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The chemical formula for one of the fluorocarbons is given incorrectly.
Please change CCloF-CClpoF to CC1oF-CClF, in the following places:

ABSTRACT in line 6 -~

SUMMARY (page 1) in line 6 —

INTRODUCTION (page 1) in line 11 —

Page U4 in 8th column heading of the table -——

Page 49 in 7th column heading of table Bil_and in 7th column heading of
tanle B2.—

Page 50 in 7th column heading of table B3 ¢

Two of the thermodynamic constants for fluorocarbon CCloF, are in error.
Please make the following changes on page 49:

Table B1: In column 3, change the value for As from -1.9 X 102 to
-9.16 x 101/

Table B2: In column 2, change the value for cy from -2.84 x 10-% to
-3.27 x 10=4”

An error has been found in the computer code which caused erroneous values
to be added to the output in table IV for fluorocarbon CyFg on page 104, Please
replace pages 16,’az; , and 194 with the attached corrected pages.

ISSUED NOVEMBER 1978
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THERMODYNAMIC PROPERTIES OF GASEOUS FLUOROCARBONS AND ISENTROPIC EQUILIBRIUM
EXPANSIONS OF TWO BINARY MIXTURES OF FLUOROCARBONS AND ARGON

Noel A. Talcott, Jr.

April 1977

An error has been found in the computer code which caused the tabulated
fluorocarbon values of h/RT, e¢,/R, and s8/R to be in error by a constant
multiplier. The molecular welghg of CFj was erroneously used in conjunction
with the universal gas constant, R, and the ice point of water, T(273.15° K),
in converting the fluorocarbon values from U.S. Customary Units to the tabu-
lated S.I. Units. The values in tables I, II, III, V, and VI are still usable,
but conversion back to dimensional values will be in error unless multiplied
by the molecular weight of the fluorocarbon in question divided by the molecular
weight of CFy.

Example: 1In table II convert s/R = 7.50 to dimensional units:

~ o~

R = R/M
where
R universal gas constant
M molecular weight of CCloFp

However, the molecular weight of CFy was incorrectly used to obtain s/R = 7.50.
Therefore this value must be multiplied by MCClgFg/MCFu to obtain the correct
value for s/R:

4]

=<} |

7.5 120.92 10.3057
= 7.5(——]= 10.

The dimensional value of s 1is obtained as follows:

< 8314
s = 10.3057
. \120

.= 708.58  J/(kg-K)

Page 1 of 2



Page

to

Page

to

Page

to

to

to

Page

to

_ IF(UNIO.GT.1.) STAB(I)

'IF(UNIO.EQ.2.) XPLOT(NN)

The following corrections to the computer code will correct the error:

21: Change line 375 from

STAB(I)/44,289180

IF(UNIO.GT.1.) STAB(I) STAB(I)/(EM/1.987)

22: Change line 390 from

IF(UNIO.LE.1.) STAB(I) STAB(I)/44.289180

IF(UNIO.LE.1.) STAB(I) STAB(I)/(EM/1.987)

39: Change lines 173 and 174 from
OUTS = S * 44,.289180

OUTH = H * .090075418

QUTS = S * (EM/1.987)

QUTH = H * (EM/976.9483)

Change line 176 from

OUTCP = CP * 44,289180

OUTCP = CP * (EM/1.987)

Change line 193 from

OUTH * .090075418

IF(UNIO.EQ.2.) XPLOT(NN) OUTH ® (EM/976.9483)

43: Change line 54 from

OUTS = STAB(I) * 44.289180

OUTS = STAB(I) * (EM/1.987)

AUGUST 1980
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THERMODYNAMIC PROPERTIES OF GASEOUS FLUOROCARBONS AND
ISENTROPIC EQUILIBRIUM EXPANSIONS OF TWO BINARY MIXTURES
OF FLUOROCARBONS AND ARGON

Noel A. Talcott, Jr.
Langley Research Center

SUMMARY

Equations and computer code are given for the thermodynamic properties of
gaseous fluorocarbons in chemical equilibrium. In addition, the thermodynamic
properties of several binary mixtures of fluorocarbons and -argon are included.
The computer code calculates the thermodynamic properties and, in some cases,
the transport propertles for the follow1ng fluorocarbons: CC13F CC12F2, CBrF3,

Equilibrium thermodynamic properties are tabulated for six of the fluoro-
carbons (CC13F CCl,F,, CBrF3, CFy, CF3-CFg3, and CMFB) for constant values of
a dimensionleéss entropy s/R” in increment3 of 0.5 and up to 588 K. Pressure-~
enthalpy diagrams containing lines of constant entropy, temperature, volume, and
compressibility factor can be generated by the computer program. An example of
these plots has been included for CBrF3.

The thermodynamic properties are also tabulated for two equilibrium isen-
tropic expansions for binary mixtures of CBrF3-argon and CCl,F,-argon.

INTRODUCTION

Several gaseous fluorocarbons are being or have recently been used in hyper-
sonic wind tunnels to simulate real-gas effects on aerodynamic shapes. (See
refs. 1 and 2.) Also fluorocarbon-argon mixtures are currently being examined
for nozzle exhaust plume simulation at hypersonic speeds. (See refs. 3 and.4.)
This research in turn has generated interest in the thermodynamic and ftransport
properties of fluorocarbons and fluorocarbon-argon mixtures.

A previous computer code (ref. 5) was written to generate the properties
for CF,. This report describes a more general version of that program which
will provide the thermodynamic properties and, in some cases, the transport
properties for the following fluorocarbons: CCl3F CC1l,F,, CBrF3, CFy, CHC1,F,
CHF3, CCl,F~ CCthg CC1F,-CC1F,, CF3 CF3, and CyFg.

The equations and computer code are presented for the thermodynamic prop-
erties of the fluorocarbons. These properties are tabulated for six of the
fluorocarbons (CC1l.F, CCl,F, CBrF3, CFy, -CF,, and CyFg) for constant values
of a dimensionless entropy s/R 1n 1ncremen s of 0.5 and up to 588 K. Pressure-
enthalpy diagrams containing lines of constant entropy, temperature, volume, and



compressibility factor can be generated by the program. Because of the current
interest in using CBPF3—argon mixtures in simulating scramjet exhaust flows,
plots for CBrF3 are included to demonstrate this capability.

Appendix A presents the computer code for calculating thermodynamic proper-
erties of selected fluorocarbons. The constants for the thermodynamic equations
for the 10 fluorocarbons are given in appendix B. Through the use of an avail-
able computer code (ref. 6), the thermodynamic properties for two equilibrium
expansions of binary mixtures for CBrF3—argon and CClez-argon are given in 3
appendix C. j

SYMBOLS
A,B,C,D,E,F,G,L constants in saturation pressure equation (eq. (12))
A' ,B' ’C"D' ’
E',F',G',H", constants in entropy equation (eq. (15))
I',d!
A1,B1,C1, - . -
Dq.Eq,Fy constants in saturation pressure equation (eqg. (22))
A2,A3,A4,A5,A6,
B,,B3,By,B=,B¢, constants in equation of state (eq. (1))
2103154155356
b,C,3C3,Cs5 K
Ayt ,Agt,ay',
B2‘,B3',B4', constants in equation of state (eq. (13))
CZ"CH"DN'
Ag,Bg,Cq,Dg,Eg constants in saturation pressure equation (eq. (17))
a speed of sound
a',b',c',d",e! constants in equation for specific heat (eq. (14))
aq,bq,0q,dq,f, constants in equation for specific heat (eq. (19))
au,bu,cu,dq,fu constants in equation for specific heat (eq. (2))
cp specific heat at constant pressure
cy specific heat at constant volume
f functional notation
h enthalpy
J unit conversion factor
K',L',M'",N',P"' constants in enthalpy equation (eq. 16))

2



X'

Yl

thermal conductivity

thermal conductivity at atmospheric pressure

molecular weight

exponents in equation (24)

constants in viscosity equation (eq. (23))

Prandtl number, ucp/k

pressure

gas constapt
entropy
temperature

specific volume

constant in enthalpy equation (eq.

constant in enthalpy equation (eq.

(4))
(21))

constant in entropy equation (eq. (3))

constant in entropy equation (eq.

compressibility factor,

pV/RT

constant in equation of state (egs.

proportionality constant (eq. (24))

(20))

(1) and (18))

constant in equation of state (eq.(18))

ratio of specific heats,

isentropic exponent (eq.

viscosity

cp/cV
(8))

viscosity at atmospheric pressure

viscosity parameter, Tc1/€/h1/2pc2/3

density, 1/V

reduced density,

Vo/V



Subscripts:

c critical

R reference
] saturation
0 stagnation

PHYSICAL CHARACTERISTICS

Fluorocarbons are organic compounds containing one or more carbon atoms and
flourine. Chlorine, bromine, and hydrogen atoms also may be present. Their
principal characteristics include nonflammability, low toxicity, excellent ther-
mal and chemical stability, high density coupled with low boiling point, low vis-
cosity, and low surface tension. (See ref. 7.) Physical properties of fluoro-
carbon compounds of interest herein are contained in the following table:

Value for fluorocarbon -
* Characteristic r— - - - J - - o
" CF3-CF3 CyFg

J CC15F CC1,Fp CBrF3 cfh | cHCLoP | cHFg c012F-i!3 a‘éCle—CC1F2

Molecular weight » 137.37 120.92 _1@;92 o 88.(; ] 18;3“ B 7;')7)} ) ¥17é7.3; _170.93 . 138‘:; éO0.0H N
Boiling point at 1 atm, K 296.67 243,12 215.18 148.38 28{.79 190.93 320.40 276.64 194.73 267.09
Freezing point, K 161.88 115.26 105.27 89.17 138.01 117.81 237.91 179.08 172.37 231.76
Critical temperature, K 470.68 384,76 339.81 227.26 451719 298.74 486.77 418.45 292.58 388.42
Critical pressure, atm 43.5 40.6 39.1 36.96 51.0 47.70 33.7 32.2 29.4 26.78
Critical volume, em3-mo1-1] 247.0 217.0 200.0 410 197.0 133.0 325.0 293.0 225.0 322.63
Critical density, kg-m=3 | 554.2 557. 44 744,86 625.68 514,19 525.09 576.67 581.79 612.07 611.91
Density, liquid at 298 K, [1475.9% 1310.95 1537.94 1316.88 1366.06 669.89 1564.85 1456 .24 1587.11 1500.0

kg-m~3
Density, saturated vapors 5.879 6.327 8.714 7.625 4.565 4.66 7.385 7.833 9.002 8.8102

at boiling point, kg-m'3
Specific heat, liquid at 870.27 970.69 '870.27 1230.10 1071.10 1443.48 912.1 1016.71 970.69 906.55
298 K, J-kg-1-k-1
Specific-heat ratio at 1.137 1.137 1,148 1.159 1.175 1.191 1.080 1.084 1.085 1.066
1 atm and 298 K

Heat of vaporization at . 18025 . 16521 .1187¢9 . 13600 .24221 .23958 . 14679 .13612 . 11709 . 10697
(at 294 X)

boiling point, MJ-kg~!

THERMODYNAMIC PROPERTIES OF GASEOUS FLUOROCARBONS

The following equations were provided by E. I. du Pont de Nemours & Co.
(ref. 8) and can be applied to all the fluorocarbons of interest herein (see
previous section) except CBrF, and CF,-CF, which will be handled separately.
All the coefficients can be found listed gy fluorocarbon in appendix B. (The
coefficients were supplied in U.S. Customary Units and have been converted to

SI Units.)

n




The equation of state is

RT Ay + BT + Coe KT Ay 4 BaT 4 C3e™KT ) + ByT
P = + + + i
V-b (v - b)2 (Vv - b)3 (V - b)
A + BT + C e'KT
P20 > + (hg + BgD ™Y (1)
(Vv - b)5

where p 1is given in Pa, V in m3—kg‘1, and T in K.

The specific heat at constant volume is given by

£ C C C
L 2 5
e, = ay + byT + cuT2 + d4T3 + — - TK2e KT + 3 >+ m (2)
72 V=Db oy .-1p)2. (Y -b)
where ¢, is in J—kg'1-K'1.
The equation for entropy is
eyT? 413 1y | B, By
s =ay log, T + byT + —— + —=—— - —— + R log, (V - b) - +
b TTe 4 2 3 272 © V-b oy . p)2
Bu B. B6 C2 C3
+ — + 2 - — &V 4 kKT + 5.
3V - )3 wyv - © V-b 2(y-0b)

C5 )
+ — + Y (3)
4V - b)Y

where s is given in J—kg'1—K'1.

The enthalpy is given by a similar expression

byT2  eyT3  ayrh £y A, Ag Ay
h=a,T+ + + - 1.8 — + pV + + +
2 3 4 T V-5 o(y_-1p)2 3(v-0b)3
A A c c C
+ ————E———— - -E V| + e XT(1 + KT) 2 + 3 + 2 + X
BV - p) @ V-b oyv-b)2 -t

(%)

where h is given in J-kg'1.

A general computer code was developed by using an existing code for CFy
and it will compute all the thermodynamic variables, the coefficients for a



specific fluorocarbon being given. In addition, the program also calculates
the specific heat at constant pressure c_, ratio of specific heats vy, isen-
tropic exponent vy, speed of sound a, and compressibility factor Z at the
same thermodynamic point. The equations for these additional thermodynamic
properties are

Specific heat at constant pressure:

2

Specific heat ratio:

2
. [(3p/3T)V:|
p
‘Y = - = 1 — T e ——————— (6)
cy cv(ap/BV)T

Speed of sound:
1/2 1/2 1/2 2 1/2
_| (®%p |y 32 = | -yve ’p - YEE op I 3p (7)
a = 53 = 3p = Yy - Is) 9T aV
s T T v v T
Isentropic exponent:
d lo p/d 2
v = g P) _ P°fdp) _ a” (8)
€ d log o s p\de s pV

Compressibility factor:

pV

Z =
= (9)
where the partial derivatives in cp, vy, and a are
_ -KT _ -KT _ -KT
<§E> R B, - KCye . B3 - KCze™ X B), . Bg - KCge + 5o
8T/y V-b (V - b)? (V - b)3 v - b)* (V - b)° o)
10
<fp> RT 2<A2 + BT + cze-KT> 3<A3 + B3T + c3e'KT) 4(ay + ByT)
v/ (Vv - b)2 (v - b)3 v - )t (Vv - b)°
5(A5 + B5T + CSe'KT> o
- _ L+ a(hg + BgT)e™ (1)

(v - )6




These expressions are limited to temperatures above the saturated vapor

line. The saturation pressure in Pa as a function of saturation temperature in
degrees kelvin is

F-T
T

log, p = A + ? + C logg, [T(1.8)] + DT + E< ) logy [F - T(1.8)] + GT2 + LT3
(12)

Equations (1) to (12) are also limited to temperatures below those at which dis-
sociation occurs.

THERMODYNAMIC PROPERTIES OF CBPF3 AND CF3-CF3

CBPF3

The following equations provide the thermodynamic properties for CBrF3
(ref. 9):

Equation of state:

Ap' + Bp'T - Cp'/T3 A3t + Bg'T Ay’ + BY'T - C,'/13 Dyt
= e + +

p = o 2 o * 3 (13)

where p 1is given in Pa, V in m3/kg, and T in K and where

Ay' = -6.70681 x 10

By' = 1.06221 x 10~"

C,' = 2.707789 x 107

Ag' = 4.6056 x 1072

By' = -7.484318 x 1077

Ay' = -1.873886 x 1075

By' = 4.052713 x 1078

Cy' = -3.891135 x 10

Dy' = 5.581949 x 10
Specific heat at constant voluhe:

' ot
c, = a' + b'T + o' + ;;ﬁ + ;§Eﬁ (14)



where Cy

Entropy:

s = A" log_ T +B'T + C'T2 + — +
: e
vit  y37H4

where s

Enthalpy:

is in J/kg-K and T

a'

b'

c!

d'

is

A'

Bl

CY

D'

E'

F'

G'

H'

I'

J'

h = a'T

7.322 x 101

1.461053 x 102

-1.1313381 x 1073

2.209712 x 109

-8.358194 x 10

7

in J/kg-K and where

7.32682 x 10

1.462016

~-5.663429 x 10

=4

~8.123486 x 107

4.699288 x 10"

5.582002 x 101

-1.062235 x 107)

3.7422337 x 1072,

-1.3540801 x 10

-8

-2.6025689 x 102

(F'/3 + Bu')T

v3

+ P!

Kl
+ —_—

vr3

in K and where

L G! H! Il
+ F'log V4 = + = 4+ — + J'
e
V.ooy2 y
L' (M' -+ B2')T (N' - B3')T
V3T3 v V2

(15)

(16)



where h is in J/kg and where

K' = -1.353914 x 108
L' = 1.096500 x 102
M' = 1.341382 x 10°
N' = 6.908596 x 10~2
P' = 4.9827721

Saturation pressure:

=
[ss]

S
— -
T2 T

]

log, pg = + Cg + DT + EST? A7)

where Py is in Pa and where

ag = -1.367130 x 10"
By = -9.975989 x 102
Cg = 1.1161025 x 10!
Dy = -7.89102 x 1073
E. = 1.012772 x 107

CF3-CF3

The following expressions give the thermodynamic properties of CF3-CF3
(ref. 10): .

Equation of state:

AT w1172 (18)
V-8" V(V«+38")

P =

where p is given in Pa, V 1in m3/kg, and T 1in K, and where
R = 60.24225 J/kg-K
B' @ 0.0005133877 m3/kg

@ = 0.07657512 Jm3-K1/2/g?



Specific heat at constant volume:

2 3 f1 30LT'3/2 V + B!
cy = ag + b1T + c1T + d1T + EE + 5 loge

where ¢ is in J/kg-K

v

a; = 9.952795 x 10
b, = 2.608545
¢y = -1.926454 x 1073
d, = 1.857347 x 1077
£, = -3.473992 x 10°
Entropy:
;12 4,13 £y
s=a1l%eT4-MT+ + 3 -+—;P-+Rl%e(v-80
32 g <V;ev) .
where s is in J/kg-K and Y' = 6.510304 kJ/kg-K
Enthalpy:
h=aT+b1T2+O1T3+d1Tu_ﬁ+pv_Mlog <V'B'>+X.
1 2 3 m T 28" e \" ¥

where

h is in J/kg and X' = 0.3688302 kJ/kg

Saturation pressure:

where

By E{(F; - T)
logy Py = Ag + 7= + Cy logg T + DyT + 7 [logg (Fy = T) + 0.25527]
+ 0.52553
A, = 0.3762282521 x 102

10

= -1.031833 x 103

o
[}

(19)

(20)

(21)

(22)

e S




C. = -0.1297816132 x 102
Dy = 0.01321347

E, @ -0.537560386

F, = 0.297317 x 103

where Py is in Pa.

Transport Properties of the Gaseous Fluorocarbons

Experimental data for the viscosity and thermal conductivity of the tabu-
lated fluorocarbons at a pressure of 1 atmosphere were curve fitted and are con-
tained in reference 11. (Ref. 11 is currently being revised to correct typo-
graphical errors in many of the transport equations.) The temperature range of
the data varies from fluorocarbon to fluorocarbon and cannot be given in general.
As mentioned previously, this report does not contain transport data for all the
listed fluorocarbons but this information is available in reference 11 if needed.

Viscosity.- The empirical equation is uéually of the form

u* = T

TN+ (P/T) + (Q/T2)

where y* is in newton-second per square meter and the constants N, P, and

Q must be determined for each fluorocarbon. To obtain the viscosity at pres-
sures other than 1 atmosphere, the residual viscosity is expressed as a func-
tion of the density, molecular weight, and critical constants of the substance
(ref. 12) through a dimensional analysis treatment, and the correct dependencies
are established by the use of experimental data. The dimensional analysis treat-
ment (ref. 11) resulted in the following expression:

B

Experimental high-pressure viscosities for the gaseous and liquid phases avail-
able in the literature for 14 polar substances including 5 fluorocarbons (CCl3F,
CC1,F,, CHCl,F, CHC1F,, and C,Cl;F ) were used (ref. 13) in conjunction with
pressure-volume-temperature data to establish the constant B8 and the exponents
m and n of equation (24). Plots of (u - v¥)E against pp (ref. 13) were
found to be essentially the same for all 14 substances; therefore, it was con-
cluded that the exponent m of 24 in equation (24) was zero. The analytical
representations of the residual viscosity correlation for the 14 polar substances
(ref. 13) which should also apply to the fluorocarbons selected here are

11



(n - w®E = 16.56 x 1078 pp1. 111 (og £ 0.10)
(0 - u¥)E = 0.607 x 1078(9.0u505 + 0.63)1-739 (0.10 < pg < 0.90) (25)
-log, [(1 - w#)g] = 100-6439-0.10050g-4 3 (0.90 < pg < 2.6)

4.75 x 10™*  (pp3 - 10.65) for

where A = 0 for 0.9 < ’r < 2.2 and A
T1/6

u1/2p 2/3

2.2 < PR < 2.6 and ¢ = with u in newton-second per square meter.

The viscosity equations for the fluorocarbons inecluded herein are

CCLF,:
0.75309 + (188.969/T) - (803.786/T%)
CBrF3:
¥ (T , x 1070 (27)
0.63388 + (144.691/T) - (1087.52/T2)
CFM:
u* = (T . x 10=0 ‘ (28)
0.64625 + (103.0/T) - (3.42714/T2)
CF3-CF3:
u¥ = (12.778\T - 78.8) x 1077 (29)

Thermal conductivity.- The empirical equation cannot be given in general
for the fluorocarbons at a pressure of 1 atmosphere. However, the thermal con-
ductivity relationship can be extended to pressures other than 1 atmosphere in
the same manner as the viscosity was. Residual thermal conductivities k - k*
for CF; were obtained from experimental data and correlated with the correspond-
ing reﬁuced densities (ref. 14) to produce the following expression:

k - k¥ = 7.19 «x 10'3[exp(pR) - 1] ' (30)

where k - k¥ is in Wo—1-k-1. This equation represents the thermal conductivity
of CFy in the dense gas region and should also be fairly representative of the
thermal conductivity of the other fluorocarbons listed. )

12




The thermal conductivity equations for the fluorocarbons included are

CClZFZ:
koo 2.3220\T : (31)
727.58 + (6.891667 x 105/T) + (1.007883 x 106/13)
CBrF3:
k* = 1.73073 {0.0041 + (1.6 x 1075)[T(1.8) - 459.671) (T < 600 K)

K* = — M E

. ) _ VT (T > 600 K)
558.966 + (2.14363 x 102) + (1.65119 x 107) + (8.31701 x 10%)
(32)
CFu:
k* = 1.73073 [(7.291 x 1073) + (2.377 x 1072)(9/5T - 459.67)] (33)
CF4~CF !
k* = (9.591 x 10™2)T - 0.01163 (34)

CALCULATION PROCEDURE

In generating the thermodynamic and transport properties of the fluorocar-
bons by using the computer code given in appendix A, certain boundaries were put
on the thermodynamic regime of interest in terms of temperature and volume.
These boundaries encompass the range of current interest for these fluorocarbons
but the equations are applicable over a much broader base and their limits may
be found in reference 8. The boundaries used are

(a) The saturation pressure line (eq. (12)) p_ = f{(T.). The saturation
volume was determined from the equation of state (eq. (1)) pg = f(Ts,VS).

(b) The critical volume line.

(¢) The constant temperature line, in this case 588 K. This could be
changed if so desired to give more information on a given fluorocarbon.

(d) The constant volume line (procured from the simultaneous solution of
the saturation pressure equation (eq. (12)) and the equation of state (eq. (1)).
The other thermodynamic and the transport properties along the boundary are now
easily calculated since they are expressed as a function of T and V.

To present the thermodynamic and transport property data in a convenient
form, it is advantageous to calculate the properties at specified values of a
given variable. A good example is the entropy which remains constant during a
frequently occurring class of expansions in gas dynamic analysis. First, s

13



is determined at the critical point which gives a lower limit for the thermody-
namic regime. The upper limit on s 1is determined by inserting the highest
temperature and volume occurring on the boundaries of the specified regime into
equation (3). The entropy is then divided into equal intervals between the
upper and lower limits and set at the partition nearest the lower limit. The
volume is set slightly above the critical value in order to avoid the large
gradients and consequent convergence difficulties that occur along the critical
volume line and the corresponding temperature calculated. This procedure gives
an upper limit on the temperature for the specified value of the entropy. With
the entropy held constant, the temperature is reduced at even intervals and the
volume calculated at each temperature point until the saturated volume on the
upper limit is exceeded. The transport properties and remaining thermodynamic
variables which are functions of T and V are then calculated for the speci-
fied value of the entropy. This procedure is repeated at each entropy interval
until the limits have been spanned.

RESULTS AND DISCUSSION

Equilibrium thermodynamic data and transport property data (when included)
are presented in tables I to VI in dimensionless entropy s/R increments of 0.5
for CCl F CCl F CBrF CFy, CF3—CF3, and CyFg. The entropy range varies from
fluorocarbon to %luorocarbon

CF)y (tetrafluoromethane) has been included in the tables because an error
was discovered in the reference conditions (Sg and Hg) used in reference 5
which contained tabulated propertles for CF)y. The correct reference conditions
should have been Sg = 3.542 J- -kg~1-k~1 and Hp = 465710 J-kg~1. 1In addition,
the enthalpy equation, equation (8) in reference 5 contains several erroneous
terms and adds to the errors. A comparison was made between the two tables and
an estimate of the errors in reference 5 was made. For values of specific vol-
ume V above 0.030 m3-kg‘1, it appears that the error is negligible. For values
between 0.030 and 0.0055 m3—kg‘1, the errors in h and s are on the order of
0.5 percent. In the range between 0.0055 and 0.0026, the error increases up to
a maximum of 4.5 percent which occurs at V = 0.0026 m3—kg'1. All errors are
positive (that is, values in ref. 5 are too large).

Pressure-enthalpy diagrams are presented in figures 1 and 2 for CBrF3 to
show this feature of the code. Each of the figures contain lines of constant
entropy and volume. In addition to having these lines in common, figure 1 con-
tains constant temperature lines, and figure 2 contains lines of constant com-
pressibility factor.

Binary mixtures of fluorocarbons and argon are being used as substitute
gases to simulate high-temperature air flows in the flight Mach number range
between U4 and 10. The properties of these mixtures can be easily computed, if
it can be shown that they are thermally perfect (compressibility effects are
negligible) in the range of interest. The tabulated thermodynamic properties
of both CBrF3 and CClpoF, show that over the range of the experimental tests,

T < 600 K 'and p < 0.5 atm, the compressibility factor Z remains very close
to 1.00 and therefore pressure effects are small and can be neglected.

1
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Thermally perfect species can have their thermodynamic properties, namely,
s, h, and c¢,, considered as functions of temperature only. By using the com-
puter code of reference 6, the thermodynamic properties for equilibrium expan-
sions of CBrF;-argon and CClpFp-argon mixtures (recommended for scramjet nozzle
plume simulation (ref. 3)) were tabulated and are included in appendix C.

CONCLUDING REMARKS

Equations for the thermodynamic properties of gaseous fluorocarbons in
chemical equilibrium have been generated by using as accurate an equation of
state and curve fits of specific heat as are available. The equations along
with available equations for the transport properties of the fluorocarbons have
been built into a computer code. Thermodynamic and transport property data gen-
erated by this code are tabulated for CCliF, CCl,yF,, CBPFB, CFy, CF3-CF3, and
Cqu and presented in a form which lends itself to a convénient gas dynamic
analysis over thermodynamic regimes not previously examined.

In addition, it is shown that binary mixtures of fluorocarbon-argon can be
considered thermally perfect over their current range of application for scram-
jet nozzle exhaust plume simulation. This condition leads to a very quick
method for calculating the thermodynamic properties of equilibrium expansions
of these mixtures which, in turn, provide the chemical data for existing two-
and three-dimensional flow-field computer codes. ’

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

January 27, 1977
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APPENDIX A

COMPUTER CODE FOR CALCULATING THERMODYNAMIC PROPERTIES

OF SELECTED FLUOROCARBONS

A Fortran IV Control Data Series 6000 computer code was developed for eval-
uating the thermodynamic properties of gaseous fluorocarbons in chemical equilib-
rium. The computer code calculates the following thermodynamic variables:
entropy, temperature, volume, pressure, enthalpy, specific heat -at constant pres-
sure, specific-heat ratio, speed of sound, isentropic expansion exponent, com-
pressibility factor, viscosity, and thermal conductivity.

The computer code itself is well documented, straightforward, and the user
inputs are minimal. Provision has been included to allow the addition of other
fluorocarbons governed by the same set of general equations provided the user
supplies the necessary coefficients for the equations. An output option exists
that allows for output of the thermodynamic properties in either SI or U.S.
Customary Units. A listing of the program follows.

16
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APPENDIX A

PROGRAM LISTING

PxOGRAM FRcONS{INPUT,DUTPUT, TAPES=INPUTsTAPEG=DUTPUT)

AEERA R AR RN RS AR ek r kb F sk kb kb kk nk kR ko kg ke kX

PrOGRAM FREUNS CONTPILS COMPUTATION OF GAS PROPERTIES FOR TdE
FULLGWING FKEOUN COMPUUNDS #HICH CAN BE StLECTED BY INPUTING THE
APPROPRIATE NUMBER COULEs A MINUS PRECEDING THE CJDE WILL GIVE THE
GUTPUT IN US UNJTS, OTHERWISE SI UNITS ARE QUTPUT.

*k*xrk NOTE: AT TAIS TIME THE OPTIONS FOR FREON 13 AND **%*%#
AkkkEk FREON 22 ARE NOT #IRKING PROPERLY DUE TO ERRORS #4¥sxx
#edesx IN THE THEKMUDYNAMIC CONSTANTS. ONCE CORKRECTED  kkkkxk

asdkds THESE OPTIONS WILL BE AVAILABLE, ARk LR
FREON COMPIUND NUMBER CJDE (NAME)
FREIN 11 (CCL3F) 1

FRECN 12 (CCL2ZF2) 2

FREON 13 (CCLF3) 3

FFECON 13B1 (CBRF3) 4

FREON 14 (CF4) 5

FREON 21 (CHCLZF) 6

FREDN 22 (CHCLF2) 7

FREON 23 (CHF3) 3

FREON 113 (CCL2FCCLF2) Yy

FREQN 1l4 (CCLF2CCLF2) i0

FREON 116 (CF3CF3) 11 .

FREON €318 (C-Ca4F8) 12 ’ R
OTHER 13

A PRUvISICH HAS 3tEN ADDED T7J ALLOW ADDITIONAL COMPOUNDS PROVIDED
THE USER SUPPLIES THE THERMODYNAMIC CONSTANTS FOR THE EQUATIONS.
CHECK THE REPURY TU SEE IF TAE COMPOUND IS COMPATIBLE 4ITH THESE
FCGUATIINS, THIS JPTION IS SELECTED BY INPUTING NUMBEK CODE 13.

PLOT DUTPUT IS ALSO AVAILABLE TO THE USER AND IS CONTROLLED

BY THE INPUT PARAMETER CALLED NOPLOT. NOPLOT IS INPUT ON THe
CARD CONTAINING THE NUMBER CODE. FOUR OPTIONS ARE AVAILABLE

TO THE USER.

PLOT GPTION NOPLOT VALUE
NO PLOT 0

LINES DF S/k ONLY 11

S/R LINES + OTHERS -11

LINES OTHER THAN S/R 1

TO OBTAIN PLATS OTHER THAN LINES OF CONSTANT S/R THE USER

MUST INPUT THE APPROPRIATE TABULAR DATA FOR EACH SET OF

LINESe. THIS I3 DINE VIA NAMELIST N2 AND MUST BE INPUT FOR

EACH SET OF LINc> DESIREDs, THE FOLLOWING TABULAR DATA
COMPRISES THE VARIOUS INPUTS: V TaBLE (VTAB IN

M3/KGM)s T TABLE (TTAB IN DEGK)s Z TABLE (ZTAB NONDIMENSIONAL)
A TABLE (ATAB IN M/SEC), AND G TABLE (GTAB NONDIMENSIONAL). IF
UNIN EQUALS TWO IN NAMELIST N2 THEN JS UNITS MAY BE INPUT ;
V-FT3/L8s T=-DEGR, A=FT/SEC.

INDICATE WHICH LINES ON THE PLOT ARE DESIRED BY SETTING THE

PLOT FLAGS TO ONEs NAMELIST PLOTIN IS USED TO INPUT THE FLAG
CONDITIONS AND MUST BE READ BEFORE NAMELIST N2. ( CONSTANT
VOLUME LINES,PLDTVs COUNSTANT TEMPERATURE LINES,PLOTTs CUNSTANT
COMPRESSIBILTY LINES,PLOTZs LINES DF CONSTANT A(SPEED OF SOUND),
PLOTA, AND CONSTANT GAMMA LINES,PLOTG )« A LISTING OF THE PLOT
COMPUTATIONS IS AVAILABLE IF PLOTOUT IS SeT EQUAL TO ONE.

kAR Rk Rk Rk ok Ak ok ok Rk ok kR ok Rk kR kR R kR Rk kR ko ok

DIMENSION VDLTA3(28),0ELTAB(28)

DIMENSION TTAB(99)sVTAB(99)»STABI(99),2TAB(99),ATAB(99)

DIMENSION FRENAME(26)

COMMON JAGOAs SUM160,PCyVCHEMsUNIOsFT,CTsPSTOP,PLOTOUT

COMMON SUM161,5UM152,S5UM163,5UM164,5UML65,SUML665CAPY,CAPX,TC
COMMON CV»PPTsPPVsNAME,NAMEL,NAME2

COMMON NOT,TTAB,NOVsVTABsNOS»STABINDZ,»ZTABsNOASATAB,VIG

COMMON VG(2)5AG(2),S5G(2),26(2)sPGI2),VGNyIsNsJJ»GG(2)sASQAsA1,51,521
COMMON PS,»NNp XPLOT(99),YPLOT(99),GI,GTAB(99),NDG,G

COMMON CAPAsCAPBsCAPC,CAPDsCAPESCAPF»CAPGsCAPH)CAPLSERR

COMMON AEISALPHA»AVI,A2,A3,A45A05A69B2,B2T»83,83T»B45B84T,»
1B4T4sB5,B85T,B6,86T5C25C2E,C35C3ESC5,C5E,EAVILEMKTI,

2Hs J» JBOOAL JK) IR VIS J2, J4sKyKTI,OVIB,OVIB2,0VIB3,0VIB4»0VIB5sPy .
3R,)RTISS»SAA,S83,588,SC,SD,SF,SUMLIO,SUMLI1,SUM2,SUM3,5UM33,5UM34,
45UM35,5UM4,SUMS s SUMOsSUMG, T, TI2,TI3,TI4sVI,VIMB,VIMB2,VINB22
CUMMION vIMBOEsUVIBO6»SUM36,SUM3T,SUM3E,SUM3Y»SUMAC,SUM4GLsSUME2,

17
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1SUM43,VI2,JVI2>AsZ5VIMBI, VIMB33, VIMB4,VIMBG4,VIMB5,VINBS55
REAL KyKTIsJdsJVI,JB60A»JI2544sJKs JR

REAL JVI2

REAL JAGDA

COMMON PL{99),HL(99),PU(99),HU(99)

COMMON TT(99),VT(99),ST(99),ZT(99),AT(992,6T(99),PT(99),HT(99)
COMMON TA(99)}sVA(99)sSA(99),ZA(99)AA(99)5GA(99),PA(99),HA(99)
COMMON TL(99),VL(99),SL(99),2L(99),AL(99)5GL(99),NOL,TLIN

COMMON TU(99),VU(99}s5U(99),ZU(99),AU(99),GU(99),NOU,TUIN

COMMON LNCT

COMMON/BOUND/FLAGOUTs NDENT

COMMON/FNAME/FNAM(26)

DATA FRENAME/O6HFREON s 2H11»6HFREGN »2H12» SHFREON »2H13,6HFREON »
14H13B81,6HFREON »2H14,6HFREON »2H21, 6HFREON »2H22, 6HFREON »2H23,
26HFREON 53H113,6HFREON »3H11456HFREQON »3H11656HFREON ,4H(C318,
36HOTHER »3HGAS/

DATA VOLTAB/04s¢125412001541554150015435¢30001545»4%000151,>
11.00001524220000015%05%4¢00001564264000015965,9,00001515¢515.00001,
2254525400001,504»50.00001,10045,100.00001,300047/

DATA DELTAB/+0254025+0354035¢055¢055015019025,¢2550550551¢310s20»
12653¢53076¢2645106510092545254550455045100,510047
NAMELIST/NY1/NOS»STABs VOLTAB,DELTAB,ERR,VIG,
1CAPA,CAPByCAPC,>CAPD,CAPESCAPF,CAPGSCAPHsCAPLsCAPX»CAPY,
23sRs A2,8B25C25A3583,C3,A%sB4,A5,B5,C5,A65B6,5BsKsALPHA>SAA,SBB,SC,
3S5DsSFsTCsPCHVCHEMs FT,CT» PSTOP, PLOTOUT
NAMELIST/N2/NOVs»VTABsNOT>TTABNOZs ZTABs NOAs» ATABSNOG»GTAB,UNIN

NAMELIST/PLOTIN/PLOTV,PLOTTSPLOTZ,PLOTA,PLOTG»PLOTOUT
1000 FORMAT(215)

1050 FORMAT(F3.0)

1100 FORMAT (1H1,10X,*UNIQ=*sF3,.0)

1150 FORMAT(1H1,43X,%0UTPUT UNITS#*5//,20Xs*VARIABLE*,21X,*SI*,18X»
1%US*,//18X,*TEMPERATURE »T*5 14X, #DEGREE KELVIN®,6X,
L*DEGREE RANKINE*»//518X,
2¥VOLUME, V¥4 20X, ¥M¥p 2H* ¥, %3 /KGM*y 13X» *FT*, 2H* ¥, %3/ B*s//518X>»
2*PRESSURE s P*, 20X
3HATM*, 15X #LBF/IN*, 2H* %, %2%,//,]1 8X» ¥*ENTHALPY,H*515X,
3*NONDIMENSIONAL*>»
410X *¥BTU/LB*,/ /518X, #SPEED OF SOUNDsA*» 14X, *M/SECH» 14X *FT/SECH,
5/7518Xs *SPECIFIC HEAT»CP*,9X» *NONDIMENSIONAL*s 5X» *BTU/ (LB~DEGREE R
6) %9/ /518X s*GAMMA*, 20Xy *NONDIMENSIONAL* 56X, *NONDIMENSIONAL*,//518Xs
TH#ISENTROPIC EXPONENT»G*s4Xs*NONDIMENSIONAL*,6Xs *NONDIMENSIONAL*,
8//7518Xy*COMPRESSIBILITY»Z%,8X,*NONDIMENSIONAL*,6X»
G*NONDIMENSIONAL*» 7 /5 18X *¥VISCOSITY MUK L7Xs ¥ N/ M*» 2H¥ %, %24, 12X,
A¥LB/(FT-SEC)®,/ /s 13Xs*CONDUCTIVITY K*,11Xs*W/(M~DEGREE K)#¥,3X,
3*%BTU/ (SEC~FT=DEGREE R)*5//,18Xs*PRANDTL NUMBER, PR*,8X»
CHNONDIMENSIONAL®*, 6Xs *NONDIMENSIONAL®, //5 18X, #ENTROPY*,18X>»
D*NONDIMENSIONAL*,S5X»#*BTU/(LB~DEGREE R)*)

1160 FORMAT(L1HL,77/7/,20X,*%DELTT TOO SMALL=ARRAY BVERFLOW*)
1170 FORMATU(1IHL,/777//520Xs*ARRAY OVERFLOW CHECK DELTV*)
1200 FORMAT(1H1,43Xs*QUTPUT IN SI UNITS FOR %5A6,A4s/953X,%5/R=%*,
LF7e4s//s5Xs*THy 10Xs %V GXs 4P, 10Xy *Hk, 9%, kA%,
18Xs%CP/R¥»5X, *GAMMA* 96Xy #GH s TXp ¥ 2% 5 11X #MUX» IX» ¥K ¥, BX» ¥NPR*, /)
1250 FORMAT(1H1,43Xs*QUTPUT IN US UNITS FOR *5A65A%s/553Xs*5/R=%,
LF7445//s5Xs%TH, 10Xs* V¥ X #P ¥, 10X *¥H*, 9K, %A%,
18X, #CP/R®E, SX» #GAMMAR X ¥ Gh) TXs % %) L1 X ¥ MUK OX, #K*, 8Xs *NPR*, /)
1300 FORMAT(1HL1,52X»4HS/R=sF7e45/ /5K kT4, 10X % V¥, FX, %P %, 10X, ¥H%,9X) %A%,
1B8Xs%CP/R*»S5Xs *GAMMA*» 6 X kG%yp TXo % Z* 5 11Xy ¥ MUK p X s #K* 5 EXs *NPR¥5 /)
1350 FORMAT( //553Xs 4HS/R=sFTe4s//s5Xs*Thyl0OXy* VR )X, %P %, 10X, kH¥, TN, %A%,
18Xs *CP/R*pOXs #GAMMAK G Xo %Gky TXy ® 2%y 11Xy kMUK ) IXs #K¥*, 8X,¥NPR*, /)
1400 FORMAT(1H1,77)
1600 FORMAT(1H1,10X, *ERROR IN GAS SELECTION, TRY AGAIN%*)
3000 FORMAT(1IH1,//7/510X,*INTERPOLATION HMAS FAILED CHECK MONOTONICITY*,
1% OF THE SATURATION PRESSURE LINE*)
DO 50 N=1ls26
FNAM(N) =FRENAME(N)
50 CONTINUE
READ(5,1000) NAME,NOPLOT
IF(EOF(5)) 910,75
75 CONTINUE

IF(NAMECEQe3sUReNAMECEQe~3¢s0RNAMESGEQs7.ORNAME (EQ.-7)

60 TO 905
R A L T T ]
c NAMELIST QUTPUT OPTION - SET INDUT EQUAL ONE. THIS IS AN INTERNAL
[ SETTING AND USUALLY SET TO ONE.
R s E e T E I TR I
NOENT=0
INOUT=1
—
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PLOTOLT=1
IF(NOPLIT) 100,110,120
Hkhkhkkbkkbkkkokokkk ko ko kkkohokohbh ko ko kR kxR Rk kxR kg Rk kR Rk
NG PLOT DESIRED
dhrbkd kb ko kohk ko ok hkokk kb kkk ko kb kkokk ok ke ko rh ok ko kkok kR kR ok ko
110 SFLAG=0.0
GO TO 140
Fohkkk ok kok ko dok Rk ko k ok ok ko ko kb ke kkdkokok ko ko kb Rk ok kk ok kkkk kb ok kR ko Kk ok Rk
PLOT UF S/R + OTHER LINES DESIRED
khkkkkkkkkhkkkkkkh ko kkhkok ok hkkkhkk bk hk ko kR khk ko ke ok ok kR k kb kb ko k
160 SFLAG=1.0
NGPLDT=1
GO TOU 140
122 IF(NOPLOT.GT.12) GJ Tu 130
Fhkkkh kR kkkkkk ko ko ka kb kb kR Sk kR Rk RNk ok k ok kb kR kR kg ko
PLOT GF LINES OTHER THAN S/R DESIRED
bk ddkh ok ko kb ek n b bk khrkkkk kb ko ra kR k b Rk ko ko ok ko kkok ok kokk
SFLAG=0.0
NDPLOT=1
60 TO 140
*‘*t**#*#*t*#ti?t‘*t#*“‘t#ti#*t‘*#***********#*&*‘*i*****************
PLUT OF S/R LINES ONLY
e ok ok ok ke e ok ok ok ok ok ok ok ko ek Rk ok ok ok kR ok ek kok ok ke ko ok ok Kk ok R kR ok Rk Rk Rk kR kR Rk
130 SFLAG21,.0
NUPLOT=G
149 CONTINUE
UNID=1.
IF(NAME.GT.0) 60 Td 150
L Y e R L i I L I nIImM I ™mMm
CUTPUT IN US UNITS DESIRED
khkdhokkkkkkk ko k ko hkok kb k ko ko ko kkk bk ko ARk k kb bk kR bk vk ke kR R Rk
NAME==NAME
UNIO=2,
153 IF(NAME.GT.13) GO Tu 9¢O
IF(NAME.£Q.13) GU TO 160
NAME 2= 2%NAME
NAME1xNAME2-1
CALL CNSTS
60 TO 170

160 READ (5,1050) UNID
Aok sk koK Aok ok R kR R R KK koK R R RO R Rk Aok ok ok ok Rk R ok Rk Rk ok kR kK Rk

CODE 13 HAS BEEN SELtCTED AND THE USER WILL SUPPLY THE THERMODYNAMIC

CONSTANTS AND QUTPUT OPTION. THE CONSTANTS ARE INPUT THROUGH A
NAMELIST FORMAT AND ARE LISTED IN THE NAMELIST N1 AND THE REPORT.

UNIO CONTROLS THE UNITS ASSOCIATED WITH THE TABULAR DUTPUT

IF UNIO=1 THE OUTPUT IS IN ST UNITS
IF UNIO=2 THE OUTPUT IS IN US UNITS
Ak ke kkkhk Rk kR kok ko kok kR Rk ko ko kokkk kkkokk Rk k ok k ok ke k ok k ok k kR kok kK
IF(INOUT.EQ.1) WRITE (6,1100) UNIO
READ(5,N1}
170 IF(INOUT.EQs1l) WRITE(obsN1)
WRITE(6,1150)
IA=-1
Ig=-1
IC=~]
ID=~1
IE=-1
IF(SFLAG«EQs0+0+AND.NOPLOT.EQ.O0) 6D TO 175
CALL PSEUDO
CALL LEROY
175 CONTINUE
JB60A=D
IF(ALPHASNE.O)JB6OA=J*B6/ALPHA
JA6OA=0
IF(ALPHAJNE.O)JAGDA=J*A6/ALPHA
J2=y/2.
JamJ/a,
JK=J*K
JR=J*R
VG(l1)=VIG
NN=0O
DELTT=(TC-(FT+30.))/50.
IF(DELTT4LT42,0) DELTT=2.0
N=1
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T I I I T I I T Y Y Y T A A L LRI T PP L Y P

I I I L e e T T TP LYY Y PR A
BCUNDARY OUTPUT OPTION, SET FLAGODUT EQUAL ONE. THIS IS AN
INTERNAL SETTING AND IS USUALLY SET TO ONE.

Hkh bk ok kAR oKk R Kk b ko ok kKRR kR R KRk oK ok kR Rk ok K KRR R kK K

244 FLAGOUT=1.

TTAB{NI=TC .

LTF(FLAGIUTLEQslsv) CALL BOUNDRY(1)
180 CALL PLINE

LNCT=LNCT+1

245 IF(FLAGOUT.EQ.leusAND L LNCToGT439) CALL BQUNORY(1)

P P T P L L T T e T e e R T
SATURATION PRESSURc LINF CALCULATION

Fhkkk Rk ok kkr bk bRk kkk Kk x bk kR bk khkkkkkkk kb hk bk kv kb d b kb kb kb hkxsh
TLIN)=TI

250 VLIN)=VI
SL{N)=S
ZL(N}=Z
AL(IN)=A
GL{N)=G
2ot PLIN)=P
HL{N}=H
IF{¢~pPSTOPIZ200,19051%0
193 N=N+1
IFIN,GT.99) GO TO 19¢
26C GO T0 194
192 WRITL(6,1160)
G3 7O 910
194 CORTINUE
TTAB(N)=TTAB{N-L)}=DELTT
265 6N T0 180
20C NJIL=N-1
NN=NN=-1
IF(SFLAGWNESO,04URNUPLOT.NE.O) CALL PLIOT
NN=O
270 DELTT=(CT-TL{(NOL))/H0.
N=l
TTAB(N)}=TL (NOL)
vIsvL(NOL)
CALL VVAR
27% IF(FLAGOUTCEQ.1.0) CaALL BOUNDRY(2)
2106 TI=TTAB(N)
CALL TVAR
CALL PHOTV
LNCT=LNCT+1
280 IF(FLAGOUT.EQeleueANDsLNCTLGT439) CALL BUUNORY(2)
I I I e T T T A e R T
C MAXIMUM VOLUME LINE CALCULATION
M I I e e T T T ey T R e R P L
TUIN)=TI
285 - VUIN)=VI
SUN)=S
ZU(N)=Z
AU(N)=A
GU(N)=G
290 PUIN)=pP
HU(N)=H
IF(ABS(TI~CT).LEss1) GO TO 230
220 N3N+l
IF{N.GT.99) GO TO 192
295 TTAB{N)sSTTABIN-1)+DELTT
60 TO 210
- 230 NOU=N
IF(SFLAGeNE+QO«O+sORNOPLOTWNELO) CALL PLOT
NN=0
306 Nzl

VTAB(N)=VU(NOU)

TIsTU(NOU)

CALL TVAR

IF(FLAGOUT.EQ.,1.0) CALL BOUNDRY(3)

C
230 [« THIS PORTICN QOF THE PROGRAM COMPUTES THE BOUNDARY LIMITS FOR

[+ THE GAS PROPERTIESs THESE INCLUDE THE SATURATION PRESSURE LINE,

[+ CCONSTANT MAXe VOLUME LINEs CONSTANT TEMP LINEs AND CONSTANT

C MINe. VOLUME LINE

C wkdokkb ok ok ok ok Aok R A R Rokok ROk ok ok Rk A Rk R ok kR o Rk Rk R kR kAR Rk ke
232 c

C

C

c

[+

[a¥a¥al
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305 240 vI=vTABIN)
CALL VVAR
Catl PHOTV
LNCT=LNCT+1
TF(FLAGOUTEQele0eANUSLNCT.GT.39) CALL BIOUNDRY({3)
AR R LR R R R e i T P T T I T 2
CUNSTANT TEMPERATURE LINE CALCULATION
L R L T E Ty Y Yy T T T T PP P TR T TRy O Y
TT(N)=TI
VT{N)=V]
315 ST(N)}=S
ZT(NI=Z
AT(N)=A
GTiN)=G
PT(N)=P
320 HT(N)=H
IF(VI-VL(1))260,2605250
250 N=N+1
IF{N.GT.99} 60 TQ 252
GO TO 254
325 252 wRITE(651170)
GG TL 910
254 CONTINUE
CALL IUNI(28528,VULTABs1sDELTAB, 1) VTAB(N=L)»DELTV,IA,IERR)
laz-1
330 VTAB (N)=YTAB(N=-1)=DtL TV
IF(VTAB(N)}=VL(L1))270,240,240
270 VTAB(N)=vL (1)
GO TO 240
260 NOLL=N
335 IF(SFLAGNE Q0. URNOPLOT«NELO) CALL PLOT
NN=Q -
DELTT=(TT(NOLL)=TC)/50,
N=1
TTAB(N)=TT(NOLL)
340 VIsVT(NOLL)
CALL VVAR
IF(FLAGOUT.EQ.1.0) CALL BOUNDRY(&)}

280 TIsTTA3(N)
CALL TVAR
345 CALL PHOTV
LNCT=LNCT+1
IF(FLAGDUT,EQ.1.0.4NDLLNCT.GT.39) CALL SOUNDRY(4)
**#***t#***##t*##t#*t“*ttt*#t*#*#*t#‘***##t‘tt#t#t#‘#****#*t#ﬁ#*##‘**
MINIMUM VOLUME LINE CALCULATION
L A L e T Yy Yy LT
TA(NY=T]
VA(NI=Y]
SA(N)=S
ZA(N) =2
EPTS AA(N)=A
GAIN)I=G
PA(N)=P
HA(N)=H
IF(TI-TC) 300,3005290
360 290 N=N+1
IF(N.6T.99) GO TD 192
TTAB(N)=TTAB(N=L)-DELTT
60 TO 280
300 NOUU=N
365 IF(SFLAGsNE.O.O.ORWNJIPLOTSNE.O) CALL PLOT
DELT=90./5,
IF(NOS.EQ.0) GO TO 470
LNCT=0
NOENT=1
LA R R LA R R R Ry L E Ty T T Ty L e L T e T Ty
THE FOLLOWING LODP DUTPUTS THE GAS PROPERTIES FOR THE
SPECIES UNDER CONSIDERATION FOR GIVEN VALUES OF S/R
dkkkk kb kR ke kb ko a kbR kokk kb ko kok bk kb ke k ke ok foh kg ko

T Tt LF{UNIO.GT. 1.} STAB{L) = STAB(I)/(EM/1.987)

ann

[aNaXsl

350

laEeNaXe]

375 RIS
IF(I-1)340,310,340

310 IF(UNID.GT.1.) 6O TO 320
WRITE(651200) FRENAME(NAMEL)»FRENAME (NAME2),STAB(I) i/}“,*,i:2:¢a_z
60 T0 330 gy

380 320 WRITE(6,1250) FRENAME(NAMEL), FRENAME(NAME2),STAB(I) ’

21
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N 33y LNCTa?
N\ 60 TO 372
\\ 340 IF(LNCT~23) 36053205350
350 WRITE(6,1300) STAB(I)
385\ © LNCT=y
4 6C TO 370
\ 367 WRITE(6,1350)5TA3(1}
\ LNCT=LNCT+7
\ 379 CINTINUE
399 4 [F(UHIOWLLELLe) STAB(II=STAB(I)/44,289180
A TF(STAB(II-SL(NILI)380,380,390
\ 380 CALL IUNI(99,NOLsSLpLlsTLy1,STABC(I),TST, 35 1ERR)
L 18=~1

N CALL IUNI(99,NDL;SL;1:VL;1;STAB(I)yVSTnIi:iE}W)
395 . 1C=-1

Go TO 400
390 CALL IUNI(99,NQU;SuUs1sTUs1,STABIT)sTST,I0 IERR)
1D=-1
. VST=VUll) Ve
40U 400 IF(STAB(I}~SA(1))41054105420
410 CALL IUVI(QQ’NQUU»SA;l:TA;l-STABlI);TND;IE;IERR)
Y 1E=-1 -
CO TO 43y .
423 TND=TT(1)
405 430, L=1 .
TTAB(L)=TST :
Gby L‘L"‘L <
TTAB(L)=2TTAB(L~1)+DELT~
IF{TTAB(L)- TND)440,5;0,450
410 45y TTAB(L)=2TND
NOT=L
VGL1y=VST s
NNag .

SI=STAB(I)
FhEa Rk Rk R R Rk oR R R ok kR Rk kR ok kR kb kR ok kR kR k kK

THE REMAINDER OF THE MAIN PROGRAM CONTROLS THE VARIQUS PLOTS

AVAILABLE  TO THE USER
LR R Ry e i L ey Py ]

41

A AR AR KKK R R R K K A KR K R R ok R R KRRk KR Rk

PLOTS LINES GF CONSTANT S/R

ARERAER AR R R AR RRORR ARk R KRR KRR AR R Rk Rk Rk
"CALL SLINE
IF(SFLAG.NE.1s) GD TO 460

425 CaLt PLOT

460 CONTINUE

473 CONTINUE

IF(NOPLOT.EQ,0) S0 TO 890
kkrkkhkrrhkkkhkkkkkkkk ok hhkkrkkphkkkhkbkkk kbbb kkx ke kkkkhkkrhhh bk bk rhkk
//// PLOT DUTPUT IS CONTROLLEC BY THE NAMELIST PLOTIN WHICH MUST
PRECEED THE N2 NAMELISTS ~ ONE N2 NAMELIST IS REQUIRED FOR EACH LINE
OF THE PLOT. SETTING PLOTOUT EQUAL TO ONE IN PLOTIN WILL OUTPUT
THE PLOT COMPUTATIONS (THIS IS USUALLY NOT DONE UNLESS DEBUGGING
IS GLESIRED.

420

B
YOO OOOO

NAMELTST N2 CONTAINS THE TABULAR PLOT INPUT AND MUST BE PROVIDED
BY THE USER. N2 INPUTS FOLLOW THE PLOT INPUTS WHICH FOLLOW THE N1
INPUTS IF CODE 13 HAS BEEN SELECTED. THE USER INPUTS THE NUMBER
CF LINES DESIRED AND THE INCREMENTS BETWEEN THEM:
NOTE 3 THE VALUES MUST BE WITHIN THE
BOUNDARIES OF THe COMPUTATION. THEREFORE IT IS RECOMMENDED THAT
THE USER FIRST OBTAIN THE BOUNDARY VALUES THROUGH THE BOUNDARY
OUTPUT OPTION TU HELP IN THE SELECTION OF THESE VALUES. LF UNIN
EQUAL TWO IN N2 THEN THE INPUTS ARE IN US UNITS,.®
445 R L e L L L S St
/ READ(5,PLOTIN) N\
' WRITE(651400) \
IF(INOUT.EQ.1) WRITE(6,PLOTIN) :
IF(PLOTV.EQ.0) GO TO 510 \
450 DD 471 11=1,99 \
VTAB(II)=0.0 .
TTAB(1I1=0.0

C
C
C
C
9
C
¢
C
J c
C
c
C
c
c
C
c
C

ITAB(II)=0.0

ATAB(II)=0.,0 '

455 GTAB(II)=0.0 \
471 CONTINUE i
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330 LNCT=7
60 710 370

340 IF(LNCT=25) 3605350350

350 WRITE(6,1300) STAB(I)
LNCT=5
GO 10 370

360 WRITE(651350)STAB(I)
LNCT=LNCT+?7

370 CONTINUE
IF(UNIO«LEeles) STAB(I)=STAB(1)/44.289180
IF(STAB(I)-SL(NOL))380,380,390

380 CALL IUNI(99sNOLsSLs1sTL»1,STAB(I)STST,IBsIERR)
I18=-1
ESLLIIUNI(99:N0L)SL’1:VL)l)STAB(I)pVST}IC,IERR)
63 TO 400

390 CALL IUNI(99,NOUsSU»1sTU»1,STAB(I)»TST,IDsIERR)
10=-1

VST=VUILL) TG/ 1[NT. - oo .
, [9CUNTOLLE.1.) STAB(I) = STAB(I)/\EM/1.987)
400 IF(STAB(I)-5A(1))410,410,420 ' '
410 CALL IUNI{99,NOUU»SA»15TAs1,STAB(I}>»TNDs»IESTIERR)
IE€=-1 oA/
GO TO 430
420 TND=TT(1)
60 TO 430
425 CALL IUNI(99,NOL»SL»1>TL»1>STAB(I)»TNDsIds JERR)
I8==1
IF(TND.EQsQ) WRITE(65,3000)
IF(TND,EQ.0Q) GO TD 910
430 L=1
TTAB(L)=TST
440 L=L+1
TTAB(L)=TTAB(L-1)+DELT
IF{TTAB(L)~TND)440,450,450
450 TTAB(L)=TND
NOT=L

VG(L)=VST
NN=0
SI=STAB(I)

IR R R T Ry et R s L R S s s R s L
THE REMAINDER OF THE MAIN PROGRAM CONTROLS THE VARIOUS PLOTS
AVAILABLE TO THE USER

kkkkkkk kb kk kR kb sk kb k ko k kb kb ko k kb kk kb k kb kkk kb kk

hkkbkkhkkd kbbb a bk ke h kb kb kR kb bk h kb hkak kb hk ke ke ke ki kb hk
PLOTS LINES OF CONSTANT S/R

A E kR R E R R AR R KRR AR R R kAR Rk kR R ek R Rk kb kR a kb bk kR R Rk
CALL SLINE
IF(SFLAG.NEs1s) GO TO 460
CALL PLOT

460 CONTINUE

470 CONTINUE
IF(NDPLOT.EQ.0) GO TO 890

BRAEKSER KRB RRS KSR AR kRS R Rk R LR R R R ARk KRR R ERRE R kxR bra b bR b b a b r R bk na kR
PLOT OUTPUT IS CONTROLLED BY THE NAMELIST PLOTIN WHICH MUST
PRECEED THE N2 NAMELISTS = ONE N2 NAMELIST IS REQUIRED FOR EACH LINE
OF THE PLOT. SETTING PLOTOUT EQUAL TO ONE IN PLOTIN wILL OUTPUT
THE PLOT COMPUTATIONS (THIS IS USUALLY NOT DONE UNLESS DEBUGGING
IS DESIRED.

NAMELIST N2 CONTAINS THE TABULAR PLOT INPUT AND MUST BE PROVIDED
BY THE USERs N2 INPUTS FOLLOW THE PLOT INPUTS WHICH FOLLOW THE N1
INPUTS 1F CODE 13 HAS BEEN SELECTED. THE USER INPUTS THE NUMBER
OF LINES DESIRED AND THE INCREMENTS BETWEEN THEM,
NOTE : THE VALUES MUST BE WITHIN THE

BOUNDARIES OF THE COMPUTATION. THEREFORE IT IS RECOMMENDED THAT
THE USER FIRST OBTAIN THE BOUNDARY VALUES THROUGH THE BOUNDARY
QUTPUT OPTION TO HELP IN THE SELECTION OF THESE VALUES. IF UNIN
EQUAL TWwO IN N2 THEN THE INPUTS ARE IN US UNITS."

Fhokkkkkk ko kk ko h ko ko kkk kb ko kR kR ko kkk ks kkkk kR k kR ek k k¥
READ(5,PLOTIN)}
WRITE(651400)
IF(INQUT.EQ.1) WRITE(6,PLOTINY
IF(PLOTV.EQ.O0) GU TO 510
DO 471 II=1,99
VTAB(II)=0.0
TTAB(II)=0.0
ITAB(II)=0,0

ATAB(IL1=0.0
GTAB(II)=0.0
471 CONTINUE

et T e

[

H



460

460

479

475

460G

485

49G

495

500

565

510

515

520

530

C
C
C

[aEaXal

s Xz XK=z}

s X e K]
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ARSI RIS PR R RS R R R P e e Ry R Y T Y]
INPUT NOV AND VTA8 FOR V LINE PLOT
L Ty Ly L Ry Y I P S T YT I T Y
FEAD(5sN2)
wRITEL6,1400)
LF(INOQUTWEQel) wRITEL(6sN2)
Du 5CC I=1,NOV
IFCUNINGNEL240) VTABIL1)=VTAB(1)/,062427962
CALL IUNI(99sNOL»VLI1sTLsLsVTABII),TSTsIB,IERR)
Ig==-1
TND=TT{1)
L=1
TTAB(L)=TST
480 L=L+1
TTAB(L)=TTAB(L=1)+0ELT
IF(TTA3(L)=-TND)430,4305460
499 TTAB{L)=TND
MOT=L
NN=0
AR E R AR S R R R R R R S Y Ly T I T Y 2]
PLOTS LINES OF CONSTANT V
KEEX RN R RN AR AR AN GOk kb bk kR ke dk b kb kb kk ek hhkha kb bk kR k
CALL VLINE
SCu CaLl FLOT
510 CONTINUE
IF(PLOTT«EQ.D) GU TO 580
LO 511 II=1,99
VTAB(II)=0.C
TTAB(II)=D.0
2TAB(II)=u.0
ATAB(II)=0,0
GTAB(II}=0.0
511 CONTINUE
dokkkr ko kkkok ok kb Rk h kkoh ko ok kR Aok ko kb ARk ke kR kR R kR Rk Rk kR Rk R R Rk
INPUT NOT AND TTAB FUR T LINE PLOT
ARk ek ko kk kb kkokkk ko ko kk ko hk kA kok Rk kb ko k ok kA sk A bR h bk kRny
KEAD(5,N2)
wrlTE(6s LaGU)

IFCINOUT.EQ.Ll) WRITE(GsN2)
DC 570 N=]1,NIT
IFCUNINGNE,2.C) TTAB(N)=TTAB(N)/.5555
IF(TTAB(N)I=TL(L))530,520,520
520 vSTavL(l)
GO TO 540

530 CALL IUNI(99,NOLsTLsLlsVLs1sTTAB(N),VSTsI851ERR)

18a-1
540 L=l
VIAB(L) =VST
5hu Lal+l
CALL 1UNI(28,28,VDLTAB»1,DELTAB,1,VTAB(L=1),DELTV,ICsIERR)
ICs=-1
VTAB(L)=VTAB(L-1)+DELTY
IF(VTAB(L)=VL(NOL) 550,550,560
46C VTAB(L)sVL(NOL)
NOVsL
NN=Q
FREE RN R Rk R R AR A R kR bk Rk kR kR kR Rkt Rt ek o h kR bk kb kR kK
PLOTS LINES OF CONSTANT T
R AR RS RS SRR LR L R Y R P R IR RSP P e s Y
CALL TLINE
570 CALL PLOT
560 CONTINUE
IF(PLOTZ.EQ.0) GO T0 €70
DO 581 II=1,99
VTAB(II1=0,0
TTAB(II)20.0
ITAB(I1)=0.0
ATAB(II)=0.C
GTAB(II)=0,0
581 CONTINUE
kb kb kb kpk ko hkpkok kR kR kR nkk kR kk ks kk ke bk ke
INPUT NOZ AND ZTAB FuR Z LINES
kbbb kph bk kb kb kkkk kb k ko k ko kb kR kR Rk
READ(55N2)
WRITE(65,1400)
IF(INOUT.EQ.1) WRITE(6,N2)

23
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535

540

545

55¢

555

2¢0

265

570

575

-R-5

59u

&£00

6U2

OoOM

[z NzNel

[aXalal

APPENDIX A

00 660 I=1,NOZ
IF(ZTAB(I)~ZU(1))6005,590,590

590 IF(ZTAB(I)}~ZUINDU))6105620,620

600 CALL IUNI(S9»NOL»ZLs>1sVLs1,2ZTABCI)»VNDs1I85IERR)
Id==-1
GO 7O 630

610 VND=vU(1)
GO TO 630

620 CALL TUNI(99sNOLLsZTs1sVTs1sZTAB(I),VND, IC, IERR)
IC=-1

630 CALL IUNI(S9,NDUUsZA»1sTA»1s2ZTABII),TST,ID,IERR)
ID=~-1
VST=VA(l)
VG{1)=TST
L=l
VTABI(L)=VST

640 L=L+]
CALL IUNI(28,28sVOLTABs1sDELTABy 1,y VTABI(L=1),DELTVyIE,IERR)
IE=~-1
VTAB(L}=VTAB(L~1)+4JELTV
IF(VTA3(L)~-YND)I40»650, 650

€50 VTAB(L)=VND
NOVsL
NN=0

I T Tt e T T Y P e Tty

PLOTS LINES OF CONSTANT 2
kkkk kR kkr bk bk bk kb kkkkkk kb hkkhkkkrk sk ko kR Rk kok ok ko ko kg kg
CALL ZLINE
660 CALL PLOT
670 CONTINUE
IF(PLOTALEQ.OQ) GO TO 7490
00 671 II=1,39
VTAB(II)=0.0
TTAB(II)=0.0
ITAB(1I)=0,C
ATAB(II)=0.C
GCTAB(II)=0.0
671 CONTINUE
EREXRFPRARE AR F AR RFRERF AR KRR RO R R kbR R nrh ek h kR kR k kR ok bk kb kb k&
INPUT WNOA AND ATAB FOR A LINES
SRR AR R R kR kA ok Rk KR R ok Rk ok Rk R R Rk R
READ(5,N2) :
WRITE(6s140C)
IF(INOUT.EQel) WRITE(L,N2)
05 73C I=1,N3A
IF{UNINGNEC2,0) ATAB(I)=ATAB(I)/ 43044
IF(ATAR(1)~AU(NDU) )58U, 680,690
680 VND=VU(1)
GU 10 700
690 CALL JUNI(99,NJLLsAT»1sVTs1sATAB(I)sVNDsI3,IcERR)
IB==y
7C0 CALL IUNI(GG,NOUUsAA» Ly TA»1,ATABLI)TSTSIC,yIERR)
IC=-1
VST=va(l)
VG(1)=TST
L=1
VIaB(L)=VST
710 L=L+1
CALL IUNI(2By2d8sVDLTAB, 1»DELTAB,1,VTAB{L-1),DELTVsIDsIERR}
I0=-1
VTAS(L)I=VTAB(L=1)+0tL TV
IF(VTABILI-VND) 710,720,720
725 VIAB(L)=VND
NCv=L
NN=Q
PR L L T LT T L LT T T g U N e

PLOTS LINES OF CuNSTANT A
Rk xk ke kk R kk kR hrk ok k ko kkkdok kR Rk kR kR ARk kR Rk kR kR Rk kR Rk
CALL ALINE
730 CALL PLIT
746 CONTINUE
IF(PLGTG.EQ.3) O TQ 840
£O 741 Ii%1,99
VTAK(II)=0.0
TTAB(I[)=06.0
2TAB(II)20.0



610

615

620

625

630

b4y

645

655

660

665

670

680

APPENDIX A

ATAB(II)=0.0
GTAB(II)=¢.0
741 CONTINUE

v R X R AR L R e R I s RS L P L)

C

INPUT NOG AND GTA3 FIR 6 LINES

C #okrnrkbbpkbhkdhthhhkerhkhnbrkhbrhkh bbbk kk kbbb kb bk rkhkr b bk rnyg

coon

KEAD(5,N2}
WRITE(6514CC)
IFUINUUTLEQ.L) WRITE(L,N2)
NK=NJL~4
NKK=5H
DL 770 I=1,N3G
TST=TYV (1)
CALL TUNI{99,NOLLs»ST»1sVT,1sGTAB(I)sVSTsIByIERK)
lp==1
CALL JUNI(99,NOUU»SA»1,TAs1»GTAB(I),TND,IC,I1ERK)
IC=-~}
VG(1)=VST
L=l
TTAB(L)=TST
750 L=L+1
TTAB(L)=TTAB(L=-1)=-0cLT
IE(TTAB(L)I=TND)760sT0uUs 750
762 TTAB(L)=TND
MOT=L
NN=C -
LR R R R e P R R R T RS S S R R S Y
PLOTS LINES 3JF CUNSTANT G
AR X R R R R L R R R R L R R R R R R R R A P R R L]
CALL GLINET
770 CaALL PLOT
ND 8GN I=1,NJG
YND=vU(1)
CALL IUNI(SIsNKyOGLINKK)pL1p TLINKK)»19sGTAB(I}»TSTo»IBsIERR)
I8=-1
CALL IUNI(99sNKy3L{NKK)s1s VLINKK)»1,GTAB(I)sVST»IC,IERR)
Ic=~1
VG(1)aTST

L=1
VTAB(L)=VST
765 L=L+]l
CaLL IUNI(28s285vDLTA»1>DELTABs 1o VTAB(L=1)sDELTVSsIDs1ERR)
ID=~-1
VTAB(L)sVTAB(L-1)+DcLTV
IF(VTAB(L)=VND)T7BO,720s» 790
790 VTAB(L)aVND
NOVs=L
NN=C
CALL GLINE
800 CALL PLOT
00 830 I=1,N0G
TST=TT(1)
CALL IUNI(99,NOLL»GT»1sVTs1,GTAB(II,VST,IB,ILRR)
18=-1
CALL IUNI(99,NJUsGU»1»TU,1sGTABII)sTNDSIC, IERR)
IC==~1
VG (1)=VST
L=1
TTAB(L)=TST
810 LsL+1l
TTAB(L)Y=TTAB(L~-1)-0ELT
IF(TTAB(L)-TND)B20,820,810
820 TTAB(L)=TND
NOT=L
NN=Q
CALL GLINET
VG(1)=TND
VTAB(1)=VU(1l)
NOV=s1
CALL GLINE
830 CALL PLOT
840 CONTINUE )
IF{SFLAG.EQes0.0) CALL CALPLT(0,05999)
890 IF(SFLAG.NE.1,) GO TO 910
CALL CALPLT(0,0,999)
Gd TCO 910

25 -
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685

690

10

15

20

25

30

33

40

45

963

9GS5
2000

910

C *%*

C
C ***

44

71

72

43

46
45
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WRITE(H,1£00)

GC To 910

WPITe(6s2Vuu)

FORMATC1HLs / /4 /s 18Xy *THE PROGRAM DDES NOT HANDLE THIS COMPUUND#»
11X ®*CORRECTLY AT TAIS TIME BECAUSE OF ERRORS IN THE*,/,15X,
2*THERMODYNAMIC CONSTANTS. PLEASE REFER TO THE FREON PRODUCTS*,
31Xy *BULLETINS FUR THE GAS PRIPERTIES *,/,15X
4*THAT ARE AVAILABLce SURRY FOR THE INCONVIENIENCE.*)

sTOP

END

SUBROUTINE ALINE
P Y 2 A R i I N R R YRS L e A2t
SUBKQUTINE ALINe CUMPUTES LINES OF CONSTANT Ay SPEED QOF SUOUND
T T T I T oo
DIMENSION TTaB(99),vTABI99),STAB(99),ZTAB(99),ATAB(99)

COMMON JAGOA,SUMLEU»PCHVE,EMSUNIBsFT,CT,PSTOP, PLOTOUT

COMMON SUM161,35uUM1625SUM163,SUML645SUM165,SUML66sCAPY,CAPX,TC
COMMON CVsPPT,PPVsNAMESNAMEL, NAME2

COMMUM NOT,»TTABsNUVs VTABINOS,»STABsNOZ» ZTABSNOA,ATAB,VIG

CCMMON VG(2),AG(2)5,5G(2)52G(2)sPG(2)sVGNyIsNsJJsGG(R2)sASQyALI,SIH»IZI
CUMMON PSyNNsXPLOT(99) s YPLOT(99),GI,GTAB(39)5N0G»G

COMMON CAPA,CAPB»CAPC,»CAPD»CAPESCAPFsCAPG)CAPH)CAPLYERR

CUMMON AEI,ALPHASAVI,AZsA3,A4sA5,A65,82,82T»83,83T9B4,B4T,
1B4T4sB85585T»80s86T5C2sC2EsC3,C3E9C5sC5E»EAVISENKTI,

2HsJs JBBOA, JKsJR, IV U2, J4sKyKTI,0VIB,OVIB2,0VIB3,0VIB4sOVIBS5,Ps
3IRsPRT1,Ss5AA,S3,58B55C»SD,SFySUMLO»SUML1, SUM25SUM3,5UM33,5UM34)»
4SUMAS, SUMGs SUMY» 3UME, SUMG, T, TI2,TI3,TI4, VI, VIMB,VIMB2,VIMB22
COMMON VIMBO,OVIB6,SUN3E,SUM37,SUM3B,SUM39,SUMGD» SUMGL,SUMS2,
1SUMQ3,VI2,JVI2,)AsZsvIMB3,VIMB33,VIMBG, VIMBL44,VIMBS,VIMB5S

REAL KoKTIsJds VIS J360A»J25J04sJ K JRJIVIZ,JA60A

AI=ATAB(I)

DO 2 N=1,NOV

VI=VTAB(N)

CALL VVAR

Jd=]

TI=vG(JId)

CALL TvaR

CALL AQTV

AGLaJ)=A

IF(ABS(AG{JJ)=ATI)-ERR*AT )70, 71571

1F(J3J-1)72572543

JJ=2

VG(2)=VG(1)*1.05

GO TOD 44

VONR ({VG(2)=VG(1) )/ (AG(2)-AG(1)))

1 (AY=-AG(L))I+VG(1)

IF(VGN)463 46545

VGNx,5%VG(2)

AG(L1)=AG(2)
VG(1)=vG(2)
VG{2)=VGN
GO TO 44
CALL PHOTV
CCNTINUE
RETURN

END
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SUBROUTINE ATV
C #2krhkrdxd kbbb khkb oA s et b sdabhabdbhd bkt sk gn Rt hnphharnbashr ko bnrskh
C SURRJUTINE AJTY CUMPUTES A=F(T,V)s SPEcD UOF SOUND AS A FUNCTION
C OF T AND V
[y I Y R R R R R R R L R S PSR R R
UDINENSION TTAB(G9),vTARKII)},STAB{99),2TAB(99),ATABIYS)
CUMMON JABDA» SUMLous PCHVCsEMHUNIDS FT»CT»PSTOP, PLOTOUT
CIMMON SUM161,SUM152,SLM1635sSUMLE4,SUMI05,SUMLE6,CAPY,CAPX,TC
COMMIN CVsPPT,PPVsNAME) NAMEL, NAME2
CCMMON NOTsTTAZ»HAVs VTABSNOSsSTABSNOZy ZTAB,NOASATAB,VIG
CLMMUN Vo (2)saG6(2)sSG(2)s25(2),PG(2)sVONsLsNsJJsGG(2),ASUsATsSIsZI
CUMMIN PS,NNyXPLAT(99),YPLAT(99),61,5TAB(99),N0G»6
COMMON CAPA,CAPI»CAPC,CAPDSCAPESCAPFoCAPGSCAPHSCAPLS ERR
COMMON AETSALPHASAVI A2,A3,44,A5,A6,82,82T,83583T,845B4T»
184T4sB5,85T,80,36T,C2,C2EsC3,C3EsC5,C5EscAVISENKTE,
2HyJ s JBHCA»JKs JRY IV U2 J4sKsKTI,OVIB,0VI32,0VIB3,0VI4,0VIBS,P,
3k)RTI»S»sSAASBySuBLsSCrSDsSFsSUMIC,SUMLL Y SUMZ2,SUM3sSUM33,5UM34,
4SUM35, SUMA»SUMSy SUMGE» SUMO» TIsTI2,TI3sT14,VIsVIM3,VINE2,VIMbE2
COMMUN VIABOH,DOVIBS,SuM36»SUM3T,SUM3B»SUMIY,SUMG0,SUMeL, 3UNG2,
LSUMG3,VI2,JVI2,As2Z»VIMB3,VIMB33,VIMBGy VIMBGG»VIMBS,VIMBES
FEAL KyKTI»JsJVIsJdb60A»J2sJ4sJKs RS JIVIZ,JakOA
LR R R R P R AR R RN T R PR N R A e R A R I R PSS N PE RIS RS S L)
C2F6 CHECK
e IIImnm I I ImnmIImnTmT MM TTTmLIaOmmmm

[aNsNalal

IF(CAPA.cQele0) wC TU 10060

LR A R R A R Ry R s R L s A R Y R R S
CRRF3 CHECK
Rk bkeknkkhkrkehbkhkphnhk b b khhhrhrkkk bk kb kg hkk ko k kb ke kRN R ko wk %

[sRa N el Nal

1H(CAPB.NE.1.0) S0 TO 2CO00

D e N L R Ty e ey L P L T ]
AxF(T,V) FOR CBRF3 ONLY

LR L R L e R e
VI3avi2sVI
Vi4a=vi2*vI2

VIS=yI2*VI3
CV=04017941496c—4*T]1~8e34999E-8%TI241.6313E7/(VI*TI4)-3.339986E3/
L(VI3*TI4)+4,0640785E-4/VI-4,.5R69087E-6/VI(2-3.987b92¢E-8/VI3
PPT=0,072347/VI+C4Ju215617/V12-0,000324787/VI3+0.0000002155/VIa
14(34/TI4)*(5.8B77TE6/VI2-2,01TE3/VI4)
PPY==({2,%2,49597)/VI3-13,%,0274558)/V1a+{4.*,00017894)/VI>
1+4TI#(=0,072047/VI2-(2.%,00219617)/VI3+(3.%,000024787)/VI4
2=(4e*.0CO00L2155)/VIS)~((=2.%5.87TE6)/VI3+(49e*2.617E3)/VI5)/TI3)
A=JVIZHT[#PPT*42/CJ-V]IZ*POV

GQ TG 2001

1000 CONTINUE
o L R RN R L A L s A IS s R R RS L e Ll

[aEzXa¥al

C A=F(T,v) FOR C2F6 ONLY
C ok ok ok ok ok Rk Rk o R A A R R R R KR R Ok Rk ROk kR ok R R ok R Rk
BETA=,0C8223681553

ALP=38,20276942

R=, (7775339769

RTI=R*T]
CV=,02378775437+4.0003463651333%T1-.14211084E~06%T]I2
14,7611753554E-11%T13-..6902175E+03/TI2+( (3., %J*aLP)/

2(4 *BETA*TI**¥1,5))#ALOG((VI+BETA}/VI)
PPTaR/(VI=BETA)+ALP/ (2. *%VI*(VI+BETA)*TI**1.5)
PPY=—RTI/{({VI-BETAY*(VI-BETA)I)+{ALP*(2,#VI+BETA)I/({VI2*(VI+BETA)

LA(VI+BETA)I*TI*%,.5)

PPVa~PPY

A= JVIZHTI*PPTH*2/CV-VI2*PPV

60 TO 2001
C #“###‘#‘#t#t“*‘t!###t#t#tt#t**t**‘*t#t*t**#f‘#*#**t****t*t*##*##**‘*
¢ A=F{T,V) FOR ALL OTHER FREONS

C odrvdmhkhkndhdb bk ddakbkkkkhhkbbhd bbbk dhrhhakh kb ek b bbbk hkhkhdok bk hh ke r s
2000 CVsSUM160~-SUM33+5UM36
PPT= (R *0VI3+SUM3GHOVIB2+SUM4O*OVIBI+SUM43+SUMG1*OVIBS)
PPVs= (RTI*0OVIB2+SUM33*0VIB3+SUM34*0VIB4
2+SUM42*OVIB5+SUM35*0VIB6—AET*SUMG)
AsJVI2*TI#PPT#%2/Cv-VI2*%PPV
2001 CONTINUE
A=SQRT(A%*4633,056)
RETURN
END
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SUBROUTINE BOUNDRY({SIDE)
wkkh ko srh Rk h kR Rk ko ko ko kR Rk R R R Rk kR R kR kR ok ok kR ok ko
SUBRQOUTINE BJIUNDRY WRITES THE HEADINGS FOR THE BOUNDARY OUTPUT
LR S R R e e s P I Py T P R PP PR Py T
DIMENSION TTAB(99)sVTAB(99)»STAB(99)»2TAB(99),ATAB(99)
COMMUON JAGOA, SUML60s,PCHVCsEMpUNIC, FT,CT»PSTOP, PLOTOUT
COMMUN SUM161,SUM162,5UM163,5UM164,SUM165,SUM166,CAPY,CAPX,TC
COMMON CVsPPT,PPVsNAMESNAMEL,NAME2
COMMON NOT,TTAB,NOVsVTIABSNOS,STAB,NOZ,2TAB,NOA,ATAB,VIG
COMMON VG(2)sAG(2)5,S6(2)226G(2)sPG(2)sVONsIsNsJI»GG(2)sASQATISSI»ZI
COMMON PSsNNy XPLOT(99),YPLOT(99),GI,GTAB(99),NDG,»G
COMMON CAPA,CAPByCAPC,CAPD,)CAPESCAPFsCAPG,CAPH,CAPLSERR
COMMON AEI,ALPHASAVI,A25A3,A4sA5,A6,B2582T,B83,B3T,B4,84T,
184T4sB5sB85T75sB86,B6TsC2,C2EsC3,C3EsC5,C5E»EAVILEMKTI,
2Hy 3y JBOCAS UK JRy JVIs J25 J4s Ky KTI,OVIB,OVIB2,0VIB3,0VIB4,0VIB5,P,
3R)RTI»S,»SAA,3B5588,SC»5D»5F» SUMLIO,S5UML11,SUM2,SUM3, SUM33,S5UN34,
4SUM35,SUM4,SUMS, SUME, SUMI TI»TI2,TI3,TI4,VI,VIMB,VIMB2,VIMB22
COMMON VIMB6,0OVIBEsSUM3EsSUMITISUM3B,SUM39,SUM40,S5UN4G1,5UMG2,
1SUMG3,VI2»JVI2,A5 2, VIMB3,VIMB33,VIMBG, VIMBL4,VIMBS5,VIMBS5S
REAL KsKTI,sdsJVI»JdBOOASJ2rJ4sJKyJR
REAL JVIZ2
REAL JA60A
INTEGER SIDE
COMMGON PLU99)»HL(99),PU(9G),»HU(99)
COMMON TT(99),VT(99),S5T(99),2ZT(99),AT(99),6T(99)5PT{99),HT(99)
COMMON TA(99),VA(99),SA(99),ZA(99),AA(99),GA(99),PA(99),HA(99)
COMMON TL(9G),VL(99),SL(99),2ZL(99),AL(99),GL(99),NOL,TLIM
COMMON TUL99),VUL99),SU(99),ZU(99),AU(99),GU(99),NOU,TUIM
COMMON LNCT
COMMON/FNAME/FNAM(20)
1000 FORMAT(1H1,/,40Xs*BOUNDARY INFQ SATURATION PRESSURE LINE#)
1050 FORMAT(1H1,/,43X,*BOUNDARY INFD MAXIMUM VOLUME LINE®*)
1109 FULRMAT(1H1,/,40X,*30UNUARY INFO CONSTANT TEMPERATURE LINE#*)
1150 FOPMAT(1ALl,7,43Xs*B0UNDARY INFOQ MINIMUM VOLUME LINE*)
1200 FORMAT(44X,*DUTPUT IN US UNITS FOR *,A65A44,/,
1/7/795%s*T#5 10X, V¥ IX, #¥P*, 10X s ¥Hk,9X %A%,
L18Ks¥CP/R¥» 5Ky ¥GAMMA* ; OX o #G ks TXs ¥ 2k 11X s ¥MU* ) X5 ¥K*, 8X 5 *NPR*, 5X,
2%S/R%*, /)

1250 FORMAT (44X, *0UTPUT IN SI UNITS FOR *,A65A4,5/),
L/755%s®THp10Ks #VE,OX , #P %, 10Xy #HE, Xy *A %,
18X ¥CP/R¥ 35X, ¥GAMMA¥ X3 #G*y TX s %74, 11X s *NU*, X e ¥K* 58X s ENPR*, 5X,
2*S/R*,/)
GG TO (100,2005300,400),5SIDE
ahkar Rk krkhk bk kb kk xRk ko k Ak Rk Rk d ke ko khkkkkk ko ko kkorkk

SATURATION PRESSURE LINE
Kbk b R ARk R R Rk R ok kb R ok Rk R Rk R R R kR KR Rk kR R KRR Rk
100 WRITE(65100C)

GO TG 500
T I I I T Iy T T T e T R T T PR TR P Y T T T T Y

MAXIMUM VOLUME LINE
T I I I e T T T L T L PN T T T R ST Y PO TS VY
200 wkITE(651050)

0 10 500
Rk o Rk R Rk ok bk kR Rk R Rk kR R R Rk kR R Kk ko kR &

CONSTANT TEMPERATURE LINE
ARk b kR kR ok Rk R Rk kR R R R R R kR R Rk Rk kR Rk ARk
300 WRITE(6,1100)

G0 TO 500
AARk ARk kR R Rk R kR Rk kR kR ok Rk kR Rk ke kokdoRk kR k ko k

MINIMUM VOLUME LINc
ahkkrkkkokkokkkokkokkokkkkokkok ok kokokkdokkkkdokokdokdokk kR ko kkkkk kb kkkkok kR rx e kkkkkk
4C) WR1T=(651150)
5C2 IF(UNIO.GT.Ll.) 60 TO 510

WRITE(6,1250G) FNAMINAMEL)s FNAM(NAMER)

G0 TO 522
510 WRITel6,12001 FNAM(NAMEL), FNAMINAMEZ)

525 LNCT=4

RETURN

END
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SUBROUTINE C3kF3

LR A R R R N Y s e A T i RNy e R P S S L)

SUBROUTINE C3RF3 COMPUTES THE FOLLOWING PROPcRTIES FOR CHRF3
GNLY: PyH»S»ZpAND CV

(LA IR T e Y N A R e s R s S A R s 2R R R s RS L]

DIMENSION TTA3(99),vTAB(99)sSTAB(99),ZTA3(99),ATAB(99)

CUMMUN JABSA, SUMLOUs PCyVCH EMHIUNTO, FT,CT,PSTOP, PLOTIUT

COMMON SUML1615Sublo2sSUMI63,5UM164sSUMIO5,SUMLE6,CAPY,CAPX,TC
CUMMOUN CVsPPTsPPVyNAME, NAMEL, MAME2

CuMMUON NIT,TTA8,NUVs vTAB,NOS»STAB,NOZ,» LTAB»NDASATAB,VIG

COMMUN Vo(2)5A6(2),5G(2),2G(2)sPG(2)sVGONsIsNsJJsGGL2),ASQ5A15S51,521
CIMMON PSsNNs XPLOT(49)s YPLOT(99),6156TAB(99),N0G,6
- COMMON ZAPAsCAPB,CAPC,»CAPDsCAPESCAPF)CAPGSCAPHICAPL,ERR

CUMMON AEISALPHA»AVIsA2sA3»A4sA5,A6552,82T9)B835B83T+B4,B4T,
LB4T4,65,B5T»86,30T502,C2E5C35C3E,C5,C5E,cAVILEMKTI,

2Hods JBEOA» JKyJR IV]I» J2s JO4sKsKTI,OVIBsOVIB2,0VIB3,0VIB4sOVIBYSSP,
3R>RTI,S»SAAISB,53B,5C,SD,SF, SUMLO,SUMIL,SUNM2,SUM3,SUNS3,S5UN34,
4SUM35,SUMGs SUMD» SUMBs SUMGH TI»TIZ,TI3,TI4sVI,VIMB,VIMB2,VIMB22
CCMMUN VIMBOsOVIsbsSUM36,SUM3T»SUM38, SUM39,SUM40,SUMGL, SUHG2,
LSUM43,VI2,dVI2,A52,VIMBI,VIMR33,VIMBL, VIMBL4,VIMBS,VIMES5

KEAL KsKTIsJsJVIsuB60AsJ2rJarJdKsJR

REAL JvI2

REAL JAéDA

COMMUN PL{99),HL(99),PU(99),HI(99)

COMMUON TT(99N) »vT(93),ST(G9)52T(99),AT(99),6T(99)sPT(99),HT(99)
CUMMON TA(99),VA(99),S2(99)572A(99),AA(99),GA(99),PA(SY),HA(I9)
COMMON TL{Y9)sVLI99)sSL(S9)s2L{99),AL{99)sGL{I9)»NILSTLIM
CUMMON TuU(99),VUI99),50(G69),Z2U(99),AU(9G},GU(99},NOU,TUIM

VI3=vI2*VI

VIiae=vIZ2#vI2

VIS=y]12%VI3 .

P==2449597/VI2+uel274558/VI3~0,00017894/V]I4
1+4TI*(0.072047/VI+0.00213617/VI2~0.000024737/VI3
240.0000C02155/VI4)~{5.877E6/VI2-2.617E3/V]I4)/T13

$*0.040295239%ALUGLO(TII+0.000194%TI-4,175E-8%T12-3.2626694E¢
L/AAVI*TIL) 4008423373/ 1VI3*TIA)I+0.030699247%AL0G10(V])
2-C.00040640785/VI+2,2934544E-6/V]12-1.3292974E-8/VI3-0,06216190
H2LoG1754%TI+0.200097%T12~2.78333E-8%TI3-5,4377824E6/(VI*TI3)

141412999533/ (VI3%TI3)-10.92377348-0,0C0040640785*T1)/VI
2+00,0076211673-64.5369C8TF=6*TI)}/VI2=(4,4151179E~5+3.9B78922E-64T1)

"3/VI3+21.422274

Za{VI*P)/(RTL)
CV20eCl75+1.94E=-4%T1=3,364999E-8*TI2+1,6313E7/(VI*T14)-3.,339986E3/
1(VI3#TI4) +4.0640785c~4/VI-4.5869087E-6/VI2~3.9B78922E~8/VvI3
PPT=0.072047/VI+0.00219617/VI2-0.000024787/VI3+0,0000602155/VIi4
14(3,/T14)%(5,877£6/VI2-2.617E3/V14)
PPVZ~((2.%2.49597)/VI3-(3.%.0276558)/VI4+{4.%,0C017894)/VI>5
L1+TI*(-0.072047/VI2~(2+%.C0213617)/VI3+(3.%,000024787)/VI4
2=(4.%,00000L02155)/VIS)I—({=2¢%5.877F6)/VI3+(4.%2,61T7E3)/VIn)/TI3)
RFTURN

END

SUBRDUTINE C2F6

LR R R R i R R R A TR Y]

SUBRJUTINE C2F6 CUMPUTES THE FOLLOWING PRUOPERTIES FOR C2F6
UNMLY?: PysH»S»ZsANL CV

Whkk ek kkk ko rkok kR kR Rk kR ok R kR ko a kR r kS

DIMENSION TTAB(99),VTAB(99),5TAB(99),2TAB(97),ATAB(99)

CUMMON JAEOAS, SUM160,PC,VCy EMyUNIO, FT,CT,PSTOP,PLOTOUT

CUMMON SUMLEL,SUML62,5UM163,5UM164,SUML65,SUML065CAPY,CAPX,TC
COMMON CVsPPT,PPV)NAME,NAME LsNAME2

COMMUN NOTsTTAB»NOVsVTABsNOS»STABSNGZs» ZTABsNOAS ATABsVIG

COMMON VG(2)sAGL2)sSG(2152GL2)sPGL2))VGNsIoNsJJIsGG(2)ASQ,AL5SI52ZT
COMMON PS,)NNs XPLOT(99)»YPLOT(99)»GIsGTAB(99),N0G,»G

COMMON CAPA,CAPB,CAPC,CAPDsCAPEsCAPFsCAPGSCAPHsCAPLSERR

COMMON AEI,ALPHA,AVI,A2,A35A45A5,A6,B82,82T,B3,B37,84,B4T,
1B4T4,B55B5T»B6s36T»C29(2E»C3»C3E,C5,C5Es EAVISEMKTI,
2HsJs JB60A» JKSs IRy IVIS U2, J4)»KsKTI,0OVIB,0VIB2,0VIB3,0VIB4,0VIBS,P,
3R»RTI»SsSAA»SBySBB,SCsSDOsSFsSUMLO, SUNL11»SUM2sSUM3,SUM33,SUM34)
4SUM35, SUM4» SUMS» SUMG, SUMG,TI»TI2,TI3»TI4»VI»VIMNB,VIMB2,VINB22
COMMON VIMB6,0VIB6,SUM36sSUM3T7,SUM38,SUM39,SUM40,SUMGL,SUMG2,
LSUM&43,VI2,JVI25A»2Z,VINB3,VIMB33,VIMBG4s VIMB44,VIMBS5,VIMB55

REAL KsKTIsJsJVIsJB60AsJI2,J4sIKsJR,JVIZ,JIA60A

COMMON PL{9G),HL(99),PU(99)sHU(99)

COMMON TT(99)»VT(99)sST(99)sZT(99),AT(99),GT(99),PT(99),HT(99)
COMMON TA(99)5VA(99),5A(99)sZA(99)5AA(99)sGA(I9),PA(99),HA(99)
COMMON TL(99)sVLI(99)»SLI99)sZL(99),AL(99),6L(99),NOL, TLIM

29
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COMMON Tu(9915VJ(39),5U199)5ZU(S9)AULT 1,GU(IY) s NUUSTULM

CUMMGN LNCT

BETA=,0UB223681553

ALP=23E,20276942

=.G7775539769

xTI=k*TI

J=(.185053

JREJ¥P

F=RTI/(VI-SETA)=aLP/ (VI*(VI+BETAI*SCRTITI))

5200237377543 7%AL0GITI)I+,0UD366365133*%T1~,14211084t-C6%TI2/2.
L4.76.07535564=114TI3/3,+JR*¥ALIDG(IVI=BETA)I~(J*ALP/(2.%BETA*TI*%1,.5))
2 *¥ALJIGL(VI+BETA)/VI)I=a15057+426902175E+03/(2.%T12)

2002378775437 #T1+4000L3463651333%T12/2.~4142110845-06%T13/3,+

107611753554t =11%T14/4,+.26902175E+03/ TI+I#p#Vi—( (3. %J*ALP)

1/02*BETA#TI**,5))*ALOG((VI+BETA)/V])+1.55%99999
Za(VI*#P)/ (RTI)
CV2.02378775437+.0J036€63€6513334T1-.14211084E-06*TI2

14.7611753554c=114T13~,26902175E6+03/TI2+{(3,%J*ALP)/

204 %BETAXTI*41,5) ) #ALOG((VI+AETA)/VI])
PPY=R/(VI-BETAI+ALP/ (2 ¥VI#(VI+EETAIKTI**1,5)
PPVE~RTI/{(VI=BLTA)*(VI=BETA))+(ALP*{2.#VI+3ETA))/(VI2*(VI+BETA)

L¥(VI+BETAI#TI#%.5)

PPVYE—FPY
Kt TURN
END

SUBROUTINE CNSTS

AR RN R e L L e L LY
SUBROUTINF CNST> ASSIGNS THE CONSTANTS REQUIRED IN THt THERMODYNAMIC
EQUATIGNS FOR wHICH EVER FREIN COMPOUND HAS BEEN SELECTED

FRECN PRODLCT SJLLETINS ARE AVAILABLE FRJIM THE FREON PRUONUCTS
DIVISION OF ce I, DU PONT OE NEMIURS & CJss INCe WILMINGTON,
CELAWARE 19894
dhxhkhkkk bk kohkkk ek ko kkb Rk kkkk bk kk kb k bk hk kkkkk bk kR kkk Rk kR k kR kxR n
CIMENSION TTAB(99),VTAB(9I),STAB(99),ZTA3(99),ATAB(99)
CIOMMIN JABDAsSUMLEISPCyVCSEMPUNIOS FToCT,PSTOP, PLOTOUT
COMMON SUM161sSUML62,SUMIE3,SUMLEGsSUMLESySUMLEEsCAPYSCARX,TC
COMMON CV,PPT»PPVYsNAMESNAMEL S NAMEZ
COMMON NOT»TTABsNOVsVTABSNOS,)STABSNOZs ZTABSNOA,ATABSVIG
COMMON VG(2)5AG(2),56(2)52G(2)sPG{2))VGNsIsNsJJsGG(2)sASQsALSSIZI
COMMON PS,NN, XPLIT{99),YPLOTI(99),GI,GTAB{99),NDGsG
COUMMON CAPA,CAPB,CAPC,CAPD,CAPE,CAPF,CAPG,CAPH,CAPLLERR
COMMUN AEI,ALPHA»AVI,A25A3,A45A5,A6,B2582T583583T»B4»B4T»
184T4485,35T»B6s36T9C2,C2EsC3,C3EsC55COE»EAVISEMKTI,
2HsJs JBEDASJKP JRPIVIN 2, JUsKsKTI,O0VIB,OVIB2,0VIB3,»OVIBL»IVIBSSP,
3kyRTI»S,»SAA»SBsS38sS5CsS0sSFsSUMLIOSUMLLy SUM2,SUM3,SUM33,SUM34,
4SUM355SUMGySUMS»SUMG s SUMI» TI»TI2,TI3,TI4sVI,VINBVIMB2sVIMB22
CGMMON vIMBE,0VIB6EsSUM36,SUM3T,S5UM38, SUM39, SUMGO,SUMGLs SUMA2,
1SUMG3,VI2sJVIZ2sA»ZsVIMB3,VIMBI3, VIMBG, VIMNBGG, VIMBS, VIMBS5S
PEAL KyKTIsJsJVI,J360A,J925J6,5JKsJR
REAL JVIZ2
REAL JA€OA
C *hkkbkbksrhbkbhkbbbrshkhpdpbbbbnkbhbrrbhkrbhkhmbpakddohpebnbrhabbnsihts
[« INITIALIZATION OF THe THERMOOYNAMIC CONSTANTS
C *hxbhdkk bkt bbbk kb kxR R b kbR kb Rk bk R kg ok kb kb khhkrkhkr bk knk
D0 10 I=1,99
STAB(I)=0,.0
10 CONTINUE
NGS=0
CAPA=CAP3=CAPC=CAPU2CAPEaCAPF=0,0
CAPG=CAPH=CAPLsCAPXaCAPY=TC=0.0
PC=VC=EMaFT=2(T=0,0
R=A2=B2=C2=A3=B3=0.(

C
C
C
C
C
o
C
C
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C32A4234=A5=35205=0.0
Ab=B6=SBSK=ALPHA=SAA=Q,0
SEB=SC=s50=2SF30.0
ERR=C. LE=G4
J=,1850505
PSTOF=.074
GU TO (13059 300,400L9500,600,700,5800,90u510005,110051203),5NANE
L L L T Ty P e Ty Ty Y
FREGw 11 (CCL3F) INPUT CULNSTANTS
Kkt FERENCE = DRs Jo Jo MARTIN, UNIV. OF MICHIGAN AND FREON
PPODULCTS BULLETIN T-1.
L L L S N L L e T YY)
100 VIG=er0 % CAPA=42,147028€5 $ CAPB*-4344.343807 3 CAPC=~12.04596753
CAPD=C,U04CCB3725G7 3 CAPE=0.93136002356 3 CAPF=862.07
CAPX=50.2418 % CAPY2-0,0916395 ¢ R=0,078i.7 3 A22-3,126759
B2214315523k-03 3 (C2=~35.769990 $ A3=-0.025341 $ B3=z4,875021E-05
C3%1,220307 % A4=1.687277E-03 $ B4==1,805062E~-0¢
52-2,358930E-05 3 B522.448303E-08 § (C5=2~1.478379E-04
A6=1.,U57504E+08 3 B86=-9.472103E+04 % K=,005306 $ ALPHA*-=530.0
SE=20,.,00190 $ SAA=20,023815 3 SBB=2,794B823E-04 3 SC=2-2.123734E-07
SD=5.99018F-11 % SF2-336.807030 % PCx9&£.326 3 TC=2654467
VCx0.45838 ¢ EM2137.30 $ FT=2291.67 & CT=1060.0
CRAB=8.5
LD 152 121,99
NGS=1
CRAB=CRAB+.Y
STaB({1)=CRAB
IF(STAB(I)EQ.L15.5) GU TO 163
150 CONTINUE
160 RETURN
LR R L e PP R I T P S T
FREON 12 (CCL2F2) INPJUT CONSTANTS
REFERENCE - REFRIGLERATING ENGINEERING VOL. 635, PG 31» SEPT. 65
AND FREON PRODUCTS BULLETIN RT-21
LR L A I T TS T T P T I TS LR R T T s Sy
20U VIG=.05 % CAPA=39.38381727 3 CAPB=-3436.632228 % CAPC=-12,47152228
CAPD20.0047304424942
CAPX=39.55655122 ¢ CaPY==0,0165379361 3 R=0.,28873%

A2m=3.409727134 3 8220.00159434848 $ (2=2-56,7527671
A320,060239440654 3 B33=2-1.879618431E-05 % C3=1,311399084
A4=2-0,000548737007 $ 85#23,468834E-09 § (53-2.54390678E-05
K=,007897 % SB=20.0065093886 $ 3AA=0.0080945 $ S88=20,000332662
SC2-2.413896E-07 3 SU6.72363E~11 $ PC*596.,9 $ T(=693.30
VC=0.,02870 3 £EM=2120.93 $ FT2207.67 $ CT=1060.0

CRAB=6.5

D3 250 121,99

NOS=1

CRAB=CRAB+.5

STAB(I}=CRAB

IF(STAB(I).EQ.1b6.5) GO TO 260
250 CONTINUE
260 RETURN
Rk kR kR kok kR kR ko k Rk kb ko kR kb kb h kA Rk kRN F

FREON 13 (CCLF3) INPUT CONSTANTS

drkdkrkkedrk NOTE : AT THIS TIME ERRORS EXIST IN THE CONSTANTS

AND THIS FREON CAN NOT BE SELECTED -~ PLEASE REFER TO THE BULLETIN

SHDOWN FOR THE AVAILABLE THERMODYNAMIC DATA. Ahkhka kR in

REFERENCE = EQes UF STATE, DRs Jeo Jo MARTIN, UNIV. OF MICHIGAN

AND FREON PRODUCTS BULLETIN X-95, VAPOR PRESSURE AND HEAT

CAPACITY, INDUSTRIAL & ENGINEERING CHEMISTRY VOL+44s PG 188,

JaN., 1952
kbhkhkphkkrhhkkkkphpkkk kb khkkkkkkkkkk kb kkhkhk sk kb kh b x kbbb p kbbbt nnns
300 VIG=.0278 $ CAPAx25.,96797498 $ CAPB=-2409.538217 $ CAPC=-7.,1723439

CAPD=0,00254515398 $ CAPE® 0.2803010913 $ CAPF=546,0 $ CAPX=20,911

CAPY®=-0.05676 $ R®0.,102728 $ A2%-3,083417 $ B2%2.3416595E~3

C22~18.212643 $ A3»~0.,058854 $ B3=5,671268E~05 $ C320.,571958

A4m]1,026061E-03 $ B4=-]1,338679E-06 $ A5==5,290649E-06

B587.395111E-09 $ C53-3.874233E~05 $ A6=27.378601E+07

B6==T7,435565E+04 3 K=.00735835 $ ALPHA=»=625.,0 $ SB=0.0048

SAA=0,01602 $ SBB=2,823E-04 $ SC»-1,159E-07 $ P(C=561.3

TC=543.6 $ VC=20.0277239 $ EM=104.47 3 FTel65.67 $ CT=1060.

360 RETURN
LA S S e e R R A R R I i s i I et RS RS L )

FREON 1381 (CBRF3) INPUT CONSTANTS

REFERENCE - FREUN PRODUCTS BULLETIN X-65
t)##‘##t#tt*‘##*t##‘#*t*t###*‘t#t#ttt*tt##*‘*#f###tttti#*t#““t#t#i‘t
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400 VIG®.,05 $ R=.0720565 $ PCs575,0 $ TCs 612.6 $ VC=0.02150
EM=148.93 $ FT=190.0 $ CT=1060.0
CAPB=1,0
CRAB=4,00
DO 450 I=1,99
NOS®I
CRABsCRAB+.5
STAB(I)=CRAB
IF(STAB(I)<EQ.12.50) GO TO 460

450 CONTINUE

4¢0 RETURN

kkkk ko kkkbkkpk kkokkk ko kokokk gk kkkkhpkokkhk ok kphkk bk ok kb ke kg
FREON 14 (CF&) INPUT CGNSTANTS
REFERENCE = DRe Jo Jo MARTINs UNIV, OF MICHIGAN

kkkkkkh ok kb kkk ok okkkk kb ko hkkk bk k ok ko khk Rk kb kk ke kkokkkk kR KRk Nk Rk

500 VIG=,032998 $ CAPA®20,71545389 3 CAPB=-2467.505285 .
CAPC=-4.69017025 $ CAPD=0.00064798076 $ CAPE=0.770707795
CAPF=424,0 $ CAPX=86.,102162 $ CAPY=0.36172528
R20,1219336 $ A22-2,162959 $ B2%2.135114E-03
C2x-16,941131 3 A334,404057E-03 $ B3=1,202818£-05
C3=0,539776 3 A4=21,921072E-04 $ B4=-3,918263E-C7
A55-64,481049E-06 $ 5589.062318E-09 $ C53~4,836678E-05
A6x5,838323E+07 $§ 86=-9.263923E+04 $ K=,009768
ALPHA==661,199997 3 $B=0.0015 $ SAA=3,00559232E-02
$382.370433526-04 § SC=-2,85660077E-08 $ S0*-2.95338806E-11
PCx543,16 $ TC=409,50 $ VC=0.02560163 $ EM=88,01
FT=160.67 $ CT=1L6040
CRAB=23,5
00 550 11,99
NOS= I
CRAB3CRAB+,5
STAB(I)=CRAB
IF(STAB(I)4EQ.4045) 60 TO 560

550 CONTINUE

560 RETURN
P R T Ty e s Y P YT LAt ]

FREON 21 (CHCLZ2F) INPUT CONSTANTS
REFERENCE = FREJNW PROOUCTS BULLETIN T-2i
(I S R R S R R R R R R R R S R e R R I s s EE 222222 )
60C VIG=,06 $ CAPA=42,7908 $ CAPB=-4261.34 $ CAPC=-13,02v5
CAPD=0,0C39851 5 R=0.10427 ¢ A2=-7,316 $ B220.,00464210
A23-yu,2038237¢ 3 B3=0.C0C3593 $ SAA=Q.0427 $ SBB=0.000140
PC=75C.0 $ TC=2812,9 % VC=0,030675 3 EM=102.93 $ FT=248.67
CAPX=764294 3 CAPY=-,1104
CT=1C€0.0
CkaB=C,5
DG 050 I=1,99
NOS=]
CRAB=(CRAB+.>
STAB(I)=CRAB
IF{STAB(I).EQ.20.0) GU TO 650
650 CONTINUJE

66U ReoTURN
P T T L T T R Ty Y T T TP PP Py

FREON 22 (CHCLF2) INPUT CONSTANTS
dkkkekkrks NOTE : AT THIS TIME ERRORS EXIST IN THE CONSTANTS
AND THIS FREJUN CAN NUT BE SELECTED — PLEASE REFER TO THE BULLETIN
SHOWN FOR THE AVALLASLE THERMUDYNAMIC DATA. AEERRERELE
REFERcNCE - FREJN PRODUCTS BULLETIN T-22
B T Y Yy T Y P PP Ty
760 VIG=,N6 $ CAPA29,35754453 3 CAPB=»-3845,193152 & CAPC=-7,86103122
CAPD=C.C0Zi90939044 5 CAPF=0.445746703 3 CAPF=686,1
CAPX=62.40C9 3 CAPY=-0,0453335 § R=0,124098 $ A2%~4,353547
B2=0,002407222 $ (2=-44.066868 3 A3=z-0,017464 3 B3=7.62789E-03
C3=1,483763 3 A4=0,002310142 % B4=-3,605723E-06
A52-3,724064c-05 % 3525.355465E-08 3 (3%x=1.845051lE~04
Ab=14363387E+03 5 Bb=—1.672612E+05 3 K=,00632054 $ ALPHA=~543,2
SE=0,002 % SAA*0,u2812b63¢ $ SB8B*2.255408E-04 $§ S5C=-6.509607E-08
SF=2574341 3 PC=721.90¢ $ TC=664,50 3 VC=a0,030525 § EM=y6.48
FT=203.67 % CT=10¢60.0
PETUKN
bRk xkkk Rk kb kk A ek kk kb h kR kb k ok ke k Rk bk kR ks kA Rk E kR
FREON 23 (CHF3) INPUT CONSTANTS
ReEFERENCE = 4o lo CHe te JOURINAL VOL. 5, PG 125, MARCH 1959
R avkrhk kb kb kR kb bk ko ko kokokkkkkhokk kR ok ko kkkkok ke hkkokokkkkkkk bRk kxR R kg

8UO VIG=,06 3 CAPAx324,90853 % CAPB=-7952,76913 $ CAPC=-144,514230¢
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CAPD=0.2621150182 $ CAPH=-2,128066524E-04 $ CAPL®9.434955462E-08
CAPX=41.569 $ CAPY=-,25603
R=04153270 § A2%-5,016053028 $ 8223,10516248E-03
C2%-1,308703305E+02 $ A3%9,781899057E-02 $ B83=-3,80613864E~05
C323,53359637 § A4e-1,094517281E-03 § B521.112366387E-08
C55~1.826469146E-04
K=.01021678 .
SB0.00125 $ SAA=0.07628087 $ SBB2-7.561805E-06
SC=3,9065696E-07 $ $0==2,454905E-10 § PC=701.42 $ TC=538.33
VC=0,030510 $ EM270,02 $ FTs212.27 $ CT=1060.0
CRAB=£,00 .
DO 850 I=1,99
NDS=I
CRAB=CRAB+,5
STAB(I)=CRAB
IF(STAB(I)4EQe24450) GO TO 860 '
850 CONTINUE
860 RETURN
fhkkkhkhhhbhkhhkhbk ke kkkk b kkkkkkhkk kb kkk bk ko ko k ek kkk kb kv sk hkk bk
FREDN 113 (CCL2FCCLF2) INPUT CONSTANTS
REFERENCE = I. & ECo VOL. 32» PG 497,698,976 » APRIL=-JULY 1940
AND FREON PRODUCTS BULLETIN T-1134
kkkbrhk bk kb kekkkkkkk kb kR kg k kR kokkkk kR kR kk ok ko ok ok
900 VIG=.60 $ CAPA®33,0655 $ CAPB2-4330.98 $ CAPC=-9,2635
CAPD=0,C020539 $ CAPX=25,198 $ CAPY®s~0,40552 $ R=0.05728
A2%-4.035 § B220,002618 $ A3=-0,0214 $ B3=20,0000500
SAA=0,07963 $ $88=0,0001159 3 PC=71,07 $ TC=679.67 $ VC=0.4827
EM®187.39 $ FT=483.67 $ CT+1060.,0
PSTOPa1,60
CRAB=7.5
D0 950 121,99
NOS*
CRAB=CRAB+.5
STAB(I1)=CRAB
IF(STAB(I)4EQ.13.00) GO TO 960
950 CONTINUE
960 RETURN
Fhkkrkbkkp ke khkk ok ko hk bk kb kk kb kkkkh kR k ke kh bk kbR hhg

FREON 114 (CCLF2CCLF2) INPUT CONSTANTS
REFERENCE — JOURNAL OF CHEM. € ENGe DATA VOL. 55 PG 334, JULY
1960
L Y T T T e Y e Lt
100C VIG=1CGsC 3 CAPAZ27,07130¢6 $ CAPB®=5113,7021 3 CAPC=-6£.3086761
CAPD=6.913003E~G04 3 CAPE=0,73142111602 $ CAPF=768.35
CAPX=25433966211 $ CAPY*-0.1151371756 $ R=0,u62780807
A2=-2,3856704 $ B2=1,0601207E-03 3 (2=-6.5643048
A33C.034055687 3 B3x—5,3336494E-06 $ C3%0.16366057
A4s—=3,857481E-04 3 A521,£017559E-06 § B526.2623341E-1v
C52-1.0165319E-02 3 K=.00397904 $ SB8=0,035914907 % SAA=0.0175
SBB#3,49E-04 9 SC=-1,L7E-07
PC=3,034 $ TC=435,67 $ VC=8,733 § EM=2170.94 3 FT=322.67
CT=1060.0
CRAB=6.,5
DD 1050 I=1,99
NOS=]
CRAB=CKRAB+.5
STAB(I)=CRAB
IF(STAB(I).cQe15.C0) GO TO 1060
1050 CONTINUJUE
106u RETURN
I T Ty P I T e e oI
FREON 116 (CF3CF3) INPUT CONSTANTS
KEFERENCE = FREIN PRUDUCTS BULLETINS 116 AND X-8882
I I I T I T M
1100 VIG=1.100004 3 R=,0777554 ¢ PC=33,9433 ¢ T(=381.67 ¢ V(=.31309
EM=13b.02 $ FT=3,0.9 ¢ CT=1060.0
CAPA=1.C
CFAB=4,50
£0 1150 1I=1,9%
MNOS=1
CRAB=CRAB+.5
STAu(I)=CRAB
IF(STAB(I)WeEQ416453) GO T3 1160
1150 CONTIMUE
lleuv FeTURN
Il I L InmmmmmnhTmr
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4 FREON C318 (C-C4F8) INPUT CONSTANTS
c REFERENCE - JOURNAL OF CHEM. € ENGo DATA VOL. 75 PG 68, JAN 1962 !

C *2*xkx3xdk s bbb ddbkrnbbkkdprkrbbbrbbr bbb brk kb hbbhbhkbrhkkrhknbtk
1200 VIG=.,08 $ CAPA=215,6342 & CAPB=-4301,063 % CAPC=»-2,128401

CAPD=~0,00119759 $ CAPE=0,6625898 $ CAPF=714.,0
CAPX=12.,19214242 $ CAPY=-0,1682887079 $ R=0.05364569795
A2=-1,8947374 $ B229,8484745E-04 § (C2=-28,542156
A3=0,026479892 $ B3=-6,862101E~-06 $ C3=0.66384636
A4=—2,5465234E<04 $ A5=6.0887086E~07 $ B528,269634E-10
C53-3,849145E-05 % K=,00715031 $ SB=0,0060114165
SAA=0,02251781573 $ SBB=3,699078141E-04
SC=*-1.648425224E-07 $ SD=2,152780846E-11 $ PC=312.195
TC=671s1 $ VC=.0630 $ EM=200,04 $ FT=417,17 $ CT=1060.0
PSTOP=480
CRAB=5,5
DO 1250 I=1,99
NOS=1
CRAB=CRAB+.5
STAB(I1)=CRAB
IF(STAB(I)eEQW.14.00) GO TO 1260

1250 CONTINUE

1260 RETURN
END

SUBROUTINE GLINE
C S4B dRbadRERREERRRAREE R ESRRRRR SRS RESFEIR I SRR R R SRR kA ERb RN E bR RO RS

c SUBROUTINE GLINE COMPUTES LINES OF CONSTANT G, ISENTROPIC
[+ EXPANSION EXPONENT
C kkkkkahhkhkhkhkhhr bk hbrkhkp ko kkk kb k bk ko kb hh kb kkkkkhkk ke hkrrk kb hk k¥
DIMENSION TTAB(99),VTAB(99)s STAB(99),ZTAB(99),ATAB(99)
COMMON JA60A, SUML60,PCs VCsEMsUNIOs FT»CT,PSTOP,PLOTOUT
COMMON SUM161,SUM162,SUM1635 SUML645»SUM165,SUML665CAPYSCAPX, TC
COMMON CV,PPT,PPV,NAME,NAMELsNAME2
COMMON NOTsTTAB,NOV,VTAB,NOS,STAB,NOZ»ZTAB»NOA, ATAB,»VIG
COMMON VG(2)sAG(2)»SG(2)92ZG(2)sPG(2)»VGNsIsNsJJIs»GG(2)2ASQsAL»SI»2ZI
COMMON PS,NNs XPLOT(99)5 YPLOT(99)5GI»GTAB(9G9)»NOG»6
COMMON CAPAsCAPBsCAPC»CAPDsCAPESCAPFsCAPGSCAPHsCAPLSERR
COMMON AEI ALPHASAVI,A2,A3,A45A5,A6,82,B27,83,B3T,B4,84T,
184T4»B5,B85T,B65B6T»C2sC2EsC3sC3E»C5,C5EEAVILEMKTI,
2HsJ» JBOOA» JKs JRyJVIS 29 Jos Ks KTI» OVIB» OVIB2,0VIB3»0VIB4sOVIBS5sP s
3R»RT1,SsSAA»SBs» SBBs»SCrSDsSF»SUMIO0»SUMLL,SUM2, SUM3, SUM33,5UM34,
4SUM35sSUM&s» SUMSsSUMbs SUMG, TI,TI2,T13,TI4, VI, VIMB,VIMB2,VIMB22
COMMON VIMB6,0VIBG6sSUM365SUM37,SUM38,SUM39, SUM40,SUMGL,5UM42,
1SUMG3,VI2,JVI2,A,ZsVIMB3,VIMB33, VIMB4sVIMB44,» VIMB5, VIMB5S5
REAL KsKTIsdsJVIsJBOTA»JI2sJ4sJKs JR»IVIZ» JAGDA
GI=GTAB(I}
00 2 N=1,NOV
VI=VTAB(N)
CALL VVAR
JJ=1
44 TI=VG(JJ)
CALL TVAR
CALL GOTV
GG(JJI=G
IF(ABS(GG(JJI-GI)-ERR*GI)T0» 71,71
71 IF(JJ=1172,72543
72 JJ=2
VG(2)=VvG(1)*1.01
GO TO 44
43 VGN= ({VG(2)=VG(1))/(GE(2)=66(1)))
1%(GI-GG(1))+VG(1)
IF(VGN) 465 46545
46 VGN= +5%VG(2)
45 66(1)=6G6(2)
VG(1)=VG(2)
VG(2)=VGN
GO TO 44
70 CALL PHOTYV
2 CONTINUE
RETURN
END
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SUBROUTINE GLINET

ARk ARk bR R Ak K KRR kb R KRR R R ok ok R Rk oK ok

SUBROUTINE GLINET IS USED TO COMPUTE LINES OF CONSTANT G
ISENTROPIC EXPANSION EXPONENT

Ahd kb dd bk bk ke kb bk kkhokkdhkrh bk ke kb kk kb kb ko k

DIMENSION TTAB(99),VTAB{(99)sSTAB(99),2ZTAB(99),ATAB(99)

COMMON JAG6OA,SUML60,PCyVCsEMHUNIO,FT,CT»PSTAP, PLOTOUT

COMMON SUM161sSUM1625S5UM163, SUM164sSUML65,SUML66sCAPYSCAPXSTC
COMMON CV,PPT,PPV,NAME,) NAMEL,NAME2

COMMON NOT,TTA3,NOVsVTAByNOSySTAB,NOZ, ZTABsNOA»ATAB,VIG
COMMON VG(2)sAG(2)556(2)52ZG(2)sPG(2)sVGNsI»NsJJsGG(2)sASQyAL»SI,»2ZI
COMMON PS,NN, XPLOT{(99),YPLOT(99),GI,GTAB(99),N0OGs6

COMMON CAPA»CAPB,CAPC,CAPD,CAPESCAPFsCAPGsCAPH)CAPLSERR
COMMON AEI,ALPHASAVI»A2,A3,A4)A5,A6582,B2T583983TsBasB4T,
1B&4T4585985T7,86,B6TsC2,C2EsC35C3E»C55C5E»EAVI,EMKTI,
2Hs Js JBODAS JKy JR» UVI» 25 J4sKsKTI»OVIB,OVIB2,0VIB3,0VIB4»OVIBSsP,
3RIRTI»Ss5AA»58sS8B»SCrSDsSFrSUMLIO»SUMLL, SUM2,SUM3» SUM33,SUM3 4,
4SUM35, SUM4,SUMSs SUNEs SUMI TI»TI2,TI3»TI4s VIS VIMB,VINB2,VINB22
COMMON VIMB6sGVIB6»SUM36,SUM37,SUM38, SUM395SUMG0sSUMGL, SUM42,
1SUM43,VI2,JVI2sA5Z»VIMB3,VIMB33,VIMBG, VIMBL4,VIMB5,VIMB5S
REAL KsKTI,Jd,JdVI»J860A5J25J4sJKsJRsJIVIZ,JA60A

GI=GTABI(I)

DO 2 N=1,NOT

TI=TTAB{(N)

CALL TVAR

Ji=1

VIsvG(d4J)

CALL VVAR

CALL GOTV

GG(JJ) =G

IF(ABS(GG(JJ)-GI)-ERR*G1I)T70,71,71

IF(3J-1172,72543

Jy=2

VG(2)=VG6(1)%1,01

GU TO 44

VoN={{VG(2)~Vu(1)}/(G6(2)-GG(1)))
L#(GI-GG{1)I+VGH(1)

IF(VGN) 4046545

VGN=,5%VG{2)
G6(1)=G6G(2)
VG{1)=vG(2)
Voi{2)=Von
GO TO 44
CALL PHOTV
CONTINUE
KETURN

END

SUBROUTINE GOTv

T L T T T T e T e T TS e e R a e L

C
C

SUBROUTINE GOTV COMPUTES G=F(TsV)s ISENTRUPIC EXPONENT AS A
FUNCTION CF T AND V

R Iy e L R R R R L Ly

DIMENSION TTAB(99),VTAB(99),STAB(99),2TAB(99),ATAB(99)

COMMUN JA6DA» SUML6Us PCoVCoEM» UNIOs FT,CT,PSTOP, PLOTOUT

COMMON SUM1ELlsSUM1625sSUM163,SUML64»SUNLE5sSUMLO6sCAPY,CAPXSTC
COUMMON CVsPPT, PPV, NAME,NAMEL, NAME2 .

COMMON NOT,TTAB,NOVsVTABsNOSsSTAB,NOZ» ZTAB,NOASATAB,VIG

35
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COMMGN VG(2)sAG(2)sSG(2)»ZG(21sPG(2)sVONSIsNsJJsGG(2)sASUsAI»SIHII
CAOMMUN PSyNNs XPLOT(99),YPLOT{(99),GI,6TAB(99)»NDG,G
COMMON CAPASCAPB,CAPCACAPDsCAPE,CAPFsCAPGICAPH,CAPLSERR
COMMON AEI,ALPHA,AVI»A2,A3,A45A5,A65B2,B2T9B83,83T,84,B47,
164T4,B5,B5T,B6s36TsC2sC2EsC3sC3EsC5sCOESEAVILEMKTI
2HsJ» JBOOAY JKs JRy JVIs J25 J4sKyKTI,0OVIB»OVIB2,0vIB3,0VIB4,0VIB5,P,
3k»RT1s555AA»SB»S83sSCr»SD»SFsSUMI0,SUMLLsSUM2,SUM3»SUM33,5UM34,
4SUM35,SULMa, SUMS, SUAEY SUMG, T1,T12,T13,T14sVI»VIMB,VIMNB2,VIME22
CUMMOM VIMBE, OVIBOH, SUM36,SUM3 T, SUM3E,SUM39,SUMG0s SUM4L, SUNGe,
1SUM43,VI2,dVI2sA525VIMB3,VIM333,VIMB4s VIMBa4,VIMBS,VIMB5S
REAL KyKTI»JdsJVIsJ360A5,025J45J0KsJR5JIVIZ,JAB0A

T T I MM I I T Mo

C2F6 CHECK
R R Ry Ry R A A At e i)

IfF (CAPA.tQ.1.0) G0 Ty 1CN0O

T L I I L T Ty P T P Y PP TS T Y I TS

CBRF3 CHECK
ok b ok ok R Rk KR A Ak ok ARk K Kok ok R kR RO kR R ROk R Rk K

IF(CAP3sNEL1+C) LT TO 20C0

L R e e Lt
G=F{T»V) FOR CBRF3 ONLY

L A s e e e ey sty
VI3ayvI2*V]
VIa=VI2#VI2Z

VI5=VI2#VI3
P=-2,49597/VI2+0.,0274558/V13-0.00017894/VI4
1+TI#(0,072047/VI+0.00219617/VI2-0,000024787/V3
2+0.0ULOCO2155/VIa)=(5.877E6/VI2-2,61TE3/VI4)/TI3
CVE0.017541494E=4*TI=8434999E~84TI2+Le6313E7/(VI*T14)~3,389986E3/
LUVI3*TI4)+4,G040/35E~4/VI=4,5869087E~6/VI2~3,9878922:-8/VI3
PPT=0.072047/VI+0.00219617/VI2-0,000024787/VI3+0,0006002155/V14
1403, /TT4 )% (5.87766/VI2~2,617E3/VI4)
PPVR=((24%2,49597)/VI3-(3,%,0274558)/VI4+({4.%,00017694)/VI5
L+T1#(=0,072047/VI2-(2.%,C0219617)/VI3+(3,%,000024787)/Vi4
2-(44%.0000002155 ) /VIS)—((~2.%5.877E6) /VI3+(4e%2,617E3)/VI>)/TI3)
A=JVI2*TI#PPT+%2/CV-VIZ#PPV
¢C TQ 2001
1060 CONTINUE _
LR RS L R R L ey Y F TS YT Y )
G=F(TsV) FOR C2F6& ONLY
R L R L I Ry Py TR 2y Y Ry Py Y P R E PP PR S P PO ¥ Y T
BETA®.008223681553
ALP=38,20276942
R=,07775539769
RTI=R*TI .
P=RTI/(VI-BETA)-ALP/(VI*(VI+BETA)*SCRT(TI))
CV=,02378775437+,00034636513334T1-.14211084E~06+T12
1447611753554E-11%T13-426502175E+03/TI2+((3.%J%ALP)/
204 FBETA*TI*$1.5) ) %ALOG((VI+3ETA}/VI)
PPT=R/(VI-BETA)+ALP/ (2. #VI*(VI+BETAI*TI4%1.5])
_PPVS—RTI/{(VI-BETA)I*(VI-BETAN)+(ALPK(2.*VI+BETA)})/(VIZ*(VI+BETA)
LE(VI+BETAI KT #%,5)
PPVa=PPV
A=JVI2HTI®PPTH42/CV-VI2*PPV
60 To 2001
dkkkkdkkkdkkkkokhkkkkkkkhkk ke hkkokkkkkkkkk kN kR kk kb h kb h kR bk bk k bk kb Rk kk
G=F(T,V) FOR ALL DTHER FREONS
bk kkkkkkkkk bk bk ko kR ko ko kk kb hkhkk bk h ke n kb kb kR %
2000 P=RTI*JVIB+SUMZ*OVIB2+SUM3*GVIB3+SUMG*OVIB4+SUMS*OVIB5+SUME¥EAVI
CV=SUML60~-SUM3B*SUM3b
PPT= (R *OVIB+SUM39#OVIB2+SUM40*OVIB3+SUM434SUM41*0VIBS)
PPVe (RTI®0OVIB2+SUM3340VIB3+SUM34*0VIBG

2+SUM42*0VIB5+SUM3IS*0VIB6-AEI*SUMG)
ASJVIZ2*TI*PPT**2/CV-VI24PPV

2€01 CONTINUE

ASQ=A*4633.006
G=A /(P*V])
RETURN

END
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SUBROUTINE PHOTV
C *tbbkbkbkkkdbhbbbbebbhbbkdrhbrbdhdb kbbb bpbkbhbbkbbhdnhhrkhhrbhhnbhbdhkkk
c SUBROUTINE PHOTV COMPUTES THE THERMODYNAMIC PROPERTIES OF THE
[ VARIOUS FREON COMPOUNDS
C *xbbkkbbrkbkkbkbbrhbbbkhbhkkbkr bbbk hhkbkkhhkkghhk kb kbkrbhkkbkdkkkhkk
DIMENSION TTAB(99),VTAB(99),STAB(99),ZTAB(99),ATAB(99)
COMMON JAGOA»SUML160,PCsVCsEMsUNICSFT,CT,PSTOP, PLOTOUT
COMMON SUM161,SUM1625SUML63,SUMLE4,SUM165,SUML665CAPYSCAPX, TC
COMMON CV,PPT,PPV,NAME, NAMEL,NAME2
COMMDN NOT»TTAB»NOVsVTABSNOSsSTABsNOZ» ZTABsNOASATAB,VIG
COMMON VGI(2),AG(2)55G(2),Z6(2)sPGL2)sVGN)IsN)JJI»GG(2)9ASQpALI,SI»ZI
COMMON PSyNNs XPLOT(99), YPLOT(99),61,GTAB(99),N06»6
COMMDN CAPAsCAPBsCAPC»CAPDSCAPESCAPF,CAPG,CAPH,>CAPLsERR
COMMON AEI»ALPHA»AVI»A25A39A45A55A6582582T,83583T,B4,84T,
154T41B5)B5T:Bé:B6T}CZ:CZE’C3IC3E)C51C5E:EAVI{EHKJI:
2Hs Js JBOOA» JKs JRy VI U2, J4»Ks KTI»OVIB,OVIB2,0VIB3,0VIB4»0VIB5,P»
3RIRTI,S,SAA»SB,SBB»SCHSD»SFISUMIO,SUMTL,SUM2,SUM3,SUM3I, SUM4,
4SUM35, SUM4»SUMS, SUMGsSUMGs TI»TI2»TI3sTI4sVI»VIMBIVIMB2,VINB22
COMMON VIMBG,0OVIB6sSUM36,SUM3T7,SUM38, SUM39,SUM40,SUM4L,SUNG2,
LSUM43,VI2,JVI25A525VINB3,VIMB33,VIMB4, VIMB44, VIMBS, VIMNBSS
REAL KsKTI»JrJVI,JBO60A,J2s5JasJKsJR
REAL JVI2
REAL JAabOA
COMMDN PLU99),HL(99),PU(99),HU(99) -
COMMON TT(99)5VT(99),5T(99)5ZT(99),AT(99),G6T(99),PT(99),HT(99)
COMMON TA(99),VA(99),SA(99),2A(99),AA(99),GA{99)5PA(9F),HA(99)
COMMON TL(99),VL{99)sSL(99)>ZL{99),AL(99),GL(99),NOL,TLIM
COMMON TU(99),VU(39),S5U(99),2U(99)5AU(99),GU(99)sNOU,TUINM
COMMON/BOUND/FLAGOUT s NOENT
C *xtrbbbkrrbthkbrrbnbrrphhbahbbhbkbsbrbkbkrkabbrkbhrhkhabbhbhkhbhkprhbhhhbhrg
C CBRF3 CHECK
L m MmN T T
IF{CAPA.NELO.O) GO TO 1000

CALL CBRF3

60 TO 2001
[ A R Y Y T F Y Y T
C C2F6 CHECK

C kb ik dobhkk kb bk kkk kbbb bbb b ohb bbb bk bk bk bk r kb e kb kb rbknbbrndd

1000 IF(CAPB.NE.G.D) GO TO 2000

CALL CeFs

GG TO 2001
R I I e P P P T T T T R T T TR L T
c COMPUTATION OF GAS PROPERTIES PsSsHsZsCVsCPsGAMMASASAND o

R I T O T e T T R T
2000 PaRTIXDVIB4SUM2*IVIB2+SUN3ROVIBI+SUNG*OVIB4+SUNS*DVIBS+SUME*EAVI
S=SUM164+SUMLES5+SUMLOG*SUM36+CAPY
HaSUM161+P+IVI+SUMLI62+SUMLI63%#SUM36+CAPX
Z=(VI*P}/{(RTL)
CV=SUM160-5UM38*SUM3b
PPT= (R *OVIZ+5UM39+*OVIB2+SUM4U*0VIBI+SUM43+SUM4AL1*0OVIBS)
PPVs (RTI*0OVIB2+5UM33*0VIB3+SUM3I4*0VIBY
2+#5UMGZ*%0OVIB5+5UMs5%0V]IR26-AEI*SUMb)
2001 CONTINUE
CPaCV-TL*J*PPT%%2/(=-2PV)
GAM=CP/CV
A2 VI2«TI+#PPT*%2/CV+VI2%PPV
ASQ=A%*4633.050
GsA  /(PxVI)
ASQ=ABS(ASQ)
2 A=SQRT(ASQ)
TKk=TI*5./9.
VK=V ]I*,062627962
ok ok ok R kKR KRRk ok kR KRR R K R Rk R R RO Rk R Rk
CUMPUTATION 3F TRANSPORT PROPERTIES
e nnnnnInnImnmm I

sk pkp kb hkkpx ke kR kok ke kkk ok ke ko k bk kkxkkkkkk ko kkhyk kb kkkx
THESE Tw0O EQUATIOUNS FOR VISCOSITY AND CONDUCTIVITY MUST g€ CHANGED
FCOR ¢ACH FWREIN CUOMPOUND, HOWEVER INTERNALLY THE EQUATIONS HAVE
BEEN PRUVIDED FOR FREON 12, FREON 13Bls FREON 14, AND FREJN 116,
IF A DIFFERENT CUMPOUND HAS BEEN SELECTED THE USER MUST OSTAIN
AND INPUT THE Twd EQUATIONS OTHERWISE NO TRANSPORYT PROPERTIES
wIlL BE QUTPUT., THE Tw( EQUATIONS FOR THERMAL CONDUCTIVITY AND
VISCUSITY CAN B2 UBTAINED FROM P.Ee LILEY OF THE THERMOPHYSICAL
PROPERTIES RESEARCH CENTER», PURDUE UNIVERSITY OR FROM E.l.
CU PONT DE NcMOURS €& CL.

2XskalakakakstaiakalxNaNaRy

37 -
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Y R Ly R T IL it L

GU TO (69»50509500,555569,69569,69569565,69565)sNAME

dkkckok bk ke khkkkF bk hk kb kk ko aok ke kk ok hk ok kb kkk ok kR ke ko ko k k%
TRANSPART PROPERTIES FOR CCL2F2 ONLY
Fhkhknkkkkkkkkkbhkbkkbkbkhnhrkpbhhkbbhkbkkbkrb kbbb nrkk kb nbbobhhhhhkk
50 EMU=(SQRTUTK)/(+75309+188.969/TK=803,786/ (TK*TK))})*1, E-6

EKL1=(243220%SQRT(TK) )/ (727.56846,891667E5/TK+1.007883E6/ (TK*TK))
60 TO 63

kkkkhkhkkokk ek ndkkkkhhkokbokkkkkkhhkkkakkk ok kkk ko kkkkk kb bk ke k kb ko khhkkkk
TRANSPOKT PROPERTIES FOR CF4 ONLY

ko wkkkkhk ko kkokkk ko k ok ko kkkkkkhokk ok kokkk ok kkk kR kFhkkk ko ha ko h kk ok hkk

55 EMUS(SQRTITK)/(e64625+103,/TK=3,42714/ (TK¥TK)} ) *1.E=6
EKLe1,73073*%(7.291E~342,377E=5%((9./5,)%TK=459.67})
60U TO 63

bbb kkb bk bRk rhk kb bk hr kb kb hkkkokkr kb kR kR kR Rk ik ok

TRANSPOKT PRUPERTIES FOR CBRF3 ONLY
kKoK ok ok ok ok R KK K K KR AR KR AOK R o ok ARk Ak KR R Nk ok K R ok ok ok

€0 CIONTINUE
EMU= (SQRT(TK)/(+63388+144.691/TK-10687.52/(TK*TK)))*1,E=-6
IF(TK-0004)62s061501
62 EK1=1,73073%(Ced04L+1s0E=5%(TK*1,B8-459,67}))
6D TO 63 .
61 EK1=SQRT(TK)/(55849¢6+2,14363E5/TK+1.65119E7/(TK*TK)+
18.317C1EF/ (TK*TK*TK) )
GO TO 63
I R I T T L YT T4 1]
TRANSPORT PRIPERTIES FOR C2F6 ONLY
L L L eI T T
65 EMU= (12+778%SQRT(TK)-78,8)*1.E~07
EK129.591€-05%TK=,01163
60 TO 63
L e ey I L Y
TRANSPORT PROPERTIES FCR OTHER FREONS. EQUATIONS MUST BE
INSERTED BY THE USER AND APPROPRIATE CHANGES SHOULD BE MADE
IN THE CDMPUTED GO TOD STATEMENT ABOVE
By Y Ty L Y P TR TP T ey

63 CONTINUE
IF(CAPA,EQ,1.0) GO TO 70
60 TO 75
ARG KRR R R AR AR R A F AR F ARSI R RS KRR LR RN R AT RN B R Tk ko
THESE THREE EQUATIUNS ARE USED ONLY WHEN RUNNING C2F6
Fhgkdhkb ek hF kb ki kkkkkkkkk bk kbbb a kR kh kb kg kkk ke kb ko
70 PP2432.%.06804596299
CK=527.5%5./9,
VV=,0262%.062427962
60 TO 79
75 PP=PC*.0680459629
CK=TC*5./9,
VVRVC#.062427962
79 CONTINUE
XI2CK#*.16660667/{SURT (EM)*¥PP4*, 66666667)
PHORaVV/VK
EK1sEK1+7,18E~34 (EXP (RHOR} =1,
IF(RHOR=.101465 46,43
43 IF(RHOR-.90)475475 46
44  IF(RHOR-2.2)48,48545
45  X=.6439-.1005+RHOR=4 . TSE—4* (RHOR**3-10,65)%%2
ALGls10.%*X+3,
ALG2210.**{-ALGL)
EMU = (ALG2+XI*EMU)/XI
60 TO 40
46  EMU =(16.56E-8%RHOR**1,111+XI*EMU) /XI
60 TO 40
47  EMU =(.607E-B8*(9.045%RHOR+.63) #%1,739+XI*ENU) /X1
60 TO 40
48 X®.6439-.1005%RHOR
ALGL210.#%X+3.
ALG2=10.**{-ALGL)
EMU = (ALG2+XI*EMU}/XI

GO TO 40
EkkkkbRkkk ke kR k kR Rk Rk kR kb kb kb kR Rk kb Rk kbbb kD

IF THE VISCOSITY AND THERMAL CONDUCTIVITY EQUATIONS ARE NOT INPUT
FOR THE OTHER FREON COMPOUNDS THEN MU AND K ARE SET TD ZERO ALONG
WITH THE PRANDTL NUMBER FOR THE OUTPUT
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L I T N L R I
€9 EMU=0.0
tK1=0.0
40 CINTINUE
IF(EMUGNELCaveANDLEKL.NELOL.D) GO TO 30
PR=CWC
G TC 31
30 PR (EMU*CP/EK1)}*4133,99992
31 CONTINUE

T L T LT T T T T Ly P P T T L L
[« CUTPUT UNIT CHECk SiI Ok US
R L L T T T L T T T T L R Py e e P ]
c

IF(UNLO=Ls) 29290
C
R I I T T T T R I P I T T PR P T PR
< SI UNLTS OUTPUT CONVEKSICNS
R L e e R A R IR P L e L

S OUTVaVI*,0624279062

CUTP=P*,06804596299

B2 Bt B~ AN e Z/ﬁ

o M ~ OU15 = 5 % (EM/1.987) v)

QUTA=A*,3048 /Q/bj ,J/4L/

TOFEPaCRE Ll 2P toe ., . Y N R

LUuTT=TK JJIH = H % (I",M« 970.)“33)

60 10 7 MWD - PR oy ,

ARAAR R R R AR ARy B M 1L38 [ ) onnsstnnnsnersns
US UNIT3 QuTPUT CUNVERSION
kR kb ko kokkkkk kb kR kR Rk ko ko kk ok Rk kR kN kb kbR ARk kb kR bk

6 EMU=tMU/Ll.408l03y
EK1=2EKL1/6226.47794
QUTv=VI
CUTP=P
CUTS=S
GUTH=H
uTA=4
ouUTCP2CP
CUTT=TI

7 NN=sNN+1
ot prarre  THLIUEQL 2L XPLOT{NNY = QUTH *
YPLOT(NN)=ALDGLO(OJTP)
IF(UNIOWEQ.2.) YPLOT(NN)=ALOG1O(0UTP*,06304596299)
[ R SR Y P L R I R PR N S R R R AR R R R R R R S R R R Y S )]
C TABULAR OUTPUT FORMAT
C XA FR ARt AR AR AR AR AR KRR R R AR R R Rk kR Rk kR R bk R kbR R e R Rtk R
IF(FLAGOUT.NE.1.0) RETURN
IF(PLOTOUTWNES1) RETURN
IF{NOENT.NE«1) GO TO 1
WRITE(6,100) OUTT,QUTV,0UTP, JUTH) JUTA, OUTCP, GAMs» Gs»Zs EMUS EKL, PR
RETURN
1 WRITE(6510C)0UTT,0UTVsOUTP,0UTHs OUTA,OUTCP,GAM» Gy Z
ls EMUSEK1s PRy JUTS
100 FORMAT(1IXsF9u.4s2(2XsFB8e402XsFP04)r2XsFBe4s2(2XsFT04)s2XsF6a4s2Xs
12E114452X»Fbe4s2XsF744)
RETURN
END

/J

)

(EM 76,5483
féZ¢/L/{—/J‘4;Z:;://

L

39
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1 SUBROUTINE PLINE
(L I L T L e L e e TR et e I L L L R L e SR R E R Pt St st a ]
c SUBROUTINE PLINE COMPUTES THE SATURATION PRESSURE LINE
C Rdhrphh bk kb bR Rk R AR kAR RE AR RR AR RS RS AR AR E BRI RS SRk
5 DIMENSION TTAB(99)sVTABL99)»STAB(99),2TAB(99),ATAB(99)

COMMON JAGOAs SUML60sPCsVC,EMs UNIDs FT»CTsPSTOP, PLOTOUT
COMMON SUM161, SUM162,SUM163, SUNL64,SUML655sSUMLE6,CAPY,CAPX,TC
COMMON CV,PPTsPPVsNAME,NAMEL s NAMEZ
COMMON NOTsTTAB,NOVs>VTABsNOS»STABsNOZ»ZTAB,NOAsATAB»VIG
10 COMMON VG(2),A6(2)956G(2)s2G(2)sPG{2),VGNsI,NsJJ>GG(2)5ASQsAL5SI,21
COMMON PSsNNs XPLOT(99),YPLOTI99)sGIsGTAB{99),NOG,G
COMMON CAPAsCAPB,CAPC»CAPDSCAPESCAPFsCAPGsCAPH)CAPLSERR
COMMON AEI,ALPHA,AVI»A2,A3,A45A5,A65B825B2T,83,83T,B4,847»
1B4T4sB5,B5TsB6sB6T»C2,C2EsC35C3EsC55CHES EAVILEMKTIS
15 2Hs Js JB6OA, JK) JRy IVIS 32, 34,KsKT1,0VIB,OVIB2,0VIB3,0VIB4,OVIBS5,P»
3RsRTI»Ss»SAA»SB»SBBsSCHSDsSFsSUMLOsSUMLL,SUM2,SUM3,SUM33,S5UN34,
4SUM35, SUM4» SUMS, SUNME, SUM9, TI»T12,TI3,TI4,VI,VIMB,VINB2,VINB22
COMMON VIMB6sOVIB6sSUM36sSUM3TsSUM38sSUM3F,SUMSO, SUM4L, SUNS2,
1SUM43,VI29JVI2sAsZsVIMB3,VIMNB3I3, VINBG, VIMBL4,VINBS,VINBSS
20 REAL KsKTIsdpJVIsJ0604,J25J4sdKsJR
REAL JVI2
REAL JA60A
COMMON PL(99),HLI{99),PU(99),HU(39)
COMMON TTI99)sVT(99),5T(99),2T(99),AT(99)56T(99),PT(99),HT(99)
25 COMMON TA(99)sVA(99)sSA(99),ZA(99)sAA(99)5GA(991,PA(TI)HA(IT)
COMMON TL(99)sVL{93)}5sSL(99),ZL199),AL(99)sGL(99)sNOL,TLIM
COMMON TU(99)sVU(99),S5U(99),ZUL99),AU(99)56U(99),NOUSTUIM
TI=TTAB(N}
CALL TVAR
O P P S S T

C2F6 CHECK
L T e N L T e L R R P s e R R L s L]

30

[z X2 XeXs]

IF(CAPALEQ.1.0) GO TO 1000

hgpkkkk kR Rk kR kR Rk d Rk Rk kR kR Rk R r Rk hk bRk ko kb ke k

CBRF3 CHECK
L2 T R P TR r I E R T e e e i e T E e s E e e E e )

40 IF(CAPB4NEL1.0) GO TO 2000

[N s RaNal

LA e I L L e e T TP T T
CBRF3 SATURATION PRESSURE LINE ONLY

R A e L L L e Iy R L Ty T

4y P35%(=44295,/T12-1795,678/TI+7.322506-0,00438339*T]

140,00000312564%T12)

60 TO 2001

1000 CONTINUE .
[ AR R R L e e L L R Rl T I R sy et T P s

50 c C2F6 SATURATION PRESSURE LINE ONLY
[ L L L Y Y Ty T

PS»,3762282521E+02-+1857298724E+04/TI-,1297816132E+02*%AL0G10(TI)
1+.,7340820388c-024T1~e5937560386E+00%((.5351699999E+03=-TI}/T])
2*AL0GLO{.5351699399E+03-T1)

SO O0

55 Gu TO 2001
(S L Y Y Y Ty T Y
c SATURATION PRESSURE LINE FOR ALL OTHER FREQONS

[ L N T Ty T S R E Y ST T T M™
20U0 PSxCAPA+CAPB/TI+CAPC*ALNGIO(TIVI+CAPD*T]
66 IF(CAPE.NEL.O.0) PS!PS#CAPE*((CAPF—TI)/TI)*ALUGIO(CAPF-TI)
IF{NAME+Et2e8) PS2P3+CAPH*TI2+CAPL*TI3
2CJ1 CONTINUE
P5=10.##%PS
Jd=1
65 44 VIsVG(JJ)
CALL VVAR
CALL PUOTV
FG{JJ)=P
IFtABS{PG{JJ)-PS)-ERR*PS)7?20,71571
v /1 IF(JJ-1172572543
72 Jd=2
VG(2)=VG(1)}*1.59
GC 10 44
43 VGN={(VG(2)=v6(1l)})/(PG(2)=-PG(1)))
75 1*(PS=PG(L))I+VGI(L)
PG(1I=PG(21}
vG(1)=vGLle)
VG (2)=VGN
GO TO 44
40 7G CALL PHOTV
ReTURN
tND

40
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SUBROUTINE PLOT

C *kkrhhdhrkkrkbhkhk kb ohnhhkkahbk bk bbb bbb hkhb bk rsbhrakhkhk kb hkhbhkbhbrkns

C

SUBROUTINE PLOT RELAYS THE PLOTTING INSTRUCTIONS TO THE PLOTTER

C hkkkdkokkhrhh kb hhnbr bk kb bk k Rk ke kR b kbR bk kb Rk h R Rk kR kA

C

¢!
c.

DIMENSION TTAB(39),VTAB(99)sSTAB(99),2TAB(99)5ATAB(99)

COMMON JAGO0A, SUM160,PC,VCrEM,UNIO,FT,CT,PSTOP, PLOTOUT

COMMON SUM161,SUM162,SUM163sSUM164»sSUM1655SUMLI665CAPY»CAPXsTC
COMMGN CV,PPTsPPV,NAMEsNAMELSNAME2

COMMON NUOT,TTAB,NOVsVTAB,NDS»STABsNOZ,ZTAB,NDASATUB,VIG
COMMON VGL2)sAG(2)55G(2),2G(2)sPG(2)sVGNsIsNsJJsGGI2)»ASQsAI»SIHZI
COMMUN PSsNNs XPLOT{(99), YPLOT(99)5sGIsGTAB(99)»NDG»G

COMMON CAPA,CAPBSCAPC,»CAPDsCAPESCAPFyCAPGsCAPH)CAPLERR

COMMON AEISALPHASAVISA2,A3,A4,A5,A6582,B2T,B3,B3T»B4,B4T,
1B4T4sB5sB5TsB6sBOTSC25C2E9C3,C3EsC55C5E»EAVILENKTI,

2H > J> JB60As JKy JR3IVIS 25 443K KTI»0OVIB,0VIB2,0VIB3,0ViB4s0VIBSsP)
3RsRTI»S»5AA»SB+S5S3BsSCsSD,SFsSUMIO,SUMLIL,SUM2,SUM3,SUM33, SUM34,
4SUM359SUMGs SUMT» UMb, SUMGS TI»TI2,TI3,TIGsVIsVIMB,VIMB2,VIMB22
COMMON VIMB6,0VIB6,SUM36,SUM3IT,SUM38B,SUM3T,SUMGU,SUNSGL, SUMAZ,
1SUM43,VI2sJVI2,A52,VIMB3,VIMB33,VIMB4, VIMBL4,VINB5,VIMB5S

REAL KsKTIsJsJdVIsJB6EOA,JIZ5d45JKs IR

KEAL JVIZ2

REAL JA60A

XPLOT(NN+1)=0, .
XPLOT(NN+2) =1,

YPLOT(NN+1)=-3,

YPLOT(NN+2)=,2

CALL LINPLT(XPLOT,YPLOTsNN»1»0,051,0)

RETURMN

END

SUBROUTINE PUTV

ok ok ok ok Nk Ak oKk N KR KK OR R R AR RO R R R KRR R R kR R R R R Rk KRR Rk

SUBRUOUTINE PuUTV COMPUTES P2F(T»V), PRESSURE AS A FUNCTIOIN OF
T AND V

C kkrkkykkkkkkkkkhkkhkhkbkxkkhkdobkdokb kb kb kkkw bk bkkrhkdnkkpkhk ek khkokkk

<
c
L
C

GO0

DIMENSION TTAB(I7),vTAB(99)sSTAB(99),2ZTAS(99),ATAB(99)

CCMMIN JABTDA,SUMLIOJ,PCyVCsEMSUNIOSFT,CT»PSTOP, PLOTOUT

COMMGON SUML615SUML62,SUMIE3,SUMLO4s SUMLO62SUMLEG,CAPY»CAPX,TC
COMMON CVsPPE,PPV,NAME, NAMEL, NAMEZ

COMMON NOT,TTABsNUVsVTABsNOS»STABsNOZ,ZTABsNOA,ATAB,VIG

CUMMUN VGI(2)sAG(2)5SG(2),ZG(2)sPG(2)sVGNyLsNsJJI»GG(2)sASQsAL»S1HZI
COMMON PSHNNI XPLOT(94), YPLOT{99),GI,GTABLIY9)»NDG,G

COMMON CAPAsCAPBsCAPC,SCAPD»CAPESCAPFSCAPGICAPHICAPLSERR

COMMON AEISALPHASAVI ) A2,A3,A45A5,A6,82,82T533,83T,B4,064T,
166T4sB55085Ts86586TsC2»C2EsC3sC3E9sC55C5ESEAVILENKTI,

2Hs Js JBOUDAs JKs JRy JVIs J25 JasKsKTI»OVIB,UVIB2,0VIB3,0VIB4sIVIBYSP,
3ksRT1sSsS5AA»SBHSBB,SCsSDsSFeSUMLIO,SUMLLsSUM2,SUM3,SUM33,5UM3 4,
4SUM39»SUM4, SUMS s SUME,, SUMIs TILTI?,TI3,TI4,VI,VIMB,VIMB2,VINB22
COMMIN VIMB6, uVIZ6,S5UM36,SUM37,SUM38,SUM39,SUMGD, SUMGL,dUNG2,
1SUME3,VIZ2sdVI2sAs 2, VIMB3,VIMB33,VIMBG, VIMBG4, VIMBS,VINBSS

KEAL KeKTIsJrJVIrJ360A,J25d4sJKsJR

REAL JVIZ

Re AL JABLOA

COMMON PL(S9)sHL(9I)5PLI(99)sHULG9)

COMMON TT(99)sVT(991,ST(99)s2T(99),AT(99),GT(99),PT(99),HT(99)
COMMON TA(G99),VA(99),5A(69),24(99),AA(99),6A(9G),PA(99),HA(Y99)
COMMON TL99)sVLI99)5SL(99)5ZL(93),AL{99)»GLIY9)sNIL,TLIN
CUMMUN TU(99) s vU(99),SU(99),2U(99),AU(99),5U(99) s NOU,TUINM
VI3=VI2#*v]

VIq=V]2%VI2

LR L Y L e A Y E Y L)

C2F6 CHECK

FhEk Rk kbR SRR F ke p ko kR Rk kb kb k ke kR kR ko Rk kR kA k%

IF(CAPALEL.Le2) GO TJ 1000

LSRR E R R L s R R e e e R PR P22 2]

CBRF3 CHEUCK
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C *kxdkhaxkbbrbhdrhhhhbhobbrnhdkhkkhhkdohkkiokkhkkkkhkkkd kb b khkk bk arhii

«

IF(CAPB.NE.1.C) GO TO Z0CO

P=F(TsV) FOR CBRF3 ONLY
AR R R R R R KRR kK R Rk kR Kk o ok o K b Ak kR
Px-2,49537/VI240.0274558/V13-0.00017394/V14
1+TI#(0.072047/VI+0.,00219617/VI2-0,000024737/V]3
2+040GCU0I2105/VIa)=(5.67TE6/VI2-2.617E3/VI&)/TI3
GO TQ 2001
1060 CONTIMUE
C o dkkdok ok ok ok ok bk ook ok b Rk Ok R kkok Rk kR kR R ROk Rk
c PzF(T,Vv) FUR C2F6 ONLY
oy e T T R R At Ty
P=(,07775539709%T1)/(VI-.008223681553)-(35.20276942)/(VI*(V{+
1.008223681553)%SURT(TI}}

C

[ R R L L Y Y N YN I ettt I
C

C

60 TU 2€01
[ T Y T Ty Lttt L d L LT Ty
c P=F(T,V) FOR ALL OTHER FREEGNS

C *abrd bk b r R b A b Rk Kok kR kR Rk b ® o £k ook ok ok ko kook ok ok ok ook
2000 PaRTI*OVIB+SUM2HOVIB2+SUMB*QVIBR+SUMA*OVIB4+SUMS4OVIB5+SUME*EAV]
2001 CONTINUE

RETURN
thD

SUBROUTINE SLINE
I I O T T RS TSP R P TER Y E S 2

C SUBROUTINE SLINE COMPUTES LINES OF CONSTANT S,ENTROPY
C ARk Rk kR kRN R R R kR R Rk bR ARk kR Rk kb kb ke bk k&

DIMENSION TTAB{(979),VTAB(99),STAB{99),2TAB(99),ATAB(99)

CIOMMON JAGOA,SUM160,PCyVCsEMyUNIOsFT,CTsPSTOP, PLOTOUT

CIMMUN SUM161sSUM162s 5UM1635SUML64»SUM165sSUML66sCAPYSCAPXS TC
COMMON CV,PPT,PPVsNAMES NAMEL1,NAMEZ

COMMON NOT,TTABsNUV,VTABsSNOS,STAB,NOZ,ZTABsNOA,ATAB,VIG

COMMON VG (2)5AG(2),S6(2)52G(2)sPGI2)sVGNsIsNsJJsGGI2)5A5Q,A1,51511
COMMON PS,NNs XPLOT(99), YPLOT(99)sGI»GTAB(39),N0G,»G

COMMON CAPAsCAPBsCAPCsCAPDSCAPESCAPFsCAPGsCAPH,CAPLSERR

COMMON AEIsALPHASAVIS A25A35A4sA5,A6,B82,B2T583,83T,B4sB4T,
1B4T4,85,35T,80530T7,C2,C2EsC3,C3E,C5,CHEs EAVILEMKTI,
2Hy Js JBOOAS JKs JRs JVIs J25 J4s Ky KTI,OVIB,OVIBZ2,0VIB3I,OVIB4,0VIB5,P,
3rsRTIsS»SAASSB»SEB8,SCrSDsSFsSUMIOSSUMLL,SUM2,5UM3,5UN33,5UM34,
4SUM35, SUM4, SUND» SUMb, SUMS, TI,TI12,TI3, TI4sVI»VIMB,VIMB2,VINB22
CIMMON VIMB6,OVIBO,SUM3b6,SUM3T,SUM3BsSUM39,SUM40,SUMGL,SUM42)
1SUMG3,VI2,JVIE29A»Z,VIMB3,VIMB33,VIMBL, VIMB44,VIMBS,VIMBSS
CUMMON/BOUND/FLAGOUT, NDENT

KEAL KoKTIs»JsdVIsJBOOA,J2rJ4rJKsJR

REAL JVIZ2

REAL JA60A

COMMUON PL(99),HL(99)5 PU(99),5HU(99)

COMMON TT(99),VT(99)5sST(99),2T(99)5AT(99),6T(99),PT(99},HT(Y9)
CUMMON TA(99),VA(F9)2SA(99),ZA(99),AA(99),GA(99),PA(99),HAL99)
CCMMON TL(G9),VL(FI)sSLLG9), 2L (999 AL{GI s GL99)sNOL, TLIM
COMMON TU(99),VU(99),50L(99),ZU(99)5AU(99),GU(99),NOU,TUIM
COMMON LNCTY

D0 2 N=1sNOT

TI=TTAB(N)

CALL TVAR

Ji=1

44 Vi=vG(JdJ)

IF(VIeLE«SB)}VI=*SB*1,05

CALL VVaAR

CALL SOTV

SG(JJ) =S
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IF{ABS(SS{ud)=SI)—cRx*SI)70s71571
71 IF(3d=1)72572543
72 JJ=2
VE(2)=VG (1) ¥, 8
U Tu 44
43 VON=((VG(2)=-VGIL))/{5612)=-86(1)))
1#(SI=-SGE1)I+Veil)
SGLL)=S3(2)
VGL{1)av6(2)
VGL2)=VGN
6L TO 44
70 CALL PHOTY
LNCT=LNCT+1 .
IF(LNCT=46) 201011014
101 IF(NJEQ.NOT) RETUKN - . . .
OQUTS = STAB(IL) * (EZM/1.987)
IFLUNIOL53Tele) JUTH>=STABLI) ’)
Fhxkddkkkhkrkkkhchkn b hhhrhhhpknhhkbhhkkkhhkkkpkk bk bkr ks brbrbnsdnhkk . s
FEADEF INSTRUCTIINS FUk CONTINUATION TASLES
[ LY S S S R R s st A N R L N Ny R E R R S P S R RS R R RS R Y] W
TF(NGENT.20Q%1) I TO 1COC 4
WRITE(6,100)0UTS
109 FORMAT(1H1552Xs4AS/R=sFP74bs//s5Xs¥TH, LUK ¥ VK IX) ¥P 4y LOXs kA%, 9Ky $4%,
LEBX s #CP/REySXy ¥OAMMAR X ¥ 0GR TX o k2 kg LIXN s #MU*pIXp *K*, 3X s ¥HPR* 55X
2%S/R*5TY
60 T3 2CI1
10C0 CONTINUE
WRITE(6s110)IUTS
110 FRRMAT(LAL)S2Xs4HS/R3,FT7a4s/ /75X s ¥T4, 10X %A, 9X, %P %, 1CXs *¥H®y IXs #A%,
LEBXy #CF/R¥) 55Xy ®GAMMAR ;5 X, KGRy TX s 224, 11X, #MUS, IX, #K*, X, #NPR*, /)
2000 LNCT=5
2 CUNTINUE
RETURM
tinD

SUBRUUTINE SJTV
LA R R 2 R R R i L Y S Y s RIS 2
SUBRUOUTINE SOTV COMPUTES S=F(T,sV), ENTKROPY AS A FUNCTION
O0F T AND V
hakk ko kb ket sk h kb kb kAR Rk kR Rk kA p ok kk ok a ke kk ko dokk
DIMENSION TTA3(99),VTAB(G9),STAB(99),2TAB(99),ATAB(YG)
COMMON JAB6OA»SUMLEUSPCHVCSEMsUNIOsFTsCT»PSTOP,PLOTOUT
COMMON SUM1615,S5UM162,SUM163,SUMLE4,SUMLES, SUMLO6,CAPYCAPX,TC
CCMMON CVsPPT,PPVsNAME,NAMELSNAYER
COMMUN NOT,TTABsNOV,VTAB,NOSsSTABSNGZ» ZTABsNIA)ATABSVIG
CUMMON VG(2)545(2)sSGL2)sZG(2)sPG(2)sVGENsIsN»JJI»GGE2)sA5,AT»SI»21
COMMON PS,NNsXxPLOT(99)»YPLOT(99)»GI,GTAB(99)sNOGH»G
COMMON CAPASCAPB,CAPC»CAPD,CAPE,CAPF,CAPGLsCAPHs CAPL,ERR
COMMDN AEI,ALPHA,AVI»A2,A35A45A5,A6,32,B2T583,837,B84,84T,
LB4T4sB%sB85TsBE»BETSC2,C2E,C3,C3E5C5,C5E,EAVIENMKTI,
2Hs Js JB60AS JK)JRy UVI» 29 J4sKsKTI»OVIB,OVIB2,0VIB3,0VIB4,OVIBOsPy
3IRH)RTI»5»5AA,58,588,5CsSD»SFsSUMIO0,SUMLIL,3UM255UM3,SUM33,5UM34,
4SUM35,SUM4, SUMS, SUME» SUMG, TI»TI2,TI3,TI4sVI,VIMB,VIMB2,VIMB22
COGMMON VIMB6,0VIBL,SUM36,SUM37,SUM38,SUM39,SUM40,SUMG1,SUML2,
1SUM43,VI2,3VI2)A,ZsVIMB3,VIMBI3sVIMBLyVIMY44s VINBS5,VIMNBS5S
REAL KsKTI»JdsJVI,JB60A,J25J45JKsJR
PEAL JvI2
PEAL JAGJIA
Vi3=yI2+v]
AP ARRE R R R AR RN R Rk Ak kR RN A R E ARk RNk bk kR bk ke kb ke ko k k&
C2Fe CHECK
dhkr kbbb bkt Rk kb kb Rk kR bkt kh kR k kR k kR kk

IF(CAPAL.EQ.1.0) GO TO 1000
kdkkkkhkkkkh ok hkhkk ko k kg ko kkkkokk ko kkk kb ko k kR h kS kg kg

CBRF3 CHECK
LA R R L R R eI e I R R e R R R e s Ty

IF{CAPB«NE.1s0) GO TO 2000

L T L L L Y P e PP P e T T T
S=F(T,V) FOR CBRF3 ONLY
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C dkkkkkdokkkdkabkkr ko kbbb Rk R f kR Rk kR ook ok ok ok ook kb kR Rk o ok ok
$=0.040295239%AL0G10(TI)+0.000194%TI~4,175E-8*TI2~3.2626694E6
L/(VI*TI4)+0,464283763/(VI3+T14)+0.030699247*AL0GLO(VI)
2=ue00C40640785/VI+242934544E~6/VI2-1.3292974E-8/VI3~-0.06216190
GO T0 2001

1000 CONTINUE
(LR R R L L ey T Ty

C S=F{T,V) FOR C2F6 ONLY ‘
[ R e T Iy e T T
stETA=.000223681553
ALP=38.20276342

$S=0.02378775437+AL0G(TI)+.000346365133#T1-,14211084E~06*T12/2,
1407611753554E-11%TI3/3+JR¥ALOGIVI-BETA)=(J*ALP/ (2. %6 TA*TI*%*1,5))
2 *ALOG((VI+BETA)/VI}=-,15857++26902175E+03/(2.,%T12}
GO TO 2001
B st ddhnhi et b il bbbt i el A i A A ARl LE Ll Ll ALl L e L e e et L
o S=F(T»V) FOR ALL OTHER FREONS
M L e T T T )
2000 S=SUMLlb4+SUML65+5UML06%SUM36+CAPY
2061 CONTINUE
RETURN
END

SUBROUTINE TLINE
R L L Ny L e L L A A e e 2l

C SUBROUTINE TLINc COMPUTES LINES OF CIONSTANT Ts, TEMPERATURE
C *kAAAkERRRERIRERRRF LSRR ELS ek kb kb ke kb kR Rk k%
DIMENSIGN TTAB(99)sVIAB(99),STAB{99),2TAB(99),ATAB(99)
COMMON JA6DA,3UM160sPCsVCsEMyUNIOsFToCT,PSTOP,PLOTOUT
CUMMON SUM161,SUML02,5UM163,SUML164,SUMLE5,SUMLE6,CAPY, CAPX:TC
CLMMON CVsPPTsPPVyNAME,NAMEL,NAMER
COMMON NOT,TTAB»NOVs VTAB,NOS,»STAB,NOZsZTAB,NOA»ATAB,VIG
CUMMON VG(2)sAG(2)9SG(2)sZG(2)sPGI2)s VN, IsN»JJs6G(2)»ASQAsAL,SIH,ZI
COMMUN PSsnNNs XPLOT(I9), YPLOT(99),GI,GTAB(99),NGGy s
CUMMON CAPA,CAPBsCAPC»CAPD)CAPESCAPF»CAPGsCAPHsCAPLSERR
COMMUN AET,ALPHASAVI, A2,A3,A45A55A658258¢T533,83T,B4,084T,
1B4T4s65,85Ts80s807,C2,C2E,C3,C3E,C5,C5E EAVI, EMNKTIL,
IrydsJB60As JKy JR, JVIs 325 J4sKsKTTs OVIB,OVIB2»0vVIB3s0VIB4,VIBS,P,
IkyRTIsSs»34A8,58»53b,SC»SDsSFySUMLO,»SUMLLY SUM2,SUM3,SUM33,SUM3 4,
4SUM3 9 SUML,SUMS» SUMEISUMG, TI»TI2,TI2»TI4,VvI,VIMB,VIME2,VIM822
COMMON VIMB6,3VI86,SUM36,SUM3T7,SUM3E,SUM39,SUMEC, SUM4L, SUMS2,
1SUM4G3, Y12, IVI2sAsZ5VIMB2,VIMBI3, VIMBuy VIMBaG,VIMBS,VIMBS,
KEAL KoKTLIsJsJdVIsJdB6JA)J25J4rJKs IR IVIZ,JA60A
TI=TTAB(N)
CALL TVAR
L0 2 I=1,N0V
vI=vTAB(I)
CALL VVAR
CALL PHOTV
2 CONTINUE
RETURN
END
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SUBROUTINE TVAR
knhkkrhkhkbkkkhpkkk ko kkr bk kR kk kb p bk h kbbb bbbk bk ke bk b kb bk
SUBROUTINE TVAR COMPUTES THE TERMS IN THE THERMODYNAMIC EQUATIONS
INVOLVING T, EXCEPT FOR THE COMPOUNDS CBRF3 AND C2F6
kkkkpkphkkbkkkhkb kb bk rk bbbk k kb hk bk kb r kb rh bk hk kb bk bk kb g kR
DIMENSION TTAB(99),VTAB(99)»STAB(99),2TAB(99)sATAB(99)

COMMON JA60A,SUM1605 PCoVCHEMsUNIO,FT,CT»PSTOP, PLOTOUT

COMMON SUM161,S5UM162»y SUM163sSUML64,SUM165,SUM1665CAPYSCAPXsTC
COMMON CVsPPT>PPV,NAME,NAMEL, NAMEZ

COMMON NOT,TTAB,NOVsVTABsNOSs»STABsNDZ,ZTAB,NOA,ATAB,VIG

COMMON VG(2)5AG(2)5S6(2)52ZG(2)sPG(2)sVGNII)NsJJsGGI(2)5ASQ,AL»SI»2]
COMMON PSs»NN, XPLOT(99),YPLOT(99),GI,GTAB(99),N0G,6

COMMON CAPAsCAPBsCAPC»CAPDSCAPESCAPFsCAPG»CAPHs CAPLsERR

COMMON AEISALPHA»AVISA25A3,A495A55A65B2,B2T»83sB3T»B4yB84T,
1B4T45B5,B5T,86586T»C2,C2E»sC35C3E,C5,C5E,EAVILEMKTI,
2Hs 3y JBEDAS JKs JRJVI»J25J4sKsKTI,OVIB,OVIB2,0VIB39p0OVIB4»OVIBS, P
3RsRTI»SySAAsSB»SBB»SCsSDsSFsSUMLO,SUML1,SUM2,SUM3,SUM33,SUM34,
4SUM35, SUM4Gs SUM5s SUMO» SUMGSTI»TI2,TI3, TI4,VI,VIMB, VINB2,VINB22
COMMON VIMBG, OVIB6sSUM36,SUN3T,SUM38,SUM39,S5UM40s SUM4L,SUMG2,
1SUM43,VI2,3VI25AsZ,VIMB3,VIMB33,VIMB4, VIMB44,VIMB5, VIMB55

REAL KyKTIsJsJVI,JB60A,J25d453KsJR

REAL JVI2

REAL JAG6OA

COMMON PL(99)5HL(99),PU(99),4U(99)

COMMON TT(99),VT(89),ST(99)52T(99),AT(99),GT(99),PT(99),HT(99)
COMMON TA(99),VA(99),SA(G99),ZAL99),AA(99),GA(99),PA(9G),HA(99)
COMMON TLI(99)»VLI99),SL(99)5ZL(99)AL(99),GL(IG)sNOLsTLIM
COMMON TU(99),VUI(99),SU(G9),ZU(99),AU(99),GU(99), NOU,TUIM
TI2=TI*TI

TI3sTI2#TI

Tla=TI2*TI2

RTI=R*TI
LIS 2 R R R R L P S T Y Y E SNy
T TERMS FOR CBRF3 AND C2Fb ARE HANDLED IN ROUTINES CBRF3 AND C2F6
Rk ak kbR bk kbR k kR kR Rk ek kR Bk h kR h kR Rk ko
IF(CAPAJEQeO.Q4ORCAPB.EQeD+D) RETURN

KTI=K*TI

IF(-KTI+675.34) 764,786,788

EMKTI=O

G0 TO 790

EMKTI=EXP(=KTI)

CONTINUE

SUM3R= JK*KTI*EMKTI

C2E=C24EMKTI

C3E=CI*EMKTI

COE=CEL¥EMKTI

b2T=B2%TI

B3T=B3*TI

B4T=B4*T]

BHT=B5%T1

BET=B6*TI

SUM2=A2+82T+C2¢c

SUM3=A3433T4I3€

SUMa=A4+B4T

SuUM4 24, *SUMS

SUM5=A5+B5T+C5¢E

SUME=A6+B0OT

SUM33=2,%SUNM2

SUM34a3,%SUM3

5UM35=5,%SUM5

SUM392B2-K*(2c

SUM9a)*35UM39

SUM4O=33-K*(C3t

SUM10=J2%SUMGY

SUM413B5-K*C5E

SUMl1=J4%SUMs]

SUMLE3=J#EMKTI*®{1.+KTI)

SUMlob= JK*EMKTI

SUML6C=SAA+SBO*TI+SC*TI2+45D#TI3
SUMLEY=SAA*TI+S53u4T12/2.+4SC*#T13/3.+450*T[4/4.
SUM164=SAA®ALOGL{TI)+SBu*TI+SC*TI2/2.,+SD*T13/3.

IF(SF.EQ.0.0) GO T3 1¢O

SUM160=SUMI160+SF/T12

SUM161=SUMI6L~SF/TI

SUMLb4=SUMLE4—SF/(2.%T12)

CONTINUE

PETURN

END
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SUBROUTINE VLINE

[ 2 L e P T T i ad A T I

¢

SUBROUTINE VLINE COMPUTES LINES OF CONSTANT V, VOLUME

[ R L Y Y Yy Y N Y2 13 1 It

DIMENSION TTAB{(97)sVTABI99)sSTAB(99)»ZTAB(99),»ATAB(39)

COMMUN JA6OA, SUM160,PCoVCsEM,UNIDs FT,CTSPSTOP, PLOTOUT

COMMON SUY1615SUMLI62,S5UMLI6355UM164»SUMLE5s SUMLEE,CAPYSCAPX, TC
COMMON CVsPPT,PPVsNAME,SNAMELSNAME?2

COMMON NOT,TTABS NIV, VTAB,NOS,STABSNOZ,ZTAB, NUA,ATAB,VIG
COMMON VG(2)sAG(2)sSGH{2)5Z6(2)sPGL2),VENsIs Ny JJsGGL2)sASQrATLSIs2I
COMMON PSsNNs XPLOT(99)s YPLOT(99)sGI,53TAB{99)sNOG»G

COMMON CAPA,CAPBsCAPCyCAPDSCAPE,CAPFyCAPGsCAPH)CAPL,ERR
COMMON AEI»ALPHASAVI»A2,A35A45A5,A6,B2,B2T5B3,B3Ts84,84T»
1B4T45B55sB5T5865806TsC2,C2E»C30C3EsC5,C5E»EAVILEMKTI,
2HsJ5» JB60A, JKs JRs IV Ly 2, J4sKsKTI,0OVIB,0VIB2,0VIB3,0VIB4,0VIBS,P,
3RsRTI»Sy)SAA»SBs»SoBsSCySDsSFsSUMIO SUMLL,SUM2,SUM3,SUM33,SUM3 4,
4SUM35,SUM4»SUMSsSUME,SUMI TI»TI2,TI3, TI4,VI,VIMB,VIMNB2,VIME22
COMMUN VIMBE,)OVIBE»SUM36,SUM3T,SUM3E,SUM3I,SUMGO,SUMGLs SUMGZ
1SUM43,VI2,JVI2»A,ZsVIMB3,VIMB33,VIMBL, VIMB44,VIMBS,VINESS

REAL KoKTI»JdpJVIsJBOOA,J25J4s JKJRsyUVI2»JALO0A

VIsVTAB(I)

CALL VVAR

OC 2 N=l,NOT

TI=TTAB(N}

CALL TvaR

CALL PHOTV

CCNTINUE

RETURN

END

SUBROUTINE VVAR

T L I T T e P F EE F ey S P L LTI 2 2

SUBRUUTINE VVAR COMPUTES TERMS IN THE THERMODYNAMIC EQUATIONS
INVOLVING Vs EXCEPT FOR CBRF3 AND C2F6

Ty Y A e L L SRR S i R bl

DIMENSION TTAB{99),VTAB(99),STAB(99),2TAB(99),ATAB(99)

COMMON JA60A» SUMLE0,PCsVCHEM,UNIDsFT,CT,PSTOP, PLOTOUT

COMMUN SUM161,SUM162,SUM163,SUM164sSUM1655SUML66sCAPY»CAPX,TC
CUMMON CVsPPTsPPVsNAMESNAMEL) NAMEZ

COMMON NOTsTTAB)NOV, VTABsNOS,STABsNOZ» ZTABsNOA»ATAB,VIG

COMMON VG(2)sAG(2),SG(2)52G(2)»PG{2)sVGNs IsNsJJsGGI2)9ASQsAL,SI»II
COMMON PSsNNs XPLOT(99),YPLOT(99)»Gl,GTAB(99),NOG»G

COMMON CAPA,CAPBsCAPC,CAPDSCAPESCAPF)CAPGSCAPHICAPLSERR

COMMON AEI,ALPHA»AVI»A2,A35A4,A5,A6,B82,B2T,B3,83T»84,B4T,»
1B4T4,B5,B5T,865B0T5C2,C2EsC35C3EsC5,C5E,EAVISEMKTI,
2HsJ s JBHOAS JKs JRy JVI» 2, J4sKsKTI,OVIB,OVIB2,0VIB3,0VIB4»OVIBS5,P»
3R)RTI»$»5AA,SB,SBBySC,SD»SFs» SUMLO» SUM11»SUM25sSUM3»SUM3I3,SUM34,
4SUM355 SUMG» SUMS» SUMO6» SUMI TI,TI2»TI3,TI4, VI VIMB,VIMB2,VINB22
COMMON VIMBG,OVIB6s»SUM36,SUM3T7,SUM3B, SUM39,SUM4OsSUMGL, SUM42,
1SUM&G3,VIZ2sJVI2sAr»Zs VIMB3,VIMB33, VIMBL, VIMBG4,VINB5,VIMNB5S

REAL KyKTIsJsJVIsJBOOA,J2sJ4rJKsJR

REAL JVI2

REAL JA6DA

COMMON PL{99)sHL{99)sPU(99),HU(99)

COMMON TT(99)sVT(99)sST(99)sZT(99)5AT(99)sGT(99),PT(99),HT(99)
COMMON TA(99),VA(99),sSA(99),ZA(99),AA(99),GA(99),PA(99),HA(99)
COMMON TL(99)5VL(99),»SL{99)5ZL(99)»AL(99)sGLI99)»NOL,TLIM
COMMON TU(99)sVU(99)sSU(S9)5ZU(99)5AUL99)sGUII9)sNOU, TUIM
JVImgRyI

VI2=VI*VI

JVI2sJ*vI2

C #hkgbkhprrbrhahhbhhahbbahbb bk p kbt b kb kb sk rbbbbbrensrstsihhbhes

[
[ LT I I R A e L e e R R e L A e e it E Ll el d

V TERMS FOR CBRF3 AND C2F6 ARE HANDLED IN ROUTINES CBRF3 AND C2F6

IF(CAPALEQs0+s0sORCAPB4EQ.DO.0) RETURN
VINB=VI-SB

VIMB2=VIMB*VINMB

VIMB3=VIMBZ*VIMB
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VIMBa=VIMB2%VIM32
VIMBS=VIM32%VIME3
VIMBO=VIMB3*VING3

VIMB22aVINBZ*2,

VIMR33=yIMB33,

VIMB44ayIMBa*G,

VIMBSS=VIMB5*5,

GVIB=1./VIMB

GVIB2=1./VIMB2

OVIB3=1,/VIMa3

OVIB4=1,/VIMB4

CVIBS5=1./VIM3S

OvIge=l./VINS6
SUM36=C2/VIM3+C3/VIMB22+C5/VIMB44
AVI=ALPRA*VI

IF(AVI+675.84) 841+892,892

EAVIaO

60 TO 893

EAVI=EXP(AVI)

CINTINUE

SUMG3=BOKEAVI+d4%0VIEG
ACI=ALPHAXEAVI

SUM162=J% (A2/VIMB+A3/VIMB22+4A4/VIMB33+A5/VIMB44)~JAGDA*EAVI
SUMl6ua=y#(B2/VIMB+33/VIMB22+B4/VIMB33485/VIMB44)+JB60A%EAVI
L+ OR*ALOG(VING)

R ETURN

END

SUBROUTINE ZLINE
I mTI T y
SUBRCUTINE ZLINE COMPUTES LINES OF CONSTANT 2, COMPRESSIBILITY
bk rn kkae bk ke ek b kb kh bk ko ko kR ko ko kR kR Rk Rk kR Rk Kk
ODIMENSION TTAB(99),VTAB(99),STAB(99),2TAB(99),ATAB(99}

COMMON JA6OASSUMLILO0sPC,VCsEMSUNIOSFT,CT,PSTOP,PLOTOUT

COMMON SUM161s,SuMib2s SUM163, SUML64,SUML65, SUML66,CAPY,CAPX,TC
CGMMON CVsPPTsPPVsNAME, NAMEL1SNAME?2

COMMON NOT»>TTAB,NGV, VTAB,NDOS,STABsNOZ, ZTABsNOAs ATAB,VIG

COMMON VG(2),AG(2)s5G(2)52G(2)sPG(2),VGNsIsNyJJsGGI2)sASQrAT,SIH2ZI
COMMIN PSsNNs XPLOT(99),YPLOT(99),GI,GTAB(I9),N0G,G

COMMON CAPA,CAPBSCAPC,CAPD,CAPE,CAPF»CAPGsCAPHICAPL,ERR

COMMON AEI,ALPHASAVIIAR2sA3,A4,545,A6582,32T5B3,83T,84,847)
le4T4sB5,85TsB6,86T2sC2,C2EsC35C3EsC5,C5EsEAVILEMKTI,
2Hy» Jp JBOOA, JK» JRy JVIs U2, J4sKs,KTI,0VIB,0VIB2,0VIB3,0VIB4,0VIBS,P,
3ksRTI»S5SAA>SE»SEB»SCHSDHSF,SUMLO, SUMLL,SUM2,SUM3,SUM335SUM34),
4SUM3 55 SUM4» SUMS,SUMGs SUMI»TI,TI2,T13,TI4,VINVIMB,VIMB2,VINB22
COMMON VIMBb,OVIBOsSUM36,SUM37,SUM38,SUM39sSUM40,SUMGLsSUNG2,
15UM43,VI2,dVI25457ZsVIMs3,VIMB33,VIMBG, VIMB44,VIMBS,VIMBS55

REAL KyKTIsJsyVI,JBO0A,JI25J4,JKsJR,JIVIZ,JAG0A

Z1=sZTAB(I)

Du 2 N=al,NOV

VIsVTAB(N)

CALL VVAR

Jd=1

TI=VvGe(JdJ)

CALL Tvar

CALL 20Tv

1G6(JJ) =2

IF(ABS(ZG{JJI~ZI)=~ERR*Z2I)T0,71,71

IF(JJ=1)72,72,43

Jy=2

V6(2)=VG(1)%1.05

GO TO 44

VEN= ({VG(2)=v6(1))/(Z6(2)=2G{1)))

1*(Z21-2611))+VGI(1)

IF{VGN)46,5 46,45

VGN=.5%VG(2)

Z6(1)=Z2612)

VG(1)1=VG(2}

VG(2)=VGN

GO TO 44 .

CALL PHOTYV

CONTINUE

RETURN

END

b7
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SUBROUTINE 20TV
C kkdkhdbdkbhh bkt bhkrkkhb kbbb kpbbr bbbk khbbbhkrhhb bbbk bb bbb bbbk kkkkkk
[+ SUBROUTINE ZOTV COMPUTES Z=F(TsV)» COMPRESSIBILITY AS A FUNCTION
c OF T AND V
C *khkkxkkrkdbphkbrkkbrhkhrrphkbkhhkhhbbbkbhkbhkrrrkrbhbhrbbbrbkbkkh kbbbt
DIMENSION TTAB(99),VTAB(99)sSTAB(99),ZTAB(99),ATAB(99)
COMMON JAG60A, SUM160sPCsVC,EMyUNIODSFT,CT,PSTOP,PLOTOUT
COMMON SUM161,SUM162,SUM1635SUML64,SUML655SUML665CAPYsCAPXSTC
COMMON CVsPPT,PPVsNAME, NAMEL ,NAME2 ’
COMMON NOT,TTABsNOV,VTABsNOS,STAB,NOZ,ZTAB,NOA,ATAB, VIG
COMMON VGI(2)5AG(2)»S6(2)»ZG(2)sPG(2)sVGNsIsNsJJ»GG(2)5ASQAsAL»SI»ZI
COMMON PSsNN, XPLOT{99),YPLOT(99),GI,GTAB(99),N0GsG
COMMON CAPA,CAPBsCAPC)CAPDSCAPESCAPFsCAPGSCAPHsICAPLSERR
COMMUON AEI,ALPHASAVI»A2,A3,A45A55A6,B2,82T»B3,B3T,B4sB4T,
1B4T4,85,B5T»B6sB6T,C2sC2E»C3,C3ESC5,C5E,EAVIEMKTI,
2H» I JBEHOAS JKs JRs IVIS U2, J4sKsKTI,OVIB,OVIB2,0VIB3,0VIB4OVIBS»Ps
3R>RTI»S,SAA,SB,SBBsSCrSDsSFsSUMIO»SUML1,SUMZ,SUMI»SUM33,SUM3 4G,
4SUM35, SUM4» SUMS» SUMby SUMG, TI»TI2,TI3,TI4sVI,VIMB,VIMB2,VIMBR22
CUMMON VIMB6,OVIB6,SUM36,SUM3T7,SUM3E,SUM3P,SUMGD,SUNG]L,SUNG2,
1SUM43,VI2,JVI2,A»2,VIMB3,VIMB33,VIMBL,VIMB44,VIMB5,VIMBSS
KEAL KsKTIsJsdVI»JB60A»J2,JasdKsJRHJIVI2,JIA60A
phekkephrkkhk kb hkrhkak bk h kb hk bbbk kb bk hkb kb kh bk kb bk ke kkk bk kkdkkkk

C2F6 CHECK
P L P R TP e ey L)

OO0

IF(CAPA.EQ.1,0) GO TO 1000

Rk kR Rk R KRR Rk kR Rk kR kRS Rk kR Kk bk h Rk Rk kb bk k¥

CBRF3 CHECK
R L e R L ey e el

[slaNesNeNel

IF(CAPB.NE.1.3) GO TO 2000

bhkkb kb bk ko ko ko kb ko kR kR bk kR k kR kR kR bRk kk Rk

I=F{T,V) FOR CBRF3 ONLY

P R T T R T e A L P L e s a RN 22 s ]
VI3=VI2#*VI
VI4mVI2#¥VIZ

VI5=VI2%VI3
P2=2,49597/VI12+0.0274558/V13-~0.00017894/VI4
1+TI%(0,072047/VI+0,00219617/VI2-0,000024787/VI3
2+40.,0000002155/V14)-(5.,87TE6/VI2-2.,617E3/VI4)/T13
G0 TO 2001
100v CONTINUE
Wy L L Ly e L PR TR T T T ST T 3
¢ I=F(TsV) FOR C2F6 INLY
[ L L R L L e T L T ]
Pe{e07775539709#T1)/(VI=-,008223681553)~(38,20276%42)/(VI*(VI+
1.008223681553)*SQRT(TI))
G0 TO 2001
[ Ly e R R e i Y Ly e e Ty ety
C Z=F(T,V) FOR ALL OTHER FREONS
(o i R L L L Yy e I Y s T )
2000 PaRTI*OVIB+SUM2*OVIB2+SUM3*OVIB3+SUMG*OVIB4+SUNS*AVIBS+SUMG*EAVI
2001 CONTINUE
Z=(VI*P)/(RTL)
RETURN
END

oo o0o0



CONSTANTS FOR THERMODYNAMIC EQUATIONS

APPENDIX B

FOR TEN FLUOROCARBONS

The computer program listed in appendix A contains a general set of thermo-
dynamic equations applicable to all the fluorocarbons selected except CBrF, and
CF,~-CF, whose respective equations are given in the report along with theib con-
Built into the computer code are all the thermodynamic constants and
thereby the user input is minimized.

stants.

Tables B1 to B3 list the constants (converted from U.S. Customary Units
to SI Units) for each equation and for each fluorocarbon (refs. 8, 9, and 10).

TABLE B1.- THERMODYNAMIC CONSTANTS FOR EQUATION OF STATE

Value of constant for fluorocarbon -
Constant . X T -
CClgF CC1,F, CFy . CHC1,F CHF 3 CCLoF-QLIfy  CCLF,-CCLF, CyFg
R 6.05 x 10" | 6.88 x '°1u 9.45 x 10" | 8.08 x 107 | 1.19 x 102, | 4.4 x 10" | 4.86 x 10'_ | 4.16 x 10’
b 1.18 x 10 4.06 x 107" | 9.36 x 107 "o 8.17 x 1076 0 3.87 x 107° | 3.93 x 107
A, -8.40 x 107 | =R s x10" [ -5.81 x 101, |-1.96 x 102_[-1.25 x 102 [-1.08 x" 102_|-6.41 x 107 | 5.09 x 10!
B> 6.38 & 1052 7.71 % 102¢ | 1.03 x 1007 | 2.2 x 1071 1.68 x 1077 | 1.27 x 1077| 5.22 x 1072 | 4.76 x 1032
Ca 9.6 x 102, |-1.53 x 103 |-5.08 x 10 o . |-4.29 x 103, 0 |-1.76 x 102 |-7.67 x 102
Aq -b.25 x 1072 | 1.01 x 1071 | 7.39 « 10-3 | -3.42 x 107} 2.09 «x 1022 | 3.59 x 1022 5.71 « 1072 | 4,44 x 10~
B3 1.47 x 104 | -5.67 x 1055 3.87 x 10'? 1.08 x 10~3| 2.33 x 1024 | 1,51 x 1074]-1.61 « 10'? -2.07 x 1072
c3 2.05 x 10 2.20 x 10 9.05 x 107 0 9.97 x 100, 0 2.75 x 1070 | 1.11 x 100
Ay 1.77 x 1073 1 -5.74°x 1075 | 2.01 x 1072 0 2.17 x 107 0 -4.04 x 1073 |-2.57 x 10~
By -3.4 x 10~7 0 7.39 x 1075 0 -6.9 x 1077 0 o o 4
A -1.54 'x 10'70 0 -2.93 x 10~ 0 -2.53 x 1077 0 1.04 x 1078 | 3.98 x 10~
B; 2.88 x 1010 4.08 x 10~1[ 1.07 x 10-10 0 7.60 x 1o'g° 0 7.37 x 10712} 9.73 x 10712
co -9.67 x 1073 -1.66 x 1077 [-3.16 x 10;3 0 -4.83 x 107 0 -6.64 x 1078 |-2.52 x 107
A7 7.29 x 10 0 4.02 x 10 0 5.17 x 10 0 0 0
Bg |=1.17 x 109 0 -1.50 x 107 0 -1.38 x 10° 0 0 0
K 9.55 x 10=3 | 1.42 x 1072 | 1.76 x 1072 0 1.84 x 107 0 7.16 x 1073 | 1.29 x 1072
—a -9.29 x 103 0 -1.06 x 10" 0 -9.29 « 103 0 0 0
TABLE B2.- THERMODYNAMIC CONSTANTS FOR HEAT CAPACITY OF VAPOR, ENTROPY, AND ENTHALPY
Value of constant for fluorocarbon -
Constant O, e
CC14F CC1,F, CF), CHC1,F CHF 5 cc1F-iGCy 7| cerrp-carr, CyFg

ay 9.96 x 103 3.39 x 10; 1.26 x 102 | 1.79 x 103 3.19 x 1022 3.33 x 102, | 7.32 x 10} | 9.42 x 10!

by | 2.11 x 100 | 2.51 x 109, | 1.79 x 100 | 1.05 x 10°|-5.69 x 1072| 8.73 x 107"| 2.63 x 100 | 2.78 x 10°

ey  £3.90 » 103,20 x 107)[-3.82 «x 10‘2 0 5.22 x 107 0 -2.23 x 1078|-2.20 x 1076

dy 1.46 = 10=7| 1.64 x 10°7[-7.21 x 10™ 0 -5.99 x 10~7 0 0 5.25 x 108

£y |-4.35 x 102 0 0 0 0 0 0 0

Y -3.84 x 102 {-6.92 x 10) | 1.51 x 103 |-4.61 x 102|-1.07 x 103 {-1.69 x 103 [-4.82 x 102 |-7.04 x 102

X 1.18 x 10% | 9.20 x 10% | 2.00 x 105 | 1.77 x 10°] 9.67 = 10% | 5.86 x 10% | 5.89 x 104 | 2.84 = 10%
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TABLE B3.- THERMODYNAMIC CONSTANTS FOR VAPOR PRESSURE EQUATION

Value of constant for fluorocarbon -
Constant _ . i N L o o
CC15F CC1,F, CF), CHC1,F CHF CC1,F-L€)Fy  CCLF,-CCIF, L CyFg
A 4.21 x 10] | 3.99 x 10! | 2.07 x 10} | 4.28 x 102 | 3.29 x 102 | 3.31 x 10] | 2.71 x 10} | 1.56 x 10!
B 241 x 103 |=1.91 x 103 [=1.37 x 103 |-2.37 x 103 |-4.42 x 103 |-2.%1 x 103 [-2.84 x 103 |-2.39 x 103
c —1.28 x 107_|-1.25 x 107_|-4.69 x 10%_|=1.30 = 10'_|-1.45 x 102 |-9.26 = 10°_{-6.31 x 10°_{-2.73 x 10°
D 7.21 x 1073] 8.51 x 1073] 1.17 x 1073] 7.18 x 1073| 4.36 x 10~"| 3.69 x 1073| 1.24 x 1073|-2.16 x 1073
E 3.4 x 1072 0 7.71 x 107" 0 0 0 7.81 x 10=1| 6.63 x 107!
F 4.79 x 102 0 2.36 x 102 0 o 0 4.27 x 102 | 3.97 x 102
G 0 0 0 0 -6.89 x 10~ 0 0 0
L 0 0 0 0 5.50 x 10~7 0 0 0 J
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APPENDIX C

THERMODYNAMIC PROPERTIES FOR ISENTROPIC EQUILIBRIUM EXPANSIONS OF
BINARY MIXTURES OF CBrF3-ARGON AND CCl,F,-ARGON

Binary mixtures of fluorocarbons and argon are being used as substitute
gases to simulate high-temperature air flows in the flight Mach number range
between 4 and 10 (refs. 3 and 4). The properties of these mixtures are easily
computed if it is shown that compressibility effects on the fluorocarbons in the
range of interest are small.

The tabulated thermodynamic properties of both CBrF. and CClZF2 show that
in the range covered by the experimental tests (T < 600 é and p < 0.5 atm),
pressure effects can be neglected. Therefore, these two fluorocarbons can be
considered thermally perfect over this range and their thermodynamic properties;
namely s, h, and ¢ may be considered as functions of temperature only. An
existing computer code is available that will handle mixtures of thermally per-
fect species and compute equilibrium rocket expansions.

Results using the computer code of reference 6 are tabulated for two repre-

sentative cases; one for the CBrFB-argon mixture and one for the CC12F2-argon
mixture. '
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TABLE C1.- CBrFa-ARGDN ISENTROPIC EQUILIBRIUM EXPANSION

{All values are in SI Units]

Chamber Throat Exit Exit Exit Exit Exit Exit Exit Exit Exit Exit Exit
Chamber pressure/p . . . 1.0000 1.7575 5.0528 8.1117 11,410 14.930 18.650 22.550 39.678 58.817 79.599 107.54 137.39
P oe v v e e e e e e e 5.0626 2.8805 1.0019 0.6241 0.4437 0.3391 0.2715 0.2245 0.1276 0.0861 0.0636 0.0471 0.0368
T o vt i e e e 62, 57, 48 s, 42 NOR 393 3BE 3HR 32; BDR 29 21
P oe e e e e e e e e 9.3665 x 1073157949 x 1077|2.3694 x 1073 {1,5907 x 1073"1.1948 x 1077|9.5422 x 107" [7.9265 * 107"|6.7679 x 107" |4.2382 x 107"|3.0652 x 107" |3.2923 x 107" |1.8719 x 107" |1.5344 x 10
£ ' -778.8 -785.8 -797.6 -802.3 -805.4 -807.8! ~809.7 -811.2 -815.5 -818.3 -820.3 -822.2 -823.7
S e 0.6481 0.6481 0.6481 0.6481 0.6481, 0.6481, 0.6481 0.6481 0.6481 0.6481 0.6481 0.6481] 0.6481
. S 9“.“29! 94.429 | 94,429 | 94,429} 94,429 94,429 94,429 94.429, 94,429 94.429 94.429" 94.429" 94,429
cp S e e e e e e e 0.1430 0.1503 ©0.1345 0.1316 0.1294 0.1275 0.1260 0.1247 | 0.1205 0.1175! 0.1151 0.1128; 0.1108
Ll T S P 1.1726\ 1.1765 1.1855 " 1.1904! 1.1943 1.1976 1.2005 1.2031 1.2116 1.2181 1.2236: 1.2295° 1.2345
- S : 253.4 2u3.4) 225.ui 217.5 212.0 207.7 204.1 201.1 192.2! 186.2 181.6 177.0! 173.3
Mach number . ., . .. . 0.000 1.000; 1.761 2.038 2.228 2.373 2.491 2.591 2.886 3.090 3.248; 3.406 3.536 o
| | | | | | —
1]Mcle fractions: : | i
Argon . . . . . ... 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002 0.50002
CBrfy . . . .. . 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997 0.49997
b=
!
o
]
=2
]
H
<
Q
TABLE C2.- CC1,F,-ARGON ISENTROPIC EQUILIBRIUM EXPANSION
(A1l values are in SI Units)
Chamber Throat Exit Exit Exit Exit Exit Exit Exit Exit Exit Exit Exit
Chamber pressure/p . . . 1.0000 1.7723 5.1773 8.3735 11.843 15.564 19.514 23.671 42.066 62.812 85.505 116.22 - 149.25
P v v e a e e e 4.6268 2.6105 0.8937 0.5525 0.3907 0.2973 0.2371 0.1955 0.1100 0.0737 0.0541 0.0398 0.0310
S 64 SQg h9§ 45, RZE NOB 38& 373 339 318 ggﬁ 273 26
P e v w s s e a4 . . .+6,2883 x 107713.8983 x 107°[1.6015 x 1077 1.0773 x 107 .8.1038 x 1077[6.4793 x 107715.3870 x 107" [4.6031 x 107" [2.8889 x 107" |2.0924 x 107" |1.6349 x 107" [1.2806 x 10”'|1.0506 x 10~
1 =595.3 -605.0 -620.9 -627.1 -631.3 -634.4 - =636.9 -638.9 -644.5 -648.1 -650.6 -653.0 =654 .8
E 0.8001 0.8001 0.8001 0.8001 0.8001 0.8001 0.8001 0.8001 0.8001 0.8001 0.8401 0.8001 0.8001
Moo e e e 72.332 72.332 72.332 72.332 72.332) 72.332, 72.332 72.332 72.332 72.332 72.332 72.332 72.332
Cp v v v e 0.1672 0.1644 0.1583 0.1551 0.1526 | 0.1505; 0.1487 0.1472 0.1423 0.1388 0.1359 0.1330 0.1307
L 2 1.1967 1.2006 1.2100 1.2153 1.2196 1.2233‘ 1.2266 1.2295 1.2392 1.2469 1.2533 1.2602 1.2663
- T 298.8 285.4 261.6 251.3 244 .1 238.5 233.9 230.0 218.6 210.9 205.0 199.2 194.6
Mach number . . . . . . 0.000 1.000 1711 2.055 2.250 2.400 2.523, 2.627 2.936 3.152 3.320 3.489 3.629
Mole fractions:
Argon . . . . . . .. 0.60003 0.60003 0.60003 0.60003 0.60003 0.60003, 0.60003 0.60003 0.60003 0.60003 . 0.60003 0.60003 0.60003
CC12F2 e e e e e e i 0.39997i 0.39997 0.399971 0.39997\ 0.39997 0.39997i 0.39997\ 0‘39997i 0.39997, 0.39997 0.39997 0.39997 0.39997
. : :
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246.7003
25647003
266.7003
276.7003
286.7003
296.7003
306.7003
316.7003
32647003
336.,7003
34647003
356.7003
366.7003
376.7003
386.70013
393.4349

T

218.1187
228.1187
238.1187
248.1187
25841187
268.1187
27841187
288.1187
298.1187
308.1187
318.1187
328.1187
338.1187
348.1187
358.1107
368.1107
378.1187
308.1187
398.1187
408.,1187
418.1187
42545498

5h

Vv
m;m

1.3189
«9749
7251
#5425
<4084
«3092
2356
«1805
+1391
«1079
«C342
0661
«0522
20415
20331
0286

7.0460
5.1111
3,7309
27399
2402640
1.5039
1.1238
8444
«6380
4846
3701
2842
2193
«1702
«1328
«1041
0821
«0651
0518
«0415
<0335
0286

TABLE I.- THERMODYNAMIC AND TRANSPORT PROPERTIES

p
atm

«1108
1557
2171
+3002
24119
«5608
<7576
1.0154
1.3500
1.7808
243297
3.v222
3.8869
4.9546
642582
7.2860

.018%
<0266
+0380
+0539
«0758
+1059
+1468
2021
2762
#3750
«5057
<6771
«9007
1.1898
1.5610
2.0338
246308
3.3786
443066
5.4477
6.8372
8.0524

h/RT

8.1153
8.3141
845156
8+7193
8.9248
9.1316
9.3393
9.5471
9e75417
99611
101657
10.3678
10.5665
10.7609
10.9501
11.0742

h /RT

7+5689
7.7595
749541
8.1523
843540
845589
8.7668
8.9772
9.1899
F.4046
9.6210
9.8385
10.0567
10,2753
10.4936
10.7110
10.9270
11,1409
11.3518
11.5592
11l.7621
11.9095

OF CC13F AT CONSTANT ENTROPY

a
m/sec

129.2221
131.4714
133.6315
135,6950
137.6527
139.4933
141.2032
142.766%
14441647
145.3756
146.3761
14741396
147.6380
1647.8415
147.7211
- 147.4425

122.5572
125.0927
12745649
129.9740
132,3193
134.5994
136.8116
138.9523
141.0168
142.9987
144.8603
146.6824
148,3631
149.9197
151.3367
152.5970
153.6810
154.5677
15542344
155.6581
155.8161
155.7492

s/R = 9,0000
c/R
p

5.5436
5.6593
57730
5.8854
5.9972
6.1091
6.2221
63370
644548
6.5769
6.7044
6.8388
6.9820
7.1359
7.3030
Teh244

s/R= 9.5000
¢ /R
P

5.1855
5.3067
5.4236
5.5365
5,6459
5,7520
5.8554
5.9564
6.0555
6.1531
6.2498
6.3461
644427
6.5402
6. 6396
6.7411
6.8462
6.9559
7.0711
7.1935
7.3244
7.4284

1.1366
1.1348
1.1335
1.1325
1.1321
l.1321
1.1327
1.,1339
1,1357
1,1383
l.1418
lel464
1.1521
1.1593
1.1682
1.1755

1.1424
1.1391
l.1362
1.1336
1.1313
1.1293
1.1277
1.1263
1.1253
1,1246
1.1242
1.1242
1.1246
1.1254
1.1267
1.1286
1.1311
1.1344
1.1385
1.1437
1.1501
1.1558

141274
l.1236
1.1197
1.1158
l.1117
1.1074
1.1027
1.0876
1.0919
1.0855
1.0783
1.0702
1.0609
1.0503
1.0382
1.0292

1.1401
1.1363
1.1327
141293
1.1260
1.1229
1.1198
1.1167
1.113%
1.1104
1.1070
1.1035
1.099¢
1.0954
1.0907
1.0854
1.0795
1.0728
1.0652
1.0567
1,0470
1.0391

+9920
«9902
«9880
+9854
9823
«9785
« 9741
9688
29627
«9554
«9469
«9371

«9258"

«9128
«8981
+«8871

+9980
«9975
29969
v 9962
+9953
+9943
«9930
+9915
«9897
«9875
«9849
«9819
«9782
9739
+«9689
«9629

9560

«9481
+9389
«9283
«9164
+9065

N-s/m W'm-K

NOT
AVAILABLE

NOT
AVAILARILE

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00Q0
0.0000
0.0060
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

NPr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.9000
0.0000
0.8000
0.0800
9.0000
0.0000
0.0000
0.0000
0.0000



S — |

S

PR

T

211.6230
221.6230
231.6230
241.6230
251.6230
261.6230
27146230
281.6230
291.6230
301.6230
311.6230
321.6230
331.6230
341.6230
351.6230
361.6230
371.6230
381.6230
391.6230
401.6230
411.6230
421.6230
431.6230
441.6230
451.6230
459.6879

T

235.9186
245.9186
255.9186
265.9186
275.9186
285.9186
295.9186
305.9186
315.9186
325.9186
335.9186
345.9186
355.9186
365.9186
375.9186
385.9186
395.9186
405.9186
415.9186
425.9186
435.,9186
445,9186
455.9186
465.9186
475.9186
485.9186
495.9186
495.9744

v

16.9928
13.7151
9.9671
742873
543594
3.9661
249485
242051
1.6579
1.2530
+9519
7267
«5577
«4299
«3331
»2593
2028
+1594
«1258
» 0998
«0796
<0637
+0513
«0415
20337
0286

v

18.9928
13,9164
10.2568
7.6020
5.6651
4.244]
3.1960
2.4189
1.8398
1.4063
1.0798
«8330
+6455
5025
+3929
«3085
«2433
«1927
+1533
«1224
#0982
0791
« 0640
0520
<0424
0348
0286
«0280

p

0067
«0096
0139
«0198
«0280
«0393
«0549
«07¢0
«10406
«1430
+1943
02624
«3520
24695
6223
«8201
1.0742
1.3986
1.8100
2.3282
2.9763
3,7808
4.7719
5.9831
7.4509
8.8481

+0074
0105
«+0149
«0209
«0291
+0402
«0552
0753
«1022
«1379
«1850
«2467
3272
«4316
«5662
.7388
«9590
l.2383
1.5904
2.0321
2.5819
3.2632
441016
5.1266
643712
7.8716
96669
9.6778

h/RT

744490
746374
7.8300
8.,0267
842272
B8.4313
8.6388
8.8495
9.0632
9.2797
9.4986
9.7199
9.9431
10.1679
10.3342
10.6215
10.8495
11.0777
11.3056
11.5329
11.7590
11.9833
12,2051
12.4238
12,6387
12.8087

h/RT

7.9154
8.1141
8.3167
8.5230
8.7327
849457
9.1619
9.3810
9.6028
9.8272
10.0539
10.2828
10.5137
10.7462
10.9802
11,2153
11.4514
11.6880
11.9249
12.1616
12,3977
12.6328
12.8665
13,0981
13.3271
13,5529
13.7750
13,7762

TABLE I.- Continued

120.9594
123.5592
126.1009
128.5864
131.0172
133.3943
135.7181
137.9883
140,2061
142.3639
144,4654
146,5053
14844794
150.3821
152,2071
13,9466
155.5913
157.1304
158.5517
159,8413
160,9840
161.9633
162.7622
163,3633
163,7507
163,8977

a

127.2437
129.7235
132.1534
134.5352
136.8700
139.1590
141.4024
143.6005
145.7528
147.8584
149.9157
151.9226
153.8765
155.7736
157.6096
159.3792
161.0761
162.6930
164.2215
165.6516
16649739
168.,1759
169.2458
17091711
170.9400
171.5415
171.9677
171.9697

s /R=10.0000
¢ /R
p

5.0997
5.2227
5.3408
5.4543
5.5635
5.6687
57703
5.8684
5.9633
640555
6.1451
602324
6.3179
6.4019
6.4847
6.5669
6.6488
67309
6.8139
648983
6.9848
7.0741
7.1671
7.2647
7.3680
7.4563

S /R=10.5000

¢ /R
p

5.3863
5.4970
5.6032
5.7054
5.8036
5.8981
5.9892
6.0770
6.1618
62438
6.3232
6.4003
6.4752
6.5483
6.6199
6.6902
6.7597
6,8285
6.8971
649660
7.0355
7.1062
7.1786
7.2533
7.3310
Tebl24
Te 4984
7.4989

Y

lel442
1.1405
1.,1371
1.1341
1.1314
1.1290
l1.1268
1.1249
1.1231
1,1217
1.1204
1.1194
l1.1186
1.,1180
1.1177
1.1177
1.1180
l.1186
1.1196
l1.1210
1.1229
1.1253
1.1284
1.1323
1.1370
l.1416

1.1354
1.1324
1.1297
1.1272
1.1250
1.1230
1.1211
1.1195
1.1180
1.1167
1.1155
141145
1.1137
1.1131
l.1127
l.1124
l.1124
1.1126
1.1130
1.,1138
1.1148
1.1162
1.1181
1.1204
1.1233
1.1268
1.1311
1.1311

Te

1.1433
1.1393
1.,1357
1.1324
1.1293
le1264
1.1236
1.1210
l.1184
1.1159
1.1135
1.1110
1.1084
1.1058
1.1030
1.1000
1.0968
1.0933
1.0894
1.0850
1.0801
1.0747

1.0685

1.0617
1.0540
1.0471

11347
1.1315
l.1286
1.1259
1.1236
1.1210
1.,1188
1l.1166
1.1145
1.1125
1.1105
1.1085
1.1064
141043
1.1022
1.0999
1.0974
1.0947
1.0918
1.,0886
1.0851
1.0812
1.0768
1.0719
1.0665
1,0605
1.0540
1.0540

A

09992
«9990
«9988
+5985
+9981
«9977
9972
+9966
+9958
«9949
+9938
«9925
+9910
+9892
«9870
« 9844
+9814
«9778
«9736
<9687
«9631
»9566
+9491
+9405
»9308
«9221

9994
«9992
«9991
«9988
«9986
+9983
<9979
«9975
«9969
«9963
«9955
«9946
9935
«9922
«9906
«9888
«9867
«9842
«9813
«9778
«9739
+9693
« 9641
«9581
«9512
«9435
+9348
+9348

NOT
AVAILABLE

NOT
AVAILABLE

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

55



T

261.3830
271.3838
281.3838
291.3838
301.3838
311.3838
321.3838
331.3838
341,383
351.38349
361.3838
371.3838
381.3838
391.3838
401.3838
411.383%
421.3838
431,.3838
441.3838
451,383
461.3838
471.3838
481.3838
491.3838
501.3838
511.3834
521.3838
531.3838
534.5411

T

288.0699
298.0699
308.0699
318.0699
328.0699
338.0699
348,0699
358.,0699
368.0699
378.0699
388.0699
398.0699
4G8.0699
418,0699
428.0699
438.0699
448.0699
458,699
468,0699
478.0699
488,0699
498,0699
508.0699
518.0699
528.,0699
538,0699
548.0699
558.0699
568.0699
575.5318

56

v

18.9863
14.1106
10.5437
7.9192
5.9781
44,5349
3.4567
2.6476
2.0367
1.5738
1.2215
«9521
«7453
«5858
4623
+3063
«2914
2327
«1866
1501
1213
»0983
0801
«0654
+0537
«0442
«0365
.0303
«0286

v

18.9897
14.3088
10.8353
842443
643033
4.86402
3.7335
248923
242502
1.7580
1.3790
1.C860
8586
«6814
«5429
«4341
3483
«2805
2267
«1839
«1497
1222
+1002
«C824
<0680
20563
<0467
+0390
0326
<0286

p

.0082
<0115
40159
.0220
+0301
.0410
+€554
.0746
+0999
+1330
1761
.2321
.3042
.3968
5151
L6654
+8555
1.0949
1.3942
1.7676
2.2303
2.8008
3.5007
4.3544
5.3899
6.6387
8.1354
9.9181
10.5474

p

<0091
0124
«0170
+0230
0311
<0617
«0556
0738
.0975
.1282
« 1677
.2183
.2829
+3649
«4687
+5992
+7630
«9674
1.2213
1.5354
1.9223
2.3966
249757
346792
445300
545539
6.7799
8,2403
9.9707
11.4619

h /RT

344302

8.6387

8.8507

9.0660

9.2844

9.50568

9.7300

9.9569
10.1863
10,4181
10.6520
10,8879
11.1257
11.3651
11,6059
11,8480
12,0911
12.3349
12,5792
12.8238
13.0682
13,3122
13.5554
13,7974
14.0377
14,2759
14,5113
14,7439
14.8166

h /RT

8.9954

9.2130

9.4338

9.6575

9.8841
10,1133
10,3450
10,5792
10.8156
11.0541
11,2946
11,5370
11,7810
12,0266
12,2736
12,5218
12,7710
13,0211
13,2718
13,5229
13,7742
14,0255
14.2764
14.5267
14,7760
15,0240
15,2704
15.5146
15,7563
15.9348

TABLE I.- Continued

a

133.5174
135.8876
138.2149
140.5006
142,7459
144,9515
l47,1181
149.2459
151.3346
153,3840
155.3929
157.3602
159,2840
161.1620
162.,9913
164.7684
16644891
168.1483
169.7413
171.2603
172.6992
174.C500
175.3045
176.4541
177.4904
1768,4056
179.,1931
179.8487
180,0276

a

139.7946

‘142.0646

144,2973
146.4939
14846555
150.7826
152.8759
154v9357
15649620
15849547
160.9132

© 16248367

16447241
16645741
16843846
170.1536
171.8780
173.5550
175.1807
176.7511
178.2616
179.7069
i81.0818
182.3806
183,5976
184.7275
185.7654
186.7080
187.5538
188.1221

/R
CD

5.,6565
5.7557
5.8510
5.9425
6.0304
6.1149
6.1962
62745
643498
644225
6.49206
6.5604
6.6260
6.6897
67517
6.8122
6.87164
6.9296
6.9870
7+0441
7.1009
7.1580
7.2157
T+2743
Te3344
7+3964
T+4609
7.5285
7.5506

S /R=11.0000

S /R=11.5000

¢ /R
p

5.9101
5.9986
640835
6.1650
642433
6.3184
6.3905
6.4598
6.5264
6.5904
6.6521
6.7115
6.7688
6.8243
6.8779
6.9300
6.9808
7.0303
7.0788
Tel266
7.1738
7.2208
7.2677
7+3149
7.3627
74114
Tehb14
7.5131
7.5669
7.6088

Y

1.1280
1.1256
1.1234
l.1213
1,1195
1.1178
1.1163
l.1148
1.1136
1.1124
1.1114
1.1105
1.1098
1.1091
1.1086
1.1083
1.1081
1.1080
l.1082
1.1085
1.1091
1.1099
1.1109
l.1123
lell4l
1.1162
1.1189
1.1220
i.1232

7

1.1217
1.1198
1.1180
lel1063
1.1148
l.1134
1.1121
1.1109
1.1098
1.1088
1.1079
1.1071
1.10064
1.1058
1.1053
1.1050
1.1047
1.1045
1.1045
1.1046
1.1048
1.1052
1.1058
1.1067
1.1077
1.1090
1.1106
l.1126
1.1150
1.1171

Te

1.1274
1.1249
l.1226
1.1204
l.1183
1.i163
1.1145
1.1127
l.1110
141093
1.1077
l.1061
1.1C44
1.1028
i.1011
1.0993
1.0974
1.0954
1.0932
1.0908
1l.0882
1.0854
1.0823
1.0788
1.0750
1.0708
1.0663
1.0614
1.0598

Te

1,1213
11193
1.1174
1.1156
1.1139
1.1123
1.1107
1.1093
1.1079
1.1065
1.1052
1.1039
1.1025
1.1012
1.0998
1.0984
1.0970
1.0954
1.0938
1.0920
1.0901
1.0881
1.,0858
1.0834
1.0807
1.0778
1.0746
1.0713
1.0677
1.0649

z

«9995
+9954
«9993
«9991
9989
«9987
9984
«9981
9977
9972
29967
«9960
9952
«9943
9932
+9919
+9904
«9887
«9866
«9842
»9815
«9783
«9747
«9705
«9657
9604
+9543
«9476
+9453

+9996
«9995
+9994%
29993
9992
«9990
«9988
«9986
+9983
9979
«9975
9970
«9965
+9958
+9950
9941
«9931
«9918
29904
+5887
+9868
«9846
+9821
«9792
«92760
«9723
«9681
«9634
«9583
«9541

NOT
AVAILABLE

NOT
AVAILABLE

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
30000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Pr
0.0000

0.0000.

0.,0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000



e

R M

T

316.,0893
326.0893
336.0893
346.0893
356.0893
366.0893
376.0893
386.0893
396.0893
406.0893
416.0893
426.0893
436.0893
h46,0893
456.0893
466.0893
476.0893
48640893
496.0893
506.,0893
516.0893
526.0893
536.0893
546.0893
556.0893
566.C893
576.0893
586.0093
5868 .8889

T

345.,5154
355.5154
36545154
37545154
385.5154
395.5154
40545154
415.5154
425.5154
435.5154
445.5154
455.5154
465.5154
475.5154
485.5154
49545154
505.5154
515.5154
525.5154
535.5154
545.5154
555.5154
565.5154
575.5154
585.5154
588.8889

v

18.9869
14.4990
11.1244
8.5716
6.6336
501556
440234
3.1526
244800
1.9585
1.5525
1.2352
«9861
« 7904
«6356
5128
+4152
3372
«2748
«2247
«1843
«1516
«1251
«1035
<0860
20716
«0598
«C5C1
«Ca?7

v

18.9880
14.6898
11.4138
8.9041
6.9744
5.4844
4.3293
3.4304
2.7280
2.1773
1.74541
1.4015
1.1301
+9163
+ 7420
16042
14934
£4042
.3321
L2737
L2262
.1875
+1558
+1299
.1085
.1022

p

« 00699
«0134
0180
0241
20320
<0424
«0558
«0731
<0953
1237
+1598
«2056
«2635
«3361
«4271
«5405
+6815
«8559
1.0708
1.3346
1.6573
2.0504
2.5274
3.1040
3,7981
4.6303
5.6240
648055
71745

«0109
« 0145
<0191
«0252
0330
0431
«0559
«0723
«0931
«1163
«1524
«1938
«2456
«3099
«3898
«4883
+6097
+ 7585
«9403
1.1618
1.4307
1.7560
2¢1482
2.6195
3.1838
3.3982

h /RT

9.6139

9.8401
10.0691
10.3007
10.5348
10.7713
11.0100
11.2509
11.4938
11.7385
11.9851
12,2333
12,4831
12,7343
12.9867
13,2403
13.4950
13,7505
14.0067
1l4.2634
14.5205
14.7778
15.0351
15.2922
15,5487
15.8046
16.0594%
1643129
l6.3836

h/RT

10.2881
10.5223
10,7589
10.9977
11.2388
11.4820
11.7272
11.9742
12.2230
12,4735
12.7256
12.9792
13,2361
13,4903
13,7477
14.0062
14.2656
14.5259
14,7869
15.0485
15.3106
15.5730
15.8356
16.0982
16.3607
16,4492

TABLE I.- Continued

a

146.1010
148,2787
150.4238
152.5375
154.6205
156.,6735
15846969
160.6912
162,6565
le4.5928
166.4998
168.3772
170.2242
172.0401
173.8235
175.5732
177.2874
178.9641
180.6010
182.1954
183,7445
185.2449
186.6932
188.0859
189.4192
190.6896
191.8940
193,0299
193,3350

15244503
154.5426
156.6064
158406425
l60.6517
162.6345
164.5914
l66.5227
16844287
170.3095
172.1650
173.9949
175.7991
177.5769
179.3278
181.0507
182.7448
184.4088
186.0412
187.6404
189.2047
1907319
192.,2201
193.6668
195.0700
195.5330

s/R=12.0000

c /R
p

61471
6.2256
6.3007
6.,3728
604419
6.5082
6.5717
6.6326
6.6911
6.7472
6.8012
6.8530
6.9029
6.9510
6.9974
7.0424
7.0859
7.1283
T.1696
7.2101
© Te2499
7.2892
7.3282
7.3671
7.4062
T.4457
7.4859
745271
7.5388

S /R=12,5000
c/R
p
643671
644361
6.5021
6.5653
6.6259
6.6838
6.7394
647925
648435
6.8924
6.9393
6.9843
7.0276
7.0693
7.1094
Te.1482
7.1858
7.2223
7.2578
Te2925
T+3265
7.3600
7+3932
T.4262
Te4592
T 4704

Y

1.1165
1,1149
1.1134
1.1120
1.1107
1.1096
1.1085
1.1075
1.1066
1.1057
1.1049
1.1043
1l.1036
1.1031
1.1026

. 1.1022

1.1019
1.1017
1.1016
1.1015
1.1016
1.1018
1.1021
1.1026
1.1032
1.1040
1.1050
1.1062
1.1066

Y

1.1119
1.1106
1.1094
1.1083
1.1072
1.1063
1.1054
1.1045
1.1038
1.1030
1.1024
1.1018
1.1012
1.1008
1.1003
1.1000
1.0997
1.0994
1.0992
1.0991
1.0991
1.0991
1.0993
1.0995
1.0998
1.1000

Y

l.1161
1.1145
1.1129
l.1114
1.1100
1.1087
1.1075
1.1063
1.1051
1.1040
1.1029
l1.1018
1.1007
1.0997
1.0986
1.0975
1.0663
1.0952
1.0939
1.0926
1.0912
1.0897
1.0880
1.0863
1.0844
1.0824
1.0802
1.0778
1.0772

141117
1.1103
1.1090
1.1078
1.1067
1.1056
1.1046
1.1036
1.1026
1.1017
1.1008
1.1000
1.0991
1.0982
1.0974
1.0965
1.0956
1.0947
1.0937
1.0927
1.091¢6
1.0905
1.0893
1.0881
1.0867
1.0862

9997
«9996

© 29996

G995
«9994
«9992
«9991
«9989
+9987
«9984
+9981
«9978
«9974
+9969

09964

«9957
«995u
«9941
«9931
«3919
«9906
«9891
<9873
«3853
29831
<9806
9777
+9746
«9736

9998
«9997
9997
+9996
«9995
«9994
+9993
«9992
«9990
+9988
+9986
9983
+9980
9977
9973
+9968
«9963
+9957
«9950
«9942
9933
9922
«9910
29896
9881
«9876

NOT
AVAILABLE

NOT
AVAILABLE

Pr

0.0000
0.0000
0.0000
0.0000
0.0060
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0060
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000

Pr

0.0000
0.0000
J.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0,0000
0.00G0
0.0000
0.0000
0.,0000
0.0000
0.0000.
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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T

376.4638
38644638
396.4638
406.4638
416.4638
426.4638
436446386
446.4638

.456.4638

58

46644638
£76.4638
4B6.,4638
496.4638
506.4638
516.4638
52644638
53644638
546.4638
556.4638
56644638
576.4638
586.4638
588.8889

T

409.0513
419.0513
429.0513
439.0513
449.0513
459.0513
469.0513
479.0513
489.0513
499.0513
509.0513
519.0513
529.0513
539,0513
549.0513
559.0513
569.0513
579.0513
588.8889

T

443.4006
453.4006
463.4006
673.4006
483.4006
493.4006
503.4006
513.4006
523.4006
533.4006
543.4006
553.4006
563 .4006
573.4006
583.4006
580 .0009

v

18,9882
14.8803
11,7029
9.2406
7.3236
5.8255
446495
3.7251
2.9943
2.4147
1.,9537
1.5857
1.2911
1.0544
«B8636

+ 7094
<5844
«4828
+4000
3322
2767
2310
2212

v

18.9883
15.0638
11.9919
9.5802
7.6825
6.1788
4.9866
4.0374
3,2792
2,6715
2,1830
1.7891
1.4704
1.2119
1.0016
18299
6895
$5744
.4810

v

18,9928
1542476

12,2824 °

9.9261
840473
645444
5.3383
4.3673
3.5833
2.9483
244325
2.0124
146692
1.,3860
1.1871
1.0482

«0118
«0155
0202
<0263
+0Q340
0437
+0560
«0715
«0910
11563
21455
»1830
«2293
2864
«3565
«h422
«5468
«6739
«8280
1.0142
1.2385
1.5079
1.5811

0129
0166
«0214
« 0274
+0349
+04446
«0562
«0708
0850
«1115
1392
1731
02147
2653
«3270
+4016
+4919
+6008
+ 7293

«0139
+0178
20225
0285
+0359
«0450
«0563
«0702
«0872
-1080
»1333
1641
«2014
2465
+»3008
3352

h/RT

11,0212
11.2626
11.5062
11,7518
11,9993
12,2486
12,4996
12.7523
13,0066
13,2623
13,5194
13,7778
14,0375
14,2982
14,5601
14,8229
15.0866
15.3511
15.6164
15.8822
16,1486
1644155
16,4802

h/RT

11.8162
12,0643
1243143
12,5659
12.8193
13.0742
13.3306
13.5884
13,8476
1441080
14,3697
1446325
14.8964
15.1614
15.4272
15.6940
15.9616
16.2300
1644947

h /RT

12.6765
12.9306
13.1863
13,4435
13.7021
13.9620
14,2233
144858
14,7494
15.0142
15.2800
15.5469
15.8147
16.0834
1643530
1645013

TABLE I.-~ Continued

a

158.8626
160.8755
162.8632
164.8265
166.7660
168.6822
170.5755
172.4463
17442947
176.1211

+177.9253

179.7074
181.,4672
183.2045
184.9189
186.6099
188.2770
189.9193
19145361
193.1264
194.6891
196.2230
196.590%

a

165.3551
167.2936
169.2099
171.1045
172.9780
174.8307
17646631
178.4755
180.2681
182.,0411
183.7946
185.5287
187.2433
188.9383
190.6137
192.,2690
193.9041
195.5184
197.0860

a

171.9431
173.8117
175.6605
177.4900
179.3006
181.0926
182.8664
184.6224
186.3606
188.0813
189.7847
19144708
193.1396
194.7913
196.4256
197.3152

s /R=13,0000

c/R
p
6.5699
6.6299
6.6873
6,7423
6.7949
6.8452
6.8933
69394
6,9836
7.0259
7.0665
7.1055
7.1430
71791
7.2139
7.2476
7.2802
7.3119
7+3428
73730
T.4027
T+4320
7.4391

S /R=13,5000
¢/R
p

6.7551
6.8069
6.8564
6.9038
6.9491
6.9924
7.0339
7.0736
T.1117
7.1483
7.1834
7.2171
72697
7.2811
743115
7.3410
7.3697
7.3977
Te4247

S/R=14,0000

¢ /R
p
6.9229
6.9672
7.0095
7.0501
7.0889
7.1260
741616
7.1958
7.2287
7.2603
7.2908
7.3203
T¢3489
7.3766
7.4036
7.4101

Y

1.1081
1.1070
1.1060
1.1051
1.1042
1.1034
1.1027
1.1020
1.1013
1.1007
1.1002
1.0997
1.0992
1.0988
1.0984
1.0981
1.0978
1.0975
1.0973
1.0972
1.0971
1.0970
1.0970

1.1048
1.1039
1.1031
1.1024
1.1016
1.1010
1.1004
1.0998
1.0992
1.0987
1.0983
1.0978
1.0974
1.0970
1.0967
1.0964
1.0961
1.0959
1.0957

1.1020
1.1013
1.1006
1.1000
1.0994
1.0989
1.0983
1.0979
1.0974
1.0970
1.0966
1.0962
1.0958
1.0955
1.0952
1.0951

Y

1.1079
1.1068
1.1057
1.1047
1.1038
l1.1029
1.1021
1.1013
1.1005
1,0997
1.0990
1.0983
1.0976
1.0969
1.0962
1.,0955
1.0948
1.094C
1.0933
1.0925
1.0917
1.0909
1.0907

1.1046
1.1037
1.1029
1.1021
1.1013
1.1008
1.0999
1.0992
1.0986
1.0980
1.097¢
1.0968
1.0962
1.0956
1.0950
1.0945
1.0939
1.0933
1.0927

1,1018
1.1011
1.1004
1.0998
1.0991
1.0985
1.0980
1.0974%
1.0969
1.0964
1.0959
1.0954
1.0949
1.0944
1.0940
1.0937

Z

«9998
+9998
«9997
«9997
+9996
«9995
«999¢%
+9993
«9992
9991
+9989
«9987
«9985
«9983
«9980
£ 9977
«9973
+9968
+9963
»9958
«9951
«9944
«9942

+9998
+9998
«9998
«9997
«9997
+9996
29996
+9995
9994
+9993
9992
29990
«9989
«9987
9985
+9983
«9980
«9977
9973

+9999
<9993
+9998
9998
9997
«9997
29997
«9996
9995
+9995
+«9994
«9993
«9991
<9990
+9989
9988

NOT
AVAILABLE

NOT
AVAILABLE

NOT
AVA[LABLE

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0C00
0.0000
0.0000
0.0000
0.0000
0.0000
0.0C00
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Pr

0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
3.0000
0.0000
0.0000
0.,0000
0.0000
0,0000
0.C000
0.0000
0,0000
0.0000

Nop

0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000



T

479.6769
489.6769
499.6769
509.6769
519.6769
529.6769
539.6769
54946769
559.6769
569.6769
579.6769
308.08089

T

510.0177
528.,0177
538,0177
548.,0177
558.0177
568.0177
578.0177
588.0177
568.8889

T

358.%828
568.5828
578.5828
588.5828
508.68889

v

18.9928
15.4253
12.5679
10,2704
844173
6.9181
5.7017
4.7119
3.9042
3.2433
247010
2.2871

v

18.9928
15.6006
12.8514
10.6153
8.7915
Te2999
6.0765
5.0706
4.9923

v

18.9928
15.7725
13,1307
10.9562
10.06983

p

«0151
«0190
«0237
«0296
«0369
« 0457
+0565
<0697
+0856
«1049
1281
«1537

«0163
«0202
+0250
»0308
20379
+ 0465
+0568
+0693
+0704

«0176
<0215
20263
«0321
0323

h Z/RT

13.6061
13.8657
14.1266
14.3887
14.6521
14.9166
15.1823
154490
15.7168
15.9855
1602551
16.5044

h/RT

14,6087
14.8732
15.1387
15.4054
15,6731
15.9418
16,2115
16.4821
16.5058

h 7RT

15.6887
15.9575
16.2273
16.4981
16,5064

TABLE I.- Concluded

a
178.6470
180.4494
182.2340
184.,0013
185.7515
187.4851
189.2023
190.9033
192.5883
194.2576
195.9112
197.4207

a

© 185.4784

187.2176
188.5407
190.6482
192.3402
194.0171
195.6791
197.3263
197.4692

a

192.4495
194.1278
195.,7916
197.4411
197.4914

s /R214,5000
¢ /R
p
7.0739
T¢1116
7.1477
7.1822
Te2154
T+2473
T.2781
7.3077
7.3363
7.3640
7.3909
T.4151

s /R*15.0000

cp/R
7.2095
72415
7.2723
7.3020
7.3307
T.358¢4
7.3853
T+4115
T.4137

S/R=15.5000
¢ /R
p

7.3319
7+3595
7.3863
T.4123
7.4131

Y

1.0996
1.,0990
1.0985
1.0980
1.0975
1.0970
1.0966
1.0962
1.0958
1.0954
1.0951
1.0948

Y

1.0975
1.0970
1.0966
1.0962
1.0958
1.0954
1.0950
1.0947
1.0946

Y

1.0957
1.0953
1.0950
1.0946
1.0946

Y

1.0994
1.0989
1.0983
1.0978
1.0972
1.0968
1.0963
1.06958
1.095¢
1.095¢C
1.0945
1,0942

Ye
1.0974
1.0969
1.0965
1.0960
1.0956
1.0952
1.0948
1.0944
1.0944

Te

1.0956
1.0952
1.0948
1.0945
1.0845

A

«9999
«9999
«%999
«9998
+«9998
«9998
«9997
«9997
«9996
9996
+9995
+9994

«9999
«9999
«9999
29999
9998
29998
«9998
«9397
+9997

Z

«9999
«9999
+9999
«9999
«9999

NOT
AVAILABLE

NOT
AVAILABLE

NOT
AVAILABLE

NPr

0.0000
0.0000
0.00C0
0.0000
00000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Pr

0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
2.0000
0.0000

NPr

0.0000
0.0000
0.0000
0.0000
0.0000
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T
K

360.3164
370.3164
380.3164
390.3164
400.3164
410.3164
420.3164
430.3164%
43246513

T

25247848
262.7848
272.7848
28247848
292.7848
302.7848
312.7848
322.7848
332.7848
342.7848
352.7848
362.7848
372.7848
382.7848
392.7848
402.7848
412.7848
422.76848
432.7848
442.7848
452.7848
46145149

60

Y
mzm

«0057
« 0048
+0040
<0034
« 0029
«0025
0022
«0019
0019

1104
<0849
«0657
0511
« 0400
«0315
«0250
0200
«0160
«0130
«+0106
0087
«0072
+ 0060
+0050
«C042
«0036
«0031
« 0027
+0023
«0021
« 0019

TABLE II.- THERMODYNAMIC AND TRANSPORT PROPERTIES

p
atm

26,0954
30.2318
24,7858
39.8921
45,7829
52.8004
61.38868
72,0816
74,9502

p

1.4670
1.9634
2.6035
3.4198
4,4490
5.7301
7.3036
9.2098
11.4855
14,1620
17.2633
20,8057
2448015
29.2679
34,2337
39.7664
45.9891
53.1016
61,3947
71.2509
8341445
95.6676

OF CCl,Fp, AT CONSTANT ENTROPY

h /RT

842479
8.3321
8.4100
B.4840
8.5567
8.6310
8.7097
847951
8.8163

h/RT

6.9150
7.1029
7.2899
T.4750
7.6572
7.8354
8.0084
8.1752
843348
8.4862
8.6287
Be7618
848855
9.0002
9.1069
9.,2070
9.3026
943960
9.4899
9.5868
9.6891
9.7850

a
m/sec

112.C243
109.5125
108.1905
108,6493
111.3530
116.4876
123.9970
134.1014
136.9741

135,2015
136,5668
137.6590
138,4453
138,8893
138.9580
138.6199
137,8523
136, 6473
135,0216
133,0288
130,775%
128,4378
126.2744
124, 6460
123.9798
124.7305
127,2925
131.9195
138.7382
147.9995
158,8573

s /R = 7.0000

c/R
p

13.9329
15.9587
18,3336
20,5504
21.7374
2l.4366
2041322
18,5440
18.1675

S /R= 7.%000

¢ /R

p
643093
645127
647253
6.9493
7.1880
Te 4449
T.7248
8.0340
8.3810
847769
9.2359
9.7760
1044166
11.1735
12.0416
12,9741
13.8565
14,5247
14,8479
14,8180
14.5277
14.1221

1.8884
241247
2.4039
246612
247891
2.7351
245645
~2.3691
243241

Y

1.1828
l1.1862
1.1910
1.1976
120064
1.2178
1.2325
1.2513
1.2753
1.3062
1.3457
1.3964
1.4606
1.5404
l.6351
1.7386
1.8364
1.9082
1.9385
1.9277
1.8886
1.8391

8366
+8241
8287
8577
9172
1.0097
1.1331
1.2893
1.3327

1.1137
1.1042
1.0937
1.0821
1.0691
1.0545
1.0381
1.0199
«9999
9785
«9562
«9341
+9141
3989
8922
+8985
«9228
«9693
1.0407
1.1375
1.2620
1.4044

«6056
«5716
«5403
«2129
4912
4764
« 4696
«4715
24733

«9445
+9350
«9239
9111
<8964
«8797
8608
«8397
8162
« 7906
«7631
7341
« 7041
6Thl
«6449
«6178
«5941
«5751
«5620
«5559
05576
+ 5664

u
N-S/Tnz

+1750E-04
«1862E-04
+1934E-04
+2151E-04
«2336E~04
«2555E-04
«2813E-04
«3120E-04
+3203E-04

" H

+1077E~04
«1121E-04
«1166E-04
«1211E~C4
+1257€-04
«1305E-04
+1354E-04
«1405E-04
«1458E-04
«1514E-04
«1577£-04
2 1646E-04
«1724E-0%
«1814E-04
«1919E-0C4
+2040E-04
«2183E-04
+2350E-04
+2545E-04
«2772E-04
+3032E-04
+3303E-04

k
W'm-K

+1931€-01
«2050e-01
«2183£-01
+2332E-01
+2502E-01
+2696c-01
«2921E-01
+3180E-01
»3246E-01

k

+1076E-01
«1134E-01
«1194E-01
«1255E-01
«1317e-01
+1382E-01
+1450E-01
«1520e-01
0 1594£-01
+1671E-01
+1754E-01
«1843E-01
+1939€-01
22043E-01
«2157E~01
«2283E-01
+2423E-01
«2580E-01
«2758E-01
»2958E~01
«3187€~01
+3411€-01

Pr

1.1925
1.3692
1.5823
1.7904
1.9176
1.9193
1.8316
1.7167
1.6936

Pr

+5965
6081
«6204
«6336
« 6480
26638
«6815
7015
« 7243
e 7512
7841
eB8247
«8751
9374
1.0118
1.095¢4
1.1793
1.2497
1.2947
1.3115
1.3056
1.2918



T

T

212.8477
222.8477
232.8477
242.8477
252.8477
262.8477
272.8477
282.86477
292.8477
30248477
312.8477
322.8477
332.8477
342.8477
352.8477
362.8477
372.8477
382.8477
392.8477
402.8477
412.8477
422.8477
432.8477
442.8477
452.8477
462.8477
4T72.8477
482.8477
492.7361

T

191.2987
201.2987
211.2987
221.2987
231.2987
241.2987
251.2987
261.2987
271.2987
281.2987
291.2987
301.2987
311.2987
321.2987
331.2987
341.2987
351.2987
361.2987
371.2987
381.2987
391.,2987
401.2987
411.2987
421.2987
431.2987
441.2987
451.2987
461.2987
471.2987
481.2987
491.2987
501.2987
511.2987
521.2987
526.2549

v

6491
+4856
«3652
«2761
«2098
«1603
«1232
«0951
»0739
«0577
+0453
0358
<0284
0227
20183
«0l48
«0121
+0099
.0082
20068
«C057
« 0048
+0041
«0035
+0031
<0027
«0023
0021
«0019

2.4369
1.7985
1,3344
«9952
+T460
«5619
+4254
+3236
«2474
+1900
1467
«1138
0887
05695
<0547
+ 0433
0344
«0276
0222
.0180
«0146
+0120
+0099
0082
+0069
<0058
20049
« 0042
<0036
<0032
+0028
+0025
«0022
+0020
<0019

p

#2191
+«3059
«4236
+5820
«7936
1.0738
1.4417
1.9206
2.5379
3.3265
4.3232
545696
7.1102
849920
11.2607
13,9612
17.1330
2048105
25,0236
29,8038
35,1853
41.2267
48.0221
55.7190
64,5340
Ta.7612
BbeT7764
101.0499
118.0017

p

+0530
«0755
«1066
«1495
22082
2877
«3949
+5383
<7287
9798
1.3084
1.7355
2.2857
2.9890
3.8801
4.9988
643894
8.,0998
10.1832
12.6897
15.6713
19.1769
23.2521
27.9403
33.2891
39,3465
4641851
53,9070
62.6587
72.6439
84.1314
97.4623
113.0637
131.4973
141.9209

h/RT

6.2015
6.3917
645854
6.7820
6.9811
7.1821
743843
7.5870
7.7895
7.9909
8.1902
843865
8.5788
847659
8.9469
9.1207
9.2866
Fe4439
9.5925
9.7322
9.8637
9.9881
10,1068
10.2218
10.3353
10.4496
10.5671
10.6903
10.8204

h~RT

5.8151
5.9989
61875
643806
6.5780
647792
6.9840
7.1920
T.4026
7.6156
7.8302
8.,0459
8.2621
8.4781
8.6930
8.9060
9.1161
9.3225
9.5241
9.7200
9.9093
10.0913
10.2653
10,4312
10.5890
10.7392
10,8828
11.0211
11.1559
11.2890
11.4225
11.5588
11.7000
11.8489
11.9267

TABLE II.- Continued

a

128.8367
131.2965
133.,6362
~135.8460
137.9135
139.8231
141.5566
143.,0928
144,4079
145.4745
146.2656
146,7533
14649126
l4b.7243
146.1819
1645.2950
144,1020
142,6790
141.1525
139.7069
138.6013
138.1498
13847066
140.6210
144.1855
149.6115
157.0923
167.0407
160.4013

a

123.5881
126.3789
129.0831
131.7004
134,.2288
136.6646
139.0026
141.2356
143.3547
145.3484
147.2036
148.9037
150.4312
151.7661
152.8872
153.7728
154.4028
154.7617
154.8365
154.6328
154,1695
153.4915
152.6770
151,8461
151.1633
150.8511
151.1671
152.3953
154.8148
159.6708
164.1653
171.5058
181.0586
193,6494
201.4984

s /R= 8,0000

/R
X

5.4425
5.6040
5.7649
5.9256
6.0871
6.2500
6.4156
6.5844
647581
6.9382
7.1264
7.3248
7.5361
7.7636
8.0114
842846
8.5893
8.9322
9.3204
9.7589

10,2459

10,7681

1i.2936

11,7721

12,1475

12,3807

12,4662

12,4206

12.2527

S /R= 8.5000

c/R
p

5,0512
5.2085
5.3625
5,5133
5.6615
5.8074
5.9514
6.0939
6.,2356
6.3769
645185
6.6612
6.8058
6+9532
7.1046
7.2613
7.4248
7.5969
7.7801
7.9768
8.1900
8.4232
8.6796
8.9622
9.2721
9,6061
9.9558
10.3049
10.6303
10.9070
11.1156
11.26473
11.3019
11.2771
11.2314

4

141696
1.1667
lel645
1.1629
1.1621
1.1620
1.1628
l.1644
1.1671
1.1709
1.1762
1.1832
l.1922
1.2037
1.2182
1.2365
1.2594
1.2879
1.3228

1.3650

l.4142
1.4686
1.5243
1.5750
1.6136
1.6358
1.6412
l.6324
1.6104

b4

1.1740
1.1689
1.1645
1.1606
1.1573
1.1545
1.1522
1.1504
1.1492
1.1485
1.1483
1.1488
1.1500
1.1521
1.1550
1.1591
1l.1644
1.1713
1.1800
1.1909
1.2045
1.2211
1.2614
1.26%6
1.2940
1.3261
1.3610
1.3964
1.4296
1.4574
1.4775
1.4889
1.4917
1.4657
1.4789

Y

1.1517
1l.1456
1.1395
1.1334
1.1272
1.1206
1l.1136
1.1061
1.0978
l.0886
1.0785
1.0671
1.0546
1.0407
1.0255
1.0094

+9926

9761

9611

+9493

+«9433

«9461

«9610

«9915
1.0403
1.1090
1.198¢9
1.3145
1.4683

141677
1.1615
1.1557
1.,1503
le1451
1.1400
1.1351
l.1301
1.1250
1.1198
le1143
1.1083
1.1019
1.0949
1.0872
1.0787
1.0693
1.0590
1.0478
1.0358
1.0234
1.0109

+9993

+9895

«9831

+9820

+9886
1.0054
1.0347
1.0785
1.1383
1.2154
1.3135
144420
1.5231

Z

+9849
«9822
9790
«9752
«9707
«9655

«9593

«9520
«9435
«9337
«9223
9093
+8944
«B8777
«8590
«8384
«8161
« 7924
« 7676
o Th24
«7175
+6940
«6728
«6551
6419
«6343
+6332
6395
«6543

« 9946
9937
+9925
«9912
«9895
«9876
«9853
<9826
« 9794
«9756
«9711
«9658
«9596
«9524
«9440
+9343
9232
9106
«8964
«8806
«8634
«8447
«8250
«8045
«7839
«7638
« 7450
« 7284
«7149
«7055
7010
«7022
«7100
«7256
«7368

i

+9000E~05
«9435E-05
«9868E-05
«1030E-04
«1073E-04
+«1116E=-04
«1158E-04
+1201E~04
+«1245E-04
«1289E-04
«1333E-04
«1379E-04
2+ 1426E-04
«1475E-04
«1525E-04
«1578E-04
«1635€-04
«1698E-04
+1768E-04
«1848E-04
+1939E-04
+2044E-04
«2166E-04
«2307E-04
«2471E-04
«2660E-04
«2876E-04
«3121E-04
«3407E-04

u

«B8049E-05
«8449E-05
«B926E-05
*«9360E-05
«9790E-05
«1022E-04
«1064E-04
«1106E-04
«1148E-04
«1190E£-04
«1232E-04
«1274E~04
+«1316E-04
«1358E~04
«1401E-04
e l444E~04
«14B89E~04
«1535E-04
+1583E-04
*1632E-04
e 1684E-04
+1739E-04
+1800E-04
«1869E~04
+1945E-04
«2032E-04
«2132E-04
¢ 224TE~04
« 2379E-04
+2531E-04
«2705E-04
+2902E=04
«3123E-04
+3374E-04
«351TE-04

k

«8515E-02
+9052£-02
+9596E-02
«1015E-01
«1071E-01
«1127€-01
«1185E-01
+1243-01
+1302€-01
+1363E-01
+1426E-01
«1490E-01
+1556E~01
«1625E-01
«1696E-01
«1771E-01
+1851E-01
+1935E-01
«2025E~01
«2123E-01
+2228E-01
«2343E-01
«2470E-01
«2609E-01
«2764E-01
«2938E-01
«3132E-01
«3349€-01
«3589E-01

k

«7375E-02
« 7896E-02
«8423E-02
«8956E-02
«9495E-02
+1004E~-01
«1059E~-01
«1115E-01
«1171E-01
«1228E-01
«1285E-01
«1343E-01
«1403€-01
«1463E-01
+1524€-01
+1587€-01
»1652E-01
«1718E-01
«1787E-01
«1859E-01
+1934£-01
»2013E~-01
+2097E-01
«2186E-01
+2282E-01
+2385E-01
«2497€-01
«2619E-01
+2752€-01
«2899E-01
+3062E-01
«3242E-01
+3441E-01
«3662E-01
«3700E-01

Pr

«5434
«5518
«5600
«5681
«5762
«5844
5927
+6013
«6102
6196
«6297
+6405
«6525
«6658
«6807
«6972
« 7169
¢ 7404
« 7687
+8025
«8422
+8873
«9357
+9834
1.0258
1.0591
1.0817
1.0936
1.0990

Pr

+5208
+5290
+5368
+5443
5514
5583
«5649
«5714
5777
«5840
«5903
«5966
«6031
<6098
«6168
«6243
+6323
«6411
+6508
«6617
«6735
«6875
« 7040
«7236
« T466
+7733
«8032
«8353
+«8681
+8995
«9276
«9511
«9691
+9816
«9872

61.



T

176.3574
186.3574
19643574
206.3574
2163574
22643574
23643574
246.3574
25643574
26643574
27643574
28643574
296.3574
30643574
31643574
32643574
336.3574
346.,3574
356.3574
36643574
376.3574

38643574

39643574
406.3574
41643574
42643574
43643574
44643574
456.3574
46643574
476.3574
48643574
496.3574
50643574
51643574
52643574
53643574
546.3574
556.3574
562.0107

62

v

T.6815
5.6192
4.1328
3.0556
242707
1.,6957
1.2725
9595
« 7268
«5531
04228
+3247
«25C5
«1941
«1510
+1181
<0927
«0731
0580
+04e2
«0369
0297
0240
<0196
«01¢0
«0132
«Cl09
. 0091
«0076
20064
«0055
«0047
«0041
«0035
«0031
«0027
+0024
<0022
.0020
0019

P

+0155
<0224
«0321
«0457
«0644
«0901
«1253
1730
«2374
«323¢6
«4383
«5902
7897
1.05065
1.3888
1.8248
2.3829
3.0919
3.9857
5.1035
6.4895
841926
13.2656
12.7641
15,7448
19,2645
23.3786
2841415
33.6118
39.8445
46.9137
954.9121
63.9642
74.23€2
85,9456
99.3681
114.8470
132.8145
153.8471
167.3963

h /RT

5.5537
5,7307
5.9131
6.1007
642933
6.4906
6.6924
6.8984
7.1084
7.3221
7.5391
7.7591
7.9817
842065
8,4330
8.6608
8.8892
9,1177
943454
9.5718
9.7959
10,0169
10,2339
10.4461
1046526
10,8528
11.0459
11,2318
11.4102
11.5815
11,7463
11.90%6
12,0608
12.2134
12.3652
12.5183
12,6745
12,8363
13.0063
13.1076

TABLE II.~ Continued

a

119,4162
12243743
125.2521
128,0529
13047791
133,4320
13640119
138451861
140.9486
143,3004
145.5690
14747486
149,8320
151.8099
153,6718
155,4053
156.9965
156.43C3
159.6906
160.7616
161,6285
16242802
16247110

1162.9248

162.9392
16247911
162.5421
162.2849
16241451
l62.2922
162.9234
164.2614
16045356
169.9633
176447375
181.0402
189.1057
199.3618
212+ 6690
22241073

s /R= 9,0000

cﬁ/R
47951
4,.9549
5.1103
5.2615
5.4088
5.5523
5.6922
5.8289
5.9626
640936
6,2223
603489
644740
6.5978
67210
648641
6.9676
7.0923
7.2191
T.3487
7.4825
T.6215
T.7674
7.9217
8.0863
8.,2632
8+4545
8.6616
8.8853
9.1244
9,3752
9.6305
9.8797
10.1099
10.3088
10.4672
10.5801
10. 66444
10.6539
10.6306

Y

l.1812
1.1748
1.16%0
1.1640
1.1594
1.1554
1.1518
1.1487
1.1459
1.1436
l.1416
1.1400
l.1388
1.1381
1.1377
1.1379
l.1386
1.1399
1,1419
1.1447
1.1485
1.1533
1.1595
1.1672
1.1766
1.1882
1.2020
1.2184
1.2375
1.2590
1.2826
1.3073
1.3318
1.3544
143735
1.3881
1.3975
1.4014
1.399¢C
1.3943

Y

1.1787
1.,1718
1.1656
1.1599
1.1546
1.1497
11451
1.1407
1.1365
l.1324
1.1283
1e1242
1.,1201
1.1157
1.1112
1.1064
l.1012
1.0955
1.0893
1.082¢6
1.0752
1.0672
1.0587
1.0496
1.0404
1.0312
l.0229
1.0161
1.,0119
1.0118
1.0174
1.0305
1.0529
1.0863
l.1319
1.1910
1.2652
1.3586
1.,4807
1.5689

z

«9979
«9975
« 9971
9965
29959
«9951
9942
9931
«9918
9903
+9885
+9863
«9838
9807
9771
«5729
29680
«9622
+9555
« 9478
«9390
«9290
9178
+9033
«8915
+8767
+8610
8447
+8281
«8120
« 7967
«7831
<7719
«?7639
«7599

.« 7605

« 7666
«7788
7986
+8138

U

«7384E-05
«7829E-05
«8270E-05
«8708E-05
+9143E-05
+9573€-05
«1000E-04
«1042E-04
+1084E-04
+1126E~04
«1167E-04
+1208E-04
e1249E-04
«1290E~-04
«1331E~04
«1371E-04
«1412E-04
«1453E~04
«1495E-04
+1537E-04
+«1580E-04
«1624E~-04%
«1670E-04
«1718E~-04
*«1766E-04
+»1819E-04
«1875E-0¢
+«1937E-04
«2007E-04
+«2085E~-04
«2173E~04
2 2274E-04
«2389E-04
«2520E-04
+2669E=-04
«2838E-04
«3028E~-04
«3240E-04
«3477E-04
«3630E-04

k

+6608E-02
«7118E-02
« 7635602
«8158E-02
+8687E-02
«9221E-02
«9760€-02
«1030E-01
«1085g-01
+1141E-01
«1196E-01
«1253E-01
«1310E-01
+1367€-01
«1425E-01
+«1483E-01
+1543£-01
«1603E-01
+1665E-01
«1727E-01
«1791E-01
«1857g-01
«1925E-01
«1995E-01
+2069E~01
+2145€E-01
«2226E-01
+2311E-01
«2402€-01
«2499E-01
«2603E-01
+»2716E-01
«2838E-01
«2971E-01
+«3116E-01
«3276E-01
+3451E-01
+3643E-01
«3854E~01
+3982E-01

NPr

5062
25148
+5230
+5306
+5378
prrere
+5510
+5570
+5628
+5683
5735
.5786
.5835
+5883
+5930
.5977
.6025
«6074
.6125
«6179
+6236
+6298
+6366
<6442
«6523
16617
.6728
<6859
.7012
.7191
.7393
.7617
.7857
+8102
+8342
<8568
+8771
+8942
<9078
«9155



T

172.8194
182.8194
192.8194
202.8194
212.8194
222.8194
232.8194
264248194
2%2.8194
26248194
272.8194
282.8194
292.8194
302.8194
312,.8194
322.8194
332,8194
342,8194
352.8194
362.8194
372.8194
382.8194
392.6194
402.8194
412.8194
422.8194
432.8194
442.8194
452.8194
462.8194
472.8194
482.8194
492.8194
502.8194
512.8194
522.6194
532,819
542.8194
552.8194
962.8194
72,0194
82,8194
$00.0809

v

17.0591
12.4499
9.1360
647393
449966
3.7228
2.7871
240963
1.5840
1.2022
+9165
«7017
«5396
«4166
+3230
«2515
«1968
1544
1217
«0963
+0766
0611
+0490
+0395
+0320
«0260
«0213
0175
«0145
«0120
«0101
+0085
«0072
<0061
0053
«0045
<0040
0035
«0031
+0027
+0024
«0022
«0021

p

« 0069
+0100
+0143
+0204

. +0288
«0405
0565
«0783
«1079
«1476
«2009
«2717
3653
«4886
<6498
«8595
1.1307
1.4792
1.9245
244898
3.2029
4.0963
5.2076
65797
8.2604
10.3022
12,7614
15.6971
19.1700
23.2416
27.9738
33,4335
39.6814
4647943
54.8606
63,9903
The3234
86,0381
99.3583
114.5606
131.9855
152.0628
165.7765

h/RT

5.49641
5.6695
5,8505
6.0370
6.2286
6.4253
6.6267
6.8327
7.0430
7.2575
7.4759
7.6979
7.9233
8.1518
8,3831
8.6169
8.8527
9.0903
9.3290
9.5686
9.8083

10,0676

10,2858

10.5223

10,7563

10.9870

11,2137

11,4356

11.6520

11.8624

12,0664

12.2638

12,4567

12,6394

12.8187

12.9936

13.1653

13.335%

13,5054

13.6772

13,8527

14,0341

14,1482

TABLE II.- Continued

118.4254
121.4300
124.3567
127.2099
129.9936
132,7106
135.3632
137.9528
140,4802
142,9452
145,3472
147.6843
149.9540
152.1525
154,2752
156.3163
158.2687
160.1243
161.8737
163,5065
165.,0114
166.3769
167.5918
168.,6463
169.5334
170.,2509
170.8039
171.2083
171.4942
171.7106
171.9291
172.2454
172.7887
173.7096
175.1811
177.3874
180.5118
184,7266
190.1928
197.0838
205.6485
21643312
22441746

S /R® 9,5000
c /R
p

4.7308
448907
5.0459
5.1966
5.3428
5.4847
5.6225
5.7564
5.8866
6.0132
6.1365
6.2567
6.3741
6.4888
6.6013
6.7117
6.8205
6+9281
7.0348
7.1412
7.2478
7.3552
7.4641
745754
7.6899
7.8087
7.9329
8.0639
8.2029
8.3511
8.5098
86795
8.8597
9.06489
9.2437
9.4389
9.6278
9.8030
9.9575
10,0863
10.1857
10.2519
10.2734

Y

1.1828
1.1760
1.1699
1.1644
1.1595
1.1551
1.1511
1.1475
1.1443
1.1416
1.1389
1.1366
1.1347
1.1330
1.1316
1.1306
1.1298
1.1294
1.1294
1.1298
1.1307
1.1321
1.1341
1.1369
1.1404
141449
1.1505
1.1574
1.1657
1.1756
1.1872
1.2007
1.2159
1.2327
1.2506
1.2689
1.2867
1.3031
1.3173
1.3285
1.3364
1.3404
1.3406

Y

1.1816
lel746
1.1683
l.1625
l.1572
1.1524
1.1479
1l.1438
1.1399
1.1361
1.1326
1.1291
1.1258
1.1224

. 1.1190

1.1156
l1.1120
1.1083
1.1044
l1.1002
1.0956
1.0907
1.0854
1.0797
1.0735
1.0670
1.0603
1,0535
1.0470
1.0411
1.0366
1.0341
1.0348
1.0398
1.0503
1.0678
1.093¢
1.1287
1.1742
1.2311
1.3013
1.3889
1.4538

Z

+9990
<9988
+9986
+9983
+9980
49977
.9972
«9967
L9961
+9954
29945
+9935
.9922
+9907
.9890
+96869
.9845
.9816
.9782
«9742
«9696
.9643
.9582
.9513
29434
.9345
.9247
+9140
+9024
.8901
.8773
.8643
.8516
+8395
.8288
.8198
.8134
«8101
+8106
.8154
.8253
+8410
.8518

i

+7225E-05
«7671E-05

.+B8114E-05

+8553E-05
+B98BE-05
+9420E-05
+9847E-05
«1027E-04
+1069E~04
+1111€-04
+1152E-04
+1193E~04
+1233E-04
+1274E~04
+1314E-04
+1353E-04
+1393E-04
+1433E-04
+1472E-04
«1512€~-04
+1552E-04
«1592E-C4
+1633E-04
«1674E-C4
.1717€-04
«1761E-04
«1806£-04
+1853E-04
+1902E-04
+1954E-04
+2011E-04
+2074E-04
+2144E~04
$2222E-04
+2311E-04
+2411E-04
+2525E-04
+2653E-04
< 2798E-04
«2961E-04
+3142E-04
+3343E-04
+34T4E-04

K

+6428E-02
«6936E-02
+7450E-02
+7970E-02
«8496E-02
+9028E~02
29564E-02
+1011E-01
+1065E=01
«1120E-01
«11756-01
+1231E-01
+1287E-01
«1344E-01
+1400E-01
+1458€-01
«1515E-01
«1574E-01
+1633E-01
«1692€-01
«1753E~01
+1814£-01
+1876E~01
+1940E~01
+2005E-01
+2072E-01
«2141E£-01
+2212E~01
+2286E=-01
«2364E~01
«2446E=01
+2532E-01
+2624E-01
«2721E-01
+2825E-01
+2938E~01
+3059E-01
«3190E-01
«3332£-01
+3487E-01
+3657E-01
+3841E-01
+3961E~-01

Pr

.5023
.5110
.5192
.5268
+5339
«5406
«5469
5527
.5582
.5633
.5682
5727
<5770
25811
.5850
.5887
.5923
«5958
«5993
.6028
£6063
+6099
«6138
6178
.6222
.6270
.6323
<6381
06445
«6521
46610
46716
16840
16982
«7142
.7319
.7507
J7702
«7899
+8089
.8269
+8428
+8512

63



64

T

194.8354
204.8354
214.8354
224.8354
234.8354
244.8354
25448354
264.8354
274.8354
284.8354
29448354
304.835¢%
314.8354
324.8354
334,8354
344,8354
354,8354
364.835¢
374.8354
384.8354
394.8354
404.68354
414.8354
424.8354
43448354
444.8354
454 ,8354
464.8354
474,835¢4
484,8354
494,8354
504.8354
514.,8354
524.8354
534.8354
544.8354
554,8354
564.8354
57448354
584.8354
588.6889

v

17.0611
12.5950
9.3450
6.9673
5.2191
3.9276
249690
242542
1,7188
1.3161
1.0121
#7813
. +6056
«4713
+3682
.2888
02273
«1797
01426
«1136
+0908
<0729
«0588
<0476
<0387
«0316
+0259
«0214
0177
«0147
.0123
«0104
+ 0088
«0075
20064
«0055
+0048
+0042
«0037
«0033
20031

p

.0077
.0110
.0156
.0219
.0305
L0422
.0581
.0795
.1082
L1463
.1969
$2636
+3507
L4644
+6120
.8024
1.0467
1.3588
1.7550
2.2554
2.8839
3.6683
4.6416
5.8414
7.3105
9.0968
11.2528
13,8353
16,9046
2045235
24.7570
29.6751
35.3415
41,8316
49,2254
57.6147
67,1087
77.8404
89.9733
103.7078
109.7852

h /RT

5.8891
6.0769
6.2700
644681
6.6711
6.8788
7.0909
7.3073
7.5278
7.7521
7.9802
8.2117
Bo4464
8.6841
849245
9.1673
9.4123
9.6591
9.9073

10,1565

10.4063

10,6562

10,9056

11.1540

11.4008

11,6453

11,8869

12.1248

12.3586

12,5875

12.8111

13,0290

13,2612

13,4476

13.6486

13.8447 |

14,0368
14,2259
l4.4132
14,6003
14,6764

TABLE II.- Continued

d

124.9974
127.8498
130.6364
133.3605
136.0250
138.6324
141.1843
143,6820
146.1261
148.5169
150.8538
153,1356
155.3608
157.5268
159,6303
161.6674
163,6332
165.5221
167.3276
169,0424
170.6589
172,1693
173.5655
174.8408
175.9899
177.0108
177.9060
178,6847
179.3654
179.9785
180.5698
181.2010
181, 9583
182.,9448
184.,2844
186.1164
168.5895
191.8534
196.0523
201.3248
203.8002

S /R=10.0000

c/R
p

5.0715
5.2202
5.3642
5.5038
5.6391
5.7702
5.8972
6,0204
6.1399
6.2558
6.3683
6.4776
6.5840
6.6876
6.7886
6.8873
6.9840
7.0789
T.1725
7.2650
7.3569
7+4486
7.5406
7.6336
7.7281
7.8250
T.9249
8.0288
8.1376
8.2522
8.3736
8.5024
8.6388
8.7827
8.9331
%.0880
92443
9.3980
9.5447
9.6799
9.7305

4

1.1682
1.1627
1.1578
1.1534
1.1494
1.,1457
lel424
1.1394
1.1367
1.1342
1.1320
l1.1300
1.,1282
l.1267
1.1254
1.1243
1.1235
1.1230
1.1227

1.1228

1l.1232
1.1240
1l.1252
1.1269
1.1292
l.1322
1.1359
1.1404
1.1460
l.1526
1l.1604
1.1695
1.1798
1.1915
1.2042
1.2178
1.2318
1.2457
1.2589
1.2708
1.2752

Te

1.1673
1.1617
1.1567
1.1520
1.1477
l.1438
l.1401
1l.1366
1.1334
11303
1.1273
1.1245
1.1217
1.1189
l.1161
1.1133
1.1104
1.1075
1.1044
1.1011
1.0976
1.0939
1.0899
1.0856
1.0811
1.0764
1.0715
1.0665
1.C618
1.0575
1.0539
1.0518
1.0515
1.0541
1.0602
1.0711
1.0875
1.1106
l.1413
l.1801
1.1984

z

#9993
29991
«9990
«9988
«9986
#6983
+9980
«9976
29971
«9966
+9959
#9951
09942
+9931
9918
+9903
+9885
«9863
+9838
«9809
«9776
#9737
«9692
+ 9641
+9584
«9519
09447
«9368
«9282
9150
«9094
8995
8896
8800
«8711
+8634
<8574
8535
«8522
+8542
8561

H

«8202E-05
+B641E-05
«90756-05
+9505E+05
.9931E-05
+1035E-0%
.10776-04
«1119E-0%
+1160E-04
+1200€-04
+1241E-04
+1281E-04
+1320E-04
+1360E-04
«1399£-04
+1438E-0%
+1476E-04
+1515€-04
+1553E-04
+1592E-04
+1630E-04
+1669E-056
+1708E-04
«1748E-04
. 1788E-04
« 1830E-04
+18726-0%
+1916£-04
+1961E-04
+2008E-04
«2059E-06
«2113E-04
<2172E-04
+2238E-04
+2311E-0%
+2393E-04
+2485E-06
+2588E-04
«2704E-04
+2835E-04
«2892E-04

k

«7554E-02
+8075E-02
+8602E-02
«9134E-02
+9670E-02
.1021E-01
+1076E-01
.1131E-01
+1186E-01
+1241E-01
+1297€-01
.1353E-01
«1410€E-01
+1467E-01
+1524E-01
+1581E-01
+1639E-01
.1697€-01
+1756E-01
«1815£-01
«1875E-01
+1936E-01
+19976-01
«2060E-01
+21236-01
+2188E-01
+2255E~01
.2323E-01
+2394£-01
«2467€-01
+2544E-01
<2624E-01
+2708€-01
«2796E-01
«2890E-01
+2990E-01
+3096E-01
«3211E-01
+33336-01
+3466E-01
«3523E-01

NPr

.5203
5277
+5346
45411
$5471
.5527
+5579
.5628
+5673
.5715
+5754
.5791
.5825
«5857
.5887
45915
$5942
.5968
+5993
.6018
16042
£6067
.6093
+6120
<6150
.6182
.6217
.6256
16299
+6346
+6402
16469
.6548
L6641
<6749
.6871
L7008
L7157
. 7315
L7480
L7547



T

217.£941
227.6941
237.6941
24746941
257.6941
267.6941
277.6941
28746941
297.6941
307.6941
317.6941
327.6941
337.6941
347.6941
357.6941
367.6941
377.6941
38746941
397.6941
407.6941
417.6941
427.6941
437.6941
44T.6941
457.6941
467.6941
477.6941
48746941
49746941
507.6941
517.6941
527.6941
537.6941
547.6941
557.6941
5676941
577.6941
587.€6941
588.08889

T

241,4493
251.4493
261.4493
271.4493
281.4493
29144493
301.4493
311.4493
321.4493
331.4493
34144493
351.4493
361.4493
371.4493
381.4493
391.4493
401.4493
411.4493
421.4493
431.4493
441.4493
451,6493
461.4493
471,4493
481,4493
491.4493
501.4493
511.4493
521.4493
531,4493
541.4493
551.6493
561.4493
57144493
581.4493
5868.8889

v

17.0662
12.7384
9.5530
7.1967
5.4457
4.1385
3.1583
244207
1.8624
1.4387
1.1158
8686
6788
«5324
«4192
#3312
«2627
2091
«1670
«1339
1077
«0870
«0705
«0574
«0469
+0384
«0317
«0262
«0217
0181
20152
«0128
+0109
0093
.0079
+0068
«0059
«0051
«0051

v

17.0620
12.8732
9.7556
Te4245
5.6740
423544
3.3545
2.5944
2.0143
1.5697
1.2219
+9639
« 7595
» 6005
4764
+3793
«3030
«2430
«1954
<1577
21277
«1038
0846
«0692
0568
«C468
«0387
0322
20268
0224
.0189
0159
«0135
0115
«0098
0083

p

<0087
«0121
«0169
+0233
«0321
<0438
0596
«0805
1082
+ 1447
«1926
«2550
3361
+4408
«5754
<7477
«9672
1.2453
1.5965
2.0365
2.5870
3.2706
4¢1156
5.1540
6,4231
7.9645
9.8252
12.0567
14,7150
17.8602
21.5556
25.8707
30.8698
36.6275
43,2203
50.7317
59.2542
68,8948
70.1271

P

0096
«0132
0182
<0248
.033e6

« 0454
<0609
.0813
1081
«1430
.1882
248617
»3218
4181
«5407
26963
8931
1.1402
1.4503
1.8368
2.3166
2.9096
3.6390
4.5319
5.6194
6.9373
845258
10.4299
12.6993
15.3883
18.5553
222629
26.5810
31,5731
37.3154%
42,1264

h /RT

6.3273
645271
6.7317
649411
7.1550
7.3731
7.5955
7.8218
8.0519
8.2857
8.5228
B.7632
9.00686
9.2529
9.5017
9.7529
10.0062
10.2614
10.5180
10.7759
11.0346
11.2937
11,5528
11.8115
12.0693
1243255
12.5798
12.8314
13.0799
13.3248
13.5654
13,8015
14.0327
14,2589
14,4801
1446965
14.9086
15.1170
15,1417

h/RT

6.8108
7.0221
7.2378
7.4579
7.6822
7.9104
8.1425
8.3783
B.6175
8.8601
9.105%9
9.3546
9.6062
9.8605
10.1172
10.3761
10.6370
10.8998
11.1641
11.4297
11.6963
11.9636
12,2312
12.4588
12,7659
13.0322
13.2973
13,5605
13.8216
14.0300
14,3352
14.5869
14.8347
15.0783
15.3178
15.4931

TABLE II.~ Continued

a

131.4693
134.1869
136.8482
139.4558
142.0120
144.5186
146.9772
149,3886
151.,7537
154,0726
156.3453
15845709
16047485
162.8764
164,9525
166.9742
168.9381
170.8406
172.6770
174.4435
176.1336
177.7431
179.2664
180.6991
182.,0377
183,2807
184.4295
185.4897
186.4729
187.3983
188.2946
189.2015
190.1756
191.2855
192.6165
194.2686
196.3537
198.9915
199.3494

a

137.8728
140.4697
143.0179
145.5195
147.9764
150.3901
152.7617
155.0922
157.3822
159.6321
161.8419
164.0113
166.1396
168.2260
170.2690
172.2669
174.2177
176.1192
177.9681
179.7618
181.4969
183.1702
184.7785
186.3192
187.7896
189.1896
190.5201
191.7849
192.9915
194.1522
195.2857
196.4181
197.5840
198.8311
200.2159
201.3760

S /R=10.5000

SR
%

54006
5.5382
5.6713
5.8002
5.9248
6.0455
6.1622
6.2752
63845
6.4904
6.5930
6.6923
6. 7887
6.8823
6.9733
7.0618
71481
T.2325
T.3152
T.3965
Te4767
T7.5561
T+6353
TeTl44
T.7942
7.8730
T7.9576
8.0424
8.1302
- 8.2217
843175
B.4184
85248
B8.6368
B.7546
B8.8774
9.0040
9.1328
9.1482

$/R=11.0000

c¢/R

p
5.7172
5.8438
5.9663
6.0847
6.1991
6.3097
644165
6.5197
6.6195
647159
6.8091
648993
6.9866
7.0711
7.1530
7.2325
7.3098
7.3851
7.4586
7.5306
7.6012
7.6708
7.7397
7.8082
7.8766
7.9455
8.0151
8.0861
8.1588
8.2339
8.3118
8.3932
8.4784
8.5679
B. 56618
8.7347

4

1.1561
1.1518
1.1478
lelé4l
1.1408
1.1378
1.1350
1.1325
1.1301
1.1280
1.1261
le1244
1.1228
1.1214
1.1203
1.1193
1.1184
1.1178
1.1174
1.1173
1.1174

1.1178

1.1185
1.1196
1.1210
1.1230
1.1255
1.1285
1.1323
1.1367
1.1421
1.1483
1.1554
1.1635
1.1725
1.1824
1.1929
1.2039
1.2052

Y

l.1461
l.1426
1.1393
l.1363
101335
1.1310
1.1287
1.1265
1.1245
1.1227
1.1211
1.119¢6
l.1182
1.1170
1.1159
1.1150
l.1142
1.1136
lell32
1.1129
1l.1128
1.1129
1.1133
l.1140
1.1149
l.1162
1.1178
1.1199
1.1224
1.1255
1.1291
1.1334
1.133¢4
lel440
1.1504
1.1556

Te

1.1555
l.1510
1.1469
1l.1431
1.1396
1.1363
1,1333
1.1304
1.1277
1.,1251
1.1226
1.1202
1.1179
1,1156
1.1133
1.1110
1.1087
1.1063
1.1039
1.1013
1.0986
1.0958
1.0928
1.0896
1.0863
1.0829
1.0794
1.0758
1.0724
1.0693
1.0667
1.0650
1.0645
1.0658
1.0694
1.0761
1.0866
1.1017
1.1039

Ye
1.1456
1.1420
1.1386
1.1355
1.1326
141299
1.1274
1.1250
1.1227
1.1205
1.1184
lellba
1.1145
1.1126
1.1107
l1.10838
1.10069
1.1050
1.1031
1.1011
1.09%0
1.0968
1.0946
1.0922
1.0898
1.0873
1.0848
1.0823
1.0799
1.0777
1.0759
1.0746
1.0742
1.0749
1.0771
1.0801

Z

+9995
«9994
«9992
29991
«9989
«9987
+9985
+«9982
«9978
«9974
29969
«9963
29956
«9948
9938
«9927
+9914
«9898
+9880
<9858
«9834
«9805
«9773

«9736 -

+9695
«9648
+9596
«9539
29476
«9410
»9339
«9266
«9191
+9118
+9049
«8986
«8934
«8896
«8893

+9996
«9995
9994

«9993°

+9992
+9990
»9988
+9986
9983
«9680
9977
«9972
«9967
9961
+9953
«9945
+9935
9923
«9910
«9894

«3877

29856 °

«9833
+9806
«9777
29743
« 9706
+9665
«9621
09573
«9523
«9470
29416
«9362
«9310
«9274

H

+9198E-~05
«9627E~05
+«1005E-04
«1047E-04
+»1089E~-04
«1130E~04
«1171E-04
+1212E-04
«1252E-04
«1291€-04
«1331E-04
«1370E-04
«1409E-04
+1447E~04
+1485E-04
«1523E-04
«1561E-04
+«1598E~04
«1636E-04
«16T73E-04
«1710E~04
«1748E-Q4
«1786E-04
«1824E=04
«1862E-04
+1901E-04
+1941E-04
+1983E-04
»2025E-04
+2069E-04
22114E=-04
+»2161E-04
«2213E-04
«2269E-04
«2330E-04
«2397E-04
«2472E-04
«2556E-04
+2566E-04

M

«1021E-04
+1063E-04
+1104E-04
«1146E-04
+1186E-04
«1227€-04
+1266E~04
«1306E-04
+1345E-04
+1384E-04
+1422E-04
+1460E-04
+1498E~04
.1536E=-04
.1573E-04
«1610E-04
«1647E-04
+1683E-04
«1719E-04
+1736E-04

+1792E-04
+1028E~-04
+1B865E-04
+1901E-04
«1938E-04
+«1976E~04
«2014E-04
+2052E-04
«2092E-04
+2133E~-04
«2175E-04
«2218E-04
+2263E-04
«2312E-04
«2364E-04
«2406E~-04

k
«8753E-02
+9286E-02
+9823E~02
«1037€-01
«1091E-01
e¢1146E-01
«1201E-01
+1257E-~01
«1313E-01
+1369E-01
»1425€~01
«1482E-01
+1538E-01
«1595£~-01
+1653E-01
+1710E-01
«1768E~01
+1826E-01
+1885E-01
«1944E-01
«2003E-01
+2063€E-01
+2124E-01
+2185£-01
«2240£-01
+2311€-01
+2379€-01
«2442E-01
«2509E-01
«2579E-01
+2651E-01
22726E-01
«2804E-01
«2885E~01
«29T1E-01
«3061E-01
+3156E~-01
«3257€-01
«3269E~01

k

+1003E-01
«1057E-01
«1112E-01
+1166E~-01
«1222E~01
«1277E-01
«1333E~-01
«1389E£-01
«1446E-01
+1502€-01
«1559E-01
«1616E-01
+1673E~01
«1730E-01
«1787E~01
«1845€-01
«1903E-01
«1961E-01
«2019E~-01
+2070E-01

+2137€-01
+2196E-01
+2256E-01
.2317E-01
.2378E-01
+2440E-01
«2503E-01
+2567E-01
«2632E-01
«2699E-01
+2768E-01
«2839E-01
«2912€-01
«2987E-01
+3066E~01
.3127€-01

Pr

«5362
«54624
5482
«5536
«5586
«5633
«5676
«5715
+5752
«5786
5817
+ 5846
«5872
+5897
«5920
«5941
«5960
5979
«5997
«6014
+6030
«6047
« 6064
6082
«6101
«6121
«6l44
«6169
6198
«6230
« 6264
«6306
«6356
<6416
+6486
«6569
6664
« 6771
«6784

Pr

+ 5500
5552
+5601
+5645
«5686
«5724
«5758
+5790
5819
+5846
«5870
+5892
«5912
«5930
«5947
«5962
«5976
«5988
+6000
«6011

«6022
«6032
26043
6053
+ 6065
«6077
6091
26107
«6125
«6146
«6170
26195
6226
«6264
6309
6348

65



66

T

266.1205
27641205
28€.1205
29641205
306.1205
316.1205
326.1205
336.,1205
346.1205
356.1205
366.1205
376.1205
386.1205
396.120%
406.1205
41641205
42601205
43641205
446.,1205
45641205
466.1205
47641205
486.1205
49641209
506.1205
51641205
526.1205
536.1205
546.1205
556.1205
56641205
57641205
586.1205
588.,68889

T

291.7601
301.7601
311.7601
321.7601
331.7601
3641.7601
351.7601
361.7601
371.7601
38147601
391.7601
401.76C1
411.7601
421.7601
431.7601
441.7601
4351.7601
461.7601
471.7401
481.7401
491 .7601
501.7601
511.7601
521.7601
531.7601
561.7601
551.7601
561.7601
571.7601
581.7601
588.86889

v

17.0615
13.0085
9,9610
T«65¢4
5.9085
4.5772
3.5593
2.7781
2.1762
1.7108
1.3496
1.0684
«8487
6764
+5409
+4339
23492
+2819
2284
+1855
1512
«1237
1014
«0835
«0689
20571
<0474
.0395
.0331
«0278
«0234
0198
«0168
.0161

v

17.0622
13.1436
10.1654
7.8910
6.1484
4.8082
3.7735
2.9720
2.3487
1.8625
1.4818
1.1828
+9473
<7609
6131
« 4956
+4018
.3208
<2665
.2180
.1789
$1472
<1215
1005
0835
0695
0580
40486
<0408
+0344
0305

p

01086
+0144
0195
<0262
<0351
+04b8
<0621
.0820
1078
«1410
«1837
+2383
«3079
3962
«5076
«6480
«8239
1.0435
1.3165
1.6547
240720
2.5845
3.2117
3.9757
4.9026
6.0219
7.3675
8.9776
10.8946
13,1659
15.8430
13.9820
22. 6468
23,7616

p

«0116
+0156
. 0208
«0277
<0366
<0482
0632
+0825
«1073
1389
<1791
«2301
«2943
«3752
« 4765
6028
« 7600
«9546
1.1949
1.4904
1.8525
22947
2.8326
3.4846
4.2717
5.2185
6.3527
7.7060
9.3140
11,2165
12.7784

h/RT

7.3409
7.5631
7.7895
8.0198
842540
8.4918
8.7331
8.9778
9.2256
9.4766
9.7305
9.9871
10.2463
10,5080
10.7720
11.0381
11.3061
11.5758
11.8471
12.1197
12.3934
12.6679
12.9430
13.2184
13,4937
13.7686
14,0429
14.3160
14.5877
14,8575
15.1251
15.3901
15.6522
15.7242

h/RT

7.9196

8s1522

8.3886

8.6287

8.8722

9.1190

9.3690

9.6221

9.8781
10,1370
10.3984
10.6624
10.9288
11.1975
11.4682
11.7409
12,0155
12.2916
12.5693
12,8683
13,1284
13,4094
13.6911
13.9733
14,2558
14.5383
14.8205
15.1021
15.3828
15.60624
15.8508

TABLE II.- Continued

d

144.2247
146.7126
149,1580
151,5627
153,9282
156.2558
158.,5463
160.8008
163.0197
165,2035
167.3524
169.4662
171.5448
173.5875
175.5937
177.5622
179.4919
161.3813
183,2288
185.0325
186.7906
188.5011
190.1623
191.7726
193,3311
194,8377
196.2934
197.7012
199,0663
200.3970
201.7057
203.0096
204,3311
204.7043

q

150.5466
152.9351
155.2865
157.6020
159.8830
162.1304
164.345]
166.5280

. 168.6794

170.8000
172.8899
174.9493
176.9781
178.9760
180,.9428
182.8779
184.7806
186.6502
188.4858
190.2864
192.0510
193,7785
195.4683
197.1197
198,7324
200,3069
201.8443
203,3471
204.8192
206,2665
207.2873

s/R=11.5000

¢ /R
p

6.0198
6.1359
6.2480
643563
64607
6.5616
6.65689
6.7528
6.8435
6.9310
7.0155
7.0970
7.1759
7.2521
7.3259
7.3973
T.4666
7.5340
7.5996
7.6636
T.7262
7.7877
7.8483
7.9082
T+9679
8.0275
8.0874
8.1481
8,2098
8.2730
8.3380
8.4055
844757
8.4957

s /Re12,0000
¢ /R
P

6.3077
644136
6.5156
6.6141
6.7090
6.8005
6.8888
5.9738
T.0559
7.1350
7.2112
7.2848
7+.3559
Te4245
7+4908
7.5550
T.0172
T.0779
T.7382
T.7908
T.8492
79039
T.9577
8.0108
8.0635
8.11%9
98,1684
8.2213
8.,2748
8.3293
8.3690

Y

1.1377
1.1348
l.1321
1.1296
1.1273
l.1252
1.1232
1.1214
1.1197

l.1182.

1.1167
1.1154
1.1143
1.1132
l.1122
lel1ll4
1.1107
1.1101
1.1096
1.1093
141091
1.1091
1,1092
1.1096
1.1102
1.1110
1.1120
1.1134
1.1151
1.1172
1.1197
l.1227
1.1261
1.1272

1.1305
1.1281
1.1259
1.1238
1.1219
1.1201
1.1185
1.1169
1.1155
1.1162
1.1130
1.1119
141108
1.1099
1.1090
1.1083
1.1076
1.1071
1.1066
1.1062
1.1060
141059
1.10%9
1.1061
1.1064
1.1069
1.1076
1.1085
1.1096
1.1110
1.1122

Y

1.1373
1.1343
1.1316
1.1290
1.1266
1.1243
l.1222
l.1202
1.1183
1.1165
1.1147
1.1130
le1114
1.1098
1.1083
1.1067
1.1052
1.1037
1.1021
1.1005
1.0989
1.0972
1.0955
1.0938
1.0920
1.0%902
1.0884
1.0867
1.0850
1.0835
1.0822
1.0814
1.0811
1.0812

1.1302
1.1278
1.1255
1.1233
1.1213
1.1195
1.1177
1.1160
1.1144
1.1129
1.1114
1.1100
1.1086
1.1073
1,1060
1.1047
1.1035
1.1022
1.1010
1.0997
1.0985
1.0972
1.0959
1.0946
1.0933
1.0920
1.0907
1.0895
1.0883
1.0873
1.0867

Z

«9997
+9996
«999¢6
9995
« 9994
«9992
9991
«9989
«9987
9985
«9982
«9979
29975
9970
9964
«9958
«9951
09942
«9932
9921
«9908
«9894
9877
9858
«9837
«981l4
«9788
<9759
«9723
9695
+9659
« 9622
«958¢4
«9573

+9998
+9997
+9996
+9996
49995
19994
29993
+9992
+9990
29988
<9986

«9983

«9980
9977
«9973
«9968
9963
*9956
+9949
«9941
«9932
«9921
«9910
«9896
+9882
«9865
+9847
«9828
« 9806
«9783
«9T60

i

«1124E-04
«1165E-04
«1205E=-04
e 1245E-04
+1285E-04
«1324€-04
+1363E-0C4
+1402E-04
«1440E-04
«14T78E-04
«1515E-04
«1552E-04
+«1589E-04
«1626E-04
+1662E-04
«1698E-04
«1734E-04
+1769E-04
«1805E-04
«1840E-04
«1875E-04
+1911E-04
«1946E-04
«1981E-04
«2017E-04
+2052E~04
+2089E-04
«2125E=04
+2163E-04
«2201E~-04
«2240E-04
«2280E-04
«2322E-04
«2333E-04

1]

«1228E-04
«1268E-04
+1307E-04
«1346E-04
+«1385E-04
«1423E-04
«1461E~04
«1499E-04
«1536E-04
«1573E-04
+1609E-04
«1646E-04
+«1682E-04
«1717E=04
«1753E=-04
«1788E-04
«1023E-08
«1857€-0¢
«1892E-04
+1926E-08
+«1960E-04
«1994E~-04
«2029E-04
+2063E-04
«2097E-04
«2131E-04
+2166E~04
«2201€-04
+2236E-04
«2272E-04

«2299€~04

k

«11376-01
«1192E-01
«1248E-01
+1303E-01
«1359E-01
«1415E-01
«14728-01
»1528E-01
+1585£-01
+1641£-01
+1698E-01
«1755E-01
+1813E-01
+1870E-01
+1928E-01
+1985£-01
«2043E-01
+2101E~01
«2159€-01
»2218E-01
«2276E-01
«2335€-01
«2395E~01
«2454E~01
+2515£-01
«2575€-01
«2637E-01
+2699E-01
«2763E~01
+2827€-01
+2893E-01
«2960E-01
+3030€-01
+3049€-01

k

«1279€-01
+«1335E-01
«1391E-01
«1447E~-01
«1503g-01
+1560E-01
+1616€-01
«1673E-01
«1730E-01
«1787E-01
»1844E-01
+1901E-01
«1959E-01
+2016E€-01
«2074E-01

19008-00
+2421E-01
«24B80E~01
+2538£-01
+2590E-01
«2657€-01
+2717€-01
«2717€~01
+2838E-01
«2900E-01
«2963E-01
+3008£-01

N

+5620
«5662
«5701
«5737
«5770
+5800
5827
+5852
5874
«5895
«5913
«5929
25943
«5956
«5968
«5978
«5986
«5994
+6001
«6008
6014
«6019
+6025
«6030
«6037
+6043
«6051
+6060
«6071
«6084
«6099
«6117
«6136
«6142

Pr
3721

«5785
5813



SUERE o

PR

T

318.4236
328.4236
338.4236
348.4236
358.4236
368.4236
378.4236
388.4236
398.4236
408.42306
418.4236
428 .4236
438.4236
448 .4236
458.4236
468.4236
478.4236
©88.4236
498.4236
500.4236
518.4236
528.4236
538.4236
548.4236
558 .4236
568.4236
578.4236
5884236
588.8889

T

346.1907
356.1907
366.1907
376.1907
386.1907
396.1907
406.1907
41641907
426.1907
436.1907
446.1907
456.1907
4©66.1907
476.1907
486.1907
496.1907
50641907
516.1907
526.1907
536.1907
546.,1907
556.1907
5661907
576.1907
586.1907
508.5089

v

17.0662
13.2799
10.3718
8.1298
643949
5.0476
3.9977
3.1767
2.5325
2.,0253
1.6250
1.3078
1.0557
8548

« 6941
«5653

« 4617
»3781
«31C6
«2558
«2112
«1749
«1652
«1209
«1009
«0845
0709
+0597
«0592

v

17.0631
13.4129
10,5770
8.3701
6.6458
542940
442304
3.3921
2.7273
241997
1.7795
1.4438
1.1747
«9585

« 7843
+6435
«5293
24366
«3611
«2994
«2488
+2073
«1732
«1451
«1218
21162

P

0127
-0168
«0221
«0291
+ 0380
«0495
<0642
0829
«1067
«1367
21745
2220
2813
«3553
«4672
+5609
«7011
«8735
1.0848
1.3428
1.6569
2.0380
2.4988
3.0543
3.7216
4.5206
5¢4739
5,6073
66648

+0138
.0180
#0235
.0305
«0394
+0508
0651
.0832
«1060
«1344
«1700
22142
«2689
«3366
«4199
«5222
6474
8002
29860
1.2113
1.4838
1.8123
2.2072
2.6805
3.2462
3,4169

h/RT

8.5488

8.7912

9,0371

9.2863

9.5386

9.7939
10,0522
10.3132
10.5768
10,8430
11.1116
11.3825
11.6556
11.9307
12.2078
12,4866
12.7672
13,0493
13,3328
13.6176
13.9036
1441905
14,4782
14,7666
15.0554
15.3445
15.6336
15.9225
15.9360

h /RT

942309

9.4826

9.7374

9.9952
10.2557
10.5191
10.7850
11.0534
11.3242
11.5972
11.8725
1241498
12.4291
12,7103
12.9933
13.2779
13,5640
13,8516
14,1406
14.4308
1l4.7221
15,0145
15.3077
15.6016
15.8961
15.9757

TABLE II.- Continued

a

156.8570
159.1544
161.4191
163.6521
165.8544
168.,0269
170.1704
172.2856
174.3729
176.4329
178.4659
18044720
18244513
184.4040
186.3298
188,.,2287
190.1002
191.9441
193,7601
195.5476
197.3063
199.0358
200.7360
202,4067
204.0483
205.6615
207.2476
208.8087
208.8808

a

163,1766
165.3899
167.5742
169.7303
171.8590
173.9612
176.0375
178.0885
180.1146
182.1165
184.0943
186.0483
187.9788
189.8860
191.7698
193.6303
195,4676
197.2815
199,0720
200.8390
202.5826
204.3027
205.9995
207.6734
209.3249
209.7667

S /R=12.5000
¢ /R
p

6.5803
6.6761
6. 7685
6.8576
609433
7.0260
7.1056
7.1823
7.2562
743274
7.3960
7.4622
7.5260
75877
7.6473
7.7049
T.7607
7.8149
7.8676
T.9109
7.9690
8.0181
8.0663
841139
8.1610
8,2078
842547
8.3017
843039

S /R=13,0000

¢ /R

p
6.8369
6.9233
7.0064
7.0865
T.1636
7.2378
7.3092
7.3780
T.4443
7.5082
7.5697
76291
7. 6864
T+7417
T.7953
T.8471
T.8973
794561
7.9936
8.0399
8.0852
8.,1297
B.1734%
8.2166
8,2594
0.2709

Y

1.1244
l.1224
1.12086
1.1188
1.1172
1.1157
l.1144
1e1131
1.1118
1.,1107
1.1097
1.1087
1.1078
1.1070
1.1063
1.1056
1.105¢0
1.1045
141040
1.1037
1.1034
1.1032
1.1031
1.1032
1.1033
1.1036
1.1040
1.1046
1.1046

Y

1.1191
1.,1175
1.1160
1.1145
1.1132
1.1119
1.1107
1.1096
1.1086
1.1077
1.1068
1.1059
1.1052
1.1044
1.1038
1.1032
l.1027
l.1022
1.1018
1.1014
1.1011
1.1009
1.1008
1.1007
1.1007
1.1007

Te

1,1242
l.1221
l.1202
1.1185
1.1168
1,1152
1.1137
l.1123
1.1110
1,1097
1.1084
1.1073
1.1061
1.1050
1,1039
1,1029
1.1019
1.1008
1.0998
1.0988
1.0978
1.0968
1.0958
1.0949
1.0939
1.0929
1.0920
1.0912
1,0911

Te

1.1190
1,1173
1.1157
l.1142
1.1128
1.1115
1.1102
1.1091
1.1079
1.1068
1.1058
1,1048
1.1038
1.1029
1.1020
1.1011
1.1003
1.0995
1.0986
1.0978
1.0970
1.0962
1.0955
1.0947
1.0940
1.0938

Z

+9998
«9998
«9997
«9997
«9996
+9995
«9994
«9993
«3992
+9991
+9989
+9987
«9985
+9982
«9979
«9976
«9972
«9967
«9962
+9956
«9950
«9942
9934
«9925
«9914
+9903
9891
«9878
«9877

«9998
«9998
+«9998
«9997
«9997
«9996
9995
«9995
« 9994
+9693
9991
« 9990
«9988
«9986
« 9984
«9981
«9979
«9975
<9972
+9967
«9963
9958
29952
«9946
+9939
+9937

i

+1333E-04
«1372E-04
«1410£-04
+144BE=0¢4
+«14B6E-04
«1523E~04
«1560€E-04
«1597E-04
«1633E-04
«1669E-04
«1705E-04
«1740E-04
«1775E-04
+«1810E~04
«1844E~04
«1879E~04
«1913E-04
«1946E-04
+1980E-04
«2013E-04
«2047E-04
«2080E-04
«2113E-04
«2146E-04
+«2179E-04
«2212E-04
+2246E=04
«2279E-04
«2281E-04

u

+1440E-04
«1478E-04
«1515E~04
+1552E~04
«1589E-04
+1625E-04
«1661E~04
«1697E-04
«1732E8-04
«1767E-04
«1802E-04
*«1B836E-04
+1870E-04
«1904E-04
©«1938E-04
«1971€-04
«2004E~04
«2037E-04
«2070E-04
«2103E-04
«2135E-04
+2167E-04
«2199E=-04
«2231E-04
«2264E-04
«2272E-04

k

+1428E-01
+14B4E-01
+1541E-01
+1597E-01
+1654E-01
«1711E-01
+1768E-01
«1825E-01
«1882E~01
+1939E-01
+1996€-01
+2053£-01
+2111E-01
.2168€-01
+2226E-01
.2283E-01
+2341E-01
+2398E-01
+2456E-01
+2514E-01
+2572E-01
+2630E-01
+2688E-01
«2747E-01
.2805£-01
+2864£-01
+2924E-01
+2984E-01
«2947€-01

Kk

+«1585E-01
«1641E~01
«1698E~01
«1755€-01
«1812€E-01
«1869E-01
«1926E-01
«1983e-01
+2040E-01
«+2097e-01
«2155E~01
«2212E-01
«2269E-01
«2326E-01
+2384E-01
«2441£-01
«2498E-01
+2556E-01
«2613E-01
+2671E=01
«2728E~01
«2786E-01
«2844E-01
«2902€-01
«2960E-01
«2976E-01

Pr

«5803
«5830
5853
+5874
«5393
#5910
« 5925
#5938
«5950
«5959
«5967
5974
«5980
«5984
«5987
«5990
#5991
«5992
+5992
«5992
«5992

«5991
+5990
+5989
«5989
+ 5989
+5989
«5991
«5991

Pr

«5869
+5889
«5906
«5921
«5934
«5946
+5956
«5964
5971
«5976
#5980
»5983
+5985
«5986
5987
+5986
5985
«5984
«5982
5979
«5977
«5974
«5971
«5969
«5967
<5966

67



T

375.1236
38541236
395.1236
40541236
415.1236
42541236
435.1236
445.1236
45541236
465.1236
475.,1236
485.1236
49541236
50541236
515.1236
52541236
53541236
545.1236
55541236
56541236
575.1236
58541236
588.8889

T

40542963
415.2963
42542963
435.2963
44542963
455.2963
465.2963
47502963
48542963
495.,2963
505.2963
515.2963
52542963
53542963
54542963
55542963
565.2963
57542963
58542963
588.8889

68

v

17.0621
13,5428
10,7831
Be6131
6.9035
5.5486
4.4735
3.6175
249337
2.3860
1.9460
1.5915
1.3051
1.0730
«8845
+ 7310
«6056
«5030
«4188
+3495
#2924
«2451
«2295

vV

17.0662
13.6763
10.9915
B.8620
761662
5.8117
4.7266
3.8548
3.1524
2.5849
2.1251
1.7516
let474
1.1990
9956
«8287
«6913
5781
24845
+4549

p

«0149
+0193
«0249
+0319
« 0408
«0520
«0660
+ 0835
«1052
«1322
+«1655
2067
«2572
«3191
«3946
«4867
+«5985
+7339
«8975
1.0944
1.3310
1.6145
1.7352

«0161
« 0206
0262
+0333
0422
«0531
0668
«0836
1044
«1259
1612
«1995
02461
«3027
+«3713
«4542
«5541
6743
«8184
+8769

h /RT

9.9680
10.2283
10,4915
10,7573
11.0256
11.2963
11.5694
11.8447
12.1222
1244017
12.6831
12.9665
13,2516
13,5384
13,8269
14,1168
14.6082
14,7010
14.9950
15.2903
15.5866
15.8839
15.9961

h/RT

10.7623
11.0307
11.3016
11,5748
11.8503
12.1280
12.4078
12.6895
12.9732
13,2587
13.5459
13.8349
l4.1254
14,4175
14,7111
15.0061
15.3025
15,6001
15.8989
16,0066

TABLE II.-~ Continued

a

169.5193
171.6545
173,7638
175.8478
177.907%
179,9433
181.9558
183,9457
185.9134
187.8592
189.7835
191.6868
193,5691
195.4307
197.2719
199.0928
200.8934
202,6741
204.4348
20641757
207.8972
209.5994
210,2353

a

175.8991
177.9613
160.0002
182.0166
184.0109
185.9837
187.9357
189.8671
191.7785
193.6703
195.5427
197.3962
199.2309
201.,0472
202.8453
204,6255
206,3879
208,1328
209.8605
210,4770

S/R=13,5000

%/R
7.0773
741545
7.2289
7.3005
73694
T.4357
7.4996
7.5611
7.6204
T7.6775
7.7326
7.7858
T.8372
7.8870
7.9351
7.9818
8.,0273
8,0715
8.1146
8.,1569
8.,1983
8.2391
8.2543

5/R=14,0000
c/R
p

7.3011
743699
7.4360
7.4997
7.5611
7.6201
7.6770
7.7319
7.7848
7.8359
7.8852
7.9330
T.9792
8.0241
8.0677
8,1102
8.1516
8.1921
8.2318
8.2459

Y

le1146
l.1132
1.,1120
1.1108
1.1096
1.1086
1.1076
1.1067
1.1058
1.1050
1.1042
1.1035
1.1028
1.1022
1.1016
l.1011
1.1006
1.1002
1.0998
1.,0994
1.0991
1.0989
1.0988

1.1107
1,1096
1.1085
1.1075
1.1065
1.1056
1.1048
1.1040
1.,1033
1.1026
1.1019
1.1013
1.1007
l.1002
1.099¢6
1.0992
1.0987
1.0983
1.0979
1.0978

Y

1e1145
1.1131
l.1118
1.1105
1.1093
1.1082
1.1072
1.1062
1.1052
1.,1043
1.1034
1.1026
1.1018
1.1010
1.1003
1.0995
1.0988
1.0981
1.0974
1.0968
1.0961
1.0855
1.0953

1.1106
1.109%
1.1083
1.1073
1.1063
1.1054
1.,1045
1.1036
1.1028
l.1021
1.1013
1.1006
1.099%
1.0993
1.0986
1.0580
1.0974
1.0968
1.0962
1.0960

z

«9999
+9998
+9998
«9993
«9997
«9997
+9996
«9996
9995
«9994
+9993
«9992
«9991
«9989
9988
«9986
«9984
+9981
+9979
9976
+9973
9969
«9968

«9999
«9999
«9998
9998
«9998
«9997
+9997
9997
«9996
9995
«9995
« 9994
«99913
9992
«%2991
+9989
+9988
«9986
«9984
«9984

H

«1548E~04
+1585E-04
«1621E~04%
«1657E~04
«1693E-04
«1728E~04
«1763E~-04
«179BE~04
«1832E~04
+1866E~04
+«1900E~04
«1934E~04
«1967E~04
«2000E~04
«2033E~04
«2065E~04
+2098E~04
«2130E~04
«2162E~04
+2193E~Q%
«2225E~04
+2256E~04
«2268E~04

H

«1658E~04
¢1693E~04
«1729E~04
«1764E~04
«1798E~04
+1833E-~04
+»1867€~04
«1901E~04
«1934E~04
«1967E~04
«2000E~04
+«2033E~04
«2065E~04
«2098E-~04
«2130E~04
«2161E-04
+2193E~04
«2224E~04
«2255E~04
«2266E~04

k

+1749€-01
+1806E-01
+1863E-01
<1920£-01
«19776-01
+2034E-01
+2091E-01
+2148E-01
+2205E-01
«2262E-01
+2320E-01
«2377E-01
«2434E-01
+2491E-01
+2548E=-01
«2605E-01
+2663E-01
+2720E-01
«2777E-01
+2834E-01
+2891E-01
+2949£-01
«2970E-01

k

«1921E-01
»197BE-01
+2035E-01
+2092E-01
«2149E-01
+2206E~01
+2263E-01
«2320E-01
«2377E-01
«2435E-01
«2492E-01
«2549E-01
+2606E-01
2 2663E-01
+2719E-01
«2776E-01
«2833E-01
.2890€-01
«2947E-01
«2967€-01

NPr

«5919
«5932
«5944
+595¢4
+5962
«5969
«5974
«5978
+5981
+5983
+5984
+5984
5984
«5982
«5980
5977
«5974
5971
«5967
«5964
«5960
+5956
+«5955



R

T

©36.7997
446.7997
45647997
466.7997
476.7997
486.7997
496.,7997
506.7997
516.7997
526.7997
536.7997
546.7997
556.7997
566.7997
576.7997
586.7997
588,8889

T

469.7400
479.7400
489,7400
499.7400
509.7400
519.7400
529.7400
539.7400
549.,7400
559.7400
569.7400
579.7400
588.8889

T

504.1982
514.1982
524.1962
534.1982
544.1962
554.1982
564.1982
574.1982
584.1982
588.8889

T

540.2907
550.2907
560.2907
570.2907
580.2907
588.8889

v

17.0662
13,8057
11.2007
9.1130
7.4350
6.0824
4.9891
4.1030
3.3829
2.7961
23168
1.9242
1.6019
1.3366
l.1178
«9369
«9031

v

17,0662
13.9332
11.4071
9.3637
7.7061
6.3580
5.2587
4.3601
3.6235
3.0184
2.5200
2.1086
1.7948

v

17.0662
14,0608
11.6135
9.6158
7.9807
6.6392
5.5358
4.6260
3.8743
3.5673

v

17,0662
14,1831
11.8150
9.8646
B8.2543
7.0944

p

«0174
.0220
.0277
«0347
«0435
«0543
«0675
.0838
«1036
«1278
#1571
«1927
2357
«2875
«3499
«4246
«4421

«0187
$0234
L0291
.0362
10449
.0555
+0683
+0840, -
.1029
.1258
.1533
.1865
.2225

0200
«0248
«0306
«0377
0463
«0566
«0691
<0842
«1023
«1120

0215
+0263
«0322
0392
<0477
0563

h/RT

11,6165
11.8924
12.1705
12.4506
12.7328
13.0169
13.3028
13.5906
13.8800
14,1711
14,4638
14.7580
15,0537
15.3508
15.6493
15.9490
16,0118

h/RT

12.5337
12,8165
13.1013
13.3878
13.6762
13.9663
14.2580
14.5513
l4.8462
15.1426
15.4404
15,7396
16.0145

h-RT

13.5165
13,8057
14.0966
14,3891
14,8832
14.9789
15.2760
15.5746
15.8746
16.0158

h/RT

14.5684
14.8635
15.1602
15.4583
15,7578
16.0165

TABLE II.- Concluded

182.3313
i84,.3248
186.2974
188.2495
190.1818
192.0946
193.9885
195.6638
197.7210
199.5603
201.3821
203.1867
204.974%
20647455
208.5002
210.2388
210.6000

a

188.8314
190.7599
192.6695
194.5605
196.4334
198.2887
200.1266
201.9477
203.7521
205.5402
207.3124
209.0689
210.6623

195.4077
197.2743
199.1237
200.9561
20247719
20445716
206.3554
20841237
209.8767
210,6937

a

202.G728
203.8800
205.6714
207.4472
209.2077
210.7096

s/R=14.5000
c/R
p
7.5086
7.5695
7.6282
7.6847
7.7391
7.7916
7.8423
7.8912
7.9385
7.9843
8.0287
8.0718
8.1138
8.1546
8.1945
842336
8.2416

S/R=15.0000
c /R
p
7.7005
T.7543
7.8062
T.8562
T7.9046
Te9514
7.9966
8.0405
8.0831
8.1245
841648
8+2042
8,2395

s /Re15.3000
c/
B
7.8777
7.9253
7.9713
8.0158
8.0591
8.1010
8.1419
8,1816
8.2205
8.2385

"/R*16.0000

cﬁ/R

8.0421
B.0845
8.1257
B.1658
8.,2050
8.2379

4

1.1073
1.1063
1.1055
1.1046
1.1038
1,1031
1.1023
1.1017
1.1010
1.1004
1.0999
1.0993
1.0988
1.0983
1.0979
1.0974
1.0973

Y

1.1043
1.1035
1.1028
1.1021
1.1014
1.1008
1.1002
1.0996
1.0990
1.0985
1.0980
1.0975
1.0971

1.1017
1.1011
1.100¢
1.0998
1.0993
1.0987
1.0982
1.0977
1.0972
1.0970

4

1.0995
1.0989
1.0983
1.0978
1.,0973
1.0969

4

1.1072
1.1062
1.1053
1.1044
1.,1036
1.1028
1.1021
1.1014
1.1007
1.1000
1.0994
1.0988
1.0982
1.0976
1.0971
1.0965
1.0964

1.1042
1.1034
1.1027
1.1019
1.1012
1.1006
1.0999
1.0993
1.0987
1.0982
1.0976
1.0971
1.0966

1.1017
1.1010
1.1003
1.0997
1.0991
1.0986
1.0980
1.0975
1.9970
1.0967

1.0994
1.0988
1.0983
1.0977
1.0972
1.0908

Z

".9999

«9999
+9999
9998
«9998
«9998
«9998
+9997
«9997
«9996
«9996
+9995
«9995
+9994
»9993
«9992
«9992

+9999
«9999
«9999
»9999
+9999
«9998
+9998
9998
«9997
+9997
«9997
«9996
«9996

« 9999
«9999
+9999
«9999
«9999
+9999
+9998
«9998
«9998
«9998

«9999
9999
«9999
«9999
«9999
«9999

"

+1769E-04
+1B804E~-04
«1838E-04
+1872E~04
«1906E~04
+1939€E-04
«1972E-04
+«2005E-04
«2038E-04
«2070E-04
+2102E-04
»2134E~04
«2165E-04
«2197E-04
«222BE-04
«2259E-04
«2265E-04

u

«1882E-04
«1915€~04
+1949E-04
«1982E~04
«2015E-04
+2047E-04
«2079E-04
«2111E-04
«2143E-04
«2174E-04
«2206E-04
«2237E~04
02265E~04

u

+1996E-04
«2029E~04
+«2061E-04
+2094E-04
+2125E-04
«2157E~04
«2188E-04
«2219E-0Q4
+»2250E-04
«2265E-04

H

«2113E~04
«2145E-04
«2176E-04
+2207E-04
«2238E-04
«2265E-04

k

«2100E-01
+2157E-01
«22156-01
«2272E-01
+2329E-01
+2386E-01
*2443E-01
+2500E-01
«2557E-01
«2614E~01
+2671E-01
«2727€E-01
«2784E-01
«2841E-01
«2897E-01
0« 2954E-01
«2966E-01

k

«2288E-01
«2345E-01
+2402E-01
«26459E-01
«2516E-01
+2573E-01
+2630E-01
+2687E-01
«2T44E-01
+2800E-0)
«2857E-01
«2914E-01
«2965€-01

K

«2485E~01
«2542E-01
+2599E-01
»2655€-01
«2712E-01
+2769E-01
«2825E-01
+2882€-01
«2938E-01
«2965E~01

k

+»2690E~-01
«2747E-01
+2803€-01
+2860E~01
+2916E-01
+2965E-01

NPr

«5974
«5978
+«5981
3982
+«5983
«5983
+5981
«5980
«5977
«5974
«5970
«5966
«5962
« 5957
«5952
+5948
«5946

Pr

«5982
«5983
«5982
«5981
5978
5976
«5972
«5969
«5964
+5960
+5955
05950
5945

Pr
+5980
5977
<5974
+5970
+5966
<5962
<5957
<5952
«5947
+5945

Pr
+« 5968
« 5964
«5959
«5954
«5949
«5944

69



T
K

329.3316
339.3316
349.3316
359.3316
367.3852

T

252.6410
262.6410
272.6410
282.6410
292.6410
302.6410
312.6410
322.6410
332.6410
342.6410
352.6410
362.6410
372.6410
382.6410
392,.,6410
402.6410
405.7690

T

196.7958
206.,7958
216.7958
22647958
236.7958
246.7958
256.7958
266.7958
276.7958
286.7958
296.7958
306.7958
316.7958
326.7958
336.7958
346.7958
356.7958
366.7958
376.7958
386.7958
396.7958
406.7958
416.7958
426.7958
“36.7958
44644401

70

v

m;m

. 003y
« 0026
0023
<0020
~u018

.0282
0222
0176
«0140
.0113
+0092
0075
. 0062
«0052
0044
0037
.0032
0027
<0024
0021
.0018
.0018

.2856
2151
1629
1241
0951
.0733
<0568
0443
0347
20274
.0218
0174
0141
«0114
« 0094
. 0077
20065
. 0054
. 0046
«0039
. 0034
0029
. 0026
. 0023
«0020
0018

TABLE III.- THERMODYNAMIC AND TRANSPORT PROPERTIES

P
atm

31.€607
3643326
41,7326
4841440
564.32006

p

4.4203

57296

7.3359

9.2741
11.5751
14.2638
17,3603
20.8839
24.8552
29.3C83
34,2976
39.9097
46.2738
53.574l1
6240617
72.066¢€
75.571¢

p

«3736
5194
7157
«9778
1.3242
1.7780
243663
3.1213
4.0790
5.2797
647661
B.5824
10.7727
13.3792
16.4421
19.9994
24,0614
28.7561
34.052%
40.0429
46.8219
954.5144
63.2868
73.35%61
84,9994
98.0447

OF CBr'F3
hRT a
m/sec

“.2381 91,3790
4.2451 92.7725
44,2400 95,9197
4.,2198 101.0113
4.1894 106.6104
h/RT a

4.0613 116.87638
441680 117.0209
‘4,2704 116.8241
443678 11643G43
44592 115.50C0
4.5442 114.4783
4.6222 11343394
4,6930 112.216%4
447565 11l.2818
4.8126 110.7333
4,5610 110.7906
4,9012 111.6811
4.9323 113.6249
4.9524 116.6208
4,9591 121.4363
4,9486 127.6084
4.9410 129.8761
h/RT a

3.4532 112.2608
3.,5748 114.48690
346958 116.5699
3.8208 118.5013
3.9464 120.2674
4.0729 121.853%
4.1997 12342443
4,3261 124.4237
44,4514 125.3789
4.5747 12641G08
4.6953 126.5870
4.8122 1268457
4.9248 126.8991
5.0324 126.7864
541345 126.5673
5.2306 1263231
543205 126.155G
5.4041 126.1889
5.4810 126.5624
545512 127.4241
56141 128.9264
5.6689 131.2192
57140 134.4447
5.7676 138.7356
5.7564 144.2154
5.7570 150. 7366

s /R = 4,5000

c/R
p

1341268
14.9082
15,0723
15,9865
1241839

S/R= 55,3000
c /R
p

449554
5.0338
5.2321
5.4557
5.7116
5,000l
86,3542
5.7590
7.22%8
7.7629
5.3403
3.9428
9.4925
9.3227
12.1722
10.2174
10.1919

S/R= 5,5000
¢/R
p

3.9906
4.1007
4.2229
443396
46,4577
4.,5780
4.7016
4.8299
4.,9644
5.1070
2.2601
5.4262
5.€6003
5.8096
6.0333
6.2823
6.5585
6.8614
7.1875
7.9283
T.8699
8.1928
344745
8.6937
8.8344
3.85895

2.6534
2.9683
3.1344
3.0750
2.8457

Y

1.2158
1.2277
1.243¢
1.265)
1.2924
1.3274
1.3716
1.4264
l.4925
1.5694
1.6540
1.7394
1.8150
1.8685
1.8908
1.8798
1.8703

1

1.1847
1.1811
1,1784
1.1766
1.1757
1.175%
1.1774
1.1802
l.1846
1.1910
1.1996
l.2108
1.2251
1.2429
l.2648
1.2910
1.3219
1.3571
1.3960
1.4371
1.4779
1.5154
1.5462
1.5673
1.5771
1.5756

AT CONSTANT ENTROPY

« 8564
8449
.9¢l2
lL.0584
1.1601

Ve

1.0797
1.0031
1.0654
L.0263
lL.0078
9891
.9718
«9574
« 94706
<9447
9511
+9094
l.0%21
1.0513
1.11389
1.2058
1.23170

Te

1.1657
1.1579
1.1500
1.1420
1.1337
1.1250
1.1127
1.1059
1.0955
l.0344
1.0727
1.0606
1.0484
1.0366
1.0256
l.0164
1.0100
1.,0075
1.0102
1.0195
1.0369
l.0638
1.1013
1.1506
1.2124
1l.2344

5303
«5077
«49Ce
4805
4777

«8971
“8785
5277
«3349
«8103
« 7842
7573
<7302
« 7237
6785
Wb5h5
6355
«6193
« 5077
26012
«6008
«8019

9841
98G5
«9763
9712
«9651
«9580
V9496
.9398
9286
9149
9016
8857
8685
+8300
«3307
+8109
27911
7719
7538
« 7375
«723€
7127
+ 7354
7021
. 7035
7098

M
N-sz

«2170E-04
+2336E-04
«2328E-04
e2744L~04
+2941E-04

m

«1366k-04
«l42tE-V4
«1467E-04
«1550E-04
«1615E-04
«l685E-04
«1761t-04
»1844L-04
«1337E-04
«2041E-04
«2156E-04
«2291E-04
«2443L-04
«2615E=04
«2811E-04
+3033E-04
«3109E-04

it

«1048E-04
W1102E-Ua
«1156E-04
«1210E-04
«1263L=04
«1317E-04
+1371E-04
«1l425E-C4
«1480E-04¢
«1536E-04
«1593E-04
«1652E-04
«1713E-04
«1776E=~04
«1842E-04
+1914E-04
«1993£-04
«2079E-04
«2175E-04
+22E3E-04
«2404E-04
«2541E-04
0 2696E-04
«2BT0E~J4
«3067E-04
«3279E-04

K
W/ m-K

el477c-vl
«1ELUE=-QL
$1759E-01
«1926E-01
«2G76E-01

« 7309E-02
«T9U6E=J2
«8527€-02
£9177E-02
«9860E-02
«100b6E-U1
«1135E-Gy
«1218e=01
«130G7E~CL
«1403E-01
«15%07E-01
«1621€-01
Wl746E-31
«1E85E~Q1
«2u38e~01
«222%E~01
«2267E-Q1

X
¢
.4210E-02
4T20E~02
«5233E-02
« 575002
62726~02
L6801E~02
.73392-02
L7880E~02
B44TE-I2
.9023E-02
-96LTE~Q2
«1023E-21
.1088E=~01
«1135E~01
.1226E-~01
«1301E~v1
«1381E~0]
+1467E-01
«155¢E~01
s 1l657E-01
W 176%E~01
l6B2E~0L
.2009E-01
«2150E-y1L
.2304E-~01
«2470E~01

NPr

1.8222
240212
2.10803
241514
249324

NPr

8573
80974
«0617
28795
+8838
.9636
«9304
7664
L.vl2l
L0669
1.1290
1.1941
1.2544%
1.3008
143254
1.325¢2
1.3263

NPr

+9380
«9062
«8815
«8627
<8483
8375
8297
«824>
.B8218
«8243
8233
<8276
+8345
8434
<8365
8731
«8939
9189
+9478
9797
10130
1.0454
10742
1.0967
1.1167
Lel151



SN

gEe—

d

B .

© e Ly

T

172.0661
182.0661
192.0661
202.0661
212.,0661
22240651
232.0¢61
242.0661
25240661
262,0661

27240661

282.0661
292.0661
302.0661
312.0661
322.3661
332.,0661
342.0661
352.0¢61
362.,0661
372.00661
382.0661
392.0661
402.0661
412.,0661
422.0661
432.0661
442.0€61
452.0661
4629661
472.0661
482.0661
489.5909

T

156.,0053
166.0053
176.0053
186.,0053
196.0053
206.0053
216.,0053
226.0053
236.0053
246,0053
256.0053
266,0053
276.0053
286.0053
296.0053

- 306.0053

316.,0053
326.0053
33640053
346.0053
356.0053
366.0053
376.0053
386.0053
396.0053
406.0053
416.0053
426,0053
436.0053
446.,0053
456.0053
466.0053
476.0053
486.0053
496.0053
506.,0053
516.,0053
526.0053
535.5394

vV

1.3738
1.0182
«7593
+»2695
4295
3257
2482
21901
«1463
.1132
«0880
0688
<0540
0626
.0339
.0270
.0217
0176
.0143
.0118
. 0G97
«0081
«u068
+«0057
«0049
0042
«0036
«.0G32
QL28
«0024
0022
. 0019
+0018

v

5.2508
3.8488
2.8405
241097
1.5762
l.1841
.8943
«6788
5177
3967
+3053
«2361
.1833
«1430
»1120
Q881
<0697
»0553
0442
0354
. 0286
0232
«0189
20155
+0128
«0106
0089
+ 0075
«Q064
«0055
« 0047
<0041
«9G36
«0031
0028
0024
«0022
« 0020
.0018

p

«CEB7
+0980
«1385

» 1940
<2695
+3714
»5C79

» 6897
+9296
L2461
1.€531
2.1806
2.8552
3.71C1
4.783C
6.1163
7.755€
FeT7495
12.1481
15.0021
18,3624
2242816
26.8103
32.€060
37.9334
44,6691
5243077
5C.9¢76
70.7973
8l.9819
94,7512
109.3869
121.8352

P

0163
.C237

« 0341
20485
0683
0955
1325
«1825
«2495
+3390
4575
«6136
5180
1.C838
1.4273
l.8€81
24429E
3.1403
4.0323
541429
6.5141
8.1919
10.2264
12.6704
15.5794
19.0102
23.0239
27.6781
33.038¢
39.1752
46.1661
54.1012
63.0860
73.2460
84,7311
97.7212
112.4309
129.1163
14741423

h/RT

3.177%
3.2911
3.40435
3.5294
3.6537
3.7310
3.9112
4.0639
4.1788
4.3155
444535
445924
4.73106
4.8706
5.0085
5.1448
9.2788
5.4098
549371
5.6602
5.7786
5.8920
£.0002
€.4328
641937
6.2907
643753
b.4528
6.5221
6.5815
6.6297
6.56%6
6.6722

h/RT

3.00406
3.1124
3.2243
3.3402
3.4530
3.5835
3.7106
3.b411
3.9749
4.1117
4.2514
443938
4.9384
4.6851
4.8335
4.9832
5.1338
5.28438
5.4358
5.5861
5.7352
5.8825
6.0274
641695
6.3082
6e4431
6.5739
6.7003
6.8220
6.9389
7.0508
7.1572
Te2578
7.3517
7.4378
75144
7.5795
7.6301
75618

TABLE III.- Continued

100.6438
109.30506
111.8761
114.3492
1156.727%
119.0087
121.1892
123.2638
125.2259
127.0677
- 12347801
130.3542
131.7608
133.0521
134,.1629
135.1120
135.9045
136.5538
137.0838
137.5307
137.94%4
134.3673
138.9401
139.6894
140.7332
142.1743
144.1174
146.6663
149.9245
153.9938
158.9660
154.,952¢8
170.1902

a

102.2917
105.1501
167.9171
110.5982
113.1990
115.7219
118.169>
120.5429
122.8422
125.0656
127.2144
129.2829
131.2684
133.1667
134.9736
136.6835
138.2917
139.7941
141.1875
142.4727
143.6516
14447326
145.7294
146.6632
la7.5637
148.4692
149.4262
15044920
151.7286
153.2036
154.9879
157.1537
159.7732
162.9184
166.6€14
171.0766
176.2429
182.2460
188.8361

S/R= 5.0000

c /R
p

3.00843
EXNALR]
349117
4.0229
44,1326
4.2410
4.3444
4.4901
4.5516
4.5602
4.7757
4.B046
4.9958
5.1103
2.2292
5.3536
2448506
2.6263
2.7773
9.9405
501173
03286
645146
5.7343
6.9553
*7.2030
Te4408
7.5701
7.98bll
8.0635
3.20d2
¢.3041
3.3512

S/Ra 55,3000
¢ /R
p
3.4907
3.6075
3.7221
3.8345
349448
4.0530
9.1592
442636
4.3602
4.4672
445668
4.b6€E51
447029
4.8593
44,4558
5.0025
21439
2.2485
Ye3493
5.4328
245640
2.0720
5.7396
249139
0404599
6.1863
543357
6.4939
5.6605
6.8339
7.0120
7.1914
73680
7.5367
7.6921
7.8287
7.9412
8.0252
8.G756

Y

1.1939
1.1877
1.1321
1.1772
1.1728

‘141691

l.1lc60
1.1635
L.1616
l.1604
1e1%99
l.1602
1.14/1¢4
1.1637
l.i671
1.1719
1.1783
1.18%4
1.1964
1.2087
1.2234
1.2435
1.2600
1.2€£18
143053
1.3299
1.3546
1.3780
1.3989
1.4161
1.4284
1.4353
1.4370

Y

1.2046
1.1969
1.1900
1.1837
1.1780
l1.1729
1.1683
l.1641
1.1604
l1.1572
lel544
1.1529
1.1501
1.1486
1.1477
1.1473
1.1475
l.1484
1.1500
1.1525
141559
1.,1604
1.1661
1.1731
1.1816
1.1915
1.2030
1.2159
1.2303
1.2458
1.2622
1.2789
1.2953
1.3110
1.3252
1.3374
1.3470
1.3538
1.357¢

Ye.
l.1890
1.13817
1.1747
l.1682
lL.1618
1.1557
1.1497
1.1437
1.1376
l.1314
1.1251
l.1184
1.1115
1.1043
l.u968
1.0890
L.0d12
1.0733
1.0658
L0549
1.0532
1.0492
1.0476

Le0491"

1,0546
l.GoaY
140308
l.1032
1.1326
L.1698
le2lb5
1.2701
L. 3L76

Ve

1.2031
1.1951
1.1877
l.18GC9
1.1746
lelbn?
l.1632
Lel579
le.l229
l.1481
1.1433
1.1307
l.1341
1.1294
1.1247
La2200
l.1151
l.1101
L.1050
1.0999
1.0947
1.0897
L.0349
1.0806
1.0770
1.0745
1.0735
1.0744
L.0777
1.0838
1.093¢%
l.lu68
1el244
1.1469
1.1745
1.2078
1.2470
1.2929
1.3431

«49°58
«3348
+ 3937
9923
« 3306
«938E
«9880C
» 7831
«9796
«9754
«3705
<9648
«93R2
<9506
+ 9420
«9323%

t.9215

+«3098
8971
«3837
+3699
«8598
s04l9
8236
-BY-T
“BI56
« 7967
7901
7864
<7858
«7889
« 74560
28243

+9986 .

«9983
«9980
«9975
£ 9970
« 9963
09955
« 9946
+9934
+9920
«3304
«98b4
«9861
«3834
9802
«9765
9722
<9073
<9617
<9554
+9485
9408
+9325
9237
9145
«9050
«895€
8363
«8776
«8597
8630
«8578
8543
+8330
.8540
«8573
8547
8748
«3880

i

+9126E-05
«9673E-05
«1021E-04
«l075L-0C4
«1129E-04
«1L81E-04
«1234E-04
21266E-04
«1338E-0%
«1390E=04
1441E-04
+14G3E-04
«1545E-04
+15938E-04
«16v1E-04
+1704E-04
«l759E-04
«1Bl16E-04
«1875E-04
«1334£-04
$14997E-04
«20€5E=-04%
+2139E-04
+2219E-J4
«2307E-04
24U6E-04
2515604
+2638E-04
«2775c-04
«2929€-04
+3102E-04%
«32%4E=04
«34953E-24

H

«8236E~05
«8790:-05
*+9339E-05
«98H83E-05
+1042E-04
+1096E-04
«1l4BE-04

T «12C1E-04

«1293E-04
«1304E-04
«13%5e-04
+1l4G6E-04
»1456E-04
«15C0E-04
W1556E-04
«1606E-04
«1656E-04
«L706E-04
«17L6€-04
«1807e-04
«18LHE-Q4
+1911E-04
+1965%€-04
2 2020E-04
£« 2077E-04
+2136E-04
02148E-04%
+2205E-04
+2338E-04
+2417E-04
+2504E-04
+ 26G0E~04
2 2TG6E-04
»2824E-04
v2955E-0%
+3101E-04
+3263E-04
+»3443E-04
»3632E-04

k

«2951E-02
«3452€~-32
«3993E-02
«4u56E-02
«4960E-02
«J46EE-0V2
«5973€-u2
+6484E-02
«699TE-Y2
$721.E-02
«8036E-u2
8568802
«91CH6E-02
+9653E-02
.1021E-01
«1079E=-J1
«113BE~VL
«1199E~-01
«1262t-01
+132BE-01L
+1398E-01
«1471e-01
«1548E-0
«1630c-01
«1718E-0C1
«1811E~01
«1912E-vl
. 20Q21E-01
«213bE-01
e 2266E-01
«24UEE-OL
«2%59E-31
J2t85E-LL

k

«2145E-C2
2644E-02
«3143E-02
»3643E-02
041432-02
s 4643E-02
«5145E-02
«564€c-02
W 6149E=02
«6633E-02
2 TL5GE=C2
«TE6TE~-V2
«B8LT7E~32
«8691E-02
«92J8E-U2
«3730E=-02
«1026E-01
«1079E-01
«1134E-01
+1189E-01
«1246E-C1
«l3v4E-01
«1364k-01
«1426E-01
«1490E-01
«1557E~G1L
«1627E-01
«1700E-0l
«1776E-0OL
«1860E~01
«1947E-01
«2040€-01
«2139€-01
«2245E-04
»236CE-01L
«2483E~01
«2617k~vl
«2763E=01
»2914E-01

Ner

L.G705
1.0057
9949
9171
+8083
«8661
.84b6
+8349
8241
«8lY6
5090
«8042
8009
« 79879
T34
« 7993
8015
<8053
.8106
8172
#3299
8368
8302
8659
8839
«3237
e 9247
« 9460
+9063
<9840
« 3396
l1.0102
LeUl4H

Pr

1.2603
1.1330
La.0d47
9827
«9375
«9034
8772
«8506
+8403
8272
<8167
«3001
$B912
+ 7906
<7912
« 7877
«7852
7835
«7827
.7827
7835
«7053
7879
+ 7916
<7961
«8017
«8087
«BLl72
8272
+33886
«8517
«8658
«8805
8955
« 9100
«9236
«3354
«J448
«9509

71



T

158.9334
168.9334
178.7334
188.7334%
19849334
208.9334
218,.,3334
228.9334
238.9334
245.4334
258.9334
268 .9334
278.9334
288.9334
298.9334
33849334
318.9334
32849334
335.9334
348.3334
358.9334
368.3334
378.9334
388.933¢4
398.9334
“0B.9334
418.7334
«28.9234
43649334
463,433
456.3334
498.9334
478.9334
48b.7334
49B8,9334
508.9334
518.9334
526.4334
$38.,7334
S4B.9236
55649334
26844334
278.9334
564,7127

72

v

11.1673
8.2012
GaUb34
4.510¢
343748
2.53R6
le194
l.4583
1.1131

«8534
5572
.5081
+3945
3075
« 2406
«1891
«1491
«1161
«U939
«075¢
. 0€G1
«)48¢4
« 0392
«J319
3260
.G2la
0177
ula?
»J123
ulci
<007
« 0074
e
«0055
UG48
<0042
L0037
«J032
0029
«302¢
»uC23
<3021
0019
«UC1e

p

«C078
<0113
U162
.0221
20324
«G4532
€27
~G8H3
il79
1631
.21¢1
+29CC
L3671
«5137
LE7851
+EQG4
leit 31
1.5111
l.952¢%
2.510¢
3.20¢88
4.0789
541551
6,676
d.CETC
10.03406
12,3713
1501527
16.437C
22.2878
2¢.7€50
31.9369
37.874¢
44 ,€524
524354y
61.0729
70.49134
81,9934
94,4512
10B. 0443
124.157¢
141.8C39
161.€312
174.1%949

h/RT

3.03¢4
3.1457
3.2590
3.,3704
3.4976
3.6229
3.7518
3.8342
4.0201
4.1343
4.3012
bott72
4.5934
4.74€3
4.b997
5.0552
2.2127
543719
5.5323
5.€937
2¢8250
5.0140
5.1749
543410
5.5010
©e6593
6.6154
09589
Tellds
7.2668
7.4105
T.0535
T.tu2Y
Tavls3
Teda27
10583
Be1857
#2972
£.6017
2.4979
¥.5840
2.6577
5.7163
te74ly

TABLE IJII.- Continued

a

103,1984
1056.06G459
U 8.8088
111.4912
114.1010
115.541¢
113.1166
121.5288
123.580C
126.1717
128.4046
130.57e7
122.6938
134.7484
136.7415
138.6711
140.5350
142.3310
14440269
145.7109
147.2922
145.8C11
150.2400
151.€6137
1£2.9306
15442033
19544492
10,6913
157.95¢82
159.2833
160.707Y
142.2735
154.0294
16640220
16843029
170.919¢
173.9217
i77.353%
131.2603
14547403
140.7993
190.5220
2€2.9651
{7.0914

s/R= 7.0000

c /R
P
3.2227
3.5334
3.7418
3.8529
3.3717
4.,0783
4.1327
442849
4.3850
4445830
4.5731
446734
407639
4e8508
Ge9462
2.0344
341217
520082
22943
2.34904
244570
Ze4%546
2eb436
Ve 7348
2.89287
249262
veu2??
»el340
02456
5.35628
Ha4d26
5.6139
5.7471
0.8n38
T.0c27
Teu0l4
7.2974
744277
Tei4vy1
7.62081
7.751%
7.8201
T.8791
7.8990

Y

1.2018&
1.1943
1.1874
l.1812
1.1755
1.1704
l.1656
l.1l6l4
l.1%74
1.1539
1.15G7
1.1478
1.1453
1.1430
1.1411
1.1396
l.1384
1.1375
1.1371
1.1372
1.1377
1.1388
lel405
1.1428
1.1459
1.1499
1.1%47
1.1605
1.1673
1.1751
1.1839
1.1938
1.2044
1.2159
1.2278
1.2399
1.2»19
1.263¢
1l.2745
1.2843
1.2928
1.2997
1.3050
1.3073

Ve

l1.2011
1.1934
1.1364
1.1799
1.1740
1.16865
1.1633
lel585
1.1540
1.1498
1.1457
1.1418
1.4380
1.1344
1.1308
1.1272
1.1237
l.1202
l.1l67
1.1132
1. 1097
1.1063
1.1029
1.0996
1.G966
1.0940
1.0948
1.09063
1.0898
1.0905
1.0926
1.0365
1.1024
1.1108
L.1218
1.1357
l.13528
1.1734
1.1976
1.2258
1.2503
1.2994
1.3376
1.364%

Z

«9993
+«9992
+«9990
.9388
+9986
»9963
9979
9975
29969
«9963
«995%
« 3946
+9936
9923
«9908
+9891
9871
+«9848
9821
9791
«9756
.9718
9675
« 9627
9576
<9521
29463
29404
«7363
9283
«3226
<9174
«9128
<9091
«9065
«9053
9057
.9379
«9120
«7184
<9272

«9387
«9531
9629

g

«B398E-05
«8950E-05
»9498E-05
«1004E-04
«1058E-04
«1111E-~04
«1163E-04
«1216E-04
«1267E-04
«1318E-04
«1369E-04
«1419E-04
+1468E-04
«1518k-04
«1566E-04
+1615E-04
«1663E-D4
«1711e-04
+«1759E-04
«1807E-04
«1855E-04
«1903E-04
.1952€-04
«2001E-04
«2051E-J4
«2102E-04
«2154E-04
«2207E-04
«2262E-04
«2319E-04
«2379E-04
»2444E-04
«2513E-24
«2589E-04
«2671E-04
«27€1E-04
+«2860E-04
«2969E-24
«308%E-04
«3222E-04
«3366E-04
+3529E-04
«3705E-04
«381l5E~04

k

«2290E-02
«2789E-02
«3287E-02
+3786E-02
«4286E-02
«47T85E-02
«5285€~-02
«5785E-02
2+6285€6-02
«6786E-02
«7288E~02
«7791E-02
«8295€E-02
«8800E-02
«9307E~-02
»9817E-02
«1033E-01
+»1084E-01
«1136E-01
«1189E-01
«1242E-01
«1296E-01
«1351€E-01
«1406E-01
«1463€-01
.1522E-01
»1562E-01
«1644E-01
+1708E-U1
«1774E-01
»1844E-01
«1916E-01
199301
+2073E-01
«2158E-01
«2247E-01
«2342E-01
«2444E-01
»2552E-01
«2667E-01
«2792E-01

2 2926E-01
«3070€-01
»3159E-01

Ner

1.2205
l.1032
1.0240
9676
<9260
«8944
«8699
«8506
«8351
.8226
«8124
«8040
7970
«7912
<7864
. 7824
« 7790
7763
<7741
« 7725
<7713
«77G6
« 7705
« 7708
. 7718
<7733
7755
7783
«7816
7856
«7907
<7968
+8039
«8l21
+8213
8312
8417
«8526
<8634
«8739
8835

«8918
8984
«9011



T

186.8875
196.8875
206.8875
216.8875
226.8875
236.8875
246.8875
256.8875
266.8875
27648875
286.8875
296.6875
306.8875
316.8875
326.8875
336.8875
346.8875
356.8875
366.8875
376.8875
386.8875
396.8875
406.8875
416.8875
426.8875
436.8875
446.8875
456.8875
466.8875
476.6875
486.8875
496.80875
506.0875
516.8875
526.8875
536.8875
546.8875
556.8875
566.8875
576.8875
586.8875
588.8889

v

11.1665
843439
6.2692
447345
3.5929
2.7392
2.0976
1.6133
1.2457

9657
7516
5871
<4604
3623
+ 2861
.2268
+1804
1441
1155
«0929
<0750
<0608
» 0495
20404
.0332
. 0274
. 0227
<0189
+0158
«0133
«0113
«0096
«0082
0071
«0061
«0053
« 0047
+0041
. 0037
0033
0029
0029

P

<0092
+0130
0182
.0252

. 0348
0476
J0647
0876
1178
1575
2096
2775
.3656
<4793
6253
8121
1.0497
1.3505
1.7295
242043
2.7961
3.5297
444336
5.5407
6.8883
8.5179
10.4755
12.8110
15,5782
18.8364
22,6426
27.0617
32.1599
38.0069
44, €764
52.2468
60.8026
70.4358
81.2475
93,3498
106.8675
109.7546

h/RT

3.3527
3.4734
3.5981
3.7265
3.8586
3.9943
4.1335
4.2760
4.4218
4.5708
4.7227
4.8775
5.0350
5.1950
5.3574
2.5220
5.0885
5.8567
6.0264
641972
6.3690
6.5413
6.7138
6.6861
7.0579
7.2288
7.3983
7.5661
7.7319
7.8953
8.0561
B.2139
83687
8.5201
8.6681
B.8125
8.9529
9.0891
9.2205
9.3465
9.4661
9.4892

TABLE III.- Continued

110.9987
113.6364
116.2C73
118.7158
121.1656
123.5598
125.9008
128.1908
130.4314
132.6238
134,7688
136.8669
138.9143
140.9228
142.8860
144.7895
146.6506
143.4627
150.2254
151.9388
153.6034
155.2269
156.7943
158.32681
159.8292
161.3073
162.7748
164.2478
165.7460
167.2922
168.9140
170.6407
172.5042
174.5379
176.7757
179.2514
181.9979
185.0478
188,4331
192.1866
196.3426
197.2260

s/R= 7.3000

c /R
p

3.8387
3.39476
40542
4e1585
4.2605
4.3602
4.4576
445529
446459
4.7369
4.8257
4.9126
449975
9.0806
Yel621
542419
4.3204
5.3977
5.4740
225436
5.6248
5.6999
5.7753
5.,851%
5.9288
6.0077
5.0887
5.1723
5.2589
4.3488
5a4423
6+5393
6.6398
3+7434
648494
2.9570
7.064R
7.1715
7.2721
7.3739
74657
7.4831

Y

1.1821
1.1763
1.1709
1.1560
1.1615
1.1574
1.1536
1.1501
1.1469
1.1440
1.1413
1.1389
1.1367
1.1348
1.1331
L.1317
1.1306
1.1297
1.1291
l.1248
1.1289
1.1294
1.1303
1.1316
1.1335
1.1359
1.1389
1.1425
1.1469
1.1519
1.1577
1.1642
1.1715
1.1793
1.1876
1.1966
1.2058
1.2151
1.2244
1.2334
1.2420
1.2437

Ye
1.1816
1.1756
1.1701
le1651
1.1604
1.1560
1.1519
L.1481
l.1444
L.1410
1.1377
1e1346
l.1316
l.12b67
1.1259
1.1232
L.1206
1.1180
Lello4
1.1129
1.1105
l.1082
1.1060
1.1040
1.1022
1.1008

1.0997.

1.0993
1.0995
1.1006
1.1228
1.1062
1.1110
1.1175
1.1257
1.1360
1.1483
1.1629
11799
1.1994
1.2216
1.2263

Z

29994
«9993
« 9392
9991
«9989
«9987
+99484
<9981
«9977
«9973
9967
«9961
«3954
«9945
«93935
«9924
«9911
« 9895
+9878
«9359
9837
«9813
9786
9757
29725
«90692
«9657
9621
9586
«2551
.951¢8
«3489
“ 9465
9447
» 3437
<9437
ALY
«9471
«9509
9562
+3632
<9648

u

«9929E-05
«1047E-04
«11G0E=-D4
«1153E-04
«1205c-04
«1256E-04
+1307E-04
1358604
«1408E-04
«l4b7E-04
«1506E-04
«1555E-04
«lbu3E-O4
+1651c-04
«1698E-04
«1745E-04
«1791E~04
«1838E-04
2 18b54E-04
«193GE-04
«1975t-04
«2022E-34
«2060E-04
«2115E-04
+2162E-04
«2210k-04
+2256E-04
«23CH8E-04
«2350E-04
«2410c-04
«24E4L-04
«2519E=24
«2278e~04
«2641L-04
«2709E-04
27E2E-04
«26L1E-04
«2947E-06
+3041c-04
+3162t-04
«3255E-04
«3279t-04

k

«3£83E-02
«4lyek-02
»4681E-02
+5180€-02
«5679E-02
»6178E-02
«6678E-02
«7177£-02
«TETH8E-V2
«B1l78E-02
+«BoBOE=-V2
«9182E£-02
«9685E-02
+1C19E=-21
«1069E-01
«1120E-01
«1171E-0C1
»1222E-01
«1274E-01
.1326E-01
- 1378E-01
«1431E-01
«1485E-01
«1539:-01
+1534E-01
«1690E~0L
»1708E-01
«1707€-01
«1827E-01
«1890E-01
«1994E-01
«2021E-01
+2091E-CL
.2163e-01
«2239E-01
«2318BE-94
«2401E-01
«2489E-01
v 2581e-01
«2679£-01
«2782c-01
«2803€-01

Ner

«9775
+9333
+3000
«8741
.8538
«8376
. 8245
«3137
~ 8048
7974
« 7912
7859
7814
«7775
7742
27713
. 7688
« 7666
. 7647
<7632
- 7619
» 7608
. 7601
£ 7597
« 7596
« 7598
7605
7615
7631
« 7650
7672
L7760
«7730
L7779
<7630
. 7088
e 7952
L8022
8097
W8174
8252
8268

73



T

21644079
226.4673
236.4679
246.4673
29644679
266436179
276.1579
286 .4€79
29544677
306.4¢73
3lo0.4679
320.4674
336.4677
346.4679
326.4677
366.4577
376.4679
386.4¢77
396.4679
40644577
416,467
42642679
436.,4679
446, 4€79
456.4€79
466,467
47644677
486.4679
495.4679
206.4€79
51644679
226.46179
530.4679
246.4079
236.4€79
20644679
576.4679
38644673
588.3849

T

247.6583
257.6560
26749550
277.5560
287.6500
297.6%69
307.6500
317.6500
327.6560
337.6560
347.6560
35746502
367.6560
377.5500
387.6500
397.5500
407.65060
417.5560
427.65%60
437.6560
447,660
457.6560
467.6560
477.6550
487.5560
497.6560
507.45560
517.0562
22756560
537.6560
247.05640
557.6560
567.0560
577.056)
587.5560
588,.388B9

74

Vv

11.1€79
B,4724
€.4574
4.94134
348007
2.%33¢
2.2733
Le 763
1. 3806
1.0818
«cL07
.c712
«5315
4222
«33¢€v
2091
2160
<1739
140
« 1139
. J9 26
22756
» 2620
«US1C
«0621
.2349
#0290
3243
<0204
«0lL72
.0l40
«J124
U107
« 0092
«u80
«0GAh9
w061
«J053
<0052

Vv

11.166¢
t.5893
€.56332
5.1617
442008
3.1chb
Z+4486
1.4257
1.219¢
1.2031
«3556
7615
6087
<4882
23927
<3169
2565
2083
1697
.1386
«1137
20935
w771
20639
wu531
$J443
0371
U311
«0263
.y223
+0189
L01E2

«J139

«v120
«0104
»0102

p

1207
«0147
.C202
.Le74
371
«C200
SLEEY
«Gb91

e 1131
$1558
L2042
2672
3477
$4204
-1
7462

e 6544
1.2457
LYY
1.9430
2+45C3
{89y
3.8270
4.7514
5.8724
7.224%
E.B450
Lue 7733
13.0707
18.7722
18.9342
22.614¢
26,6734
31.773C
37.3791
4347599
SU.9ET3
59.136¢
01.2573

p

{122
L0165
222
2C297
«G39¢
autZe
L0692
L9t
«ilP6
.1544
2061
2582
.332¢C
4250
H6421
«HHEY
.8719
1.0994
l.2810
l1.72¢3
241547
2.6759
3.310%
4.,0794
5.0069
€.12C5
7.4509
9.0325
10.963¢
13,1055
15.£818
1846610
22.1540
2641543
30.7382
31.3465

h/RT

3.721c
3.5537
3493937
4e1238
4e2712
4.4176
44,5670
4.7194
4.8750
Ce(334
3.1945
ve3584
65248
Jet936
He0543
$.0376
t.2125
£.3491
€es572
C.TEH8
69270
7.1081
7.2837
7.4716
7.0533
7.t345
840151
519497
s.3724
55493
36724y
Ret96%
daU6065
G.2342
Y.3931
veunll
9.72G2
FebT5C
9.9132

h /RT

441451
442890
4.4361
4.5360
4.7392
4esdd4
240046
S.2157
543815
L4691
57171
9408917
60655
£.2439
6.4226
640035
o.7352
6,970
7.1963
7.3432
7.35312
7.7200
7.9095
8.0993
8.2893
8.479¢
3.6687
8.8576
4,0457
9.2320
9.4183
9.6024
9.7347
949632
13.1435
lu.l654

TABLE III.- Continued

a

llo«é544
121.1173
123.52067
125.8059
128.1973
120.4032
132.6825
134.8661
137.0061
13942007
141.1€97
143.192%
1651797
147.12%6
149.C42)
150.9198
152.760%
154.56u4
1£6.3301
1549.0724
15947764
1561.4204%
1£€3.0977
l6a.7229
1546.3322
167.932y
16945351
17141511
172.7352
174.4833
17€,23608
17440743
130.0195
182.0959
134.3273
L#E.7375
late 3495
13¢2.1853
192.9073

a

12641991
128.5135
13G.7644
133.0141
13542040
137.3574
139.4741
141.55%62
143.6045
145,62C6
147.60Q050
149.5989
151.64819
19343760
15542413
157.0766
158.8838
150.£728
162.4313
1654.1670
165.8022
167.5781
167.2549
170.9288
17245932
174.2588
175.933%
177.6270
174.3502
181.1159
182.9344
184.8332
186.8170
183.9071
191.1212
191.4036

5 /R= 3.2030
c /R
p
01229
4.2547
4.3941
1.45.2
4.5400
426345
4.7247
4.8167
te9d2Y
4.9800
J.3073
S.la6¢
9.2239
ve2991
43725
Jeb%al
5.5161
949325
Yeb4d2
27154
27203
78444
PRRAVELY]
2.9714
b. 0348
0987
5.1633
542290
3.29€1
2438650
5.4357
245245
5.5835
54€006
2.7395
2.3200
39014
5.9831
7.0029

S /R= B,5000

¢ /R
p
4.461¢€
4.2559
4.5478
4.7374
4e247
4.9G9¢
444922
5.0725%
2.1500
2.2264
5.300C
2.371°¢
2+4408
2.5081
2.2733
245306
5.6940
5.7577
3.3157
2.8722
5.9273
2.9811
5.,0339
6.0859
5.1372
6.1880
5.2387
5.2894
5.3404
03919
Heb4asl
544972
445514
546056
5.£528
0.0698

Y

1.1660
1.1614
le1572
1.1533
1.1497
1.1464
1.1434
1.1405
1.1379
1.135%
1.1333
1.1313
1.1295
1.1278
Lel264
1.1251
1.1241
1.1232
l.122¢
l.1222
1.1221
1.1222
1.1226
1.1234
1.1245
1.1260
1.1279
1+1303
1.1331
1.1364
1.1403
1.1447
1.1497
1.1551
l.1611
11675
141743
1.1814
1.1832

4

1.1527
1.1491
1.1458
l.14627
1.1398
1.1371
1.1347
l.1324
1.1302
1.1283
l.1264
1.1248
1.1233
1.1219
1.1207
1.1196
l.1187
1.1179
1.1173
1.1169
1.1167
l.1166
1.1168
1.1172
1.1179
1.1188
l.1201
1.1216
1.1239
1.1258
1.1284
1.1314
1.1349
1.1387
1.1429
1.1435

Ye
1.1650
141609
leloge
1.1520
l.1489
lal454
l.ela2l
141330
l.1361
141333
1.1307
1.1282
1.1258
Lel236
1.1214
1.1193
121172
1.1153
1.1134
lelil?
141100
141345
1.1071
141359
1.31050
141043
1.1041
1.1042
1.1050
1.1064
1.1087
l.1118
l.1160
lelZls
1.1261
l.1362
la1457
1.1569
1.1598

Y
e

1.1524
L.1487
1.1493
l.i421
1.1391
1.1363
1,1337
L.1312
1.1289
i.1267
l.1246
1.1226
1.1207
l.1189
1.1172
lellbe
1.1140
l.1126
1.1113
l.1100
1.1089
1.1079
1.1071
1.1065
1.1001
1.1059
1.1061
1.1067
1.1078
1.1094
1.1116
l.1145
l1.1183
l.1229
1.1i285
1.1293

yA

» 9995
+3994
«9394
«9692
«9991
<9389
£ 9988
«3385
«9983
+ 9980
+3976
.9972
+ 99567
«9361
«9954
<9947
9938
.9928
«9917
«39C5
+9392
9877
+9861
«3844
»9825
+9806
w2787
«9763
»9749
«9732
«9716
+ 3704
£ 969¢
«9692
+ 9695
L9705
29724
9751
«93760

Z

.9996
9995
+9995
99734
49993
.9992
.9990
L9989
.9987
«9325
.9982
«9979
«9976
«9972
+9968
«9963
«9957
«999%1
«9945
«9937
.9929
9921
«3912
+9902
+9893
9883
9874
.98€5
+9857
«9851
9847
+9846
.9848
+9854
«9866
+9868

u

«1150E-04
«12G2E-04
«l254E-04
«1305E-04
.1356E-24
«l4ubE-04
«1l4E5E-04
«1504E-04
«1552€-04
«160G0E-04
«lbabE~V4
+1694E-04
+1741E-04
«1767E-04
«1833kc-04
«1873c-04
«1923E-04
+1966E=-04
»2012€-04
«2057E-04
«2101€E-04
«2145E-04
«2189E-04
0 2234E-04
«2279L-04
«2324E-04
«2369E-04
22415€E-04
«2462E-04
«2510£~04
«25€0E-04
«2610E-04
2661E-04
«2715E-04
«2772E-04
«2833k-04
«28G9BE=J4
+2967E-04
«2564E~04

U

2»1311€-04%
«1361£-04
«1411E-04
«1461E-04
«1509€E-04
«1556E-04
«loG5E-04
1653804
«1699E-04
«1746E-34
«1792E-04
«1637E-04
«18682E-04%
«1927€-04
«l971E-04
«2015E-04
+2058E-04
«2101E-04
«2144E-~04
«2187E-04
«2230E-04
«2272E-04
«2315E-04
+2357E-04
«2400£-04
«2442E-04
«24856-04
«2529E=04
«25T3E-04
+2617E-04
«2663E-04
«2709E-04
275704
+2804E-04
«2854E-04
«2860E-04

k

+5158E-02
«2656E-02
<6155E£-02
 6654E-02
L7153E-02
«T652E-02
+8152E-02
+8651E-02
.9151E-02
L9652E-02
+1015€-01
.10656-01
+1116€-01
<1166E-01
$12166-01
.1267E-01
.1318E-01
+1369E-01
+1420€-01
. L471E-0L
«1523€-01
.1575e-01
.1628£-01
J1681E-01
.1735€-01
«1790E-01
+1546E-04
+1902E-01
«1950E-01
L2019E-01
. 2080E-01
.2163€-01
+2207€-01
L2274€-01
.2342E-01
.2414E-01
+24B8E=01
$2506E-01
. 2585€~01

k

L67126-02
W7211E-02
L7TL0E-02
.8209E-02
.B708E-02
.920TE-02
+9706E-02
L1021E-01
L10716-01
+1121E-01
L1171E-01
+1221E-01
L1271E-01
.1321E-01
.1371E-01
. 1422£-01
. 1472E-01
«1523E-01
«1574E-01
.1625€-01
L1677E-0L
L1728E-01
.1780E-01
+1833€-01
.1686E-01
+1939E-01
+1994E~01
+2049E-01
. 2104E-01
.2161E-01
+2219€-01
L2278E-01
+2339€-01
.2401E-01
+26465E-01
+2673E-01

N
Pr

8750
«8544
. 8380
«8247
+8139
8048
.7973
«7910
« 7855
« 7809
« 7768
. 7733
7701
- 7673
<1647
7624
. 7603
«7583
<7565
« 7548
. 7533
<7519
. 75C6
. 7495
« 7480
« 7479
«T474
<7472
7472
7475
«7481
« 7488
« 7499
«7515
+7535
7561
7592
« 7629
«7638

Pr
+8233
«8126
«8038
+ 7963
L7961
+ 7847
<7801
« 7760
7724
$ 7692
« 7663
<7636
« 7611
« 7588
« 7566
« 7545
27224
« 7504
+ 7484
+ 7465
7447
« 7428
« 741l
«7394
« 7377
» 7362
« 7348
«7335
.7323
+7313
«7305
« 7299
« 7294
+ 7290
+7288
«7288



T

28044503
29344203
300.4203
310.4903
32004593
330.4503
34C.4503
35049593
36344503
37V.4503
38044503
39uv.4503
40ueal3
4lu.a503
42044503
430.4503
440.4503
43044503
46C.4S03
470.4503
48004503
490.4503
200.45013
510.4503
5204503
23uet03
54044503
55044503
56044533
970.4503
280.4503

988.8689

I

314.9239
324.9239
334.9c39
34449239
354.9239
364.9239
374.9239
384.9233
394.9239
404.3239
4l4.9239
424.9239
434.9239
444,.3239
454.9239
464.9239
474.9239
48449239
494.3239
204.9239
514.9239
52449239
534.923%
544.9239
554.9239
564.9239
574.9239
584.9239
588.8889

v

Lles?17
ne7014
caBU14
L. 3350
4.1991
3.3161
2e2273
ZoubE2
leotS0
1.331¢
l.d€oh

«3597
«nY38
ShLFE
4260
.3712
«3032
2484
L2040
.levl
e1303
S1l152
+ 0958
«JTY9
RILY
WU561
2473
«J4G0
0339
0289
0247
0217

v

11.1717
6.9048
t.9h29
e 5240
4.3964
3.5097
203108
2.2572
1.8183
1.4690
1.1902

9671
« 7880
<6439
«9277
«4336
+3573
«2953
2447
»2033
<1664
21416
»1187
<0998
«0841
«0711
«3603
«0513

0482

p

(138
«Clua
Nk
L032¢
fa20
s0249
0713
LG524
1192
<1831
«165y
2499
<3174
4Cle
SCEYy
££371
« 798
«59E1
1.2289
1.5357
lek G459
2e3350
2.8F4]1
2.500¢
4.2634
5.173¢
542551
£347
9.08617
1540104
12.6734
la.6721

p

0158
20203
«OzbY
0344
Chat
.0E73
0734
.Cy3y
1196
<1217
1919
22418
«3037
«2802
4743
+5896
<7310
«GC30
1.112¢C
1.3649
1.£699
2.0366
2.4757
2+9998
3.6229
4.3611
5.2323
6.2565
6.7108

h/RT

40029
4.7532
he94d4
2.133%6
2.2638
544297
2.5933
Y7596
59433
£e119%
5.29430
£.44736
tebhl3
548459
7.032%
7.2207
Tealln
7.5017
Ta7942
7.44878
Held2a
5.3779
Be5739
¢ 7774
d.9571
9.1639
343605
Geuubd
9.7520
9.94706
1041417
10.3046

h~RT

51737
2.3333
S5.50%¢
S5.673¢€
5.0432
6.G233
642008
6.3807
6455623
5.7470
6.9332
7.1213
7.3112
7.5029
7.6961
7.8908
8.0869
8.2841
BeaB25
B.6819
8.6821
9.0829
9.2843
9.4862
9.6882
9.8904
10.092¢4
10.2942
10.3741

TABLE III.- Continued

a

123,6606
135.R8470
137.997%
14341133
142.1973
144,249
14542719
143,26351
150.2323
152.16¢>
1v6.C8U35
I5%.9073
127.8295
1%9.6€82
141,484l
163.2743
165.0L1%
1he.EC53
168.5621
170.2622
171.964d4
173.€635
179+350¢€
177.0330
L74.717%
14044001
142.111%
153.835%
135.5891%
1€7.381%
139.2250
197.8281

a

141.0754
143.1500
145.1946
147.213¢
149.1992
151.1614%
153.0984
155,0199
155.9000
158, 766¢
152.6114
162.4323
154.2392
165.0240
167.7936
169.5401
171.2737
172.9927
174.6987
176.3935
178.0793
179.7566
181.4343
183.1100
184.7896
186.4780
1838.180%
189.9032
190.5934

S/R= 9,0000
¢ /R
p

4.7612
danatt
+.331l6
seula3
20924
Jelede
se2443
703166
23867
2+494%
PRI
2.3834
J.0445
247035
247503
708151
2.8579
Z.9188
Se9567C
5.0151
5.0b0G
2.1ld4F
sele??
S.1l8d4
5.2205
n.26175
2.3257
543432
53802
b.4168
5.4232
©.4339

S/Ra §,5000

c/R
p

9.0483
5.1264
2.2022
542756
5.3406
244153
34816
22458
546073
2.66067
5.7238
2.7787
5.8313
28817
5.9299
5.3760
6.0199
6.0618
6.1017
6.1397
6.1758
642100
b6.2426
65.2735
6.3028
6.3308
043574
6.3827
643925

Y

1.1417
1.1389
1.1362
1.1337
1.1314
1.1293
1.1272
le1254
1.1237
l.1221
1.1206
L.1132
1.1180
1.1169
1.1159
1.1150

lell4a2
1.1135
1.1130
l.1126
l.1124
1.1123
le1123
1.1126
1.1139
1.1136
l.ll44
l1.1155
1.1168
1.1183
1.1202
l.1219

14

1.1326
1.1303
1.1282
L.1262
l.1244
1.1227
l.1210
1.119%
le.ll82
1.1169
1.1157
l.1146
1.1136
1.1127
1.1118
1.1111
1.1105
1.1100
1.1095
1.1092
1.1090
1.1089
1.1089
1.1091
1.1094
1.1098
1.1104
1.1112
1.1115

Ve

Lelals
1.13d86
lelssy
1.1333
l.1309
Le12d7
1.1206
lel246
le1227
1.1209
1.1193
1.2177
Lelle2
Le1ll48

141135,

1el1123

1.1111
l.1101
1.1091
1.10863
1.1075%
1.1069
1.1065
1.1062
L.1062
L.1064

“1l.10€9

1.1077
1.1089
1.1109%
lesl2?
l.1149

Ye
l.1324
1.1301
l.1279%9
1.1259
1.1240
1.1222
141205
l1.1189
Lell74
1.1160
l.1147
l.1135
l.1123
lel113
1.1103
1.1094
1.1085
1.1078
l.1071
1.1066
1.1062
1.1059
1.1057
1.1057
1.1059
1.1063
1.1069
1.1079
1.1083

z

« 3396
JYYIC
<9396
« 9965
«9994
$ 9993
«9992
«9991
« 9990
«G9n8
<9387
«9335
«9983
<9920
«9977
«9I7h

«93971
3968
9364
<9960
+995¢
e99351
9946
«9942
.9938
«9334
.9931
«33728
«9327
«9328
«3931
«9935

3997
«9997
«9996
«9996
+999¢%
» 9935
« 9994
«9993
«9992
«99391
#9390
<9989
<3988
«3986
«9984
+9983
«9981
<9379
£ 9977
9975
«9373
«9971
293969
+9968
<9967
<9967
«9967
«9969
«9970

H

«1474E~04
«1923E-04
«1571E-04
«loivE-D4
«lbebE-04
«L712E-04
«1758€-04
«18604E-04
«1843t-04
«1854E~-04
«1933E-04
«1962E-04
«20256-04
«2069E-04
«2111E-v4
«2154L~-04
22196L-04
«2237c-04
«2279E-04
«2320L-04
«23¢1lE-04
«2402E-04
«2443E-04
2484E-04
«2524E-04
$2265E-D4
«2606E-04
2647L-04
W 268Y9E-04
«273uk-U4
«2773E-04
«28LIE-04

u

s1640E-04
«lEboE-04
«1733E-04
«1779€-34
«1824£-04
«1869E-04
«1913E-0¢
«1957t-04
<2001t -04
«2044E-04
»2087E-0Q4
«2129E-04
. 2171t-04
#2213E-24
«2254E-04
«2295E-04
«2336E-04
«2376E-04
«2416E~04
+2456E-04
«24G6E-04
+2535E-04
«2%74E-04
«2613E-04
«2652E-04
«2692E-04
«2731E-04
«2770€-04
2 2785E-04

k

+8347E-02
+8846c-02
«9344E-02
«9843E-32
4034601
«1084E-01L
+1134E-01
«1184L-01
+1234E-01
+«1264E-01
»1334€-014
»1384E-01
»1434L-01
«1484E~01
«1535€=01
«1585£-01
s1635E-01
«1686E-01
«1737E-01
«l7b7E-01
«1b638E-C1
«1890t=01
+1941E-01
+1993E-01
+2045%E-901
«2C96E-01
+2151E-01
«2205E-01
«225%E-01
«2314E-01
«237GE-01
«241bE-01

k

«1007€-01
J1C56E-01
«1106c-01
«1156E-91
+1206E-01L
«1256E-U1
«1306E-01
«1356E-01
«1406E-01L
«1456E-01
«1506€-01
«1556E-01
«1606E-04
+1656E-01
«1706E-01
«1T56E-01
«1807e-01
+1857E-01
+1908£-01
«1958€-01
»2009€-01
«2060E-01
«2111E-01
«2163E-01
«2214E-01
«2266E-01
.2319€&-01
«2371€-01
+2392E-01

Pr

« 1944
7884
7633
. 7788
«IT4s
7713
«T68E
7653
<7026
« 7601
7577
« 75923
L7531
« 7509
<7487
7463
«Th4 s
7421
«7398
<7370
«7353
«73390
. 7307
«72b¢
7262
« 7239
« 7216
7194
<7173
« 7122
«7132
. 7116

Pr

7769
.7731
« 7698
7667
« 7639
+ 7613
.7588
« 7564
« 7540
7517
«7495
«7472
. 7449
« 7425
+ 7402
7377
7353
.7327
7301
<7274
« 7247
7219
7191
<7162
«7133
«7103
<7073
«7043

+7031

75



T

351.1382
361.1382
371.1382
381.1382
391.1382
401.1382
411.1382
421.1382
431.1362
441.1382
45161332
461.1382
471.1382
48l.1302
491.13682
501.1382
511.1382
521.1382
5$31.1382
241.1382
551 .L382
561.1382
971.1382
581.1382
288.d&09

T.

389.2419
399.2449
409.2419
419.2419
429.2419
439.2419
449.2419
459.,2419
4692419
473 .2413
489.2419
499.2413
509.2419
519.2419
529.2419
939.2419
549.2419
959.2419
569.2419
979.2419
588.8689

76

v

1441717
5.39076
7.1232
5.7148
405979
3.71C0
3.0022
2.4363
1.9826
1.5179
l.3239
L1.0863

«8937
« 7373
5099
<5058
«4207
«3508
+2933
«2459
2067
«1742
1672
1248
1100

v

11.1692
9.0058
7.2839
5.4072
4. 8042
3.9179
3,2038
2.6270
2.1598
1.7804
1.4716
1.2195
1.0132

$8440
.7049
45902
$4955
$4170
$3519
.2977
+2540

p

L0173
02232
.G2R7
0367
LC4E9
.CL95
L0754
0952
L1197
.1501
1876
.2337
$2962
3292
L4432
25452
L6E86
L6175
«9964
1.2109
1.4€71
1.7721
2.1341
z.5e22
2.94¢€7

p

«0l92z
0244
309
«C391
«C492
Q€17
G772
<0963
«1197
1482
«1631
<2254
2768
3388
<4134
«5030
<6103
7383
8907
1.0713
1.2767

h/RT

5e?830
5.95173
6.1340
6.3132
6.49408
6.6783
t.0b40
7.0518
7.2415
T.4330
T.6282
7.821C
8.0174
§.2152
dettlal
B.€146€
3.6160
9.0184
9.2216
Je4256
9.6303
Y 8334
10.0410
1U.2458
10.4064%

h/RT

644505
£.6438
646233
7.0168
7.2063
7.3977
7.9308
7.7857
7.9321
8.1800
88,3793
d.%800
8.7818
8.984b
9.18487
9.3936
9.5993
9.8057
lu.0127
10.2292
10.4298

TABLE III.- Continued

a

148.4703
150.446¢
15243959
12443235
15542269
156,108
159.9679
16l.80U7L
ib3.62056
155.4272
167.209%
16849747
170.7233
172.4563
17441747
175.8796
177.572C
179.2%33
150.9250
l82.5683
13 4.2457
L82.G9C¢8
187.55394
189.2088
190.4943

a

155.8d41
157.7720
153.€387
161.4850
163.3116
165.1194
166.9091
168.€815
170.4372
172.1709
173.9015
175.6117
177.3083
178.9921
132.60641
182.3251
183.9764
185.6192
187.2547
188.8845
190.4529

S /R=17.0020
¢ /R
p

943193
be3887
Ye4u28
245235
Jes828
5.6427
547003
9.7955
248085
5.6591
5.9074
209535
9.99172
6.0387
2.0779
541149
H.1498
0.lb25
9.2130
5.2415
542680
©.2925
6.3151
6.3358
5.3506

$ /R=10.5000
c /R
p

705705
J.63u8
5.6587
5.7442
2.7374
S.04d2
2.89066
9.9427
V.90 6%
©.0217b
560669
3.1036
9.1381
5.1702
5.2001
542277
42531
2.2762
2.2972
6.3160
5¢3321

4

1.1250
1.1232
1.1215
1.1199
la1lld5
1.1171
l1.1158
1.1146
1.1135
1.1125
1.1116
l1.1107
1.1099
1.1092
l.1u86
1.1040
1.1079
1.1972
1.10¢e8
1.1066
1.1065
1.1064
1.1064
1.kC66
1.1068

4

l.1186
l.1172
1.1159
1.1147
1.1136
1.1125
1.1115
1.1106
1.1097
1.1089
l.1l0b2
l.1u76
1.107C
1.1065
1,1060
1,1C56
1.1053
1.1050
1.1049
1.1067
141047

Te

l.1248
1.1230
1.1213
l.llu?
1.1182
l.1168
1.1154
lell4a2
1.1130
l.1119
1.110v
i.1100
1.1091
1.1083
L.lv76
1+1069%
Lel0b4
1.1059
1.1332
l.10%52
141350
1.1049
1.1049
101051
l.1024

Ve

l.ilso
1.1171
1.1158
1.1145
1.1133
l.l122
1.1122
1.1103
1.1094
l.108¢6
l.1u78
1.1071
1.1065
1.1059
1.1G54
11050
Lelva?
1.1044%
1.1042
1.10%1
1.1041

z

<9397
9997
<9997
« 9995
+3996
«939¢
«9995
«3395
«9994
«9394
«7993
«9992
«9991
9991
3990
« 7989
+9988
+3967
3386
«99€5
«99865
«9985
«993%
«9985
.9986¢€

9998
<9997
« 3997
. 9997
«3997
+ 39497
+ 94596
«9996
« 99986
+93995
«999¢
«9994
9994
«9994
9993
+9393
«9993
«9993
9993
«9993
«33993

"

«18C7E-04
Jlub2k=34
L1897E-04
1941E-Cé
«19864E~04
.2028E=04
+2071E-04
+2113E-04
c2159E-24
22197E-04
.2238E-04
«2279E-04
«2319E-04
.2360£-04
2 2399E-04
.2439E-04
$2676E-04
W2517TE=04
.2556E-04
+2594E-04
«2633E-34
W2671E-04
W2709E-u4

«2746t-04
2775604

M

+1976€-04
«2019E-04
«2062E-04
+2105E-04
«2147E-04
+21b9E-04
«2230E-04
«2271t-04
«2311e-04
«235¢k-04
«239LE-04
«2431E-04
+247CE~04
. 2209E-04
«2547E-04
«2586E~04
«2624E-04
v2661E=-34
»2699E-04
«2736E-04
«277LE=D4

k

+1187E-01
«1237€-01
«1287E-01
»1337E-0l
+1337t-vl
«1l43b6E-Vl
«14d6E-0L
«1536t-01
«1586E-01
«lé36k-01
«l686E-J)
«1736E-01L
«1786E£-01
«1836E-01
+1Bb6E=-Ul
«1937E-ul
»1987:c-01
«2037E-01
«2087E-01
«2138£-01
«2189E-01
«2239E-01
«2290E-0C1
«2341E-01
«2381E-01

«1377€-01
«1427E-01
«1677€-01
«1527E-01
«1576E-01
«lé20t-01L
«1676E-01
«1726E-01
el776E-01
«1B26E-01
«187€E-01
«1926E-01
«197¢6E-01
«202&6E-01
+2070E-01
«2126E-01
«2176£-01
«2227E-01L
«2277E-01
«2327E-01
«2376E-ul

NPr

« 7649
7622
+«759%0
e 7572
7548
« 7925
s 7502
«7479
« 7452
«7431
«T4u7
«7382
7357
-7331
+7308
«7276
7247
£ 7217
«7187
<7156
«7123
7990
« 7056
. 7021
« 6944

Pr

« 7552
« 7529
« 7505
7482
« 76459
7430
e 7410
« 7386
« 7360
«7333
« 7306
7278
« 7248
«7248
«7187
7155
27121
. 7087
#7051
<7014
«6978



T

429.3742
439.3742
449.3742
459.3742
46943742
479.3742
489.3742
499.3742
509.3742
519.3742
529.3742
539.3742
54943742
559.3742
2093742
279.3742
588.8809

T

47L.7946
48le7946
491.7946
501.7946
51147946
521.7946
531.794%
541.7946
551.79406
561.7946
571.17946
9817946
588.3889

T

516.7863
526.7863
936.7663
5456.7863
256.7863
566.7863
2767863
58647863
38d.3689

T

264.7714
574.7714
584.7714
588.8889

v

11,1717
9.1098
7.4492
6.107%
200213
4,.1390
344206
248363
24354%
1.761C
1.6374
1.3707
1.1503

«3678
«bléz
«0902
«9897

Vv

11.1696
9.2121
7.£160
6.315¢
5e2494
4.3743
3.6543
340605
2.5656
2.1¢27
1.824%
1.5435
1.3725

v

11.1717
9.3200
1.7952
645362
544941
4.6296
3.9107
3.3114
3.1982

v

11.1717
9.4312
7.9816
7.4560

(212
Geeé
(332
«.C4la
<0515
«(e38
0788
L5970
.1192
1459
.1781
2167
W2€30
+3183
3842
4623
«EE0L

p

0233
(286
£ 0356
oL43b
0537
«0e57
0802
0975
.1183
«1431
«172¢
2076
$23¢€3

»025%
(311
«C379
«0461
0554
«CeT4
0812
«097¢
«1C14

0278
«G336
<0404
+0435

h /RT

7.2093
7.4007
«5940
7.7890
7.9856
8.1837
A.3832
3.,9841
d.7862
849835
7.1939
9.3992
FtI55
9.8124
10.6201
10.2284
13.4270

h /RT

8.C338
na.2323
8.4323
8.6336
8.18361
9.0399
9e2446
9.4504
9.6370
9.3644
10.0726
10.2813
10.4297

h/RT

8.93d1
9.1424
9.3477
9.8540
9.7612
9.9691
10.1777
10.3869
10.4399

h/RT

9.9275
13.1350
10.3451
10.431¢

TABLE III.- Concluded

a

1€3.3479
165.1571)
166.9482
158.7221
170.4793
172.2200
173.94635
179.6573
177.3550Q
179.0389
18G.7101
1423693
184.6G173
185.,6243
137.28206
188.9017
190,4350

a

172.9105
172.6487
174.3717
176.06090
177.7743
179.4521
131.1230
182.7785
1d4.4223
13640550
187.6771
189.2893
13U.4274

a

17646195
180.2937
181.9551
183.6642
185.2415
186.8676
188.4829
190.0879
190.4241

186.5417
188.1583
189.7644
130. 4227

$/R=11.0000
c/R
p

27975
2.8482
2.8965
J5.9423
2.9859
haudl0
5.0626
5.1022
541362
541579
5.1973
5.2243
9.2490
6.2714
2.2915
0.3092
5.3240

S /k=11.5000

‘c./R
p

5.9935
6.0360
6.0741
5.1098
6.1431
5.1741
542026
56,2289
542527
5.2742
0.2933
543101
643205

5/R=12.0000

¢ /R.
P

bel584
6.1681
5.2154
542403
6.2628
6.2830
6+3007
o.3161
5.3191

S/R=12.5000
¢ /R
p
6.2786
6.2968

6.3126
6.3184

Y

1.1135
1.1124
1.1114
1.1104
1.1096
1.1088
1.1C80
1.1073
1.1067
1.1061
1.1C5¢
1.1052
1.1048
1.1045
1.1042
1.1039
I.1038

14

1.1093
1.1085
1.1078
1.1071
L.1064
1.1059
1.1054
1.1049
1.1045
1.1041
1.1038
1.1035
1.1034

4

1.1061
1.1055
1.1050
1.1046
11042
1.1038
1.1035
1.1033
1.1032

4

1.1039
1.1035
1.1033
1.1032

Ve

l.1134
l.1123
1.1113
1.1103
l.1094
1.1086
1.1078
La1a71
1.1065
141009
1.13054
le1049
1.1045
l.1042
1.1039
1.1037
1.1035

Te

Le10492
l.1004
1.1077
1.1070
1.1064
1.1058
1.1052
1.1048
1.1044
1.1040
1.1037
1.1044
1.1033

Ve

1.1061
1.1055
1.1050
1.1045
1.1041
1.1038
1.1035
1.1032
1.1032

Te

1.1038

1.1035
1.1032
1.1031

Z

«9998
«9998
«9994
9997
9997
9997
«9997
«9997
» 9997
9397
«999¢
+9396
«999¢€
+3996
+9996
«9996
23996

+3398
<9398
<9998
«9998
«9998
<9898
+9998
«9998
9398
<9398
« 9998
«9398
«9994

+ 9998
«9998
«9998
9998
9998
9998
9998
«9998
9998

+«9998
+9998
+«9998
+9998

M

«2147E=04
«2L89E-04
«2230E-04
«2271E-04
«2312E-04
+2352E-04
«2392E-04
«243LlE-04
«2470E-04
+2509E~04
.2547E-04
«2585E-04
«2623E-04
«2661E-04
«2698E-04
«2735t-04
«2770E-D4

u

«2321E-04
«2361E-04
«2401E-04
«2440€-04
«2479E-04
«2518E=04
+2956E-04
«2594E-04
«2632E-04
«2669E-04
«2TUT7E-04
«2743E-04
«2769E~-04

M

«2499E-04
«2537E-04
«2575E-04
«2613E-04
«2651E-04
«26BBE-0%
«2725E-04
«2761E-04
«2769E-04

"

+2680E-04
«2717E~04
«2754E-04
«2769E-04

k

«1577€~01
«1627E-01
«1677k-vl
#«1727€-01
«1776E-0L
«1826E-01
«18TE€E-OL
«1926E-01
«1976E-01
«2026E-01
«2C76E-01
«2126E-01
«217€E-Ul
«2226E-01
22276E-01
«2326E~01
«2374E=01

k

+1788E-0L
+1838E-01L
«1888E~01
.1938E-01
«1988E-ul
+2638E-01
. 2088E-01
+2138E-01
.2187€-01
.2237€-01
«2287E-01
+2337€-01
+2373E-01

k

»2013E-01
+2063E-01
«2112E-01
«2162E-01
«2212E-01
«2262E~-01
«2312E-01
«2362E-01
«2372€-01

k

«2252E-01
»2302E~01
«2352E-01
+2372E-01

Ner

« 7458
« 7434
«7410
« 7385
« 7359
«7332
7304
« 7276
« 7246
7216
<7184
«7151
717
« 7062
«7046
« 7008
«6971

Pr

«735¢
7325
« 7297
+ 7268
- 7238
«7207
<7175
« 7142
« 7107
«7072
«7035
6997
6969

Pr

.7223
7191
«7158
7124
7089
« 7053
«7015
6976
«6968

Pr

+ 7060
7022
6984
06967
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T
K

224.9147
234.9147
24449147
253.1879

T

218.2492
22842492
23842492
248.2492
258.2492
26842492
271.4230

T

204.6224
214.6224
22446224
23446224
24446224
254406224
264.6224
274.6224
284,6224
291.0609

T

185.6875
195.6875
205.6875
215.6875
22546875
23546875
245.6875
255.6875
265.6875
27546875
285.6875
295.6875
305.6875
311.9804

78

Vv

m3/ kg

«0026
«0022
.0019
«0017

+0040
+0033
«0028
.0023
.0020
«0017
«0017

. 0072
+0059
0048
+0040
«0034
.0028
«0024
0021
+0018
.0017

v

+0156
«0125
«0101
.0082
«0067
«0055
«0046
-0038
«+0032
.0027
.0023
+0020
.0018
«0017

TABLE IV.- THERMODYNAMIC AND TRANSPORT

p

atm

34,1923
4243870
53,4287
63.6982

p

27.9155
34,1068
4146825
51.1977
63,4860
79.7543
85.9998

p

17.9884
2243872
27.6230
33.8521
41,3045
50.3348
61.4671
75.4830
93,4779
107.8384

P

8.8776
11.4345
1445693
18.3706
22.9437
28.4035
34,8948
42.6117
51.8348
62,9558
76.5558
93.4503

114.7520
131.0571

OF CFy, AT CONSTANT ENTROPY

h/RT

9.5341
Ye6112
9.6989
9.7834

h/RT

9.85934

9.9475
10.0372
10.1317
10.2356
10.3538
10.3952

h-RT

10.0373
1041496
10.2592
10.3669
10.4741
10.5829
10.6965
10.8188
1049545
11.0517

h/RT

10.0194
10.159¢4
10.2975
10.4332
10.5660
10.6960
10.8237
10.9501
11.0765
11.2057
11.3406
11.4852
11.6443
11.75642

s /R = 24.0000

a c/R
. P
m./sec
102.9286 63,3612
111.7056 39,5330
125.1756 2647621
140.7035 21,0377
S/R=24,5000
a ¢ /R
p
109.3885 20.9160
111.9879 2241204
116.8573 2149377
124.8923 20.3818
137.0299 1B.1927
154,2523 16.1191
160.,9584 15.5446
S/R=25,0000
a ¢/R
P
119.,5555 11.4587
120.,0092 12.3747
120.8628 13,3254
122.6071 14,2182
125.7434 14,8984
130.9721 15.1952
139,0706 15.0202
150.8607 14,4584
l67.2003 13,7077
18045435 13.2134%
S /R=25,5000
a c¢/R
p
127.1908 8.0535
128.2624 8.5277
12942263 9.0373
129.8870 9.5839
130.6918 10,1679
131.,7747 10,7779
133. 4564 11.3875
13601587 11,9487
140.4036 12.3947
146.8102 1246538
156.,0600 12.6897
168.,8854 12,5231
186.,0488 12.2240
199.,4150 12.0059

8.8578
5.4776
3.7009
2.9172

3.1035
3.2076
3,1267
2.8714
2+.5407
242516
2.1713

1.8761
1.9575
240449
2.1258
241798
2.1853
2.1324
240340
1.9167
1.8425

1.5009
1.5245
1.553%
1.5898
1.6320
1.6794
1.7283
1.7724
1.8032
1.8115
1.7931
1.7512
1.6949
1.6569

1.1652
1.3175
1.5444
1.7969

1.0629
1.0979
1.1683
1.2857
1.4609
1.7033
1.7958

1.0872
1.0775
1.0771
1.0909
1.1257
1.1895
1.2909
1.4387
1.6406
1.8020

141492
1.1327
1.1176
1.1048
1.0962
1.0941
1.1019
1.1242
1.1665
1.2350
1.3368
1.4783
1.6657
1.8089

PROPERTIES
Z u
2
N-s/m
4279 +1958E£-04
4268 »2202e-04
+4385 +2490E-04
+4606 2 2TTEE-D4
Z 1]
25460 «1639E-04
«95297 «1797E-04
«5193 «1984E-04
«5173 «2204E-04
+5269 2 2461E-04
«5512 «2761E~04
»5627 +2B70E-04
Z H
+6801 «1382E~-04
«6592 +1482E-04
+6394 +1595E~04
6217 +1725E-04
«6078 +1876E~04
+5995 +2053E-04
5993 +2259E-04
«6097 «24976-04
«6337 +2766E-04
«6579 «2970E=-04
YA 1]
«80G25 «1190E~04%
27856 +1263E-04
27678 «13605-04%
« 7694 ¢1423E-04
«7308 +1515E-04
«7128 «1616E-04
+6964 «1731E-04
6827 +1863E-04
+6733 +2015E~-04
«6701 «2191E-04
+6751 «2393E-04
«6907 ¢ 2624E-04
« 7196 020883E-04
« T459 +3073E-04

k
W'm-K

+1638E-01
»1875€-01
«2151E~01
«2414E-01

k

«1342€-01
+1507E-01
«1696€E-01
«1913E-01
«2163E-01
+2449E-01
«2548E-01

k

+1064E-01
«1184E-01
«1315E-01
+1459E-01
«1620€-01
+1802€-01
+2008E-01
«2241E-01
«2506€-01
«2694E~01

k

«8231E-02
«9175E-02
+1017e-01
«1122£-01
«1235E-01
«1357€-01
+14