombustion species, is defined as the
temperature at which

nMH = ZniMi Khi = hi,r) + Qi,r] = ZnJMJ (hj = hj,r) + Qj,r:l (42)

where the right-hand side refers to the precombustion species. The left-
hand side refers to the combustion gas mixture. In order to obtain the
flame temperature, the left-hand side of the equation is plotted from the
data for a few temperatures, at constant pressure, against temperature,
and the flame temperature is picked off the curve at the value equal to
the right-hand side of the equation.

The flame temperature is shown in figure 12 as a function of equiv-
alence ratio for the combustion of CoHj-air and CHL-air mixtures with the
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initial temperatures of the precombustion gas species chosen at 300° K.
The flame temperature is plotted for lines of constant pressure of 1, 10,
and 100 atmospheres to 1llustrate the effects of pressure.

Transport Properties

Because avallable data for the transport properties is extremely
limited and in order to maintain as simple a procedure as possible,
general equations are again used.

Viscosity.- From references 9, 13, and 14 the viscosities for all
species except Ho0 are represented by the equation:

- 0'055Zh9“M1T x 10-6 (43)
g

Hy

where o 1is the collision diameter of the molecule and Q 1is the colli-
slon integral. Values of  were obtained from reference 15 where Q

is tabulated as a function of kT/e. The symbol k represents the
Boltzmann's constant and €, the Lennard-Jones force constant. Values of
¢ and €/k for the species were obtained from references 14 and 15 and
are reproduced in table II. The values of ¢ and €/k for the specie N
were not found at the time of programing. However, the lack of these
values should have little effect inasmuch as the percentage of N in the
product gas is small,

The viscosity of the remaining specie HoO 1s represented by the
equations (see ref. 16)

(p0) = —Q0OIWINT 1006 (TS13000K)  (4b)

1+ 22 x10 T

0.0%1286 T
, 2451 x 10%

e

For the gas mixture, reference 15 glves the equation

“(Heo) = x 10-6 (T > 1300° K) (45)

1

Hi
M= —_— (46)
L

[OA RV AN i o




(O R RAUE ol o

17

where

1/2 <Mz \1/1r]2

[1+ <%> M,
2 f5<1 3 r_,j%_>1/2

The viscosity of the combustion products of CpHp-air and CH)-air mixtures

for the equivalence ratios of 1.0, 0.9, 0.8, and 0.7 are shown in fig-
ures 1% and 14, respectively. In these figures, the viscosity is plotted
against temperature for lines of constant pressure.

B (¥7)

Thermal conductivity.- From reference 14, an approximate relation
for thermal conductivity of gaseous mixtures is the Eucken equation

K = Ec(?p + gRsp>“ (48)

The thermal conductivity is plotted against temperature for lines of
constant pressure in figures 15 and 16 for the combustion products of
CoHy-air and CH) -air mixtures, respectively, and the equivalence ratios

of 1.0, 0.9, 0.8, and 0.7.

Prandtl number.- A useful parameter in heat-transfer studies is the
Prandtl number which is presented in this section on transport properties
because the equation requires the values of the viscosity and thermal
conductivity. This equation is

Npr = &c

2 (49)

The Prandtl number is plotted against temperature for lines of constant
pressure in figures 17 and 18 for the combustion products of CoHl-air
and CHy-air mixtures, respectively, with the equivalence ratios of 1.0,
0.9, 0.8, and 0.7.

RESULTS AND DISCUSSION

The preceding equations have been programed for the IBM 7Ok
electronic data processing machine at the Langley Research Center. The
required experimental data that are listed in tables I and II together
with the data that related O to kT/e have been stored in the program
in proper order for the computation of the equations. In addition,
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curve-fitting subroutines have been incorporated into the program in -
order to obtain the partial derivatives a, B, and (Bni/bT)p. The

present arrangement covers a range of pressures from 0.0001 atmosphere
to 800 atmospheres in steps denoted by the relation p = 20 X 109 vwhere
n=0,1, 2, 3 and m is zero or any positive or negative integer.

The temperature range is from 200° K to 3,000° K in intervals of 100° K.
The composition of air was taken as 0.7809 mole of Np, 0.2089 mole of

05, 0.0093 mole of Ar, and 0.0003 mole of COp per mole of air.

The output of the IBM TO4 is in the form of two tables, one of
which tabulates X3, n, and M against T and the other tabulates

the thermodynamic and transport properties against T, both at a constant
pressure for a given fuel and equivalence ratio. Examples of the tabula-

tion are presented in tables III(a) and III(b). The accuracy of the data
listed can be no more than four significant figures when based on the

input data. However, the five to seven significant figures shown were
retained as representative of the original printout. In addition to the
tabular form, the data were also stored on magnetic tapes in an ordered -
sequence in order to utilize machine plotting. The plotting machines are
programed to plot c¢cp, 7, u, K, and Np, against T for lines of

constant pressure. "

Because the chemical equilibrium constants obtained from reference 3
were listed for every 100° K, the gas composition was also calculated and
tabulated for every 100° K. Later, when the thermodynamic and transport
properties were included in the program, it was desired to have these
values in units of the English gravitational system for engineering use.
Thus cp, for example, is in BTU/1b-°R while tabulated against %K. In

addition, the figures obtained from machine plotting were originally to be
engineering work plots only with the abscissa in units of ®R. However,
because of the large amount of plotting to be done for this paper, it was
decided to retain these plots and incorporate double temperature scales on
the figures.

The product gas composlition and the thermodynamic and transport prop-
erties of the combustion products of air with the hydrocarbon fuels ethy-
lene CoH) and methane CH) have been calculated for the equivalence ratios
of 1.0, 0.9, 0.8, and 0.7. Because the tabular form is inconvenient to use
for wind-tunnel or rocket work and also because of its bulkiness, the data
have been reduced to a series of charts which are shown in figures 2 to 18.
Regions in which comparison can be made between the present paper and ref-
erence 1 show agreement, in general, to within better than 1 percent.
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CONCLUSION

A calculation procedure is presented from which the composition,
thermodynamic properties and transport properties of a dissociated com-
bustion product gas may be obtained when fuel consisting of a mixed
hydrocarbon compound is burned in air. Calculations were made for the
respective hydrocarbon fuels methane and ethylene and results are pre-
sented at the equivalence ratios of 1.0, 0.9, 0.8, and 0.7 for pressures

varying between lO'u and 8 x 102 atmospheres and temperstures from
200° K to 3,000° K.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Air Force Base, Va., September 27, 1961.
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APPENDIX A

CALCULATION OF FLOW CHARACTERISTICS AND
SUPERSONIC NOZZLE ORDINATES FOR CALORICALLY PERFECT GASES

WITH VARIABLE MOLECULAR WEIGHT

Mollier chartes for gases are generally difficult to read accurately
and are lsborious to use, especially if they are to be used to compute
nozzle ordinates and to determine flow properties along streamlines. In
the following sections, equations to be used for the calculation of nozzle
ordinates and flow properties are listed with explanations where necessary.

Flow Characteristics

Equations for flow properties with specific heat as a function of
temperature and no dissociation have been developed in reference 17.
These equations are here extended to include dissociation as a function -
of temperature only, that is, P = O, together with the assumption of
chemical equilibrium during expansion. On the Mollier charts (figs. 5
and 6), the condition B = O 1is restricted to the regions in which the
constant-temperature lines are approximately parallel to the ordinates.
Furthermore, it can be seen from these charts that, for any pair of
stagnation pressures and temperatures in these regions, the flow
properties during an expansion along a line of constant entropy will
also lie in these regions.

The basic relations for the development of the flow properties
along an isentrope are Bernoulll's equation and equations (32), (%),
(37), and (40) of the text. By solving for the partial derivatives of
the right-hand side of equations (36) and (37) of the text and by
writing a in terms of 7, c¢p, and Rsp: the following equations are
obtained:

o 1/2

- oy

P P 4T

—_— = expj T—— e —— (Al)
1/2
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a = (1.87gcJRSPT)l/2 (A3)
B / 1/2
t 1/2 T
c
vV = 3.6gch CpRsp? N “ap (Ak4)
T \r -1 _j
Ty 1/2 )1/2
c 7
2f <;&§> aT
NMB. = L (A5)
7RspT
T 1/2
tr/e V4
&0 =L g <__LPRS ) dr (a6)
Ty 1/2
c 4
o2 [ <_PRS§ > am (a7)
7Rgp YT* V' -
A m\1/2 * 1/2
R § 4aT 8)
S N ) - expf &= (A
A Ny 7R pT* [sp(r -1)) T
In equation (AT), T 1s not an explicit function as the integral
also contains T* as the lower limit. Furthermore, the equation is not
amenable to the process of direct iteration, as the results diverge in
an oscillatory manner. The scheme used here for the solution is to
reduce successively the value of the lower limit by a constant decrement,
say 5 KO, from a value known to be greater than the actual solution.
Each time a value for the lower limit is chosen, the equation is calcu-
lated and the difference between the lower limit and the calculated
value of T* is noted. The process is contlnued until this difference
changes sign. The calculated value of T* 4is then within 5 KO of the
. actual value. If greater accuracy is desired, a smaller decrement is
used. A good starting value for the lower limit is ™ = 5 :i lT
t
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In order to solve these equations, a stagnation temperature is
specified, together with the temperatures for which the equations are to
be solved. Furthermore, tables of Rgp, cp, and 7 against T, such

as are presented in this paper, must be available. The values of Rgp,
cp, and 7 can be chosen at any pressure compatible with the assumption

B=Oo

Flow properties of CoHj-air and CH)-air combustion products at the

equivalence ratios of 1.0 and 0.7 and for stagnation temperatures approxi-
mately that of the respective flame temperatures are presented in

tables IV and V, respectively. The flow properties for these gases were
computed on the IBM TO4 electronic computer for temperatures at intervals
of 5 KO from 200° K to 500° K and at 25 K° intervals from 500° K up to
the stagnation temperature. The representative values of Rspr cp, and

y against T were chosen at the pressure of 4O atmospheres.

Supersonic Nozzles

A calorically perfect gas with variable molecular weight also
requires modifications in the equations by which the wall coordinates and
the distribution of flow properties are calculated for supersonic nozzles.
These modifications are discussed here for the truncated conical nozzle
and the contoured nozzle, again subject to the condition B = O.

The truncated conical nozzle wall coordinates are completely speci-
fied once a cone angle and a throat diameter are chosen. Any radial line
from the cone vertex through the nozzle is a streamline slong which the
flow properties are functions of the radius only. By combining the radial
flow equations and the equations of continuity, motion, and state, the
radius is written as a function of the temperatures. Thus,

Ty 1/2 /2 1/2
RgpT f (i"’—i -517> 5 T* , /2
sp * ( R_CL_> o (A9)
T \Bsp? - 1

(1"L*) T \RETF| T T ¢ Rep?\L/2
NG

7 -1

wheie r* is the radius from the vertex to the sonic line. The ratio
r/r* may be converted to x and Yy coordinates with x = O at the
throat by the reletions

y* ;¥ sin 9y sin ew

X _ xr cos @ _ Co8 8y (A10)

()N AN'H "l o
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and

r sin ©
s TR (A1)
y r™ sin 8,

where 6,, 1s the wall angle and y* 1s the throat radius from the center

line. By using the same input data in equation (A9) that is used for
equations (Al) to (A8), the distribution of the flow properties in the
truncated conical nozzle is obtained.

The contoured nozzle wall and streamlines are designed by the usual
method of characteristic networks. (See ref. 18.) The only modifica-
tion to the characteristic method 1s that, once the velocity 1s found at
a point, the Mach number is interpolated from data tabulated from equa-
tions (Al) to (A8) in order to determine the Mach angle. Further
details are avallable in reference 19.

The stream function to be used in conjunction with the characteristic
network system is developed from the equation of continuity across a Mach
line and is made nondimensional by dividing through by the mass flow at the
throat. Thus

YRep T* 1/2 dy 1/2
ay = (——7*R e*P {fT* [EP(? - 1‘1] T [1 +<dx J e

In order to evaluate V¥ and the corresponding flow properties, the
velocity is obtained from the characteristic network equations, the
properties are interpolated from the tables and substituted into equa-
tion (Al2). The integration is along a Mach line and V¥ = 1 at the
nozzle wall.

Other flow regions which use radial flow or characteristic network
equations incorporate these same modifications.
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TABLE I.- HEAT OF FORMATION AND ENTROPY REFERENCE VALUES

AND SPECIFIC HEAT EQUATIONS

Q'i,rl By ,rs °p, 17 ’ )
Specie | Btu/lb | Btu/lb-°R Btu/1b-°R Refgrences
(2) (v) (e) (a)
- ep = 0.2481 (0° K ST < 300° K) 9
N 0 1.63391 3 9
2 %_0-558_68'578+1.28T2x101‘ (%0005 €0 - TBEOR IR) | h o
cp = 0.217T2 (0° K £ T < 300° K) 9
0o o 1.53201 3 9
- _ h.006 , 26,56 <p< o ’ 10
S =06 - S0 Ih (300° K § T $ 3000° K)
. cp = 2.463 + 0.00325T (0° X $T < 300° K) 9
: 0 15.49105 359
%.2.857+%1g51‘+-7;—15%5 (300K STS30000K) | 30
ep = 0.4409 (0° K $ T < %00° K)
B0 | -5,T71.29 | 2.50465 24.67 . 231 3 9 13
°P'l'1°2'T175+T (300° K $ T S 3000° K)
ep = 0.1579 + 0.000145T (0° K €T < 300° K)
c -3,84k.,19 | 1.16091 | T I
02 p %_0.568_82,51616+0.98:2x10 (300°K STS30000K) | O 10
e s96.29 | 1.686 cp-o.2h81 (0° K ST < %00° K) 9
-1 . 5 12 3 9
’ %_0-358__L_6£‘28+_'{2_1.1T2x10u (3000 K $ T S 3000° K) " 10
Py c ey = 0.2316 (0° K € T < 300° K) .
NO 1,294.81 | 1.67792 s 3, 3
cp-o.358-ﬂT'_5+hﬁT?"L°- (300°K STS3000K) | e
| o6l o5 cp = 0.4119 (0° K ST < 300° X) 9
OH 1,064.30 | 2.58079 3 13
’ cp=o.u55+29--11m-mz (300K STS30000K) | e
106 1/2
N 14,446.57 | 2.61429 | cp = 0.3546 (PKSTS300°K)| 3,9, 9
0 6,651.37 | 2.404T3 | cp = 0.3103 (K STS3000°K)| 3,9, 9
B 92,960.61 |27.18804 | cp, = 4.9253 (°RKRSTES300°K)| 3,9, 9
Ar o 0.92607 | cp = 0.1243 (K STS300°K)| 35 9,9
cE, |-2,007.50 3
CoHy, 800.40 3
8Referenced to T = 300° K.

bReferenced to T = 300° K and p = 1 atmosphere.
CEquations contain conversion factors from °K to °R in constants.
dThe references refer to Qi,r’ Bi,r» and Cp,1r respectively.

€8ee text.

96CT-T

.
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TABLE II.- LENNARD-JONES FORCE CONSTANTS

[@aken from refs. 14 and lé]

Specie o, angstroms €/k, %K
No 3.681 91.5
N 3.433 113.0
Hy 2.968 33.3
1 N e
CO5 3.996 190.0
co 3.590 110.0
NO 3.470 119.0
OH 3.110 93.8
N o ceeee 0l ceeaa
0 3.068 102.2
H 2.497 99.8
Ar 3.418 124.0

27
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TABLE IV.- FLOW PROPERTIES OF CoH)-AIR COMBUSTION PRODUCTS

[Letter E denotes that number to left of E is to be multiplied by
10 to the power indicated by number to right; for example,

0.10479973E 01 = 0.10479923 X 1oq

(a) Req = 1.0;

Ty = 2,500° K; ™ = 2,271.7° K

-«
Pota B/o: T/Te Y/a, 3/, Afx ofo,
0, 0.09999999€ 01 | 0.09999999¢ o1 | 0. 0, Oe 0009999999E 01
0432736685E-00 | 0.93807644€ 00 | 098999999 00 | 04325930576-00 | 0.602863106-01 | 0+19238102¢ 01 | 0.94811858E o0
0046345924E-00 | 0.88014272E 00 | 0498000000 00 | 0+45939400E-00 | 0.11358106E-p0 | 0e14392466E 01 | 0.89914436E 00
0456822821 00 | 0.82592688E 00 | 0.97000000€ 00 | 0.56076721E 00 | 0.16052364£~00 | 0412430036E 01 | 0.85289384E 00
0.6569103TE 00 | UeT7516310€ 00 | 0.95999999E 00 | 0.64539229€ 00 | 0420174956€-00 | 0011383269 01 | 0480920615€ 00
0.73537856E 00 | 0.72760946E 00 | 0,95000000€ 00 | 0.71923582E 00 | 0.23777048£-00 | 0410763889E 01 | 0.76790848E 00
0.80665433€ 00 | 0.68304368E 00 | 0494000000€ 00 | 0478537094E 00 | 0.26908748E~00 | 0410385734E 01 | 0472884966E 00
0467251703 00 | 0.64126431€ 00 | 0.930000006 00 | 0,84562713€ 00 | 0.296141206-00 | 0+10160987E 01 | 0.69188698E 00
0493419082 00 | 04602075196 00 | 04919999996 00 | 0490121395€ 00 | 0.31934687E~00 | 0410042020€ 01 | 0+65690260€ 00
0.992648334E 00 | 0.56529780€ 0C | 0+91000000€ 00 | 0.95297407E 00 | 0433906811€-00 | 0.10001151€ 01 | 0.62376198t 00
0410679973E 01 | 0.53076809E 00 | U.9C000000E 00 | 0.10015238E 01 | 0+35563666E~00 | 0+10020989E 01 | 0e59234956t 00
0411011724 01 | 0.49833364E-00 | 0.88999999E 00 | 0410473332 01 | 0.36935019E~00 | 0410090261€ 01 | 0e56255206E 00
0.11524265E 01 | 0,46785571E-00 | 0.88000000€ 00 | 0.10907659E 01 | 0.38048995€-00 | 0.10201G35E 01 | 0Oe53428052t 00
0¢12020222E 01 | 0443920550E=00 | 04870000006 00 | 0.11321139€ 01 | 0438929826E-00 | 0410348169E 01 | Ce50745364E 00
0412501965€ 01 | 0.41226359E~00 | 0.86000000€ 00 | 0411716156€ 01 [ 0¢39599886£-00 | 0+10528029€ 01 | 048196744600
0412971216 01 | 0438692091E-00 | 0,84999999€ 00 | 0412094674E 01 | 0,40079228E~00 | 0+10738179E 01 | 0645774665500
04234306405E 01 | 04363072726-00 | Co84000000€ 00 | 0+12458385E 01 | 0,60367121€-00 | 0+10976773E 0L | 0e43472391E-00
0413880705 01 | 0.34062304€-00 | 0830000006 00 | 0.12808726€ 01 | 0.40539898E-00 | 0+11262921E O1 | 0441282395600
0414323402E 01 | 0.31948331E~00 | 0481999999E 00 | 0.13146929€ 01 | 0,40552726E~00 | 0+11536130E O1 | 0e39198145E~00
0,16759425E 01 ] 0029957108600 | 04807999996 00 | 0.13474075€ 01 | 04404390566-00 | 0.11856426€ 01 | 0e372132196-0c
0415190628E 01 | 0.28081086€~00 | 0,80:00000E 00 | 0.13791087€ 01 | 0,402123906-00 | 0+12203764E O1 | 0e35322952E-00
0015617047E 0% | 0426313236E-00 | 0.79900000€ 00 | 0.14098790 01 | 0.398816886-00 | 0.12578892E 01 | 0e33521679E-00
04160640120 01 | 0.246470226-00 | 0477999999€ 00 | 0414397913E 01 | 0439463333600 | 0+12982599€ O} | 0e31804514E-00
0.16460560E 01 | 0.23076153E-00 | 0,77900000€ 00 | Ce14689156E 01 | 0.38960502E-00 | 013416158 01 | 0430166502E~00
0416878728E 01 | 0.2159%311€-00 | 0,76000000€ 00 | 0.14973044E 01 | 0.38384512E-00 | 0.13880655€ 01 | 0.28604206E~00
0417295370E 01 | 0.20199391€-00 | 0475400000 00 | 04152500776 01 | 0437742203E-00 | 0+14377651€ 01 | 0.27113700E-00
0.17711081£ O1 0.18883570E=00 0eT73799999E 00 015520714 01} 0s37043943E~00 0e14909064E 01 0929691408t-00
0e18126487E 01 | 0.17643201E~00 | 0473J00000€ 00 | 015785407€ 01 | 0.3629312BE-00 | 0a15477017E 01 | 0e24333633E~00
0418%642004E 01 | 016474260600 | 0472000000 00 | 0c16044494E 01 | 0.35497881E=00 | 0.16083460E 01 | 023037985600
0018958154E 01 | 04153728826-00 | 0.70999999E 00 | 0.16298306E 01 | 04346627236-00 | 04167310456 01 | 0.21801408L-00
0e19375413E 01 001433%397€-00 0e70000000E QO 0el165%47143E 01 0e¢33796022€E-00 O0e17422613E 0} 0e20621188E-00
0,19794584E 01 | 0,133%82156-00 | 0,69000000€ 00 | 0416791332E 01 | 0.328995196=00 | 0¢1B161469E O1 | 0«19494555E-00
0,20215185E 01 0e12638293E~00 0+68000000E 00 0e¢17031082E 01 Ce31979140E~00 0e1895096%E 01 Oe 18419441E~00
0020638002€ 01 Cell572659€E~00 066999999E 00 0e17266609€ 01 0e¢31039269E-00 0e19794815E 01 0e173936681L=00
0421063446E 01 | 0,10758465E-00 | 0466000000 00 | 0.17498121€ 01 | 0,30083951E-00 | 0s20697241E Ol | Oel6415199E-00
0.216491639E O1 | 0,99930414E-01 | 0465000000E 00 | 0+37725804E 01 | 0429116864E-00 | 0+21662932E 01 | 0e15481991E-00
00219238276 01 | 0492737798E~C1 | 0463999999E 00 | 0.17949851€ 01 | 0.28141785E-00 | 0+22696824€ 01 | 0e14592311E~00
0.22360081€ 01 | 0.85982301E-01 | 0,63000000€ 0O | 0.18170439E 01 | 0.27161682E=00 | 0+23804805E 01 { 0e13744216E-00
04228008376 O1 { 0.796407T6E-C1 | 0462000000 00 | 0.18387730€ 01 | 0.26179478E-00 | 0+24993269E 01 | 0+12935965E6-00
0423267463E 01 | 0.73689504E-01 | 0.61000000E 00 | 041860156488 01 | 0425197414E~00 | 0426269895E 01 | 0+12165592E-00
0423697747E 01 | 0,68110462E-01 | 0459999999E 00 | 0418813138E 01 | 0.242187226-00 | 0427641774€ 01 | 0«11432017E-00
0424153155E 01 | 0.62885055E-01 | 0.59000000€ 00 | 0.19021384€ 01 | 0.232460226-00 | 0.29117183€ 01 | 0+1073392%€-00
0.24614071E 01 | 0.57995133E=01 | 0+5B8000000E 00 | 0419226775E O1 | 0.22281676E-00 | 04307053776 01 | 0.10089992E-00
0,25080931E Ol 0e%53423170€E~01} 0456999999€ 00 04196429397E 01 0e21327879E-00 0e32416607E€ 01 0e94389387€E-01
0,25554058E 01 | 0.49152444E~01 | 0455999999E 00 | 0419629330E Ol | 0420386554E-00 | 04342623626 01 | 0.883948586-01
0426033926E 01 | 0.45166B99E-01 | 0.55000000€ 00 | 0.19826649E 01 | 0419459559E=00 } 04362553606 01 | 0e82704373E-01
0.26520988E 01 | 0.4}451133E-01 | 04540000006 00 | 0+20021427E 03 | 0e18548546E~00 | 0+38409713E 01 | 0e77306134E-01
0427016095E 01 | 0¢37990073E-01 | 0452999999€ 00 | 0.20213749E 01 | 0017654859E~00 | 0+40741639€ 01 | 0.72187940€-01
0,27518675€ 01 | 0.34770074E-01 | 0452000000€ 00 | 0.20403653€ 01 | 0.16780099E~00 | 0443268249€ OF | 0.67339944E-01
0s28029677€ 01 0e31777B09E~0) 0+51000000E 00 0e20591187€ 01 0e15925495E~-00 Ce46009161E 01 0e62751529E~01
0a28549636E O} 0429000416E=-01 0,50000000€ 00 0620776397E 01 0415092152E-00 0s48986337E 01 0e5B8412366E=-01
0429078805 01 | 0.26425775€~01 | 0.48999999€-00 | 0.20959313€ 01 | 0.14261133E-00 | 0+52224018E 01 | 0e54312859E-01
0.29618690E 01 | 0024041731E~01 | 0448000000E-00 | 0421140003€ 01 | 0413492077600 | 0455750653E 01 | 0e50442315E-01
04,30169586E O1 0a21836837E=-01 Qs 7900000E-00 0+21318521E 01 0412728626E=-00 0e59597964E 01 O0s46790913E-01
063072%2208E€ 01 0e19800227E~C1 Ce45N99999E =00 0e21454917€ 01 0e11988316E-00 Q¢63801880E 01 Oe43349)168E-01
0431307571E 01 0el7921441€~0C1 0e%5700000E~00 0e21669249E 01 CGell272487E-00 Qe68403763E 01 0e40107552E=01
0431895775E 01 | 0416190791E~01 | 0,44100000€-00 | 0e21841546E 01 | 0410581640E-00 | 0¢73449068€ 01 | 0e37057862E-01
0e32497987E 01 0e14598962E~01 0e&3D00000E~00 0+22011843E 01 0499160072E=01 0278990614E 01 0e34191497E-01
0e33115141E 01 0413137054E~01 Cs41999999E=-00 0e22180176E 01 0e92757532E~01 0¢85088661E 01 De31500203E-01
0¢33749618E 01 0es11796261E~01 0e410M00000E~00 0e22346620E 01 0e86607555E-01 0e91814651E 01 0s28975185E-01
0634398497E 01 0al10569064E~01 0s 40w 00000E~00 0e22511145€ 01 0.80713009E-01 0e99245302E 01 0e26609854E-01
0+35064570E 01 0s94480173€E=02 0e38799999E=00 0e22673745E 01 0e750T4875£-01 0+10746934E 02 0e24397326E-01
0.35749036E Ol | 0,84259126€-02 | 0438U00000E=00 | 0.22834424E 01 | 0469692446E-01 | 0411658972E 02 | 0422330566E-01
0e36453056E 01 | 0.74959301E~02 | 0437000000£-00 | 0422993175E 01 | 04645645536~01 | 0412672454E 02 | 0420402828E-01
0437178510€ 01 0e66516251E~02 0+36000000E=-00 0e23150018E 01 0e59688063E~01 0e13801292E 02 0«18607111E-01
0e37926829€ 01 0e58861328E-02 0e34999999E~00 0e23304965E 01 0455059432E-01 Qe15061653E 02 0016936705E=01
043869978%€ 01 0e51941334E~02 0434000000E~00 0e23458029E 01 0e50674579E-01 Qelb4T2415E 02 0+415385133E-01
0e39500102€ 01 0es5697734E~02 0+33000000E~00 023609231E 01 Oeh6528338E-01 De1B055946E 02 De13945945E-01
0.40327711€E 01 0e&Q0TB527E-02 0s31999999E~00 0423758566E 01 De2616274E-01 0¢19838127E 02 0e12613312E-01
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TABLE IV.- FLOW PROPERTIES OF CpH)-AIR COMBUSTION PRODUCTS - Continued

31

(a) Req = 1.0; Ty = 2,500° K; T = 2,271.7° K - Concluded
L ?[pe T[Ty A/ afp, Afs® ofp,
0e411085953E 01 0435034180E~02 0¢30999999€~00 0023906031E 01 0+38933063E-01 0021849667E 02 0e11381454E=01
0.42077485E 01} 0630517855€E=02 0+30000000E~00 0424051629E 01 0354727 78E~01 0024127106€ 02 0e10264726E-01
0+43006079E 01 0s26685234E-02 0429000000E~00 0424195%373E 01} 0232228792€~01 0e26714325E 02 O-9K975791£-°2
043972 749E 01 0022895365E~02 0627999999£-00 0e243372%3E 01 0e29194853E~01 0229662417E 02 0e82348811E~-02
Oe4b4982252E 01 0e19709604E=-02 0e27000000E~Q0 0e26477265%E 01 0e26364144E=01 0e¢33037347€ 02 0s73516026E-02
0,46038841E€ 01 0s16891710€~02 0e26000000E£=00 0424615409E 01 0e23729479E-01 0e36912612E 02 0s65428688E-02
Qe4T147499E O1 0el4u0T7928E~02 0e25000000E=~00 0e24751680E 01 0s21282583E-01 Det1382417E 02 0¢58040281E-02
Os48213403E 01 00122265%563E=02 023999999E~00 0e24886087E 01 0el90186T4E-O1 0e46562073E 02 0e51305172E-02
0449563142E 01 0¢10318242E-02 0423000000£~00 0e25018635E 01 0e16926962E-01 0e52594523E 02 0a45179969E=02
0e50Bh4144E 01 0.86557692E-03- | 0+22000C00E-00 0e25149332E 01 0+15000641E~01 0+59658528E 02 0e39623337E-02
0e52220196E C1 0e72147156E=-C3 0e20999999E=00 0625278113E 01 0e13233146E-01 0e¢67973150€E 02 06436599355E-02
0453695855 01 Ce597C6429E-03 0e20000000E=-00 Ce25405090E 01 Oel1614660E-01 Qe 77B34146E 02 0+30064861E-02
0+54003257E Ol Ce57435194E-03 0019800000E=-00 0s25430275€ 01 Cell1308083E-01 04¢80023%84E 02 0029213326E-02
0e54314993E 01 055232409E~02 0419599999€E~00 0e25455391E€ 01 Cel1007062E-01 0.82293260E 02 0e28379583E~02
0454631180€ O1 0e53096481E=-02 0¢19400000E=00 0425480438 01 0e10711536E~01 OeB84645901E 02 0+27563357E-02
Ce54951935E C1 0e51025844€E~03 0e19199999E£~00 0e2%505418E 01 0e10421442E-01 0+87088446E 02 0e26T764373E-02
Go55277379€ C1 0,49018964E<0C3 0419000000E=-00 0.25530329€ 01 0410136717E~-01 0489622077€ 02 0e259823636-02
0455607637 Ol Oeb7076345€E-03 061879999%E~-00 0.25595173E 01 0e98572018E-02 0+92252189E 02 0025217066E-02
Ce5596420840E 0O} 0s451905C2E~03 0e38600000E~-00 Ce253T9949E 01 0e95831339E~02 0e949834T4E 02 Ce24468218E-02
0.56283126E O} 0s43365987E=-03 0418399999€E=-00 062%5604659E 01 0e9314615346E-02 Ce97B20873E 02 0e¢23735562E-02
0.56628635E 01 Qet1599382€=03 0.18700000£-00 0e25629303E 01 0e90503016E-02 0s10076962E 03 0023018849E-02
0.56979512E 01 0,39889286E~03 0«18700000€E~00 0e25653880€ 01 0e87Y15179E~02 0010382532E 03 0022317825£-02
0657294741 O} 0438239487E=-03 0e17400000E~00 0e25678314E€ 01} 0eB85388437E~02 0+10700975E 03 0021635162E-02
0e57657628E Ol 0+36643971E-03 0417500000E~00 0e¢25702670E 01 0e82912564E-02 0e11030973E 03 0e20968046E-02
0.,58027212€ 01 0e35100269€E-03 Oel7T499999E~00 0e25726965E 01 0e80484512E-02 0e11374496E 03 0020315584E€~02
0,58403686E 01 0e336C7018E~03 0e17400000E~00 0a25751202€ 01 0e78103507E~02 0011732293 03 0e19677487E-02
0.58787247E 01 0e32162894E-03 0e16799999€-00 0s23775362E 01 Oe75768800E-02 00121051626 03 0e19053479E-02
0,59178101E 01 0630766615€=03 0e16000000E~00 0.25799%08E 01 0e734T79686E~02 0012493960E 03 0s184463296E-02
0e59576462E 01 0e29416926E-03 0el16599999E-00 0e25823583E 01 0eT71235452E-02 0+12699601E 03 0e17846675E-02
0+599825%6E 01 0e28112617E=-03 0s16400000E-00 0425847607E 01 0469035442E-02 0e13323067E 03 0e17263369E~02
0.6039661%E 01 0e26B852499E-03 0e16199999E~00 0425871584E 01 0e66878991E-02 0e1376%414E 03 0416693132E£~02
0.,60818881E O} 0e25635427€E-03 0«16000000E~00 0025895314E 01 0eb64765490E-02 0el4227773E 03 0¢16135733E-02
0e612496C9E 01 0e26460280E-03 0e15800000E=00 0e25919402E 01 0e62694331E~02 Oel4711358E 03 0615590946E-02
0.61689064E O1 0e23325963E=-03 0e15600000E-00 0.25963247€ 01 0e60664920€E-02 0e1521T4T79E 03 0e15058547E-02
0662137523€ Cl 0e2223146)4E=-03 0e15400000E=00 0.25967053E 01 0.58676701E~02 0¢15747550E 03 0s16538328€-02
0a462595274€ 01 0e21175601E=C3 0e15200000E~00 0.25990021€E 01 0e56729139E~02 0e16303089E 03 0e¢14030085€E~02
0.63062620E 01 0.20157511E=03 Ce15000000E~00 0.26014554E 01 0e54821692E~02 0¢16885737E 03 0s+13533613E-02
0,63539879E 01 Cel9176164E-03 0elb4799999E-00 0e26038254E 01 0e52952874£~02 0e176497268E 03 0e¢13048726E~02
0s64027381E 01 0«18230593€E=-03 0e14600000E~00 0s26061922E 01 0e51125178E-02 0¢18139600E 03 0e¢12575234E-02
0464525475€ 01 Gel7319866E-03 0e14399999E~00 0e26085561E 01 Qet9335144E-02 Qe18814810E 03 0612112956E=02
0e65034524E 01 0.16443068E=03 0e14200000E~00 0626109172€ 01 Qeb7583314E-02 0019525154 03 0011661720E-02
0e65554908E Cl 0s15599305E=03 0+13999999€=00 0e26132757E 01 0ae5869255E-02 0e20273075E 03 0e11221356E~02
Qeb66166152E 01 Qelu783340E=03 0+13800000£=-00 0e2615%56449E 01 Cektl179932E-02 0¢21067345E 03 0¢10788513E-02
0e66T09U65E 01 0613998353€-03 0+13600000E-00 0.26180142E 01 Qet2526148E-02 002190645)E 03 0 10365880E-02
0e67262927E O} 0s13244491E-03 0+13400000£-~00 0e26203808BE 01} Oe40910360E-02 0422792251E 03 0e99540222E-03
0s67828153E Ol 0.125%520978E£-03 0413200000£-00 0e26227447€ 01 0039332393E-02 0+423728032E 03 0+955283089E-03
0.6840%183E 01 0.11827051€=-03 0+13000000E-00 0426251058E 01 0e37792075E~02 0e24717364E 03 0e916223C09E~03
0468994479E 01 0s11161944E~03 0e12800000E-00 0.26274639E 01 0e36289198E~02 0«25764128E 03 0«B87820923E~03
0+69596530E 01 0+1052439%€~03 0412599999E=00 0626298188 01 0e34822552E-02 0e26872547E 03 0e84123149E-03
0470211854E 01 0e99151604E~U4 0e12400000£E~00 0626321706E 01 0e33394898E~-02 0e28047233E 03 0080527862E-03
0+708409%7E Ol 0¢93319793E~04 Cel2199999E-00 0e¢26345191E 01 0¢32002994E-02 0429293200E 03 0e77033928E-03
Oe71484536E O1 0eBT7746107E-04 0412000000£-00 0e26368641E 01 Q0e30664T75T4E-02 0e30615949E 03 Oe 73640160E-03
0e72143087E O1 0e82423190€E~04 0e11799999E-00 0026392056E 01 0429328366E-02 0+32021485E 03 0+70345371E-03
0e72817297E O1 0e773437C8E~04 0e11600000E-00 Oe26415634E 01 0e28045068E-02 0e¢33516400E€ 03 Ge67148314E~03
0473507857€ 01 0s725C041BE=04 0s11399999E~00 0026438776E 01 Qe26797379€~02 0+35107919E 03 0e6404T7734E~03
0674215502 01 0e67886163E=04 04+11200000E=-00 0e26462077E 0} 0e25584981£=02 0436803994E 03 0¢61042366E-03
0e74941006E Ol 0e63493837E~04 0«11n00CO0E-Q0 0s26485340E 01 0s24607537E~02 0¢38613369E 03 0+58130893E~03
0475685208 01 0e59316413E-~04 0410%00000E~00 0426508561E 01 0e23264697E-02 Qe40545700E 03 0e¢55311984E~03
0o 7644B89BBE O1 0e55346977E-04 010400000E~00 0e26%31740E 01 0e22156109€=-02 04¢42611650E 03 0e52584307E~03
0e77233294E O1 0e51578673E~04 0e10299999E~00 0+26554876E 01 0e21081396E-02 0e44B823005€E 03 Oe49946487E~03
0e78039133E 0Ol 0etBC0LTLIE~D4 0+10+00000E-00C 0e26577968E 01 042004017BE=-Q2 Oe4T192857€ 03 0e47397140E~03
078867589E 01 Qelbts618533E=06 0.99799999E~-01 0e26601015%E 01} 0e1903208%5E=02 0s49735741E 03 0e44934862E-03
0479719816E Ol Oet1413466E-04 0+97799999E-01 0e26624015E 01 0e18056626E-02 Oe52467819E 03 0e462558236E~03
QeBUS9TUG2E O1 0+38383070E~04 0e95799999€~01 0e26646969€ 01 QelT112470E-02 0e55407149E 03 0e40265823E-03
DsB1500654E 01 0e435520984E-04 0e93799999E~-01 0e26669%873E 01 0e16202164E-02 0e58573879E 03 0e38056185E-03
0,82832035€ Ol 0e32820942E~04 0+91999999€-01 0e26692729E 01 0415322272E~02 0¢61990607€ 03 035927857E~03
0,83392750E 01 0.30276784E=04 0.90000000E~0Q.1 0426715535€ 01} 0e14473347E-02 0s65682702E 03 0s33879372E-03
0s84384466E 01 0a27882452E=04 0«88000000E~01 Ce26738289E 013 0e135654931E-02 0e69678721E 03 0431909236€E~03
0e85408992E 01 0425632014E~04 0e85999999E-01 0426760991E 01 0012866566E-02 0e¢74010888E 03 0+30015971E-03
DeB85468284E 01 0e23519637E~04 0484000000€E~01 0+26783639E 01 0e12107779E-02 0e78715663E 03 0¢28198074E-03
0eBT564465E 01 0e21539606E-04 0.81999999E-01 026806234E 01 0e11378093E~02 0eB83834430E 03 0e264564041E~03
0,88699838E 01 0s19686317E-04 0479999999E~01 0e26B828773E 01 0410677020E-02 OeB9414262€ 03 0e24782357E~03
0s89876920E 01 0s17954290E~04 0e77999999E-01 0e2685125%E 0} 0¢10004072€6-02 0+95508908E 03 0e23181511£-03
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TABLE IV.-

FLOW PROPERTIES OF CoH)-AIR COMBUSTION PRODUCTS - Continued

(b) Req = 0.7T;

Ty = 1,900° K; T* = 1,678.6° K

Ao »/pe T[T Vfay a/p, Afae o/o,
Oe 0+09999999E 01 0409v99999E 01 Os O Ce 0409999999€ -01
0432103197€-00 0a93756385€ 00 049080842105 00 0e31904475E~00 066084 7906E-01 0e19433614E 01 0e95007965€ 00
et 5647816E~00 0.,87846262E 00 0e97568421E 00 0e45080835E~00 0e11536767E-00 0el4482895E 01 0¢90223121€ 00
0456212743E CO 04822%%51E 00 0.96G5%52631E 00 0.55163272F 00 0e16396639€-00 0012469320E 01 0+85639162€ 00
0e65273906E 00 0476968094E 00 Qo4 /36Q42E 00 Ge63641495€ 00 0420705052E~00 0¢11392306E 01 00812408094E 00
0473397953 00 0+71969621E 00 0e934210%2E 00 0710927465 00 0e24499799E-00 0s 10754999 01 0e 77042356 00
0.80875652€ 00 0467246319E 00 0+92109263E 00 0778132535 00 0e278164565-00 0¢10368104E 01 Ge73015029E 00
0.,87881908€E 00 0s62784547E 0O 0s90789473E 00 083979981 00 0e30688909E~00 Oel01&42428E 01 0e69158810€ 00
0.94524368E 00 0.,58572642E OO0 0e894T3684E 00 0489706730 00 0e33148538€E=-00 0610030168 01 0s65468432E 00
0+10088265E 01 Qe54599036E 00 0+88]157T894E 00 06495072963E 00 0e35225284E~00 0¢ 10003457 01 0461938124E 00
010701400 01 0+%0852493E 00 0e8684210%€ 00 0s10013672E 01 0e3694765%51€-00 0410065097E 01 0+58562239E 0O
0el11296164E 01 Ced7322256E-00 0.85526315E 00 0el0494184E 01 0038342629E=00 0s10144120E€ 01 06553352855 00
0e11876083E 01 0,43997917E=-00 0+84210526E 00 0610952266E 01 043943593BE~00 0¢1029339%¢ 01 0+452252050E Q0
Oel2463887E 01 0440869510E=-00 0eB82894737€ 00 0e11390579E 01 0440251783E=00 0+10488377€ 01 0449307289€-00
0413001864 01 0e37927479E=-00 0e8157894L7E 00 0.11811385€ 01 0+40813097E~00 0e10726275E 01 De46495987E~00
0,13551935€E C1 Qe351062652E~-00 0eB80263157E 00 0e12216485E 01 Deb1141569E-00 0¢11005583E 01 Qe 43813291£-00
0e14095787E Ol 0632566249E~00 0478947368E 00 0e12607399E 01 Oe%1257670E~00 0e11325788E 01 00412564491E-00
0e14634860E 01 0e30129842E-00 0s77631579E 00 0e12985416E 01} Oe%1180756E=00 0s11687165E 01 0¢38815048E-00
0415170442€E O) 0.27845355E-00 0e76315789E 00 0+13351638E 01} 0040929075E-00 0¢12090667€ 01 0¢36490551E-00
041%5703958E 01 0e25704850E-00 0s75000000E 00 0¢13707048E 01 0e405%19713E~00 0+125%37912E 01 0e34276467E-00
0616235751€ 01 0423701212E~00 Qs 73684210 00 0e14052428€ Ol 0e39969036E-00 04130309275 01 0632169071E~00
0s16767050€ 01 0421827462E-00 0e72368421E 00 0e14388478E 01 0e39292419E~00 0s13572308E 01 0¢30164536E-00
0s17298746E Ol 0420076850€-00 0e71052631E 00 Oa14715822€ 01 0¢38504313E~00 0e14165203E 01 0+28259072E-00
Oe17831714E 01 0el8442871E~00 0e569736842E 00 0e15035020E 01 0e37618276E-00 0¢14813332E 01 0e26448953E=-00
0e18366703E 01 0616919324E=-00 0s684210%2E 00 0e153465615 01 0e36647136E-00 0e15520963E 01 0024730647E~00
0418904532E 01 0615500241E-00 0,67105263€ 00 0e15650888E 0} 0e35602830E~00 0¢1629303%E 01 04231006472-00
0el9445979E 01 Oel4179894E~00 0s65789473E 00 0e159403985 01 Ce36L496540E-00 0e17135200£ O} 0e21555543c=00
0019991845 01 0412952788E-00 Uebb6TIGBLE 0O 0e16239455E 01 0¢33338702E~00 0e18053874E 01 0420092008L-00
0420542824 01 0¢11813670€E~00 0e63157894E 00 0e16524385€ 01 0032139040E-00 019056365 01 0¢18706816E-00
0421099733 01 0el10787507€E-00 Ceb61842105E 00 0e16803484E O] 0¢30906600E=00 0e20150959E 01 0417396832E-00
0e21663371E 01 Qa97794816E-01 0.60526315€ 00 Ce17077024E 01 0s29649768E-00 0021347083 01 0416159000E-~00
0e22234931€ 01} 0.88749091£-01 0e99710526€ 00 0e17345282E 01 0e2B8376132E-00 0422655612E 01 0014990222€~00
002281420%E 01 0,80395085€£-01 0e57994737¢ 00 Cel76084505 01 0e27092066E~00 0«24088548€ 0] 0¢13887801E-00
0e23402487€ 01 0.72691241E-01 0e56%T8947€ 00 0e17866722E 01 0e25807291£-00 0e25659613E 0] 0012849027E~00
0424000651€ O1 0¢65597609€=-01 0e55763157€ 00 0+18120282€ 0O} Qe24524916E~00 0e27384517E 01 0s11871216€E=00
0024610034 01 0e590756452€E-01 0e5394T368E 00 0.18369322€ 01} 0¢23251336E~00 0.29281469E 01 0010951642E-00
0425230581E 01 0¢53089195£-01 0e52n31579E 00 CelB8613966E 01 0e21991883E~00 0e31370696E 01 0410087933E-00
0e25863764E 01 CetT60639T7E=01 0e51715789E 00 Oel8854344E 01 0e2075122BE-00 0e33675595E O1 0e92776620E-01
0e26510703E 01 0e42588033€£~0] Ue50w00000E 00 0e19090580E 01 0a195323536E-00 0436223123E 01 0e85184430E-01
027172640 01 0438008709E~01 0s48084210E-00 0e19322784E 01 0e18342571E~00 0e39044256E 01 0¢78079743E-01
0,27850778E 01 0433836244E-01 0e473684215~00 0419551076E 01 0el17181464E~-00 Get2175296E 01 Qs 72439175E-01
0428546604E 01 0¢30042033E~0) 0e06052631E-00 0+419775%62E 01 0e16052054E~00 0245658202E 01 0e65240549E=01
0e29261685%E 01 0426598955E-0] Dottt T736842E-00 0419996343E 0] Oel4959767E~00 0.649541983E 01 0e59462242E-01
0e29998310€ 01 0e23481034E-01 Oets3421052E=-00 0e420213533E 01 0e13903499E~00 0e53884T7T36E 01 0e54082557E-01
0a30758714E 01 0420664395E=-01 0a42105263E-00 0620427193 01 0e12886234E~00 0+58753040€ 01 0e49082444E-01
0e31539644E 01 0s18126211E~01 0e40789473E=-00 0420637390€ 01 0411909416E~00 0e64226156E 01 Oebtu42504E-01
0e32349379E 01 Q0e15844818E£-~0) 0s39473684E=-00 0620844191 01 0+10974170E-00 0s70398116E 01 0e40143863E-0]
0633189549 01 0s13799469€~01 0e38157896E~00 0021047693 01 0¢10081137E~00 0e77382483E 01 0e36167465E~01
0e34059844E 01 0s11971378€~01 Ce366842105E=00 0e21267913E Ol 0e92311291E-01 0e85311806E 01 0e32496743E-01
0e34964735E 01 0e10342564E-01 0e35526315€E~00 0e21444884E 01 0eB4245771E~01 0e94345951E 01 0029115101E-0]1
0e35907775€ C1 0.88960221E-02 0e34210526E=00 0e21638644E 01 0e7661589%E~01 0s10467882E 02 0e26006167E-01
0+36892678E 01 0.76158877€-02 0e32894737€~-00 0621829213E 01} 0.69421328E-01 0e1165%44T77E 02 0e23156446E~01
0e37925040E 01 0.646869642E=-02 0e31578947E400 0e22016657E 01 0e62656960E~01 0013023560€ 02 0020543960E-0]
0439009852 01 0.54951718E=-02 0630263157€=00 0e22201028¢ 01 0e56316541E~-0] 0e16611163E 02 0e1B159646E-01
0e40153336E O1 Cets6274301E-02 0e28947368E=00 0422382376E 01 0e50392500E=01 Qel6462203E 02 0¢15987153E-01
Oe413580662E 01 0438719644E=02 0e27631579€-00 0e22560647E 01 Cets4BT98BH6LE~O1L 0e1B631495E 02 0e14014126E~0]
Oe42646277E 01 0.32168598€£~02 0426315789E~-00 0422736029E 01 0e39761958E-01 0521193103€ 02 0012225202E-01
0e42913955E 01 0.30969311E-02 026052631E-00 De22770771E 01 0e38784502E-01 0e21760416E 02 0e11888316E-0]
0643185227€ 01 0e29805115E-02 0e25789473E=00 0s22805403E 01 0e37822186E-01 0e22348008E 02 0s11558160€6-01

9%6¢T~1
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TABLE IV.- FLOW PROPERTIES OF CoH)-AIR COMBUSTION PRODUCTS - Concluded

D) Req = 0.7; Ty = 1,900° K; T* = 1,678.6° K - Concluded
eq t

N »/3 7Ty /s, 9, A pfpy
Oe%3460184E 01 0e28675220E-02 0425526316E=-00 0e22839926E 0) 0+36B74896E~01 02295%6812E 02 0011234635E~01
0e43738929E 01 0e27578866E=-02 0s2526315%57E=00 0e22874341E 0} 0s35942540E-01 00235878045 02 0e10917649E~01
0e%4021561E 01 0e26515297€~02 0425000000£=00 0e22908649E 01 0.35025008E=01 0e24242027€ 02 0+10607105E=01
Os44308187E 01 0425483770E-02 0+24736842E~-00 0e22942850E 0Ol 0e34122194E=01 0+24920577E 02 0+.10302907E-01
0046598915€ 01 0¢26483560E=~02 De244TIQB4LE~D0 0.22976945€ Ol 0033233999€-01 0e25624616E 02 0e10004965E=01
Oo4&uB893861E 01} 0e23513953E~02 0e24210526E~00 0023010936 01 0s32360318E-01 0426355375 02 0e97131883E5-02
0e45193142€ 01 0s225T4246E=-02 0e239%736BE-00 0e23044822€ 01 0431501045%€E~01 0e27114155€ 02 Oe94274850E-02
Oe45496880€ 01 0e21663749E~02 0423684210E-00 0423078604E 01 0e30656078E-01 0427902340E 02 0e916477672E~02
0445772097€ 01 0020784484E-02 04234.21052€~00 0e23112179€ 01 0429828911E-01 0+28717801E 02 0eB8T50991E-02
0e%6085690F 01 0419933344E=02 0e23157895€~00 0e23145%5633E 01 0029016300E-01 0e29564T83E 02 0eB5083B11E-02
Oe46404827E 01 0.19109076E-C2 0e22394736E-00 0423178992E 01 0e28217331E-01 06e30445724E Q2 DeB3472694E-02
Cak6729672E 01 0¢18310998E~02 0e22731579€E-00 0s23212259E 01 0e27431829E-01 0e31362475E 02 0eB0916584E-02
0447060393E 01 0el17538452E~02 0e22168421E-00 0623225436 01 0e26659630E-01 0632317016E 02 Qe TB4144I)E~02
Qe@7397161E 01 0.16790795E-02 06422°.09262E=00 0e23278526E 01 0025900573E-01 0e32311471E 02 0e75965426E~02
Qet77401628 01 0s16067405E~02 0a21042105%E-00 0423311534E 01 0225154%03E=01 0e24348106E 02 0e73568455E-02
Qe48089585E 01 Q0el15367672E~C2 0e21578947E-00 0e23344461E 0} 0e2442127%E~01 0e35429352E 02 0e71222665E~02
DekBaL5624E 01 0e14691004E~02 0.21415789E-00 0.23377311E 01 0e23700744E=01 0e26557818E 02 0e68927171E-02
0.48808486FE 01 0e14036826E-02 0e21052631E-00 0e23410086E O} 0e229927TT4E-01 037736299E 02 0e66681127E=02
O449178386E 01 0s13404577E-02 0.20789474E~00 0e23442791E 01 0422297239E-01 0+38967804E 02 0e64483712E~02
0e49555549E 01 0s12793709E-02 0+20526315E=-00 0e23475428E 01 0s21614007E-01 Qe40D255564E 02 0e52334124E~02
06449940207E 01 0412203688E-02 0e20263158E-00 0e23507998E 01 0020942961E~01 0s4160305%E 02 0e60231596E~02
0650332603E 01 0411633995€~02 0e20000000E=~00 0+23540507E 01 0e20283986E-01 0ea3014036E 02 0e58175389c~C2
0450732993€ 01 0e11084121E-02 0e19736842E-00 0e235729%5E O} 0e19636970E-01 Qe0s49254%E 02 0eS6164TTHE~02
Oe51141644E O1 0410553572E-02 0e194T73684E-00 0e23605347E 01 0+419001807€-01 Oeu6042953E 02 0e54199057E~02
0e51558837E 01 0e10041662E~-02 0e19210526E=00 0e23637684E 01 0¢18378398E-01 Cets766998B1E O2 0e52277568E-02
0e51984863E 01 0e9%485204E-03 0.18947368E-00 0623669971E 01 0el7T766644E~01 0e49378739E 02 0e50399654E-02
04526420028 01 0.90730853€-03 0e418684210E~00 0023702209 01} 0417166457E-01 0e51174764E 02 0e485646915-02
08528648656 01 0486151052E~03 0618421052E-00 0e23734401E 01 0e165777465-01 06530640595 02 0s44772063E-02
0¢53382670€ 01 0481718349€-03 0418157894£=00 0e23766723E 01 0e15996151E-01 0+55068278E 02 0e5008494E5-02
0e53866329E 01 0e774L4L9667E~03 Qe17894737E-00 0e23799033E 01} 0e15425373E-01 0e57183%T4E 02 0e43284722E-02
0e54319179E 01 0e73345955E~03 0e1763157BE~00 0023831299 01 0e14B866310E=01 Qe594L14465E 02 0e01603068E-02
0:54801569E CO1 0e69403318E~03 Cel7368421E-00 0e23863516E 01 Oe14318963E-01 0617689998 02 0039963204E-02
0455293863 01 0e656178T4E~D3 0el17105263£-00 0e23895684E 01 0e13783329E-01 Oe66255902E Q2 0e38364786E=02
0455796447E 01 0eb1985760E-03 Cel6842105€=-00 0623927802E 01 0e13259403E-01 Oe56BBLEELIE 02 043680T465E~02
0+56309729€ C1 0e58503125E=-03 0«16578947E-00 0+23959868E Ol 0el274716%E-01 Ceab69665590E 02 0e35290881E=02
0.56834139E 01 0e55166136E-03 0e16315789E~00 0¢23991881E Ol 0012246609£~01 0e72609947E 02 0e33814648E-02
0,57370132€ 01 0e5197097T4E-V3 Oel6052631E~00 0#24023840€ O} 0e11757696E-01 0e75729977E 02 0+32378373E-02
057916191E 01 0e489138515-03 0e15789473E~00 002405574 2E O1 0e1128060015-01 0e¢79039088E 02 De30981654E~02
0e58478826E 01 0e45991000E-03 Cel15526316E=-00 0424087588E 01 0+10814685E-01 0e82551912E 02 0e29624077E-02
0459052579E 01 0s43198673E~03 0e15263157E=-00 0a24119376E 01 0e10360505E~01 DeB6Z2B4509E 02 0¢28305212E-02
0e59640023E 01 0440533159E=03 0e150000Q00E~00 Ga24151103E 01 0e¢99178133E~02 0e902544T4E 02 0e27024619E-02
0«60241771€ 01 0e37990776E-03 Oal4736842E-00 0e24182770E 01 0494865571£~02 0e94481130E 02 00257818%53E-02
0s60858473E 01 0e35567872€~-03 0el4673684E~00 Ge24214374E 01 0e90666756E-02 0e98985783E 02 Qe24576452E~02
0e¢61490820E 01 0e33260836E~03 0el14210526E~00 Dell245914E 01 0e86581068E~02 0s10379186E 03 0e23407950E-02
0e62139550E 01 0e31066081€~03 Qel324T7368E~00 0e24277390€ 21 0eB82607788E=~02 0s10892528E 03 00222758686E-02
0462B05448E O} 0e28980072€~03 0el13m84210E=-00 0e24308799E 01 0e78B746186E~02 Oell4sulu67E 03 0e21179714E-02
0e63489360E 01 0e26999301€-03 0e13221052E-00 Ce24360142€ 01 Qe 7T499545TE=02 0412029176E 03 0e201189986k-02
0e64192183F 01 042512031CE-03 0e13257894€£~00 0e24371415E 01 0a71354751E~02 0e12659180E 02 0¢19093211E-02
0e64914885E 01 0e23339684E~03 0s12994736E=-00 0e24402620€ 01 0e67823187E~02 0+13335398E 03 0e18101846E-02
0e65658496E 01 0421654049E-03 0.126031579E-00 Ce24433753E 01 0e64399816E-02 0e14062200E 03 0el17144383E~02
0e66624132E 01 0.20060081E-03 0e12568421E~-00 0e24464814E 01 0e61082660E-02 Oslu844466c 03 0s16220297€-02
0.67212985E 01 0e18554500£-03 0e12105263E-00 0e24495801E 01 0e57873685E~02 0e15687664E 03 0+15329056£-02
0e68026347E 01 0e17134076E~03 0.11842105€-00 De24526714E 01 0e54768809E-02 0e16597925E 03 0s146470121E-02
0+68865609€E 01 0e15795631E=03 0sl115789647E~00 0s24557551€ 01 0e51767931E~02 0e17582150E 03 0e13642950E-02
0469732274 01 0el16536034E-03 Cell31%78B9E~00 0e24588311E 01 0e%8869883E-02 Os18648124E 03 0e12846991E~02
0670627972E 01 0e13352211E-03 Q0el1052631E~00 0e26618994L 01 0e4607266TE-02 Q0e¢19804648E 03 0e12081695E-02
0a71554470E O1 0e12241139€-03 0610789473E£-00 Qe24649598E 01 0e43377452€6~02 0e21061704E 03 0e11346501E-02
0s72513688E 01 0s11199851E-C3 0s1052631%€E=-00 0e24680120E 01 0e60780564E-02 0e22430646E 03 0e¢1064084BE-02
0473507720€ 01 0el10225433E~03 0s10263158E~00 0e24710563E& 01 0e38281485E£-02 0e23924430E 03 0499641693£-03
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TABLE V.- FLOW PROPERTIES OF CHy-AIR COMBUSTION PRODUCTS
[I.etter E denotes that number to left of E is to be multiplied by
10 to the power indicated by number to right; for example,
0.104T9973E 01 = 0.10479923 X 101]
() Req = 1.0; Ty = 2,200° K; T* = 1,969.1° K
e /5 T[Ty /s, afp, IV ofey
Qe 0409999999€ 01 0+09999999E 01 O Qe Ce 0409999999k 01
0432031149E-00 0e93925402€ 00 0.98863636E 00 0+31872664E~00 0e¢59206981E-01 0e19553246E O1 095025802 00
Oe45421194E-00 0.88206812E 0O 0e97727273E 00 Debh9869694E~-00 0411199609E-00 Oale5B844buE Q1 Qe90295967E 00
0+55786669E 00 0.82821533E 00 0e¢96590%09E 00 0¢54951788E 00 0«15850032E-00 0.12561180E 01 085795892E 00
O0.64608930E 00 0.77749030€ 00 De95654NSE 00 0.63312786E 00 0e20040445£-00 Oell475126E 01 0eB81513561E 00
0e72460299E 0O 0472970086E 0O 0«94318181E 00 0670633470E 00 0e23695260£~00 0e10827357E 01 0e77436506E 0O
0,79635032€ 00 Ueb84666784E 00 049318181BE 00 0e77212833E 00 0s26895290E~00 0e10427655E 01 0e73553377E 00 q4
0486305806E 00 0,64223028E 00 0492045454E 00 0483228403E 00 0e¢2967T486E-00 0e10186332E 01 0+69853690E 00 [}
0492593609€ 00 0460222399€ 00 0e90909091E 00 0.88798021E 00 0e32077403€E-00 0e10054854E 01 0066328166E 00 W
0.98577103E 00 0456450021E 00 0e897T72727E 0O 0094003578E 00 0s34126489E-00 0«10005210E 01 0e62966304E 00 }5{
0e10431547E 01 0e52892207E 00 0.88436363E 00 0+98904860E 00 0035853730E-00 0e10019746E 01 0e59759153E 00
0.10985625E 01 Oet9535378E~00 C.87%00000€ 0O 0410354847€ 01 0s37265687E~00 0+10087301E 01 0¢56697001E 00
0+11522983E 01 0e46365030E-00 0.86363636E 00 0«10796801E 01 0a3B8447113E-00 0¢10200109E 01 0s53774809E 00
0412046519E 01 0443382770E=00 0485%227273€ 00 0e411219089E 01 0e39360128E-00 0e10353199E 01 0450985491& 00
0el12558533E 01 0ab0566651E~00 0e847190909E 00 0e¢11623970£ 01 0¢40045600E~00 Gel0543217E 01 0e4B8322695E-00
0413061035E 01 0437911163E-00 CeB2754545E 00 0.12013339E 01 0440522820E-00 0«10768060E 01 0e45780189E-00
0e13555486E 01 0e35407785E~00 0+8l0lB81B81E 00 0012388725 01 Ce%0809858E-00 0¢11026431E 01 0+¢43352006E-00
0e14043356E 01 0e33048386E~-00 0.800u81818E 00 06127%14464E 01 0e409233649E-00 0e11317790E 01 0e41035315E~00
Cal4525887E 01 0.30825257€~00 0279245454E 00 0e¢13102630£ 01 Qe40878821E~00 Del1642160E 01 0e38822793E-00
0e15004285E 01 0e28730991E-00 0e«7840%9091E 00 0el13463288E 01 0e40690456E-00 00)2000143E 01 0036710209E~00
Oe15479290E 01 0e26758938E~00 Qe77272727€E 00 0e13774243€E 01 Ca%0372610E~00 0¢12392431E 01 0034694011E-00
0e15951881E 01 0e24902714E=-00 0e76136363€ 00 0el&096231E 01 0e39936978E-00 0s12820390E 01 0e32769856E-00
Os16422873E 01 0e23156247E-00 0«75000000E 00 0e14409909E 01 0e¢39395892E-00 0+13285679E 01 0030933840E-00
0.16893190E 01} 0421513584E~00 0.73863636E 00 0s14715900€ C1 0e38759912E~00 0e13790420E 0} 0029181959E-00
0.17363139E 01 0619969575€-00 0a72727273E 00 0e15014676E 01 0¢38039570E-00 Del4336853E 01 0s27511165€E~00
0417833509 01 0elB8519186E-00 04715909098 00 0e15306679€ 01 0e3T244516E-00 0614927673E 01 0e25918251E-00
0e18304919E 01 0e1iT157576E~00 0e70454545E 00 015592317 01 0e¢36383791€~00 0e15565970E 01 0424400120€E-00
0,18778231€ 01 0e15879995€~00 0.69318181E 00 0.15871992E 01 0035465590£~00 0+16255402E 01 0022953539E~-00
0e19253296E 01 Celeb682265€-00 0e.68181818E 00 0el6145995E 01 0e34498314E-00 0e616999666E 01 0e21576133E-00
0419730938E 01 0e13560290£=-00 0s07045454E 00 0elb414607€ 01 0+33439367E~00 0+17803156E 01 0420265219E=00
0420211688€ 01 0.12510123€~00 0.65909091E 00 0e16678094E 01 0a32465753E-00 0e18670762€E 01 0+19018240E-00
0420696418 01 Cal1527887E-0C 0s64772727E 0C 0.16936728€ 01 0431372870E-00 Qe19608071E 01 0e17832590E-00
0e21184685E 01 0e10610118E-00 0,63636363E 00 0.17190693E 0Ol 0¢30279914E-00 0e20621118E 01 0e16706029E=00
0s21677390E 01 0e37534245E-01 0.62500000€ 00 0e17440177E 01 0e29169756E-00 0e21716586E 01 0015636386E-00
0622175C43E O1 CeB89545276E-0] Qet1363636E 0O 0017685357 01 0e280648752E~00 0e22902019E 0} 0e14621476E~00
0422678084E 01 0e82103066E-01 0.60227273€ 00 0e17926391E Ol 0426521868E=-00 0e24185839E 01 0013659185E=00
0423187295E 01 0e75177081E~C1 0+5909090%E 00 0+18163445E 01 0s25793753E-00 0e255T7445E 0O} 0e127647454E-00
Gs23703145E O} 0e68738278E-01 0e57954545€ 00 0418396667€ 01 0e24668503E-00 0e27087557E 01 0411884197E-00
0424226227E Ol 0eb62758942E=01 0+56818181€ 00 Ce18626197€ 01 0e23549951E~00 0e28728150E 0] 0011067434E=00
0s24757843E 01 0457211502E=01 0455681818BE 00 0.18852210E 01 0e22641288E-00 Ce30513216£ 01 00102950%2E-00
0e25296669E 01 0e52072371E=0C1 Os54545454E 00 0.19074761E 01 0e213461B%E~00 0e32457294E 01 0695654941E~01
0e25844122E 01 Qee7318092£=-01 0+53409091E 00 0419293925E 01 0420267795E-00 0e34577020E 01 0¢88770911E~01
0426400854E 01 Oe2925884E~-01 0452272727 00 0e19509783E 01 0e19208889E-00 0436891273E 01 0e82281601E-01
0426967164E 01 0.38874403€-01 0.51136363E 00 0419722383E 01 0+18172160E-00 0e39420880E 01 0e76171608E~01
0a27544916E O1 Qe35141903£-01 0¢50000000E 00 0e19931838E 01 Oel7159449E-00 0e42190776E 01 0e70422912E=01
0.28134485E 01 0.31708036£-01 0e6B8r63636E=00 0,20138239E 01 0e16172569€E~00 0e45228890E 01 0465019165E=01
0.28736766E 01 0428553561E=01 Qe7727273£-00 0.20341668E 01} 0e15213110E-00 O+48567083E 01 0e59984624E-01
0.29352937€ 01 0425660043€-01 Oe46590909E-00 0620542210E 01 0¢14282329E-00 0052242216E 01 0455183601€-01
0.29983395E 01 0423010325€~0] 0sls5.564545E-00 0420739925E 01} 0¢13381582E~00 0456295439E 01 0450722241E~0)
0430629507€ 01 0e2058799%E=-C1 Oelss 418181E=-00 0220934872€E 01 0¢12511805E-00 0e607TLB40OE 01 0e4654624BE-01
0631292467€ 01 0e18377442E-01 0.43°81818E-00 0621127110E O1 0e11673780E=-00 0e65735820E 01} 0eb2641911£-01
04319764963C 01 0e16363355E=-01 Oet20045454E=-00 0e21316746E 01 0e10867840E-00 Cua712446467E 01 0¢38994808E-01
0e326T74368E Ol 0el4532514E=-01 0e40709091E-00 0e21503761€ Ol 0e10094808BE-00 0e77373074E 01 0035593816E-01
0e33393833E O} 0e12871935€~01 0e39/72727€-00 0e21688166F 01 0e¢93551893E-01 0eB4206136E 01 0s32427409E=01
0e34134960E 01 0e11369141£=-01 0436636363E-00 0.21869981€ 01 0+s86492167E-01 0491842800k 31 0e29483926E-01
0e34899469E C1 0.10012352€-01 0.37500000E-00 0e22049215E 01 0e79770037E~01 0e10039841E 02 0e26752160E-01
0e35689%5%9E 01 0.87902193E~02 0436363636E=00 0e22225904E€ Q1 0e73383772E=-01 0«11001018E O2 0e24220689E=-01
0436507087E O1 0.76920822E=-02 0.35227273£-00 0422400075E 01 0e67330632E~01 0¢12083988E 02 0021878578E~01
0e3735%54814E 01 0e67079104E~02 0.34090909E-00 04225717%2E 01 0s61606730E-01 0413307934E 02 0s19715279E-01
0e38236051E 01 0e582B2156E=02 0¢32954545€£=00 0e22740972E 01 0s56206602E-01 0e14695866E 02 0s17720445E=01
0e39151945E 01 0450462239€-02 0s31818181£=-00 Ca22907742E 01} 0e51124919€E-01 0s16275080E 02 0e15884495E-01
0,40106788E 01 0e43476605E~02 0.30681818E~00 0+423072077€ 01 0e%6355052€~-01 0.18078531€E 02 0e14198060E~01
Cat11064995 01 0e373076345=-02 0029545454500 0e23233996E 01 Qs41889392E-01 0e20146210E 02 0012652069E-01
Qel21649370% 01 0s318631795=02 0e28409091E~00 0423393504E 01 0s37719988E=01 0e22526682E 02 0e11237930€=-01
Oe43264703CE 01 0e27u75019E~02 0e27272727€-00 0e23550636E 01 0¢33837225€~01 0e25280254E 02 0e99470609E-02
Da4603195E 01 0.22880080E-02 0.26136363E~00 0.23705421€ 01 0e30231311E-01 0+28481589E 02 0e87713613E~02
Os@5624713E 01 0e19219989E=~C2 0+25000000€~00 0+23857881E 01 0e26892188E-01 0e3222398%E 02 0s77031393E-02
De84691449%E O1 0e16C42513E=02 0,23863636E~-00 0e264007952E 01 0e23811970E-01 Oe36621259E 02 0e67358195E-02
0e4B8296B57E 01 0.132947725-02 0e22727273£-00 0e24155792E 01 0e20976134E-01 0e41828217E 02 0+58612228E~02
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TABLE V.- FLOW PROPERTIES OF CH)~-ATR COMBUSTION PRODUCTS - Continued

(a) Req = 1.0;

Ty = 2,200° K; T* = 1,969.1° K - Concluded

Ma »/pe /14 /s afv, Y/ ofpy
0eB586653E O1 | 0.12792595€-02 | 0.22699999E-00 | 0.26185102E 03 | 0420437194E-01 | 0.42983340E 02 | Oe56967977E~02
0e48876452€ 01 | 0.123053796-02 | 01222727276-00 | 0424214327 01 | 0.19907452€-01 | 0e44180459€ 02 | 0.55357470E-02
00491723616 01 | 0011832779602 | 0422045454E-00 | 0.24243468¢ 01 | 0.193868186-01 | 0445421529 02 | 0.53780195E~02
0049472467C G1 | 02113744626-02 | 0.21818181E-00 | 0+24272526E 01 | 0.18875200E-01 | 0.46708608E 02 | 0.52235644E-02
0049776942€ 01 | 0010930094E-02 | 04215509%096=00 | 0:24301501€ 01 | 0.18372511E~01 | 0.48043879€ 02 | 0450723318E-02
0450085843E 01 | 0.10499354E-02 | 0.213636365-00 | 0.24330395€ 01 | 0.17878664E=01 | 0.49429655E 02 | 0.49242727E-02
00503993106 01 | 0.10081924E-02 | C.21136366E-00 | 0424359207 01 | 0.173935716-01 | 0.50868379€ 02 | 0a47793288E-02
0650717473E 01 0.96774911€E~03 04209G9090E~00 0e264387936E 01 0e16917146E-0] 0e52362634E 02 Oo4637464826E-02
0451040459€ 01 0.92857484E-03 0a2068181EE-0Q De24416588E 0} 0el6449302E~01 0¢53915172E€ 02 Qe kb986567E-02
0.51368404€ 01 | 0.89063957E-03 | 04204 54545E-00 | 0s2444516CE 01 | 00159899546-01 | 0.55528909€ 02 | 0o436281526~02
Ce51663169E 01 0e85403083€E-0C3 G.2022727:E=CO 0e2447355EE 01 0e15561029E-01 0e57199321E 02 0e42304920E-02
0452002161€ 01 | 0.81861375€-03 | 0425100000£=00 | 0424501864E 01 | 0415100683€~01 | 0458935376 02 | 0s41011316E~02
0052347349E O1 | 0278433360€-03 | 02197727276-00 | 0424530096 01 | 0.14668376E-01 | 0.60742223E 02 | 0.39745386E-02
0.52698907€ 01 | 0475116111E-03 | 0419%65455E-00 | 0.24558257€ 01 | 0.142429926-01 | 0.62623783E 02 | 0.38507205E-02
0453057024€ 01 | 0471906762E-03 | C.19%18181E-00 | 0.24586351€ 01 | 0413827414€-01 | 0.6u584253E 02 | 0.37295848E~02
0053421886E 01 | 0.6880252:€-03 | 0+19+90905E=00 | 0+2461438CE 01 | 0413418528601 | 0.66628113€ 02 | 0+36110609€-02
0e53793704E 01 Ca65800657€=C3 CelBn6363€E~00 De2464234EE 01 0e13017229E~01 0+%8760181E 02 0e34951011E~02
Ce54172675E 01 Cab2698657E~023 Cel8436363E=Q0 Oe2467025%E 01 0e12623413E-01 0e70985612E 02 0033816984E-02
00545590228 01 | ce600938515-03 | 9418+0909CE-00 | 0.24698105€ 01 | 0.12236981£-01 | 0.73309937E 02 | 0432707877E~02
0e54952971E 01 | 0057383762503 | v418781816E=00 | 04247259016 01 | 0411857835601 | 0e75739108E 02 | 0e21623251E=02
0055356759E L1 | 2454766C30E=03 | Gal7y5u5a5E=00 | 0424753645E 01 | 0.11485887E-01 | 0478279521E 02 | oe30562688E-02
Ge55766630F U1 | L.52238246E-03 | Col77272726-00 | 0424781340 O1 | 0,11121044€-01 | 0480938052E 02 | 0029525777E-02
Ge56182845E o1 | Cees798110E-03 | C217500000E-00 | 0s24808988E Ol | 0410763222E=01 | 0.83722130F 02 | 0+28512122E~02
ve56609672E U1 vebTu63411E-03 Lel7272727E-00 0e26B836592E 01 0a10412340€~01 QeB66IFTHLE 02 0e27521345E~02
Ge5T065392E Gl | ce9517196/E-C3 | 0o17045454E-00 | 0.24864155E Ol | 0s10068318E=01 | 0489699543E 02 | 0e26553079E-02
Ge57690295E 01 | ce02981592E~C3 | (o168181B1E=00 | 0.24891877€ 01 | ©.973108156-02 | 0.92910875E 02 | 0.25606965E-02
Co27946T0sE U1 | Se4uB7C274E~03 | 0216590909E-00 | 0424919166E 01 | 0+94005579E~02 | 0+96283833E 02 | 0e26682663E=02
Ge56608920F <1 | C1388359625-03 | 0e16363636E-00 | 0s24946617€ 01 | 0.90766765€~02 | 0.99829366€ 02 | 0423779839E-02
Ce58B833UVE 1 Ce36376681E-03 0416136363E-00 De2497403€EE 01 0e87593719E-02 0e10355934E 03 0e22898173E-02
Ge593682-C% 1 Le34I90492E-03 0e19909091E~00 0.2500142BE 01 0e844LB5TB3E~02 0e10748668E 03 0e2203735%0E~02
859940907 1 Le33lublCeE=-U] Cel5681818E=-00 0e25G28952E 01 0+Bl41T845E~02 0e11165972E 03 0021190422E-02
LvebLU4bT4LE i Ce3140B282E-02 Oel5454545E«00 0e25056481E 01 0s78411075E=02 Cell606899E 02 0e20363040E~02
2e60962651E o1 | ca29720540€-03 | Ca152272726-00 | 04250839786 01 | 0.75470433E-02 | 0412072387¢ 03 | 041955641902
De61689vi2E vl | ve25100241€-u3 | 04150000006-00 | G25111445E 01 | 0.72595804E=02 | 012564168 03 | 0418770397€-02
18 62026253E U1 Ce26565711E=02 0.,14772727E=-00 0+25138879E 01 0e69787044E=02 0el3084123E 03 0418004802602
1062570777E ©1 | 2e25055311€~03 | 0u14545656E-00 | 0.25166276E 0) | 0.67043979€~02 | 0.13634298E 03 | 0.17259458E-02
1063135030 01 | 2e23627388€-03 | 0014318182600 | 0.25193641€ 01 | 0464366372E-02 | 0.16216918E 03 | 0.16534174E-02
0e6370750.E 01 | 0+22260308€-03 | 0414090909E-00 | 0425220966E 01 | 04617539756-02 | 0.14834415€ 03 | 0.15828758E-02
Ve 6L292663CE 1 Ce20952439E-03 0e13863636E-00 0e2524B8253E 01 059206502E=02 O0s15689434E 03 0e15143006E-02
LebuB91098E O1 Ce1970216CE=-03 0413636363E-00 0425275499 01 0e56723636E~02 0e16184873E 03 Oe164476711E-02
04655033226 01 | 0.18507858£-03 | 0413409091600 | 0425302704¢ 01 | 0454305028602 | 0416923903 03 | 0s13829660E-02
0466129946E O1 | 0417367933E-03 | 0413181816600 | 0.25329866E 01 | 0.51950287€=02 | 17710000 03 | 0.13201628E-02
066771600E 01 | 0+16280800€-03 | 0412954545E-00 | 0425356984E 01 | 0.49659016E~02 | 0418546976E 03 | 0+12592392E-02
0267428962E 01 | 0415244881E-03 | Ga12727273E-00 | 0425384057€ 01 | 0.47430756€-02 | 0.19439030E 03 | 0+12001716E-02
0468102745€ O1 | Go14258617€-03 | 0.125000006-00 | 0s25411081E 01 | 0445265052E=02 | 0+20390776E 03 | 0-11%29364E~02
068793711€ O1 | 0.13320662E-03 | 0212372727600 | Ga25438058E 01 | 0.43161391E-02 | 0.21407312E 03 | 0+10875090E-02
0e69502673E 01 0e12428887E-02 0012045454E-00 Ce25464986E 01 Oed1119254E~02 0e22494265E 03 0610338647E-02
0e70230497E 01 0e1158238CE-02 0e.11718182E=-00 Ce25491862€ 01 0e¢39138085E=02 0423657868E 03 0¢98197811£-03
0570978111E 01 | 0.107794436-05 | 0411590906€6-00 | 0.25518686E 01 | 0+372172976-02 | 0.24905031€ 03 | 0.93182333€-03
QeT1T7465C7E 01 0¢10018607€-03 Qell™63636E~-00 0e25565656E 01 0e35356288E-02 0e26243431E 03 0s88337418E-03
0e72%36748€ 01 Ce92984091E-04 0ell¥36363E-00 0e25%72171€ 01 0e33554422E~02 0e27681619E 03 0e83660395E-03
JeT73349971E 0C1 CeB61TL139E-O4 0+10%09050€=~00 06255988306 Q1 0e31811046E=-02 0929229124E 03 0a79148567E-03
QeT61B8TLL5E 01 0e79742057E-04 0e100,81818E=-00 0e25625%632E 01 0e30125479E~02 0¢30896612E 03 0e74799193E-03
0+75050365E O1 0e73673905E~04 0e10w54545E~00 0e25651975E O 0e2B8497022E-02 0e32696026E 03 0e70609510E-013
0275940274E 01 | 0167985940E-04 | 00103:272736-00 | 0225678458E 01 | 0.26924964E~02 | 0.34640788E 03 | 0a66576700E-03
0476858660E 01 0+62574684E~04 0e99799999E=01 Ce257048B0E O1I 0e25408507€E-02 0+¢36746000E 03 0e62697949E~03
0e77807184E 01 0e57516854E-04 0e97727273E-01 Ce25731239E 01 0e23946943E~02 0¢3902871%€ 03 0e58970392E~03
CGe7878T764CE O] 0e52769422E-04 Ce95454545E-01 0e25757536E 01 0e2253946BE-C2 0s41508237E 03 0e55391151E-03
Ca79801977€ 01 Ce4B831960BE-04 Je93181817€-01 0425783767E 01 0e21185283E-02 Qe4u206458E 03 0651957337E~03
0480852312 01 Tabd154861E~04 0+90909091E-01 Ce25809932€E 01 0s19883565E-02 0e4T168322E 03 0e48666025E-03
0eB81940952E 01 0e40262891E~04 0+88636363E~01 0225836030 01 0.18633478E~02 0+50362293E 03 0e45514282E-03
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TABLE V.- FIOW PROPERTIES OF CH)-AIR COMBUSTION PRODUCTS -

(v)

Req = 0.T; Ty = 1,900°

K; T =1,678.7° K

Contimued

N v/v, 7Ty /oy Wr, A ol
[«19 0s09999999E O1 0s09999999E 01 Qe O 23 0e09999999E 01
0432109787E-00 0e93756268E 00 0e98084210E 00 0e31911445E-00 0e60867875£~01 Oel19443128E 01 0+ 95005909E 00
Qe45654754E=00 0e87843052E 00 0e9736B8421E 00 0e45089149€E-00 0e11539616E~00 Oe14490671E 01 G+90219977E 00
0.56216787€ 0C 0eB82252496E 00 0+960%52631E 00 0.55170766E 00 0e16399109€£-00 Cel2676609E 01 0eB5636255E 00
0465273763€ 00 0e76966388E 0O 0e94T36842E 00 0463647024E 00 Ce20706444E-00 0e11299357E 01 0e81246519€E 00
0473392203€ 00 CeT1969981E OO Ce93421052E 00 0e7109%433E 00 De264499729E-00 0«107618B82E 01 0e77043020E 00
0,80862929E 00 QebT24945%1E OO 0e92105263E 00 0e77812304E 00 0s27814776E-00 0+10374818E 01 0¢73018760E 00
0.87859538E 00 0e62791334E 0O 0e9078%473E 00 Cefl3974269E 00 0e30685551E-00 Oel014B926E 01 0e69166675E 00
049644930T4E 00 Ce58583426E 0OC 0eAS4T3684E 00 0e89695764E 00 De33142866E-00 0s10036368E 01 0s65480915E 00
0410084242€E C1 0e54613865E 00 0eB88157894E 00 0495056539E 00 0e35219872E-00 0e¢10009261E 01 0e61955407€ 00
0410696507 Ol 0e50871235E 00 CeB6B42105€E 00 0s10011479E 01 0e36942167E~00 0¢}0050408E 01 0e58584306E 00
0e11290588E Ol Dok 7T34bb24E-00 0e85526315€E 00 0e104914T6E 01 0e3833T7814E-00 0e10148855E 01 0455361722E Q0
0.11869655E Ol 0e44023228E-00 0eB4210526E 00 0e10949029E 01 Ge39432399E~00 0e10297463E 01 0e52282624E 00
0s12436561E 01 0s4089TT37E~00 0eB2B94TITE 00 0e11386846E 01 0e40250091E-00 Cel0491665E 01 0e49341844E-00
0,12993587€ 01 0e37958404E-00 0eB1578947E 00 0e11807127E 01 0s40B12795E~00 0e10728650E 01 Qe 46534375E~00
0e13542683E 01 0e35196014E~-00 0.80263157E 00 0e12211698E 01 Os41145151E~00 0s11006%05E 01 0+43855287E-00
0es14085440€ 01 0e32601862E~-00 0e78947368E 00 0e12602065€ 01 De1266654E-00 0e11325864E 01 0e641300014E-00
0414623316E 01 0430167560E-00 Ce77631579E 00 0s12979508E 01 Cea%1191621E-00 0s11685766E 01 0e¢38864030E-00
0e15157588E 01 064278850647E~00 0476315789E 00 0613345125€ O1 0e40944296E~-00 0e12087516E 01 0e36562945E~00
0¢15689480E O1 0425746531E~00 0e75000000€ 00 0e13699872€ 01 0e40539835£-00 0412532634E O] 0e36332415E~00
0s16219851E O1 0e23744692E=-00 04736864210€ 00 Del4044560E 01 0e39994497E~Q0 0+1302314)E C1 0e32228446E-00
0s16749739€ 01 0421872462E-00 0472368421E 00 0el6379904E C1 0439323550E=00 0e13561605E 01 0¢30227078E~00
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