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Polynomial Approximation of Theoretical Performance Parameters

of Liquid Propellant Combinations

By Akio MORO and Kazuo SUZUKI

ABSTRACT

Polynomial approximations in three variables are presented for the calculation of theoretical
performance parameters of the liquid rocket propellant combinations of liquid oxygen/liquid
hydrogen, liquid oxygen/liquid methane, liquid oxygen/RP-1, liquid fluorine/liquid hydrogen, and

nitrogen tetroxide/A-50.

The parameters included are the adiabatic flame temperature, characteristic velocity, specific
impulse, thrust coefficient, and specific heat ratios for both equilibrium and frozen compositions
during expansion. The approximations are valid for wide ranges of mixture ratios, pressures from
10 to 80 atm, and nozzle area expansion ratios, from 10 to 100, or from S0 to 200. Maximum
deviation between the approximated and exact theoretical values are shown. Performance para-
meters given by the polynomial approximations are graphically displayed.
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1)

2)

3)

4)

M2 FHBAAI R TR 2935

SUBROUTINE CSTAR(R,P,CSTH)

CSTH=(0.1794396E+4 + 0.4868355E+3%R - 0.1226457E+3%RAk2 +

1 0.1131721E+2%R*%3 - 0.3769838%Rk%k4) + (0.3682019E+1 -

2 0.3697224EH1*R + 0.1183846E+1kR¥*2 - 0.1376305%R¥%3 +

3 0.5407121E-2%R%*4)%P + (-0,2552138E-1 + 0.2595783E-1%R -

4 0.8469601E-2%R*¥*%2 + 0.1013546E-2%R*%k3 — 0.4116665E-4%R¥k4 ) kPkk2

RETURN
END

H5 BEREEUERR BRUE (SeaEE)

SUBROUTINE CFSB(R,P,PA,E,CFTH)

HE w7548

CFTH=( 0. 1664265E+1 + 0.6048426E-2%E - 0. 1874941E-3%E¥%2 +

«277T7676E-5%E%k3 - 0.1284132E-7%E%*4) + (-0.8375024E-1 +
.3249812E-2%E - 0.4436937E-4kE*%2 - 0.1096897E-7%E%%3 +
.1218508E-8%E**4)*%R + (0.3135537E-1 - 0.7128649E-3%E +
-8202037E-5%E%*2 + 0.2515914E-7%E%*3 - 0.3459696E-9%Es%kkd4 ) kRok*2
(-0.4038109E-2 + 0.1289445E-3%E - 0.1777062E~5%E%*2 +
.6616276E-8XE%*%*3 - 0.1447118E-11%E%k4)*kR**¥3 + (0.1734374E-3 -

cot+oocoo

-7925928E-5%E + 0.1212898E-6¥E**¥2 - 0.7856137E-9%E*%3 + 0.2151843E-11
*kE%%k4 ) KR *k*4

QO =2 M D W N

CFTH = CFTH + ((-0.1023136E-2 - 0.1259952E—-4%E - 0.4376120E-7%Es%k2 +

1 0.467410E-8¥E**3 - 0.6228218E-10%E%*k4) + (0.9317061E-3 + 0.2646144E-4
2 *¥E - 0.4485801E—6*E%*k2 + 0.2280200E-8%E**¥3 + 0.2267969E~10%E%*4)*R +
3 (-0.2841119E-3 - 0.1233426E-4%E + 0. 28454 70E~6¥E%*%2 -0 2673169E-8%E%%3
4 + 0.2839920E-11XE%k4)*R+*2 + (0,3450935E-4 + 0.1863628E-5E -
5 0.4896802E-7xE%*2 + 0.5231500E-9KE*%k3 - 0.1295564E-11%Ex#¥4)%R*¥%3 +
6 (-0.1453785E-5 — 0.9108608E-7*E + 0.2587927E-8kE%k2 - 0.2937523E-10kE*k3
7 + 0.8895437E~13%E%k4)*R%*%4) %P
CFTH = CFTH - EXPA/P
RETURN
END
Be6 HEABHERR BREE(EIRE) HEB7r 25 48
e £ X W

V.N. Huff and S. Gordon; General Method and
Thermodynamic Tables for Computation of
Equilibrium Composition and Temperature of

Chemical Equilibrium Compositions, Rocket
Performance, and Chapman-Jouguet Detona-
tions, Supplement 1 Assigned Area-Ratio
Performance, NASA TN D-1737 (1963).

Chemical Reactions, NACA R-1037 (1951). 5) F.J. Zeleznik and S. Gordon; A General IBM 704
R.A. Svehla and B.J. McBride; Fortran IV or 7090 Computer Program for Computation of
Computer Program for Calculation of Thermo- Chemical Equilibrium Compositions, Rocket
dynamic and Transport Properties of Complex Performance, and Chapman-Jouguet Detona-
Chemical Systems, NASA TN D-7056 (1973). tions, NASA TN D-1454 (1962).

S. Gordon and B.J. McBride; Computer Pro- 6) S. Gordon and K.S. Drellishak; Theoretical
gram for Calculation of Complex Chemical Rocket Performance of JP-4 Fuel with Several
Equilibrium Compositions, Rocket Perform- Fluorine-Oxygen Mixtures Assuming Frozen
ance, Incident and Reflected Shocks, and Composition, NACA RM-E57Gl6a, (1957).
Chapman-Jouguet Detonations, NASA SP-273 7) H.J. Sternfeld and J. Reinkenhof; Approximate

(1971).
S. Gordonand F.J. Zeleznik; A General IBM 704
or 7090 Computer Program for Computation of

Functions for Theoretical Performance Para-
meters of High Energy Rocket Propellants
Combinations, DLR-FB-70-77 (1970).
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M2 7 BIRWTH RBTR K 203 5

CHMICAL FORMULR WI PERCENT  ENERGY STQTE  TEMP DENSTTY
CAL/MOL DEG K G/CC
H o 2.0 100.00  -2184.00 L 20,27 F  0.0709
G 2.0 100.00 -3102.00 L Y018 O 1.1490
CSTAR CSTAR
2600. 2600.
2530, 4 1 CSTIR (S) 2350. 4 1 CSTR |
2500, | 2 CSIR IF) 500, | 2 CSTRR |
2456, 2450, |
2400, ] 2400. ]
286, 2380,
2306. ] 2300,
2286 4 2280, ]
22000 | 2200, )
286, ] 236,
2100, | 2100, 4§
2080, 2050, |
2000. | 2000. |
1950, | 1980, 4
1500. : ——t—— 1900. : : : :
1.0 3.0 3.0 7.0 9.0 11.9 1.0 3.0 5.0 7.0 9.0 11.0
0/F G/F
8G.ATM 10.AT™
sax4xax4 [STARIS) Aeass 1(Q01,07.0=1.5).1=1.) AR

PC=B0.AMM-10.AMM, O/F=2.0-9.0

A1
J=1 J=2

1= 1 0.1794396€ 04

1= 2 0.3602019€ 01 -0.369722¢E O

1= 3 ~-0.235213BE-01

CSTAR
ECUILIBRIUN 9.00 8.00

D0. RTM  2077. 2153, 2234.
60. T 2071. 2146. 2227.
40. 9T 2062. 2136. 2217.
10. KT 2030. 2102. 21B2.

od IAIPCIa#{T-1 14 G/F %2 J-1)

J=3

0/F

2.06 6.00 5.00 4.n

2312, 2378. 2421.
2306. 2374. 2420.

2298. 2370. 241d.
2267. 234D. 2410.

HA1—-1

0 3.00
2426

2426.
2426 .
2426.

LEMRX .LT.0.2%)

J=4

0.4868355E 03 -0.1226457€ 03 0.1131721E Q2
0.1133046E 01 -0.1376305E DO
0.2385703E-01 -0.8¢69601E-02 0.1013546E-02 -

2.00
2362.
2362.
2362.

2362.

J=3
-0.3769B3BE 0C
U 5407121€-02

0.4116665E-04
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CHMICBL FORMULR W1 PERCENT  ENERGY STQTE  TEMP DENSITY
(RL/MOL BEG X G/CC
H o 2.0 106.00 -21%4.00 L 20,27 °F 0.G709
0 2.0 100,00  -302.0G L G.1@a 0 1.1440
1SF 15P
436. 490
420, 4 420. 4 1 15P (VIS
2 15 (VIF
470. 4 470, 4 315 1915
460. | 460, | ¢ 15 18IF
450. 430,
440, a0, |
436, 430.
020, | an. 1
0o, | a0, 4
400. | 40G.
39G. 196, |
380. 130, 4
79, 75,
360, 360, 4 :
350. —s : = 3%0. = : = ,
1.0 3.0 5.0 2.6 9.0 1.0 .0 3.6 5.0 2.0 9.6 1.0
0/F RE/AT=50. 0/F RE/AT=50.
80.RTM 10.AT™
sasaedta  JSPIVIS adstna ([(B1).4.K1K=1.50,0=0.8), 1=, 20 PRLZZTIY L
PC=20.ATM-10.ATM. 0/F=2.0-9.0. 9F/R1=10.-100. LEMSK.LT.0.7%)
BT, 4. K1A4IPCIeal1-11410/F Y221 J-1 14 (RE/ZRT 1o (K-1 )
1=1 =) K=2 K=3 K=4 K=3
J= ) 0.3728547F 03 0.1231634E 0} -0.42032126-01  G.G661 B19E-03 ~0.3123235E-03
2 2 D.YI66OSSE 02 N.9B02607E Q0 -Q.1¢17164€-01  0.1777230E-04  0.2723041E-06
= 3 -0.1037002€ 02 -0.1999B29E 00 0.2635736E-02 0.1105278€-0% -0.73i20026-07
Y= 4 0.3925%32%€ QO §.2835395E-01 -0.432176YE-03  0.1705344E-05 -0.58¥6276E-09
J= § -0.7164697€-02 -0.1670222F-02 0.2B08372E-04 -0.191781BE-06 0.5537040€-08
1=2 K21 K=2 K=3 K=4 K=§
1= 1 D.3Y02%16E-02 -0.17551986-02 -0.1064326E-03  0.3205261E-0% ~0.2359633E-07
= 9 -D.22726%526-01 0.5DUnASIE-02 -0.5976510E-04 -0.6397327€-06 0.1000834£-07
1= 3 0.762002%€-02 -0.2D93901E-02 0Q.5709054E-04 -0.3664604E-06 -0.3173696E-08
= 4 D.2419713E-04 G.44980344E-03 ~D.1074209E-04 0.Y663645E-07 -0.2023601€-09
= 8 -0 4929363F-04 -0.2225637€-04 0.5DO7GI0E-06 -0.5BS73I25E-00 0.1709%19E-10
1$P(V)  QFE/AT=%0. 0/F
FOUILIBRIUN 9.n0 H.00 7.00 6.00 5.00 4.00 3.00 2.A0
20, OTM  422. 439, &81. 457, 484, €57, 4dp. €27
60, OTM 421, 430. 450. 456. 4SY. 457. 443, 427,
40 QTM 420, 437, 449, ¢56. ¢SY. 57, 443. 427.
10, aTM 416, &32. 446. &54. 450. 457, 443, 427,
FROZEN
PO OQTM 392, 406, 621. &35, 446, 452. 447, 427.
60, GTM 390, 404, 419, ¢33, 445, 4%, 447, 422,
40, 8TM  387. 401. di6. 430. 443, 450, 447, 427.
0. BTM 377, 139i. 405, 420, 433, 445, 446, 427,
BA1—2
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CHMICAL FORMULR W1 PERCENT  ENERGY ST97€  Teme DENSITY
CRL/MOL NEG ¥ G/CL
Ho 2.0 100,06 -2184.00 L 26.27 F  0.6709
0 2.0 100.66  -3i02.00 L 9G.13 ©  1.1490
1P 16P
510 Y6,
360, 4 1 1P 1ViS . 4 115 1viS
2 1% IVIF 215 IVIE
"o o 31SP 1818 0. 2 315 1815
0. | ¢ ISP IR¥F 0. ¢ 1% 1qIF
0. | 6.
606, | (60.
456. 436,
U 420, |
0730, €030,
25, @, |
4010, €o. |
90. | wo. |
380, | ; 396,
380, 0. | :
376, —f i : 376. — —
1.8 3.8 S.6 2.0 9.0 11.0 1.0 3.0 5.6 7.6 §.0 11.0
0/F RE/RT=150. 0/F AE/RT=150.
80.ATM 10.4T™
sa444444  JSPIVIS Asqx4x LIIAEY D) K21 .80, 021 .80 .= .21 AARARAAAAA
PC(=R0.ATM-20.AMM, G/F=3.0-G.0. QFE/A1=5C.-200. LEMRK.LT.G.2%1
RIT I KIAIPE Lt T=4 141 Q/F 1% 1 J=1 141 AF /AT 154 (K1 )
1=1 k=1 K=2 k=3 K=4 K=$

J= 1 0.3388304C 03
J= 2 0.8774143E Q2 -
J= 3 -0.1113607E 02
J= 4 D.7793920E 00 -
4= 5 ~0.2127235E-01

-3972323F 00 -0.3643704€-02 -0.80571426-05  0.$393729(-07
20667698 00 0.1329201€-02 0.1096213E-04 -0Q.4D13%63€-07
-73931886-01 -0.63146826-03 ~0.1726303E-08  0.11132926-07
-6113199E-02 D 6304844E-04 0.2279357€-06 -0.1341361£-00
7329941 E-04 -0.1525029€-08 -0.13742006-07 ©.6320305€-10

oooo o

2 K=1 K=2 K=3 K=d4 K=$

]
J= 0.2126201E 00 -0.9649653E-02 0.793IDS3I7E-04 -0.4802903E-06 0.13II6823E-03
452 -0.1198763E 00 0.6465703£-02 -0.4435YN2E-04 D.26174396E-06 -0.P0003; E-09
J= 3 0.8137050E-02 -0.11 4001 S6-02 0.3187983E-0% -0.165118DE-07 0.1022038€-0Y4
J= 4 0.2802621€-02 0.379IB02€-04 0.9370927€-06 -0.57200376-00 0Q.41501445-11
4= 3 -0.2731291€-03  G.2337DOGE-05 ~0.9511396€-07 0.%671636E-09 -0. 246321 6E-12
ISPIVY  Qf/RT=) 80, N/F
fQUIL 1BRIUN 4.nt B.00 72.00 B6.00 5.50 4.00 3.00
0. ATM 482, 461 . 420. 424, 473, 70, 4%,
tG. RT™ 882, 460, 42G. 424, 876, 490, 4SN.
4G. AT 431, 489, 469. (74, 72¢. 1790. 454,
1G. AT 438, 456, 667. 472, 42€. {706. 45§
FROZEN

26. o™ 4G5, 619, €35, (49, ¢BL. 4BC. 458.
EG. AT 403, 417 (32. 487, 43R, 46d. 4%%.
(5. ATM 400, 414, 429, §d4. 436, €62. 43D,
i3, AMM 09, 403, 41D, €33 47, 487, 4k

BA1—-3
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CHMICRL FORMULR W1 PERCENT  ENERGY S479T7E  TEMP GENSTTY
(AL/MOL 0EG K G/CC
Ho 2.0 106.00 -2154.06 L 20.27 F  D.0709
0 2.0 100 86 -3102.86 L 908 ©  1.14%0
CF CF
2.150 2.200
2,109 J 1 CF VIS 2.150 ¢ S AMY:
IVIF 2 (F Ve
2.050 | 1315 2,100 & 3CF (919
2.0G8 1 (QIF 2.056 L 4 CF (g1F
1.950 2.000 L
1,900 1,950 1
1,250 }.900 1
| .206 1.5 L
1.750 1.200 4
1.765 L 750 L
1.650 J i.700 L
1,600 4 ).650 L
posso L ) 800 L
1.500 1.550 L
1.430 : % . t 1.500 : e = :
1.0 3.6 5.0 7.0 9.0 1.0 1.0 3.0 ¢ 7.0 9.6 1.0
0/F AE/AT=50. Q/F RE/RT=50.
80 .AT™ 10.8TM
san4ntts  (FIVIS sasdax 1018171.0.X1.=1.51,0=1.50.1=1.2) SAREEEEES
PC=A0.ATM-10.ATM. 0/F=2.0-9% 6, RFE/AT=10.-100. {EMAX .LT.C.5%1
BT, 4. K1APC oAl 1-1 )21 0/F Y441 J-1 121 QFE/RT 1o {K-1]
1= $=1 K=2 K=3 K=4 K=%
J— | D.1664265E ©1 0.6040426E-02 -0.1874941E-03  G.2777676€-05 ~0.12841326-07
2 -0.3375024E-01 §.32498i2-02 -0.4430Y37€-04 -0.10968Y7E-07 0.1218508E-02
J: 3 0.31355376-01 -0.7128649E-03  0.3202037E-05  0.2515914E-07 -0.3459646€-09
J= 4 -0.4030709E-02 0.1289445€-03 -0.17770626-05 0.6616276E-00 -0.144711BE-11
= 5 D.17343746-03 -0, 7925923E-05 0.1212BYBE-06 ~0.7356137E-09 0.2151043E-11
=2 K=1 K=2 K=3 K=4 K=%
=1 CD.1023136E-02 -0.12549432F-04 -0.43761206-07 0.4617410€-00 -0.6228218€-10
J= 2 0.9317061E-03 0.26461446-04 -0.4495001E-06 0.22B0200E-00 0.2267963E-10
= 3 -0 2R41119E-03 ~0.12334266-04 0.2845470E-06 ~0.2673i6YE-00 0.2339Y20€-11
= 2 0°3¢5093%6-04 O.106362DE-05 -0.4PY6EO2E-07 0.5231 SOGE-09 -0.1293564E-1)
J= 5 -0.14537B5E-05 ~0.91006GDE-07 0.2507927€-08 -0.2937523E-10  0.8BY543I7E-13
CFIY)  QFE/RT=50. 0/F
£QUIL I9RIUN 9y.0o B.00 7.00 6.00 5,00 4.00 3.00 2.09
20, aT™ 1.942 1.099 1.978 §.437 1.894 1.2852 1.8131.772
60 9TM  1.98% 2.002 1.982 1.941 1.8Y97 1.35) 1.8131.772
(0. 9T™  1.998 2.005 1.987 1.946 1.899 1.854 1.8131.772
19 QM 2.011 2.016 2.003 }.364 1.913 1.859 1.8i31.772
FROZEN
PO. OTM  1.387 1.B87 1.884 1.2370 1.B6S ).24% 1.8i2 1.772
60 STM | .a84 1.854 1.882 1.876 1.365 1.844 1.Bi2 1.772
40 RTM 1 .8B2 1.882 1.3B0 1.874 V.86 ).2343 1.8i1 1.772
G QTM  1.a72 1.872 1.2870 1.266 1.8% 1.83Y 1.8il
MA1— 4
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MEFHEAR B 2038
CHMICAL FORMULA W1 PERCENT ENERGY STATE  TeEMP DENSITY
CAL/MGL BEG K G/CE
H o 2.5 166.00  -218¢.00 L 0.27 F 0.6709
o 2.0 160.06  -3i02.00 L 9. 18 O 1.1430
CF CF
2.368 2.300
2.230 . 1CF (VIS 2.230 4 1 CF (VIS
0 2 (F IVIF 2 (F (VIF
2.200 4 3 (F 1915 2.200 1 3 CF 1915
2.150 | ¢ CF (R1F 2.150 | ¢ CF (Q1F
2.160 | 2.100 |
2.050 2.050 |
2.060 J 2.060 |
1,950 1.950 4
1.960 | 1.560 ]
LLB3G ] 1.830 |
1.e00 ] 1.e05
1.750 4 1.750 |
1.700 | 1.700
1,650 | 1.650 ]
1.600 4 } 4 + 1.60G 4 } + 4
1.5 3.0 5.0 7.6 9.0 11.¢ 1.0 3.6 5.6 7.0 8.4 11.0
0/F RE/AT=150. 0/F RE/RT=150.
80.AT™ 10.RT™
Aatq4a44  [F{V}S Ada444 BT 4.K1.K21 .80, 051.8).1=1.2) o o o o A
PC=BD.AMM-20.8TM. 0/F=3.0-4.G. QF/R1=30.-200. (EMAX.LT.G.7%1
RET L KIAIPC Il 11 141 C/F 1ha | J=1 1% (RE/RT 14w (K1)
121 K=} K=2 K=3 K=4 K=$
J= 1 G.1SBEE3YE 01 G.5135672F-02 -Q.40301206-05 ~0.2621 5176-06 0. 0415460F-09
J2 2 D.8G443G26-01 -0.7121879E-02 0.1339Y21E-05  G.1921787€-06 0. 6Q9B2476-09
323 -0.17772094€-01  0.9672¢95€-03 ~0.2696672E-05 -0.39722136-07 0.14077446-09
J= 4 5.2490352€-02 ~0.1024119E-03  0.3430056€-06 0.39467426-00 -0 1468794510
J= 3 -0.1360330€-03  (.3610703E-05 ~0.13587156-07 -0.15203916-09 G.57181536-12
122 K=1 (=2 K=3 K=4 K=§
J2 1 0.19i7006€-02 -0.95¢52926-04 0.4644013E-06 ~0.1166754E-00 0.3%10¢545-11
122 -0.11194426-02  0.7144649€-04 -0.3296046E-06 0.73516)0€-09 0. 2360233611
23 0.1998i136-03 ~0.1734BBi€-04 0.6275793E-07 ~0.49952506-10 G.3451 967612
J= 4 -0.11693976-04 §.164DBYI E-03 -D.2037944E-00 ~C.1926739€-10 0.7430096F-14
= 3 D.36D0702E-07 -0.35216766€-07 -0.0215637E-10 G.1843311E-11 -0.24391166-14
Crivy  AF/AT=1 0. 0/F
FAUIL J9RIUN §.n5 B.00 7.00. 6.00 5.00 4.00 3.00
20. ATM - 2.087 2.100 2.065 2.01) 1.957 1.40S 1.8%6
6G. ATM  2.0491 2.104 2.070 2.016 1.960 1.30% 1.BS6
¢0. ATM  2.096 2.109 2.076 2.022 1.962 1.307 1.B%6
10, RTM 2,118 2.126 2.098 2.043 1.978 1.312 1.B%6
FROZEN
80. ATM  1.950 1.450 1.947 1.939 1.922 1.2Y% 1.8%6
60. ATM  1.947 1.967 1.944 1.936 1.921 1.89% 1.85%
40. ATM 1,944 1.964 1,941 1,933 1.918 1,893 1.B5S
10, ATM 1,931 1,937 1,828 1.922 1.910 1.88% 1.854
BBA1—>5
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CHMICAL FORMULA W1 PERCENT ENERGY STQTE  TEMP DENSTTY
(AL/MOL DEG X G/CC
H 2.0 100.00 -213%4.00 L 20.27 F 0.G709
0 2.0 100.00 -3102.n0 L 9013 O 1.1490
GAMMA GAMMA
1. 460 1. 460
1.440 3 1 GRMMR 1S) 1,440 4 1 caMmA ($)
y.420 | 2 AR IF) | 420 2 GAMMR (F)
}.400 4 1.400 |
1.380 4 }.380 J
V.360 1 1.360
1.340 1.340 4
1.32n 1 1.320
1.300 1.300 4
|.200 | 1.200 A
1,260 4 }.260
1,240 | 1.240
Wy 1.220 1
]
).260 4 1.200 . )
}.180 } } + '! 1.120 : 4 ) '
1.5 3.0 5.0 2.0 9.0 1.0 (.0 3.6 5.6 2.0 .0 1.0
Q/F AE/AT=50. 0/F RE/AT=50.
80.ATM 10.RTM
sat44444  (AMMB 1) adatas  LUIBLT. LKL KE1,81.0451.80,1=1.2] EELIIET L 2L
PC=B0.ATM-10.ATM. O/F=2.6-9.0, BE/RT=10.-100. (EMAX.LT.1.7%)
Q11,304 1PC A% 1=1 141 0/F Jaal J=1 14 QE/RT Va4 {K-1 )
121 = K=2 K=3 K=4 K=3§
1= 1 0.1571073F G1 -0.4781044E-03 ~D.633975EE-04  £.2822309E-05 -0.143CI66E-07
)= 2 -0.1230110F 00 ©.271D159€-02 -0.609796YE-04 -0.5345787E-06 0.360i 352F-02
= 3 0.4245IB7E-01 -0.5961BiQE-03 0.25720753E-0¢4 -0.3672674E-07 -0. 463483810
J= 4 -0 7261410E-02 0.6B6I 900E-04 -0.4030S6YE-05  0.2278432E-07 -0.9237757€-10
1= § 0.3900010E-03 -0.305BYI DE-03  0.2271046E-06 ~0.1794823€-00  0.7147035E-11
=2 K=1 K=?2 K=3 K=a K=3
=1 0.537833¢E-03 0. 1994091 €-04 -0.5992034E-06 0.1477339E-07 -0.1345627€-09
Y= 2 -0 33535 €-03 0.3829471E-04 -0.1562390E-06 ~0.3636355E-00 0.6847643¢-10
= 3 0 1958575€-03 ~0.17B96236-04 0.2074275E-06 ~0.2392237€-00 -0.2933422E-1
= 1 -0.215p077€-04  0.2751077€-D5 -0.6097632E-07 0.69399B2E-09 -0.1672324€-11
= 5 0.7257D36E-06 ~0.12170926-D6 0.347641 5E-0B -0.44¢7998E-10 0.1479335¢8-12

GRMMY

EQUIL ;aR1UN
20. ATM

AF/RT=50.
9.n§

' |
amM |
™ |
am™ i

60.
40.

A
J
10. A

.00 7.00 6.00
187 1.158 §.214 1.246 1.285 1.326 1.359 1.383
a4 1.154 1.213 ) .246 1.205 1.326 1.339 ).383
B0 1.149 1.212 1.245 1.284 1.326 1.359 1.383
60 1.132 1.204 1.243 1.283 1.325 7.359 1.383

o/F

BMA1—6

S.

G

4.

ng

3.00 2.00
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MZEFEHARFETER 203 5
CHMICAL FORMULR W1 PERCENT ENERCY STQT€ 1EMP NENSITY
CAL/MOL BEG X C/Ci
H 2.0 100.00  -2136.00 L 20.27 F 0.076Y
0 2.0 166.60  -3102.00 L 9013 © 1.1490
GAMMA GAMMA
}.440 1.440
1.420 4 1 CaMMa (S 1.420 4 1 CAMMR (5]
1.400 | 2 GaMMa 1F) 1.460 | 2 LA (F)
1,380 | 1.320 |
1.360 | 1.360 ]
1.340 | 1.3¢0 |
1.320 ] 1,320 |
1.300 | 1.300 ]
b.280 | 1.280
.260 ] 1.260 ]
240 4 1,240
1.220 | p.n |
1.200 | 1.260 |
i.1e0 | 1.120
L. 160 —_— 1. 160 —_—
.S 3.6 5.0 7.0 S.n 1.0 1.9 3.6 5.0 7.6 8.6 N
0/F RE/RT=150. 0/F RE/RT=150.
80.AT™ 10.8T™
t444x444  CAMMA | S A4 LPIRET LK) K20 080,051 .80 . 1=1 .21 HAA A AR
PC=BG.AIM-20.RTM. 0/F=3.0-%.0. SE/R1=%0.-200. [EMRX.LT.2.3%)
ALY 5K VALPCIA4( T-1 121 §/F 1841 J=1 141QE/QT 144 (K=] )
1=1 K=1 K=2 K=3 K=4 K=$
J= 1 0.230827¢€ Q1 -0.4112493E-02 N.6700133E-04 ~0.5049511E-C6 O.1038266E-0D
42 2 -0.6¢BAYILE 00 0. 143BBEIE-02 -0.7242706E-04 5.294S607E-06 0. £272122€-09
J2 3 0.1743393E 00 ©.2721499E-03 0.1576549E-0% -0_457251336-07 0. 103233I9E-09
J: 4 -D.20)17868E-01 -0.10719436-03 0.64616026-06 ©G.1338170E-02 -0. 8§62 58] 76-11
=3 0.043401EE-03  G.74164206-05 ~0.5900129€-07 0.456761SE-10 -0.3193462E-13
12 K=1 K=2 K=3 K=4 K=%
J= 1 -0.76U1364E-03 G.2611468E-04 -0 1696474E-05  G.12625166-07 -0.24108) ¢€-10
J= 2 -0.4953624E-03  0.2304203E-04 0.6716UB4E-06 ~0.62223106-02 0.11657576-10
=3 0.4586852€-03 -0.2209973E-04 0.644BFYIE-CR  0.6542077E-09 Q. 112603711
= 4 -0.9041744E-0 0. 41i2256-035 ~0.2199782E-07 G.410G08BiE-18 -G, §891313E-13
25 0.5205629E-05 -0.2355P8BE-06 01.1715772E-038 -0.6007D136-11  0.126981 46-13
GaMM3.  Rf/AT=1 80, 0/F
EQUIL IBRILN 9.00 2.00 7.00 6.GD $.G0 4.00 734G
£0. §TM  1.218 3.260 1.237 1.275 1.314 1 347 1.370
60. ATM  1.217 1.197 1.237 1.275 1.314 | .3¢6 .37G
45. 9TM 1,216 §.193 1.236 1.274 1.314 1.346 1 .370
10, ATM 1,260 3.173 1,232 1.271 1.3i2 1.346 1.370
BA1—7
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oy, b 7u7 >y OBRREEE

CHMICAL FORMLLA W1 PERCENT ENERGY STRTE TEMP GENSITY
LAL/NSL DEC K G/Ce
H 2.G 100.406 S. G 25¢.33 F ¢.000¢0
c 2.5 105.00 - 02.00 L 3G6.1¢8 C 11430
CSTER CSTAER
2705, 2708,
2856, 1 CSTAR (S) 2650. 4 1 05TAR 1S)
7803, 2 CYI8R (F) 2800, 2 LS8R (171
253C. 23306,
2365, | 2565,
243G, 2656,
2400, 2400,
2330, ] 2356, 1
23G0. 23GG.
22506, 2230. 1.
2256, 2206, .
2156, 2150 4
2100, 1 21 G0 3
2050, 2030 R
nBe. : s = : 2085 : : : :
b0 3.0 5.0 7.8 5.0 1.0 1.0 3.0 5.0 7.0 5.0 1
G/F G/F
80.ATM 10.RTM
wxmanats  (STARIS) Ananan  LLA0].J7.0=1.51.1=1.3) AARRARARNA
PC=00.ATM-1G.RATM. O/F=2.0-5.10 1EMBX.LT.G.2%)
Ql).J V1x(PCI»x(1-13510/F isal)-1]

321 32 J:3 =4 423
1= 1 0.21356ER&E 04 5.34¢330SE €03 -C.1420023¢€ 03 0.1C03ISG6E 02 -0.336C6%44E €0
1= 2 N.2077622€ 01 -0.3124311E O Q.1005%EE DY -0.133GCG78E 00 G.5662MEL0-02
1= 3 -D.1714043E-01 G.1919042E-01 -0.6062005E-02 0.R35¢3239E-07 ~-0.3384100E-04

CSI8R G/F
EGU]L]BR]’UH 2.00 3.G60 4.06 S$.GO 6.60 72.00 2.00 _8.07

20. OIM 2520, 2530. 2493, 2427. 234d. 2262. 2178. 2102,
g0. QTM 2526 253G. 2481. 2423, 2342. 2253, 2171, 2083,
40. QTM  2520. 253G. 2488. 2417, 2332. 2245. 2161 . 200E.
iG. BTM  2520. 2522. 2474. 2391, 2294, 2208. 2125, 2032.

MA2—1

This document is provided by JAXA.



M FEBRHEER 2938

[HMI(GL FORMULA W1 PERCENT ENERGY STRTE  TEM® NENSTITY
(SL/N0L nEG X L/Ci
H 2.0 100.90 g, L 2%¢.i% F .0000
6 2.0 180.86  -02.00 L 5618 © 1.1&36
16P 15P
0. 313,
360, 118 1vaS WGe. 1 ISP VIS
. 2 15°  IvIF 215 (VIF
836 315 181§ ‘qni ] 395 (81s
420, | ¢ 1P 19I1F (0. ¢ 15°  1q)F
470. (75.
460. ] (60.
456. | €56,
640, (.
636, 36,
@2n. | 20,
0o, ac. |
s, 0o, |
390, 196,
330. e, |
376. } ' } } 375. ' } + }
.8 3.6 5.0 2.0 S.n 1.0 1.8 3.6 S.G 2.6 .G 1.8
0/¢ RE/AT=50. 0/F RE/RT=50.
a0 .AT™ 10.AT™
te44444%  [SPIVS Astads IR, 1.50.€=1.8) 040 .81.1=1 .2 A A
PC=80.ATM-10.ATM. B/F=2.0-5.6. QF/A1=1C.-100. (EMAK.LT.C.6%)
QT 1 K1AIPL LA 1=V 1A 1G/F Y4l J-1141QE/RT 141K~} )
1=1 §=1 k=2 k=1 K=4 K=$
J= 1 G.3679563C 03 G.1DYS4EIE M -0 4327323€-01 G.4457071€-03 ~0. 1 GEGE7TE-CY
J: 2 0.35304426 G2 0.39436Yi€ OC -0.9112104E-02 N.V1517626-03 ~0. 4967472F-0
#= 3 -0.BCCE6ISE C)  §.14329206-01 -0.49963126-03  G.G60RGESE-07 G 12740]176-07
J= 4 G 46528B4E 0O -G.10351326-02 N .1119005E-03 ~0.76084106E-CE © 1792530F-08
32 3 -0.4097663E-02 -C.266%801E-03 -0 6USEYYEE-06 ~0.12287926-02 G .36361246-1C
1=2 K=l K=2 K=3 K=4 K=
J= 1 G.3Y62G26E-01 -0.03050306-03 ~0.9464102E-04  5.150; 030F-05 -0 67495745-02
4= 2 ~0.4232559€-01  0.2267639E-02 R.4910i23€-04 -5.1G4S53T1E-05 G, 46521345-08
= 3 0.1183602E-C1 ~5.113i 6YOE-02 -0.2270664E-08  G.17B4265F-06 -0 A726549E-0Y
= 4 -0.22653406-03  G.133C6/5€-03 -0.34055796-C6 -0.RBAI2Bi€-02 ©. 5426570516
455 -0 4971743€-C4 -0 RBCILG7E-08  Q.6627165€-07 -0 12531 59E-10 -C. 6387074512
ISPV QF/RT=5G. O/F
FQUILIARIUN 2.00 3.60 4.00 .60 6 GG 7.00 5.8 4.00
2C. QT 457, £7G. 473, 471. Q66 45H. 445, 423,
60 QT™ 457, £72G. 473, 7. 4BE 657, 441, 127
¢0. QM 457, 872G. 473, 4. $BY. US6. 442. 426
(5. QM 457. 87G. 472 47G. 4B3. 452, 437. 421,
FROZEN
20. ]TM 437, 467. 4BS. 455, 41, 425, 415, 3B,
60. RTM {57, 467, (6L, 453, €34, 423, 4%, 2%,
¢5. ATM 437, 467. 4B2. 45). 36 €20, 4GS, 34y .
15, RIM 457, 4B4. 456, 441, 425, 4GS, 3496, 3.
A2—2
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a4, b 735 b OERERE 29
(HMITAL FORMLLA W1 PERCENT ENERGY STSTE  TEMP NENSITY
CAL/NOL CEG X G/CC
H 2.0 106 .60 0. G 2984 F 0.0000
6 2.0 55.00 -302.0G6 L 618 G 1.1430
CF CF
2.200 2.200
2136 4 1 CF VIS 2136 4 IR
5 hon 2 CF [VIE - 108 2 LF IVIF
2108 4 3 CF 1Q15 2168 4 3 CF {R1S
2.056 ] {CF (QIF 2.050 | i CF {Q\F
2.000 | 2.0G60
1,356 4 1,556 1
}.960 | '.906 1
.56 | 1,850 4
1.200 4 1 .ace
1.75G | 1.75¢ 1
1.760 | 1,760 |
v.650 1 1,650 |
p.600 1,600
1,350 1 1,556 1
1.360 — e 1.309 : : ——t
16 3.6 $.0 7.6 9.6 1.8 0 3.6 5.6 7.6 906G 1.¢
0/F RE/AT=50. G/F RE/RT=50.
6G.ATM 10.8TM
sanAssst  [F{VIS st (LIS1T.J.KYV.X=1.8).421.51.1=1.21} EXTYIY TR T
PL=RC.RTM-1G.8TM. 0/F=2.0-9.0. GF/R1=10.-185G. FEMAX LT .G.5%)
BIT1. 1. K1#1PCI1A% 1 T=1 12| B/ZF 1221 J- 1 1+ GE/RT I n (K-
1=1 k=1 K=2 K=3 K=4 K=
J= 1 G.163923GE 0)  §.77042516-02 -0.1600291€E-03  G.16GI1E4E-C3 ~0.57146926-08
sz 2 -D.2648393E-01  0.1130710¢-02 _0.32422%16-04 G.4962534E-06 -0.2334270E-08
=3 0.2990210E-C1  §.1GR2507E-03 -0.2337340E-GS ~0.1345417€-07 0.1638237£-03
J= 1 -0 3994573€-02 0.11367526-04  G.1151009E-06 0.1792764E-00 -0.16912N2-10
J= § 0 17700¢6E-03 -6.2350% SE-08  U.21D40EUE-07 -0.2406212E-09 0.1394897¢-11
1=2 K=) =2 K=3 K=4 =5
J= 1 -0.37783926-03 ~5. 4417603E-05 ~0.4371703€-006  (.BBOLY7GE-02 -C. ¢1 CEBY3E-10
J= 2 0.2310700E-03 G.13S9950F-D4  G§.17035633E-06 -0.47598526-00 0.234241E-10
J= 3 -B.2001142E-03 ~5.70538656-05  0.3575266E-07 0.3700249E-09 -0.2702742F-11
J= 4 0.37121766-0¢ ©.10758i 1€-05 ~0.1204424€E-07 §.S3964G1€-10 ~0.9021423E-13
1= § -0 16EE717E-0% ~0.5177643E-07 0.7606345€-09 ~0.570301SE-11 0. 1951623E-13
CFIV)]  QF/RT=50. 6/F
£QUILIDRIUN 2.00 3.00 ¢.00 $.00 6.GQ 7.G5 5.00 9.09
P0. RTNM 1.7R0 1.820 1.26i.1.504 1.947 1.38% 2.001 1.99)
£0. BTM  1.780 1.820 1.262 1.307 1.950 1.30R 2.004 1.94¢
45 QTM  1.700 1.820 1.264 1.910 1.956 1.992 2.070 2.901
G, aTM  1.780 1.821 1.272 1.926 1.974 2.000 2.012 2.0014
FRGZ2EN
PO, QTM  1.700 1.Bi® i.847 1.366 1.876 }.882 ).BE5 1.28%
£0. QTM 1 .78C 1.Bi7 1.246 i.264 1.874 1.BB0 1.862 1.282
450 QTM 1,780 1.Bi@ +.243 1.862 1.872 1.277 1.879 1.280
'S 9TM  1.700 1.Bi6 i.04G 1.254 1.2E2 ).267 1.BEY 1.270
BA2—3
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MZE F | R AR 203 5

TERUGL FRRMULE W1 PERCENT ENERGY 97137 TEMP NENSITY
CAL/M0L H AN G/CL
N 2.5 100,00 5. tE 29%.i5 F  ©.ppOo
6 2.0 165.580 -i02.ng L G.18 ¢ 1.1 ESG
(:AMMA GAMMG
1.440 1.435
1,420 | 1AM 1S 1.420 1 8MM (S
y.400 1 2 LAMM (R j.400 | 2 LGMMe | F)
1.330 1.3¢0
1.360 4 1.360
1.340 1.346G |}
1.3210 ] 1.32n
2
1.300 1.300 23 ,
1.220 \ 1.220
2 }
1.260 V2600
1.240 1.24G
1.220 1.226
.nn \ 1.260
1.1a6 | / 1.120 4
1160 } } + } 1160 } 4 } i
4 3.n 5.6 7.6 30K 11.8 1.0 3.4 5.0 7.6 5.6 11.0
G/F RE/ART=50. Q/F RE/AT=50.
¢l .GT™ 10.ATM
t4444444  [BMMT | 9) Agsas LIR30 5) . 0=1.5) . 1=1 . 2] AAARAARAAR
PC=8C.AM-10.AM. G/F=2.8-5.1. QF/R1=1G.-105. TEMBX.LT. 140
AT I KIAIPCiaal =1 1810/F 44 J-1 121 RE/BT 1aniK=1 1
1=1 K= K=2 K3 K=4 =3
J= b GUI6SGAS2E 01 -0 12874145-00 6. 3Y24692F-03 -0.301§759E-0% G.1G110156-02
b= 2 -0.2363435C 00 C.1098201€-C) -0.3d28227E-03  G.2723717€-0%5 -0.19675436-03
= 3 G.5757196E-00 -0.2293023€-02 0.77062645-04 -0.%157751E-06 -C. 8836341 6-0Y
J= A4 -0.77396i1E-C02 R 19 A 1€-03 -0 BUGESI16E-0%  G.31769805-07 ©.1959921¢-09
= 3 G.3B92974E-C3 -0.5B32676-03  0.21373353%€E-C6 -0.20G672RE-05 -0 . 1366907E-10
1=2 K= k=2 k=3 K=4 =3
J= 1 =0.15097726-03  G.1857068E-03 ~D. 1337304604  §.3091 73%€-C6 -N.22413376-0p
4= 2 -D.BPEI4Y9YE-03 -0.14336346-04 0 .530123CE-0Y ~5.1625799E-06 0.13429676-00
4= 3 G.SCYEGARE-03 -0.333406LE-D4 0 1241664E-03 C©.22R3327E-07 -0.26202343F-09
J= 4 -0.B3I3462IE-04 0 7BBEIIF-08 ~0 1601 416E-C6 ~N.25R3i22€-03 0.1 2E0YY2E-1G
J= § 0.426262%€-08 -6 4726%553€-06 0.1259694E-07 ~C.70833I6B5E-18 ~-0.33356379E-12
LAMME, QE/RT=5G. G/F
EOUILIORILN 2.06 3.60 4.0 3.00 6.G0 7.0G6 E£.00 49.0%
2G. /M PL379 10354 1.309 1,277 124G 1209 5142 3 17€
eL. ATM Po379 1354 1319 12277 1245 1 207 V14 11T
40. QM F.379 1,334 1,319 1.276 1.239 1.204 1.140 1,160
16, AT 12379 1354 1318 3.274 1.236 1 .191 1.124 1 .14
HA2—4
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as .y b 73 OERBHEE 31
CHEMICAL FORMULA V1 PERCENT ENERGY STRTE TENP DENSITY
CAL/NMOL DEG X G/sCC
(1.0 H 4.0 100. -21390.0 L V11.66 F 0.4239
0 2.0 100,  -3102.0 L 90.18 0 1.1430
CSTAaR CSTAR
2030 2000.
2000. 4 1 CSIAR 1S) 1950, | 1 CSTAR 15)
1950, 2 CSTAR (F) 1960. 2 CSTaR (F)
1900, | 1856, ]
1850. 1800, ]
1800. | 1750. |
1750 | 1700,
1700. | 1650.
1650. | 1600.
1600. | 1550,
1550, 4 1500. J
1500. | 1450,
1es6. 1400. |
1400, 1350, 1
13s0. : e ; e 1300. 4 + r t
2.0 2.5 3.0 3.5 4.0 .5 2.0 2.5 3.0 3.5 4.0 ¢.3
0/F 0/F
60.ATM 10.ATM
wanAnnns  [STARLS) amnndx L{R1]1.JY.J=1.51.1=1.31} nn#x*ﬁi;uw
PC=80.ATM-10.ATM. 0O/F=2.25-4.25 1EMAX .LT.0.2%)
A1.J 1AlPCIa#(1-1)#10/F %21 J-1)
=1 =2 J=3 J=4 J=5

-

-1

CST18R
EQUILIBRILA
0. AT
£0. 9T
40. ATH
3. ATH

3?21179E 04

2.25 2.50
18id. 1853,
18id. 1853.
1817, 1851.
18:3. 1840,

2.7%
1971
| BER
| 264
1945.

0/F

3.00 3.25
1870. 1936.
1865. 18351,
1839, 1343,
1834. 13i5.

BA3—1

0.2 ‘0. 4870673f 04 -0.2057040E 04
0.3027147E 02 -0.4417042F 02 0.2297984%€ 02 -0.5009202f 01 G.3936429¢ 0G
0.2¢18968E 00 0.3430S64f 00 -0.1796236E 00 0.3326047E-01 -0.3100376E-02

3.56

1836.
1831 .
1822.
1743.

0.3775274E 03 -0.25086589E 02

3.75
i813.
1808.
1800.
1771.

4.00
1792.
i706.
1778.
1748.

4.25
1769.
1764.
1733,
1727.
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MEFERAA TR 2035

CHEMICAL FORMULA V1 PERCENT ENERCY STQTE TEN DENSTTY
CAL/MOL 06GC K G/CC
1.0 H&.D 106, -21390.0 L 111.66 F 0.42139
0 2.0 160.  -3102.0 L 940.12 0 1.1430
15P 15P
0. 460,
30, | 1 15 (VIS 390. | 115 VIS
2152 IVIF . 215 (VIF
90 4 315 1815 ECLEIE 315 1A1S
380. L 1P 1BIF 370, ¢ 158 1QIF
370, | 360. .
360. 330, |
330, | sTLIRS
346, | 330.
336, | 320.
320, | . no. | TN
0. 300. |
306. 290.
296. | 200,
280. 276, |
276. 4 } + 4 260. 4 ' ; 4
2.0 2.5 3.0 3.5 4.0 &.5 2.0 2.5 3.0 3.5 4.6 d.S
0/F RE/AT=50. 0/F RE/RT=50.
60.AT™ 10.ATM
tandgnsnx  JSPIVIS Annans  LLIQT]. 3K K= 8100=1 . 81001=1 .21 Ang AR A
PC=00.ATM-20.ATM. 0/F=2.25-4.25. BE/RT=10.-75. LEMAX.LT.0.7%)
RIT . JKIAIPCIan(1-4]at0/F Y441 J-11#{QF/RT 1an (K-
1=1 K=1 K=2 K=3 K=4 K=$
J= 1 0.1133033E 03 0.38634¢3E 01 -0.2331904E-01 0.BB33I63E-03 ~0.9236431E-03
J= 2 0.8939734E 02 -0.18039¢9€ 01 -0.$BS77126-01 0.2499023E-07 0. 4174381E-0%
J= 3 0.2295SB3E 02 0.92307635E 00 0.2330012E-01 -0.77514226-0¢4 -0.20831976-03
J= A -0.1649020E 02 -0.54296i SE-01 -0.67031336-02 0.3639427E-04  0.34050216-06
J= S 0.1967911E 01 -0.1207024€-01 0.7063510E-03 ~0.S3ISE0BEE-05 ~0.1753293E-07
1=2 K=1 K=2 K=3 K=a K=$
)= 1 0.7771834E 00 0.4922002€-01 -0.1332116E-02 0.1901943E-05 G. 1246 368E-07
J= 2 -0.9739437E 00 -0.57224156-01 0.1747701E-02 -0.4602G0BE-05 ~0.1116375E-08
=3 0.4295/8%F 00 0.2118418E-01 -0.67641016-03 -0.1216427E-07 0.13719006-07
J= A -0.7416304E-01 -0.28285606-02 0.8462431E-04 0.949¢21B6E-06 ~0.275761 4E-08
= S 0.4249290E-02 0.35592046-04 -0.10108600E-05 ~0.1712908E-06 0.1295431E-08
1SP(V)  QF/AT1=30. 0/F
EQUIL ISR UM 2,23 2.50 2.73 3.00 3.25 3.50 373 4£.00 4.2%
EC. QTM 346, 3S6. 364. 369, 373, 373. 372. 1366. 7363,
60. BTM  346. IS6. 364. 3EY. 372. 373. 3IN. 3IE7. 362,
¢5. QTM  346. 356. 364. 369, 3I72. 372. 3I70. 7366. 36i.
IG. QIM  34S. 3%6. 363. 367. 3I6Y. 369. 366. 361. 7357,
FROZEN »

80. ATH 339. 34, 3I31. 3N s. ]S, 34, 3370 333,
€. AN 339, 347. 35G. 330, 7. 3és. 385, 336, 332,
¢G. 8™ 338, 3d6.  34d. 7. S, 34y, 37 333, 325,
10. QM 336, 3arv. 342, 340, 337, 333, 329, 325, 320
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as o, b 7ux7rr OBRRIERE 33
CHEMICAL FORMULA vl PERCENT ENERCY STAIE TEMP NENSTTY
CAL/MOL DEG K csec
C1.0 H4.0 100. -21380.0 L 111.66 F 0.4239
0 2.0 100, -3102.0 L 90.12 0 1.1490
CF CF
2.200 2.200
2.130 4 1CF VIS 2.150 4 10F IVIS
2 CF IVIF 2 CF (VIF
2.100 4 3 CF 115 2.100 - 3 CF (A1S
2.050 L CF (AIF 2.050 L CF iAIF
2.000 2.000 |
1.950 | 1,930 |
1,900 | 1.900
1.830 | 1.830 4
1.800 | 1.800 |
1.750 1,250
1.700 1 1.700 4
1,650 1 1.650 ]
1.600 1.600 |
y.s30 4 1,530 1
1.500 i 4 1 4 1.500 } i b '
2.0 2.5 3.0 3.5 4.0 S 2.0 2.5 3.0 3.y 4.0 4.3
0/F AE/AT=50. 0/F AE/AT=50.
80.ATM 10.ATM
wanAnasa  [(FIVIS Adanas LL1IA1L) . 3.KLK=1.8) 007190 01=1 .21 AAAAAARAAA
PC=B0.ATM-20.ATM. 0/F=2.25-4.25. QE/AT1=10.-75. PEMAX.LT.0.9%)
Bi1. 3. KInIPCianl1-11410/F 1anl J=1 141 AE/RT A4 IK-1)
1=1 K=1 K=2 K=3 K=4 K=%
J= 1 0.3900547€ 01 0.30817¢3€-0) D .3I@BYIE6E-03 ~0.1139360E-04  G.6029396E-C7
J= 2 -0.3139673F 01 -0.3230340€-01 -0.3878930E-03  0.1013339€-04 -0.42¢49270€-07
=3 0 15354174€ 01 ©.1933931€-01 -0.99375426-04 0.6644140€-06 ~0.1433330E-07
J= A4 -0.3312127E 00 -0.40138026-02 0.5941226E-0¢ ~0.1033626€-03  0.8972020¢-08
=S 0.257653%E-01 0.2766136E-03 -0.66553416-05  0.1363603E-06 -0.1091730E-08
1=2 K=1 K=2 K=3 K=A K=3
J= 1 -D.4149767€-02 0.13567726-03 0.6625727€-06 --0.1216019€-06 0.1338235E-08
i= 2 D.763B855€-02 -0.2696599€-03 0.4066317€-05 0.1248394€-06 ~0.1161427€-08
i= 3 -0 4945S04E-02 0.13796176-03 -0.3950571€-05 ~0.2026131€-07  0.3166244E-09
T= 24 0.1263264E-02 -0.3963823E-04 0.1209976€-05 ~0.3012841€-00 -0.2348694E-10
J= 3 -01133956E-03  0.3602823E-05 -0.12072106-06 0.7261926E-09 ~0.1020041€-11
CFIV)  QE/RT=50. 0/F
£0UILIBRIUN 2.2% 250 2.7% 3.00 3.2% 3.50 3.73 4.00 4.2
90. QI 1.364 1.883 1.900 1.937 1.968 i.994 2.008 2.013 2.012
§0. OTM  1.364 1.885 1.910 1.941 1.971 1.997 2.012 2.015 2.01¢
40 ATM  1.36% 1.B86 1.913 1.94% 1.9772 2.002 2.015 2.007 2.013
10, |TM  1.866 1.89S 1.928 i.964 1.994 2.016 2.024 2.027 2.026
FROZEN
80, RTM  1.842 1.B3B 1.370 1.379 1.882 1.858% 1.887 1.887 1.808
€0 RTM  1.842 1.857 ).868 i.876 1.88i 1.8B3 1.885 1.086 1.887
{0 aTM  1.541 1.856 i.D66 i.874 1.870 i.8B0 1.882 1.683 1.884
10, ATM  1.839 1.B852 1.860 1.B6S 1.870 1.821 1.874 1.0874 1.873
KMA3I—3

This document is provided by JAXA.



M FHEAR R AEE 203 £

CHEMICAL FORMULA ¥T PERCENT ENERGY STATE TENP DENSITY
CAL/noL DEG K G/CC
1.0 H 1.9423 100. -5430.0 L 298.15 F 0.7730
02.0 100. -3102.0 L 90.18 0 1.1490
CSTAR CSTAR
2000. 1950.
1950. 4 1 CSTAR (S) 1900. 4 1 CSTAR (S)
1900. | 2 CSTAR (F) 1850. ] 2 CSTAR (F)
1850. 1800.
1800. L 1750. |
1750. | 1700. L
1700. 1 1650. |
1650. 4 1600. 1
1600. - 1550. |
1550. | 1500. |
1500. | 1450. ]
1450. | 1400. |
1400. | 1350. |
1350. | 1300. |
1300. ; X X , 1250. , , : ;
2.0 2.5 3.0 3.5 4.0 4.5 2.0 2.5 3.0 3.5 4.0 4.5
0/F 0/F
80.ATM 10.ATM
=rxaxrenr CSTAR(S) =»xxxr ([(A(].J0).J=1.5).]I=1.3) M RAKN RN
PC=B0.ATN-10_ATM, 0/F=2.25-4.00 (EMAX.LT.0.2%)
ACL. N2 (PCIwxl 1-1)2(0/F Jnnl J=1)
J=1 =2 J=3 J=4 J=5
[= 1 0.1476159E 04 0.4817512€ 03 -0.2349300€ 03 0.4072620E 02 -0.2447961E Ot
[= 2 -0.5764909€ 02 0.7413428F 02 -0.3465833€ 02 0.7153631E O1 -0.5505282¢ 00
I= 3 0.4400480€ 00 -0.5723002€ OO 0.2711859E 00 -0.5686205S8E-01 0D.4398965€-02
CSTAR o/F . .
EQUILIBRIUM 2.25 2.50 2.75 3.00 3.25 13.40 3.50 3.75 4.00
80. ATM 1814. 1807. 1788. i765. 1741. 1728. 1719. i697. 1876.

60. ATM  1810. 180t. 1782. 1759. 1735. 1722. 1713. i69t. 1870,
40. AT 1804. 1793. 1773. 1750. 1726. 1713. 1704. 1683. 1662.
i0. AT 1780. 1764. 1742. 1719. 1696. 1663. 1674. 1653. 1634,

BMA4—1
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CHEMICAL FORMULA vl PERCENT ENERGY STATE TEMP DENSITY
caL/MoL DEG X G/CC
C1.0 H1.9423 100. -S430.0 L 298.15 F 0.7730
0 2.0 100, -3102.0 L 90.38 © 1.1490
15P 1SP
400. 390.
3%0. | 380. 1158 1VIS
a 2 ISP (VIF
380. | 370, 315 1415
370, L 360. 4 152 (QIF
360. 3s0. L
3s0. | 340. |
346, | 330. |
330. | 320.
320. 0.
3G, 300. |
300. 2490. |
290. | 280. |
280. 270. 4
276. | 260.
260. 4 ¢ + : 250. : t : :
2.0 2.5 3.0 3.5 4.0 4.5 2.0 2.5 3.0 3.5 4.0 &5
0/F AE/AT=50. 0/F RE/AT=50.
60.ATM 10.ATM
taxntann  195P1VIS Adagar  ([(AIT.J.K)V K=1.51.3=1 .3V .1=1.3) AR ARAAA
PC=B0.ATM-10.0TM. 0/F=2.25-4.00. RE/ART=10.-100. CEMAX LT 0.9%)
Q0T .J. KV AlPClanlT-11210/F 1wl J=1 1= 1AE/AT 124 1K-11
121 K= K=2 K=3 K=4 K=$
1= 1 D.3748735E 03 -0.5546613E G 0.1621721€ 00 -0.2046400€-02 0.0B14337€-05
. J= 2 -D.23664SIE 02 0.5733244f M -0.1518953€ 00 0.1611825€-02 -0.7369969E-03
1= 3 0.4579233E Q1 -0.6919342F 00 0.23B1893E-01 -0.2842697€-03 0.1187237€-05
1=2 K= K=2 K=3 K=4 K=$
="\ -D.70814290E 00 -0.3255235E-01 D.1594112E-02 -0.2801 193€-04 0.1503921€-06
= 2 0.5966733E 00 0.21457526-01 -0.1112344€-02 G.1956001E-04 -0.1045533E-06
1= 3 -0.3771907€-01 -0.3473516E-02 0O.18640606-03 -0.3273942€-05 0.1743319€-07
1=3 K=1 K=2 K=3 K=4 K=$
J="1 -D.S04RB293E-02 0.1574006€-02 -0.6445334E-04 0.9649567E-06 0. 4EE646i3E-08
i= 2 D.2062911E-02 -0.1043469E-02 0.4331613E-04 -0.6489045€-06 0.31335251€-06
J= 3 -D.$12N925€-03 0.1695045E6-03 -0.7032038E-05 ©§.1053778E-06 -N.5009190E-08
15P(V]  RAE/RT=5G. 0/F
£OUIL IBRIUN 2.2% 2.0 2.7% 3.00 3.25 3.40 3.50 3.7% 4.00
g0. ATM 35S, 361. 363, 362. 3I50. 333. 3S4. 349. 4.
60. BTM  3%54. 360, 362. 7361. 357. 354. 353, 348. 344
40 BTM 354, 360, 361. 360, 3IS56. 353. 3SI. 347, 342,
10, aTM 353, 357. 35B. 355. 351, 34B. 346. 342. 13I33.
FROZEN
ga. ATH  337. 7336. 333. 33G. 326, 323, 322. N8B, A
60 QTM 336, 335, 332. 328. 324. 321. 320. 36 N2,
AD. QTM 334, 332, 3249, 325, 321, NS, N7, 34 N0
i0. ATM 326, 324, 320, 7. 3. 1. 309, 306, 302,
BA4—2
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CHEMICAL FORMULRA VT PERCENT ENERGY STATE TEMP DENSITY
CAL/NOL 0EG K G/CC
C1.0 H1.9423 100.  -5430.0 L 236.35 F 0.7730
0 2.0 100.  -3102.0 L 890.16 0 1.1490
CF CF
2.200 2.200
2.130 4 1CF 1vIsS 2.150 4 1CF (VIS
2CF  (VIE 2LF  (VIE
2100 4 3CF (815 2.100 ¢ 3CF  19)5
2.050 L ¢ CF (RIF 2.050 | 4CF iRIF
2 2

oo | .08 | ///y//;,f*’”*'**“*“*d
1.950 | //;//)/’)/—A‘*ﬁ—-*E\J 1,950 L,
i.900 L ° T e 1.900 L ;::i::i::z:::::::::::j
1,350 | T 1.250 |

1.BOO § o s et a4 rees L L L L e o,
1,750 | 1.750 |
1.760 | i.700 1
1,650 ] 1,650 |
1.600 | 1.60C |
1.550 1.550 §
+.300 } e ' : 1.300 —— + }
2.0 2.5 3.6 3.5 4.0 4.5 2.6 2.5 3.C 3.5 4.6 4.5
G/F RE/RT=50. O/F AE/AT=50.
60 .8TM 10.ATM
Haaannnn  [F{V]S Asanar  [UIARIT  JK)IK=S) . 5).J=1.3).1=) .3) 35 4 2k oot 8 0 oF ) 2
PC=80.QTM-10.Q1M. C/F=2.25-4 .CG. RE/AT=10.-1GC. (EMAX LT .C.6%)
BUT.J.KIAIPCan(1=11210/F bt J=1 ) ( GF /BT Jan (K1 )
1=1 K=1 K=2 K=3 K=4 K=$
J= 1 0.1862674E 01 -0.31330676-01 0.2790600E-N3 ~0.1067235€-04 0. 46280316-07
J= 2 -0_1415410E 00 ©.31685946-01 -0.8195915€-03 0.9642650E-05 ~0 3993440607
J= 3 0.2220224E-01 -D.4775196€-02 0.1252636E-03 -0.1479350E-05 O.61346i SE-D6
1=2 K=1 K=2 K=3 K=4 K=§
J= 1 -0.28i6693E-02 -0.16334556-03 0.§93B4S0E-05 -N.1601286E-06 O.2633I9B0E-03
J= 2 D0.1564300E-02 0.9871736€-04 -0.6004657€-05 ©.)168YISYE-06 0. SBE3IS74E-09
J= 3 -0.2166285€-03 ~N.1622644E-04 0.1006763E-05 ~0.16203336-07 0.97825186-10
1=3 K= K=2 K=3 K=4 K=$
J= 1 -0.3266271€-04 0.8323173E-05 -0.3469314E-06 0.5229273E-00 -0.2536763E-16

J= 2 0.2380526€-04 -0.5489407€-05 0.2316439E-06 -0.3498926F-00 O.16976956-10
1= 3 -0.4073170E-05  0.8874007E-06 -0.3759713E-07 0.5679110£-09 -0.2753989F-11

CFiv) Af/RT=50. 0/F

ECLILISRIUN 2.25 2.50 2.75 3.00 3.25 3.40 3.50 3.75 4.00
80. 8T%  1.917 1,957 1.990 2.010 2.017 2.016 2.017 2.016 2.015
60. ATM  1.920 1.967 1.994 2.012 2.018 2.018 2.008 2.018 2.017
4G. ATHM 1,924 1.967 1.999 2.015 2.020 2.02) 2.021 2.020 2.009
10. ATM 1.943 1.966 2.014 2.02S 2.028 2.028 2.029 2.02% 2.027

FROZEN
B0. 8TM 1 .860 1.869 1.873 1.877 1.879 1.060 1.8Bi 1.387 1.862
60. RT™ 1 .859 1.867 1.672 | .74 1.877 1.078 1.879 1.879 1.8B;
¢0. Q1M 1. .857 1.865 | .670 1.872 1.674 1.376 1.876 \.376 1.878
iG. BTN 1.049 1.855 1 .660 1.263 1.865 ) .266 1.867 ).866 .89

BJA 4—3
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CHEMICAL FORMULA V1 PERCENT ENERGY STQIE TEMP DENSITY
CAL/naL DEG K G/CL
N2.0 H3.0 (2.0 s0.  11¢%00.8 L 290.13  F 0.783
N2.0 H 8.0 50. 12100.06 L 298.15 F 1.0036
N2.00 0 4.0 100. -46B0.0 L 290.18 0 1.43
CSTAR CSTAR
1950. 1900.
190, 4 1 CSTR 15) 1830 4 1 LSTR 1S)
1250, 4 2 [STRR IF) 1200. 2 CSTI9R IF)
1800. 4 1750
1750, 4 1700, |
1700, 1650. . 4
1650. 4 1600,
1600. 4 1550, ]
1550, | 1500,
15000 4 14350,
1450, 1400, |
1400. 1350,
1330, ] 1300.
1300, 1 1250, 4
1230. S ; } 1200. . : { :
1L0oLs 2. 2.8 10 3% 1.0 1.8 2.0 2.8 3.0 3%
0/F Q/F
80.ATM 10.AT™
as42444  (STARIS) Atqta LIQ01, 01,421,580 1=1. HA A
PC=B0.AM-10.AM, QsF=}.4-3.0 TEMAX.LT.0.2%)
AlT.4 1AIPCIA4(T-11410/F 1241 -1
=1 =2 J=3 - J=4 J=3
1= 1 0.67088711E 03 0.19457089E 04 -0.1237717€ 04 0.3257275€ 03 -0.3177408E 02
1= 2 -0.112295%€ 02 0.1641363€ 02 -0.7772760E Q1 - 0.1513569E 01 -0.1000577¢€ 00
1= 3 0.1196775E Q0 -0.1986506E 00 0.1137972E Q0 -0.2969499€-01 0.2843502€-02
CS18R a/F
EQUILIBRIUN 1.40 1.50 1.7% 2.00 2.20 2.40 2.60 2.B0 3.00
80. OQTM 1251, 17260. 1766. 1250, 17227, 17200. 1673. 1646. 1620,
0. ATM 17251, 1759, 1763, 1786, 1722. 16%6. 1669. 1643. 1618.
¢0. ATM 1748, 17257, 172388, 1739, 1716. 169%0. 1664. 1638. 16113.
i0. ATM 1743, 17247, 1740. 1216. 1693. 166B. 1643. i619. 1596.
MAS5S—1
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CHEMICAL FORMULA ¥v1 PERCENT  ENERLY STRTE TENP DEN3ITY
(BL/NOL DEG K c/cc
N2.h H2C 2.0 SG. 11865.8 L 290.1Y F 0.793
N2.0 440 SC. 121G0.8 L 295.i5  F 1.GS36
N2.0 640G 100, -4680.0 L 29¢.35 G 1 .43
15F 15P
3e0. 380,
5. 1 1R 1VIS 376, 1 1S 1VIS
i 215 IVIF : 2 157 (VIE
160. - 3157 1915 360, 4 3158 1315
156G, 418 19)F I8G. § 15 I3
8. ' STLON |
6. 330,
321 sPLU |
e, | 3.
05, 300,
296, 4 290,
2ac. | 200,
276. 276, |
266, | 260. |
25G. 256, 4
286, } } t } 245 ; } } y
S 1S 2.0 2.8 3 LS 1.6 1. 2.6 2.8 3G 1.8
0/F RE/RT=50. 0/F RE/RT=50.
o0 .RTM 10.68T™
te444444  ]SPIVIS danad (AL, 1.K1.K=1 50,021,580, 1=1 .2} AAAR R AN
PC=80.ATM-1G.ATM. D/F=1.4-3.0. QE/A1=10.-100. LEMBX.LT.1.6%)
BIT I K141PCY8411-11410/F 144 1 J-1 1241 QFE/RT 154K~} )
1=1 K= K=2 K=3 K=4 K=3§
J= 1 0.4261912€ 03 -0.23706076-01  0.6015784E-02 0.6402564E-03 ~0.377D449E-0%
= 2 -0.333628i€ 03 0.1221534E D1 -0.5450292E-01 ~-0.S686G73E-03  0.35855932F-03
= 3 0.2860491€ 03 G.10035336 01 0.77131196-02 0.57454B1€-03 ~0.23241D1F-03%
J= 4 -D.102B434E 03 -0.5321303F 00 -0.1953643E-03 -0.15554406-03 0. 6131 738E-06
= 5 0.1206356E N2 0.5463211E-01 D.40424d5€-03 0.BY72399E-05 -0 17977026-07
=2 K= K=2 K=3 K=4 K=y °
J= 1 -D.3266474E 01 0.187496i€ D0 0.4719¢026-03 -0.361600DE-04 0O.1643527E-06
J= 2 0.6061121E Q1 -G.3525456€ 00 -0.4415)03E-03  0.5952420€-04 -0.25724 50E-06
J= 3 -0.4136471E 01 0.25070015 DO -0.3000786€-04 -0.3455712F-04 0.138)320E-08
J= 4 0.1242963E 01 -0.27901096-01  0.12309926-03  0.B241346E-05 0. 2988559E-07
J= § -D.1405000E GO 0.9919513E-02 -0.2654576€-04 -0.667) 424E-06 Q170041 6E-08
1SPI¥]  RE/RT=S0. 0/F
EQUIL 19RTUM .40 1.50 1.7% 2.00 2.20 2.40 2.60 2.80 .00
20. QM 331 335, 341, 345, S, 39, 332, 328, s,
60. 9TM 3. 335, 341. Id4. IS, 39, 332, 325, N9,
40. ATM 3. 334, 341. 4. 344, 339, 33, 324, 31D,
i0. 9T 331, 334. 340, 343, 3. 337, 330, 323, 317,
FROZEN

80. ATH 325, 327, 27. 324, 3200 NS, 0. 365, 300
60. QM 324, 326. 326. 323, 319, L. 309, 304, 300
40. 8™ 32¢4. 325, 2S. 3N 370 2. 307. 303, 249,
ig. amM 3200 0. 8. L. N0. 6. WM. 297, 241,
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CHEMICAL FORMULA ¥1 PERCENT .ENERGCY STQTE TENP BENSITY
CAL/MCL DEG K G/Ci
N 2.0 H3.0 £ 2.0 50. 11900.0 L 282.15% F G.783-
N 2.0 H 4.0 5C. 12100.0 L 248.15 F 1.0036
N 2.0 0 4.0 100. -4680.0 L 2UB.1S 0 .43
CF CF
2.150 2.150
2.100 1 1 CF (V15 2.100 1
LVIF
2.050 4 8 2.050 1
2.900 4 (3 2.000 |
1.950 4 1.950 1
1.500 | 1.900 |
1.830 4 1.350 4
.00 L 1.800 1
1.750 1 1.750 1
}.7200 4 1.700 L
1.650 1 1.650 4
1.600 1.600 i
1,330 4 1.350 4
1.500 | 1,500
1.450 } 4 —4 — 1.450 4 ! ' +
1.0 1.5 2.0 2.5 3.0 3.§ 1.0 1.5 2.0 2.5 3.0 3.5
0/F RE/AT=50. 0/F HE/RT 50.
d0.ATM 10.ATM
waxAtant  (FIVIS Axgdar (I8 .J.K).K=1.80.0=1.51,1=1.2}) P LTI T
PC=A0.ARTM-10.AMM, O/F=1.4-3.0., AE/RT=10.-100. LEMAX .LT.1.2%)
AET.J.KI1AIPCIA4iT-1 121 Q/F 12 J-1 141 QF/RT 12 (K-1)
1=1 K=1 K=2 K=3 K=4 K=%
= 1 D0.3433B13€ 01 D.13B2364E-01  0.5340017E-04 0.1525998E-0% -0.12506B4E-G7
= 2 -0.3717240E 01 -0.186%7208-01 -0.3270071E-03 0.1439i151E-07 0.1029639E-07
= 3 0.2749379€ 01 0.221237%E-01 0.5546467€-04 0.1430914E€-085 <0.1120925E-07
= 4 -0.DHY9BBIE QO -0.7462803E-02 -0.6349045E-08 -0.4466520E-06 0.29D5630E-08
= 3 D.Y498127E-01 0.736BBYAE-03 0.2799994E-05 0.180968iE-07 -0.163602BE-0Y
=? K=1 K=2 K=3 K=4 K=%
= | -0.1175408€-01 0.7525719E-03 0.2939617E-06 -0.1222167E-06 0.5%48308E-09
= 2 0.2351%216-01 -0.1420390E-02 0.242B012E-07 0.212356BE-06 -0.9120705E-04
= 3 -0.17315416-01  0.9B2BS67€-03 -0.4902215€-06 -0.1325345E-06 0.52B1343E-04
= 4 0.3%2456%-02 -0.2997097E-03 0.3B0B413E-06 0.3453760E-07 -0.1238B79E-09
= 3 ~0.646053DE-03  0.3390494€-04 -0.741673DBE-07 -0.31721769E-00 0.8679265E-11
CFIV) QE/RT=50. 0/F
EQUILIBRIUN 1.40 1.50 1.7% 2.00 2.20 2.40 2.60 2.80 13.00
80. /M | .8%6 ) .B6d 1,943 1.93) 1.961 1,950 1.946 1.935 1.926
60. ATH I.aSS 1.868 1.943% 1.934 1.964 1.960 1.949 1.936 1.927
40. /M 1.957 1.866 1.9499 1.939 1.496D i.965 1.953 1.942 1.932
FROZE 10. QTM 1.8062 1.B75 1.915 1.957 1.4984 1.8B0 1.969 1,987 1.946
N
80. QM 1 .930 71.84%5 1.9%4 1.360 1.B62 | .86 1.B62 1.861 1.B60
60. RTM 1.03b0 1.BA3 1.9%3 1.3%8 1.860 1.861 1.B6i 1.067 1.B60
40. ATH 1.837 1.842 1.252 1.9857 1.85%9 1.860 1.860 1.83%9 1.B%®
iQ. QT 1.933 1.837 1.045 1 .350 Y.BYI 1.B852 1.B%2 1.853 1.B%i
BA5—3
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CHMICAL FORMUWLA ¥1 PERCENT ENERCY 5T7R7E  EMe DENS1TY
CAL/NMOL NEC K G/CL
H 2.0 100.00 -2151.00 L 20.27 F 0.07089
F 2.0 100.00 -3098.00 L $3.02 Q 1.35050
CSTAR CSTAR
2730. 2730.
2700. 1 1 CSIAR 5] 2700. 4 Y CSIRR (5)
2630. 2 C51AR IF) 2630. 2 CSTAR IF)
2600. 2600. ]
2550. ©2%30.
2500. | 2500, |
2630 ] 2430,
2400. | 2000, |
2330. | 2330.
2300. | 2300. |
22s0. 4 22350. I
2200. | 2200. ]
2150, 4 2150 |
2100. | 2100. |
2050. } + 2030. + + + +
2.0 6.0 10.0 V4.0 18.0 22.0 2.0 6.0 10.0 1.0 18.0 22.0
0/F O/F
g0.ATM 10.ATM
nanntnna  [STARIS) AnAanaas  LERIT.01.0=1.57.1=)V .3 AAAMARAAAA
PC=B80.RATM-10.ATM. 0/F=4.0-20.0 LEMAX.LT.0. a2
RET.J VAPl 1=11410/F VA2 -1
J=1 =2 J=3 “J=t J=3
1= 1 0.2%71004E 04 0.1150932€ 02 -0.47352111€ 01 0.312%827€ 00 -0.6980366€-02
1= 2 -0.4669463F 01 0.184483%€ 01 -0.1908207€ 00 O0.8941127€-02 -0.1363465€-03
1= 3 0.3054043E-01 -0.1233740€-01  0.1312742E-02 -0.6261244€-0¢ 0.1110669E-03
CST8R AE/RT=30. 0/F
EQUILIBRIUN ¢.00 6.00 .00 10.00 12.00 1¢.00 16.00 18.00 20.00Q
80. ATM  2562. 2582. 233B. 2332. 2510. 249B. 24359. 2425. 2397.

60. AN 2562. 2378. 2331. 2323. 2301. 247B. 2449. 2414, 2376
40, RN 2362, 2372. 2340. 2311. 24B8. 2¢6L. 2434. 2399, 2361.
10. ATM  233B. 23543. 2%00. 2465. 2440. 2¢14. 2382. 23¢3. 2306.

BA6—1
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a4, Tux3r OERER 41
CHMICAL FORMULA W1 PERCENT ENERCY  STRTE  TEMP NENSITY
CAL/MOL NEC X c/ce
H 2.0 100.60 -23¢.00 L 20.27 F 0.0709
f 2.0 100.060 -3098.00 L §5.02 O 1.3050
15P 1SP
520. $16.
510. 4 1P 1V)S s00. | 1 ISP tVIS
2 1P IVIF 2 1P LVIF
AL ¢ 3 1P IRIS 0. 4 315F  1A1S
430. | L 15 (AIF 180, IRIF
0. | 7 70. '
0. t60. |
60. | (30. 4
50, | wo. |
440. 4 430. d
0. | 0. |
20, | ao. |
0wo. | 0. |
00, | 390. |
390. | 380. | _
380. : ¢ 4 : 370. : + : '
2.0 6.0 10.0 14.0 18.0 22.0 2.0 6.0 10.0 14.0 18.0 22.0
0/F RE/AT=50. 0/F AE/AT=50.
g0 .ATM 10.ATM
sanmanana  1SPIVIS Anasgs LUIALT.JKEK=1,51.0=1 .851.1=1 .21 ARARARASAAR
PC=BD.ATM-10.ATM. 0/F=4.0-20.0. RE/AT=10.-100. LEMAX.LT.0.9%)
RI1.J.KIAIPCIaa{1-11410/F1nal =114 (QE/RT1a41K=1)
1=1 K=1 K=2 K=3 K=4 K=3
= 1 0.3869327€ 03 0.12B0484E 01 -0.3052391€-01 0.3151193E-03 ~0.1192B07E-03
Y= 2 0.2142111€ 02 0.4086436E 00 -0.9172807E-02 0.1057344€-07 ~0.4373804E-06
J= 7 -0.3036B31E 01 -0.160611 36-01  0.3123402€-03 ~0.4¢776660E6-0% 0.237671LE-07
J= A D.1645276F 00 0.6027721E-04 0.734566%E-05 0.2673122E-09 -0.3270816E-08
J= § -0.3202580E-02 0.5652286E-0% -0.4246007€-06 0.3158263E-08 -0.9539¢48E-1)
1=2 K=1 K=2 . K=3 K=4 K=%
J= 1 -0.106B0OSIE-01 0.601470BE-03 ~0.9384744€-04 0.1563463E-05 -0.7190361£-08
i= 2 -0.9726621€6-02 0.4440316E-03 0.3¢206076-04 -0.7090663E-06 0.3350616E-08
=1 0.3707101E-02 -0.2756176E6-03 -0.1063760E-05 0.729998iE-07 -0.43720677€-09
J= 4 -0.4304332E-03 0.23547906E-04 -0_12933B1€-06 ~0.2686010E-00 0.2100734£-10
)= S D0.Y72S6B7E-0S -0.66B0590E-06 0.357733B1€-08 0.2031923E-10 -0.3503401€-12
1SPIVI  RE/RT=30. 0/F
£QUILIBRIUN ¢.00 6.00 ©.00 10.00 12.00 14.N0 16.00 18.00 20.00
80. ATM G61. 475. 4BY. 493, 4BL. tBd. 4B3. 8i. 470.
60. RIM ¢61. 475, 4BY. 483. B3. 33, 4B2. 460. 464,
0. AN ¢61. 475, 430. d482. B2. 482. 4Bl. 479. 46E.
10. QTM 461. 474. 479. 4B0. 479. &78. 476. 473. 46¢.
FROZEN
80. AIM 457. 4S6. 449, 442, (33. 28. 42). 414, 406,
60. AT 456, 453, 446. 439, 32. 426, 418. 411, 403,
40. QM 45S. 452, 443, 435, 428, 421, 414, 407. 394,
10. ATM €31, 442, 431. 422. 415, 40D. 400. 393, 138
HA6—2
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CHMICAL FORMULA W1 PERCENT ENERCY STATE  TEMP DENSTTY
CARL/MOL 0EG K G/CC
H 2.0 100.00 -215¢.00 L 20,27 F 0.0709
F 2.0 100.00 -3096.00 L £5.02 © 1.503%0
CF CF
2.100 2.130
2.030 4 1 CF VIS 2.100 _ 1CF VIS
2 CF [VIF 2 CF IVIF
2.000 | , 2.050 | . s
y.930 | 2.000 | 4 CF 1AIF
1,500 | 1.930 ]
1,830 | 1.900 |
1.800 | 1,830 |
1.750 | 1.800 J
1.700 | 1.750 |
1,650 | 1.700 |
1.600 | 1.650 |
1,350 ] 1.600
1,500 | 1,350 ]
1.es0 | 1.500 |
2.6 6.0 10.0 14.0 18.0 22.0 2.0 6.0 10.0 14.0 12.0 22.0
0/F RE/AT=50. 0/F AE/AT=50.
c0.AT™ 10.AT™
sasdnnnan  [FIVIS Axanax (A1), J.K)V.K=1.5).J=1.51.1=).2) RABARERA AR
PC=80.AIM-10.A1M. 0/F=4.0-20.0. BF/AT=10.-100. {EMAX .LT.0 . 6%)
ALY J.KIAPCIan(1=1110/F Y42l J=1 14 AE/RT 1an(K-1 )
1=1 K=1 K=2 K=3 K=4 K=$5
J= 1 0.1436412€ 01 0.49633¢96-02 -0.1173656E-03  0.11938756-05 ~0. 4453633606
= 2 0.6243960E-01 0.1469930E-02 -0.3333476E~-04 0.3945041E-06 ~0.1EE7S61€-0F
= 3 ~-0.7287779E-02 -0.3697819E-04 0.66384942€-06 -0.1383904E-07 0.7826930E-10
J= A 0.3678B6SE-03 ~0.10957206-05 0.5894043E-07 -0.2629106E-09 0. 4842852F-12
J= 5 -0.6700134E-05 0.¢S46400€-07 -0.2309170E-08 0.1818417€-10 -0.3961 939€-13
1=2 K=1 K=2 K=3 K=4 K=$
J= 1 0.113564126-02 0.7642624E-05 -0.4B8BY248E-06 0.7584626E-08 -0.347027E6-10
J= 2 -0.5021453E-03 -0.1374208E-06 0.1767097E-06 -0.33372746-08 O.164B465€-10
J= 3 0.6704997€-04 -0.93635608E-06 -0.72757216-08 0.3319606E-09 -0.1950163E-11
J= 4 -0.3735773E-05 0.9536191E-07 -0.3930124E-09 -0.1249491E-10 0.9%343B06E-13
=5 0.7291723E-07 -0.2555266E6-08 0Q.21026216-10 0.1436692E-12 -0 ) $70944F-12
CFIV) Af/AT=50. 0/F
EQUIL IBRIUM ¢.00 6.00 ©.00 10.00 12.00 14.00 16.00 18.00 20.00
€0. ATM  1.7€6 1.BOS 1.844 1.871 1.8Y0 1.906 1.423 1.945 1.931
60. ATM  1.766 i.807 1.848 i.876 1.895 1.911 1.930 1.950 1.937
40. ATM 1,766 1.8i1 1.3854 1.853 1.901 1.919 1.936 1.9S6 }.94d
PO. ATM 1,768 3.827 1.377 1.908 3.925 ).940 1.958 i.977 1.970
FROZEN
80. ATM 1763 1.7720 1.770 1.767 1.763 }_.760 1.757 1.753 1.750
60. QTM  1.762 1.769 1.76B i .764 1.761 1.750 1.754 1.7%2 1.748
40. ATM  1.762 1.768 i.766 ).761 1.758 i .754 1.751 1.748 1.745
10. QTM 1,760 1.761 1.257 1.752 1.747 V.7245 1.742 1.739 1.73€
KA6—3
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Mz F HERNPt R PTE X 293 5

CHMICAL FORMULA WT PERCENT  ENERGY STATE  TEMP DENSITY
CAL/NOL DEG K G/CC
H 2.0 100.00 -2154.00 L 2027 F  0.0709
0 2.0 100.00 -3102.00 L  90.18 0  1.1490
CSTAR CSTAR
2600. 2600.
2556. 1 1 CSTAR 1S) 2550, 1 CSTRR (5)
2506, | 2 CSTAR (F) 2500. | 2 CSTAR (F)
2456. | 2450. |
2400. | 2400. |
2350. | 2350. |
2306. | 2300.
2256. | 2256.
2200. | 2200. |
256, | 2150, |
2106. | 2100. ]
2050. | 2050. |
2006. | 2000.
1950. | 1950,
1800. : , } N 1900. — , ,
1.0 3.0 50 7.0 9.0 11.0 1.0 3.0 5.0 7.0 9.0 11.0
O/F O/F
80.ATM 70.8TM
CSTAR CSTAR
2600. 2600.
2530 4 1 CSTRR (S) 2530. 4 1 CSTER (5)
2500, | 2 CSTRR (F) 2500, | 2 CSTAR (F)
2450. | 2450. |
2400. | 2400. |
2350. | 23s0. |
2300. 2300. |
2250. 2250. |
2200. | 2200. |
2150. | 2150, 1
2100. | 2100, |
2050. | 2050. |
2000. | 2000. |
1950. | 1950, |
1800. : ¢ : a 1800. t : t }
1.0 3.0 5.0 7.0 9.0 11.0 1.0 3.0 50 2.0 9.0 11.0
O/F 0/F
60.ATM 50.RTM
EB1—-1
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CHMICAL FORMULA W1 PERCENT  ENERGY STATE  TEMP DENSTTY
CAL/MOL DEG K G/CC
Ho 2.0 100.00 -2154.00 L 20,27 F  0.0709
0 2.0 100.00 -3102.00 L 9018 0 1.1430
CSTAR CSTAR
2600. 2600.
2350 4 1 CSTAR 15) 2550 4 1 CSTR 15)
%00, A 2 CSTR IF) 2500, | 2 (STAR (F)
2450, | 2430 |
2400, 2400, |
2150, | 23s0. |
2300, | 2300, |
2%0. | 22%0. 4
2200, 4 200, |
2150, | 250,
2100, | 200,
2050. | 2080, 4
2000. 2000. |
1930, | 1980, 4
1300. : + 1 : 1400. : : ¢ e
.0 3.0 5.0 7.0 9.0 1.0 1.0 3.0 5.0 7.0 4.0 1.0
0/F 0/F
40.ATM 30.ATM
CSTAR CSTAR
2600. 2600.
25%0. 1 CSTAR I15) 2330. ¢ 1 CSTRR 15)
2500, 2 CSTR IF) %00, 1 2 CSTAR (F)
2450, | 2450, |
2600. | 2400, |
2350, |} 2330, |
2300 | 2300,
2250, 1 2230,
2m0. | 200,
250, | 2180,
2100, |} 2100, |
050, | 2050,
n00. | 2000,
1950, 4 1950,
1300. t : 4 : 1900. : : t :
1.0 3.0 5.0 2.0 9.0 1.0 1.0 %0 5.0 2.0 9.0 1.0
0/F Q/F
20.ATM 10.AT
MB1-—-2
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ISP

460.
450.
440.
430.
420.
410.
400.
3s0.
380.
370.
360.
350.
340.
336.
320.

ISP
4€0.

450.
440..
430.
420.
410.
400.
390.
380.
370.
3€60.
3s0.
3490.
330.
320.

CHMICAL FORMULA

H 2.0
0 2.0

MEFEHENARTER 2032

1 15P (VIS
2 152 VIF
3 15P  (A)S
4 1P (RIF

1.6 3.0 50 7.0 S0 N
Q/F RE/AT=10.
80.ATM
- 1 14P (V]S
2 15P {VIF
T 3 15P {Ql)s
4 4 ISP (RIF

] L 4 i 1 ] [
T T T y T T T
4 i 1 '} Il L i
T T Y T T T ¥

-

50 7.0 9.0 11

RE/AT=10.
60.ATM

WT PERCENT

CAL/NOL
100.00 -2154.00 L

100.00 -3102.00 L

15P
460.

450.
440.
430.
420.
410.
400.
390.
380.
370.
360.
350.
340.
330.
320.

.0

460.
450.
449.
430.
420
£10.
400.
390.
380.
370.
360.
350.
340.
330.
320.

.0

BB 2—1

$ 1 |l 1 i 1 l
T Y + t T T

ENERGY STQTE  TEMP DENS1TY
0EG K G/EC
20,27 F 0.0708
90.18 @ 1.1490
T 1 1P (VIS
2 1P [VIF
T 3 1P (R)S
4 4 1P (RIF

Q/F RE/AT=10.
70.0TM
- 1 ISP {vi]s
2 15P [VIF
T 3 ISP {R)S
4 4 15P {(8)F
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CHMICAL FORMULA W1 PERCENT  ENERGY STATE  TEMP DENSITY
CAL/NOL DEG K G/EC
Ho 2.0 100.00 -2154.00 L  20.27 F  0.0709
0 2.0 J00.00 -3102.00 L  §0.18 0  1.1490
1SP 15P
460 460.
430. - 1 15P IV 450, 4 115 1ViS
215 IVIF 2 15 IVIF
e 4 315 1915 “o. 1 315P (913
030. | ¢ 1 19F 30 | ¢ 1P IRV
20, | 20, |
10, | 0o, L
gon. | wo. |
390. | ' . |
!0, | 3|0, 4
70, 370, |
60. | . 60. |
0. 4 0. |
0. | 0. |
EEP 0. |
320. ' b t } 320. ¢ t + :
1.0 3.0 5.0 7.0 9.0 11.0 1.0 3.0 5.0 7.0 9.0 1.0
0/F RE/AT=10. 0/F RE/AT=10.
40.ATM 30.A™
15P 15P
460. 460.
450. & N ME 450, 1 I E L
' 2 18 i 2 1P (V!
0.1 315P 1815 0.2 315 1815
$30. | ¢ 1P {AIF 0. | ¢ 1P (AIF
20, | 20, |
ao. | ¢, |
wo. | o, |
90, | /0. 1
|0, | 0. |
w0, | wo. |
0. | \ 60, |
0. | 180,
0. | 0. |
330, | m. |
320. : ——t : 320. = : : ?
1.0 3.0 5.0 2.0 8.0 1.0 1.0 3.0 5.0 7.0 9.0 1.0
0/F RE/AT=10. 0/F RE/AT=10.
20.8TM 10.ATH
HB2—-2
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CHMICAL FORMULA WT PERCENT  ENERGY STATE  TEMP DENSITY
CAL/MOL DEG K G/CC
H 2.0 100.00 -2184.00 L 2027 F  0.0709
0 2.0 100.00 -3102.00 L  90.18 ©  1.1490
1SP 15P
480 . 480.
470. | 1 }SP (V1S 470. | 1 1P (VIS
2 1% IVIF 2 1P (VIF
4€0. + 315 (RS 460. 3 3 1P (915
4s0. 1 L1 (RIF 450. 4 1P  (QIF
440. | a40. |
430. | 430, |
0. 1 . 420.
410. 1 410. |
0. | 400. |
390. 4 390.
380. ‘ 380.
370. | 370,
360. 4 360. 4
350. | 380, |
340. & —t : 340. : . : s
1.0 3.0 5.0 7.0 9.0 11.0 t.0 3.0 5.0 7.0 9.0 11.0
Q/F AF/AT=20. 0/F RE/AT=20.
80.ATM 70.ATM
1SP 15P
480. 480.
470, | ] }gs :vn? 470, | 1 15; fVl?
2 15t Vi 2 15 VS
460. 4 3 1% (915 460. 31 (RIS
450. | & ISP IQIF 450. | 4 1SP  (RIF
440. | 440.
430. | 430.
426. | 420,
40, | 410.
400. 4 400.
3s0. | 330.
30, | 380.
370. | 370.
360. | 360.
350. 4 350.
340. + + } — 340.
1.0 3.0 5.0 7.0 9.0 11.0 1.0
0/F RE/AT=20, 0/F RE/AT=20.
60.ATM 50.ATM
BB 2—3
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15P
420.

470.
d60.
450.
440.
430.
420.
410.
400.
380.
380.
370.
360.
330.
340.

15P
450.
470.
460.
450.
440.
430.
420.
0.
400.
330.
380.
370.
360.
330.

CHMICAL FORMULR

H
0

2.0
2.0

a4, b 7a35F OEREE

Teme
DEG K
20.27
$0.18

WT PERCENT

100.00
100.00

ENERGY STARTE
CAL/NOL
-2184.00 L
-3102.00 L

15P

480.

49

DENSTTY

G/CC

F 0.0708
Q 1.1490

-+

o~ -
— w— o ———t
2499

15 0. 4
¢60. 4
430, 4
440, |
430. |
4200 |
an. |
400. |
390. ]
380. |
370, |
360. ]
N
340.

-~ N~
— ot et s
LN LN
DDV

9

.0
RE/AT=20.

1.0 3.0 5.0

o T

0

40.RTM
15P

480.

w T

7.0 9.0 11.0

RE/AT=20.

30.ATM

iR

1
2
3
4

70, |
460. |
450, |
TL
30,
20, |
¢, |
o0, 4
™. 4
/0.
w0, |
B0, 4
380, 4
, 340.

& WN -
T OrIr
D99

DD<<
noTo

I
L]

7.0

RE/AT=20.

0 1.0 3.0 5.0

0/F
20.ATM

HB2—4

=+

2.0 9.0 11.0

RE/RT=20.

10.ATH
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CHMICAL FORMULA W1 PERCENT  ENERGY STRTE  TEMP DENS1TY
CAL/MOL DEG K G/CC
H o 2.0 100.00 -215¢.00 L  20.27 F  0.0709
0 2.0 100.00 -3i102.00 L  90.18 O  1.1490
15P 15P
480. 430.
470. 1 115 (VIS 0. 4 1152 (VIS
2 1P IVIF 2 1P IVIF
40. 4 319 1915 460. ¢ 31 (815
450. 1 15P 450. | 1S 8IF
440, | 440, |
430. | 430, |
420. | 420. | )
410, | 610, |
400. | 0. |
390, | 390, |
380. | 0. |
70. | 70, ]
60. | 360.
350. 3%0. 4
140. : 1 —t 340. } : } t
1.0 3.0 5.0 2.0 8.0 1i.0 1.0 3.0 5.0 7.0 8.0 11.0
0/F AE/AT=30. 0/F RE/AT=30.
d0.ATM 70.ATM
1SP 15P
430. 480.
w1 2 1% (VI w1 215 VI
2 15P  (VIF
40. 4 3 15P 18]S 460. 1 315P  (AlS
450. | 1P (QIF 450. | 15 (9IF
440, | a40. |
430. | 430.
020, | 20, 1
g10. | 0. |
0. | 400. |
390. | |0, |
0. ] /0. |
370. 70, ]
80. | 0. |
350. 4 0. |
340. : ¢ : } 340. it —t
1.0 3.0 5.0 7.0 9.0 1i.0 1.0 3.0 5.0 7.0 $.0 11.0
O/F RE/AT=30. 0/F AE/AT=30.
60.AT™ 50.ATM
BB2—5
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CHMICAL FORMULR ¥1 PERCENT ENERGY STRTE  TEMP DENSTTY
CAL/NOL 0EG K G/CC
H 2.0 100.00  -2154.00 L 20,27 F 0.0709
0 2.0 100.00 -3102.06 L Q.18 O 1.1480
15P 15P
480. 4B0.
0. |4 1 18P :V!E 470, 4 1 15P W;é
2 15P VI 2 15P v
460- ¢ 3 19P 1G1S ¢60. 4 3 15P IRS
450. 4 15P 450. | 15 1RIF
440. 1 440. 1
430, 4§ a30. |
420. |1 420, |
410, 4 10, 1
400. 4 ¢00. |
390, 1 390, 1
380, 4 380. 1
0. 4 370, 4
360. 4 0. 4
350, 4 350. 4
340. S f ¢ 340. ¥ i : :
}.00 3.0 5.0 2.0 9.0 11.0 1.0 3.0 s.0 7.0 9.0 1.0
0/F AE/AT=30. O/F RE/AT=30.
40.AT™ | 30.ATM
15P 15P
480. ¢80.
470. | 1 15P IV}S 470. 4.
2 1P IVIF
§60. 1L 3 15p (A1s 460. |
450. 4 15P (RIF 430, |1
440. | a40. 1
430. | 430. 4
420. 1 420, |
410, 1 410, 4
400. 4 400. |
I8G. 1 80, 4
0. 0. 4
3706, 1 370. 4
360. 1 60. |}
330, 1L 350. 4
340. t + : — 340. —t : 1
.0 3.0 5.0 2.0 9.0 1.0 v.0 3.0 5.0 7.0 4.0 1r.0
0/F RE/AT=30. 0/F AE/AT=30.
20.ATM | | 10.ATM

HMB2—6
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CHMICAL FORMULRA W1 PERCENT  ENERGY STATE TEMP DENSITY
CAL/MOL DEG K G/CC
H o 2.0 100.00 -2154.00 L 20.27 F  0.0709
0 2.0 100.60 -3i02.00 L  90.18 ©  1.1490
ISP 15P
430. 490.
430. 4 1 1% 1vIS 480. 4 11 IvIS
7. 4 11% 1S 20. 4 RS
460. | ¢ 15 IQF 460. ¢ 1P (QIF
650. 430. |
(o, | a0, |
430. | 3 . 430. |
0. | 0. |
o, | 0o.
0o. | 0. |
390. | /0. |
|0, | /O, |
wo. | 0. 4
60. . . 360.
330. i : t : 3s8. : t ; :
1.0 3.0 5.0 7.0 9.0 1.0 1.0 3.0 5.0 7.0 9.0 11.0
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Ho 2.0 100.00 -2154.00 L 2027 F  0.0708
0 2.0 10000 -3102.00 L  90.1® O  1.1490
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i.300 1 i.300 |
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1.260 | 1.260 1
1.240 | 1240 |
1.220 | 1.220 1
1.200 | 1.200 |
1,180 § 1.180 4
}.160 + + ' — 1.160 } 4 4 +
1.0 3.0 5.0 7.0 9.0 1.0 1.0 3.0 5.0 2.0 9.0 1.0
0/F RE/RT=10. 0/F RE/AT=10,
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CHMICAL FORMLLA W1 PERCENT  ENERGY STQTE  TEMP DENSTTY
CAL/NOL DEG K G/CC
H 2.0 100.00 -21%4.00 L 20.27 F  0.0709
0 2.0 100.00 -3102.00 L  90.18 O  1.1490
GAMMA GAMMA
1.440 ). 440
|.420 1 1 GAMMA (S) }.420 4 1 GRMM (S)
1,400 1 2 GAM™R (F) |.400 L 2 GRM™R (F)
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1.320 1.320 |
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1.240 | 1.240 |
1.220 | |.220 |
1.200 | 1.200 ]
1.180 | \ 1.180 | !
1.160 ; } } } 1160 i } ' }
1.0 3.0 5.0 7.0 9.0 11.0 1.0 3.0 50 7.0 9.0 11.0
O/F AE/AT=20. 0/F RE/AT=20.
d0.ATH 70.8TM
GAMMA GAMMA
. 440 }.440
|.420 L 1 GRMMR (S) 1.420 1 1 GAMM ($)
1400 L 2 GAMg (F |.400 | 2 GRM'R (F)
1.380 L 1.380 |
1.360 | 1.360 |
1.340 | 1.340 |
1.320 | 1.320
1.300 | 1.300 |
1.280 | 1.280 |
1.260 L 1.260 |
1.260 | 1.240 L
i.220 | 1.220
1.200 L 1.200 |
1.180 | ! 1.180 | :
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CHMICAL FORMULR W1 PERCENT  ENERGY STRTE  TEMP DENSITY
CAL/NOL 0EG K G/CC
Ho 2.0 100.00 -215¢.00 L 20.27 F  0.0708
0 2.0 100.00 -3102.00 L  90.18 0  1.1440
GRAMMA GAMMA
|.440 1440
b.e20 & 1 GaMA [S) o420 4 1 GAMME 1)
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1.220 | 1 1.220 | .
1200 4 1.200 1
1180 1100 | \
1.160 4 n h } 1.160 4 ; } +
1.0 3.0 5.0 2.0 9.0 11.0 1.6 3.0 5.0 7.0 9.0 11.0
i RE/AT=20, 0/F RE/RT=20.
40.RTM 30.ATM
GAMMA GRMMA
|.440 b.440
l.420 4 1 GAMMA (S) b.420 4 1AM ()
| 400 | 2 GAMMA (F ) | ean | 2 GRMMR (F)
1.390 | 1.380 |
1.360 4 1.360 1
1.340 | 1.340 |
1.320 1.320 4
1.300 | 1.300 4
1.280 4 1.280 |
1.260 1 1.260 1
1.240 1240 |
1.220 | 1.220 1
1.200 | 1.200 |
1180 | 1.0
1160 — 1160 —_—
1.0 3.0 5.0 7.0 9.0 1.0 1.0 3.0 5.0 2.0 9.0 1.0
0/F RE/AT=20. 0/F RE/AT=20,
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CHMICAL FORMULA WT PERCENT  ENERGY STATE TEMP DENSITY
CAL/MOL DEG K G/CC
H 2.0 100.00 -2154.00 L 20.27 F  0.0709
0 2.0 100.00 -3102.00 L  90.1B O . 1.1490
GAMMA GAMMA
1.440 I.440
1.420 4 1 GAMMR (5) b.420 4 1 GAMMR (S)
1400 1 2 GAMMA IF) 100 | 2 GAMMR (F)
1.380 | 1.380 1
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1.340 | 1.340 |
1.320 1.320 1
i.300 1 1.300 |
1.280 | 1.280
1.260 | ’ 1.260 | ‘
1.240 1 1.240 |
1.220 1 1.220 1
1.200 | 1.200 ] ;
1.180 12180
1.160 } $ ! j‘ 1.160 } + + _!
1.0 3.0 5.0 2.0 8.0 1i.0 1.6 3.0 5.¢ 7.0 9.0 11.0
0/F RE/ART=30. 0/F RE/AT=30.
c0.ATM 70.ATM
GAMMA GAMMA
i.440 1.440
v.420 1 1 GRMMA ($) 1.420 1 1 GAMMA (S)
| 400 | 2 GAMMA (F) 1a00 2 GAMMRA IF)
1.380 | 1.380 |
1.360 1.360 |
1.340 | 1.340 ]
1.320 | 1.320 1
1.300 | 1.300 |
1.280 | 1.280 1
1.260 1 ‘ 1.260 | !
1.240 L 1.240 |
1.220 | 1.220 |
1.200 | , 1.200 4 \
1.180 1,100 |
1.160 , ’ : g 1.160 4 — 4
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CAL/MOL EG X G/CL
Ho 2.0 100.00 -21%4.00 L 2027 F  0.0708
o 2.0 100,00 -3102.00 L  §0.18 ©  1.1480
GAMMA GAMMA
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1.200 1.200 | ‘
1.1a0 4 1.100 4
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» 1D 1.0 3.0 5.0 2.0 9.0 1.
0/F RE/AT=30. 0/F RE/RT=30.
40 .ATM 30.AT™
GAMMA GAMMA
). 440 1.440
1.420 1 GaMA (5) b.420 4 1 GAMMA ()
y.400 1 2 GaMMR (R 1.400 1 2 GAMMA [ F)
i.380 } i.3v0 |
1.360 | 1.360 |
1.340 | 1.340
1.320 4 1.320 4
1.300 | j.300 1
1.280 | 1.200 4
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1.240 | |.240 |
i.220 | 1.220 4
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H o 2.0 100.00 -215¢.00 L 20.22 F  0.0709
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1.180 + 4 + } 1.100 —+ } 4 -
1.0 3.6 5.0 7.0 9.0 11.0 1.0 3.0 5.6 2.0 9.0 11.0
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GAMMA GAMMA
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CHMICAL FORMULR %1 PERCENT ENERCY ST]TE  TEMP - BENSTTY
caL/naL DEG X G/CC
H 2.0 100.60  -2184.00 L 206,27 F 0.0709
a 2.0 106.60  -302.00 L 5018 0 1.1440
GAMMA GAMMA
1.44Q0 ). 440
1,420 4 1 6oMMa (S) 1620 4 1 GAMA (S)
1.400 | 2 aMMa 7)) 1.400 4 2 GAMMA (F)
1.380 ] 1.330 |
1.360 4 1.360 4
1.340 1.340
1.32n | 1.320 1
1.300 | 1.300 |4
1.200 1.200 |
| .260 1.260 |
1.240 | 1.240 |
1.220 4 1.220 |
1.200 4 1.200 4
1.180 4 1.180 4
b IED ' 1,160 4 4 4 4
1.0 3 . . 00110 1.0 3.0 s.0 720 §.0 1.0
G/F RE/RT=150. O/F AE/AT=150.
80.RTM 70.AT™
GAMMA GAMMA
1.440 1.440
V420 4 1 A (5) b.420 4 1 G818 ($)
L4000 | 2 GAMM] (F i.400 | 2 GaMMA (R
1.380 _ 1.380 4
1.360 1.360 §
1.340 | 1.340 4
1.320 1 1.320 }
1.300 4 1.300
t.280 | 1.280 L
1.260 | 1.260 1
1.240 1 1.240 | '
1.220 | 1.220 § \
£.200 | 1.200 4 ‘
1,180 L 1.180 1
b . 160 4 i } + 1160 4 } ; }
1.0 3.0 5.0 2.0 9.0 1.0 1.8 3.0 5.0 7.6 $.n 1.9
0/F RE/AT=150. 0/F RE/AT=150.
60 .AT™ 50.AT™
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CHMICAL FORMULR W1 PERCENT  ENERCY STRTE  TEMP NENSITY
CRL/NGL REL K G/CL
Ho 2.0 100.00  -218¢.00 L 2627 F  6.0709
G 2.0 100.00  -3i02.00 L 90.18 0  1.1480
GAMMA GAMMA
1,440 1. 4480
Vo420 4 1AM 1 S) b.420 1 GAMMA 1S)
o400 2 6AaMM IF) 1,400 1 2 8RR (F)
}.380 1 1.380 |
1.360 | 1.360 |
1,360 L 1,340 |
1,320 4 1,320
1,300 4 1.300 |
1.200 | 1.220
1.260 4 1.260
1240 | 1.240
1220 | 1.220 |
v.2nn | 1.200
baao | 1,180
1,160 4 } 4 ¢ 1.160 " 4 + 4
1.8 3.h 5. 2.5 w.h .G 1.6 3.0 5.0 2.6 .6 11.0
0/F AE/AT=175. G/F RE/RT=175.
d0.ATM 7G.AT™
GAMMA GAMMA
1.440 1,440
Loan | INGEER boean g 1 GRS
1.aan 4 2 LAMMA (F) i 400 2 GaMMR (R
1,380 1.300
1.360 1,360 |
1,340 | i.340
1320 4 1.320
i.300 4 1300 |
1.220 4 1200 |
i.260 1,260 |
1.240 1 1,240 |
1220 1220 |
1.200 | i.200 |
booo | i.e0 1
I.160 : ; : b t.160 f e — t
1.8 3.6 5.0 2.0 9.0 019 1030 5.6 2.0 9.6 1.6
0/F RE/RT=175. 0/F RE/AT=175.
60.ATM S0.AT
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CHMI(RL FORMULA W1 PERCENT ENERGY ST97E TEMP RDENSITY
CAL/NOL NEC ¥ G/CC
H 2.0 100.00  -2184.00 L 20.27 F 0.070%
0 2.0 100.00 -3102.80 L §0.1®@ O 1.1490
GAMMA GAMMA
| . 440 1.440
1420 4 1 GAaMMa (S) 1420 | 1 68 (5)
| 400 1 2 LAMQ (F) |.400 4 2 GRMM3 (F)
}.380 1 1.380 4
1,360 | | 360
|.3a0 | | .340 | \
1.320 | 1,320
1.300 4 1.360 .
}.280 | 1.280 |
1.260 1 1.260 4
1.240 | . 1,240 | \
1220 4 | 1.220 | ,
1,260 _ ‘ 1.200 4
1180 }.130 1;
1. 160 ; : 4 ; 1160 ; ; ; +
1.0 3.0 5.6 2.0 §.0 11.0 (.0 30 S0 7.6 9.6 11.0
0/F RE/RT=17S, 0/F RE/AT=175.
40.ATM 30.AT™
GAMMA GAMMA
1.440 1.440
1.420 1 cana (5) b.ge0 4 WGEEL
1.460 1 2 waMM (F) 1,400 4 2 GAaMMR R
1,380 1.380 |
i.360 | 1360 |
1.340 }.340 |
1.32n 1 1.320 4
i.300 4 1.300
i.280 1 1.200
1,260 | 1.260
1.240 ] . 1.240
1.220 ' 1,220
i.200 4 1.200 |
1.180 | 1180 | \
1180 4 % — 1. 160 ' 4 4 X
1.0 3.0 5.6 7.0 9.0 1.0 t.0 3.0 5.6 7.0 9.0 1.0
0/F RE/AT=175. 0/F RE/AT=175.
20.8TM ~ 10.ATM
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CHMICAL FORMULA W1 PERCENT  ENERCY STATE  TEme DENSITY
CAL/MOL NEG X G/CL
H o 2.0 100.00 -218¢.90 L 26,27 F  0.0709
G 2.0 100.06  -3i02.00 L  §0.13 O  1.1490
GQMHQ GAMMA
|44 | .446
hog2n 4 1 GRMMB 5] o420 4 1 GAMR 1 S)
1400 | 2 GAMME (F ) 100 | 2 1A (F)
12380 ] 1,380 |
1,360 4 VL3604
1.3¢0 | 1,380 |
12320 1,320 |
1,300 J [ T
1200 4 1.200 |
1,260 1 1,260 |
1.240 1 1.240 |
vo2n | 220 |
1,268 | 1.200 |
1100 | 1190
| 16D A — \ 1160 N ; ; ;
1.6 3% 5.0 2.6 8.0 1.0 1.6 36 5.6 7.6 9.0 1.0
0/F RE/AT=200. 0/F RE/AT=200.
d0.AT™™ 70.AT™
GRMMG GAMMA
1. 440 b 440
b.420 L 1 GAMR 1S VLo g 1 Gama ()
| a6s | 2 G IF ) e | 2 AR (7]
1,380 | i3m0
1:360 1,360
1.3 | 1,340 |
1,320 4 12320 |
1,360 | i.300 |
1.280 | 1.220 |
1.260 | 1,260 |
1.240 | 1.240
1,220 | 220 |
1.260 4 1.200 4
voee | 1180 |
1,160 ; : g . I.16U ; , ; "
b8 3D 5.0 2.6 .6 1.0 P8 3.0 5.0 7.0 9.0 1.8
0/F RE/RT=200. 0/F AE/AT=200.
60.ATM 50.84T™
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CHMICAL FORMULR W1 PERCENT  ENERGY STRTE  TEmP DENSITY
CAL/MOL GEG K 6/CC
Ho 2.0 100.60 -2154.00 L 20,27 F  0.0709
0 2.0 100.00 -3102.00 L  5G.1a O 1.1490
GAMMA GAMMA
|.e40 I.440
}.420 4 1 LaMMR 1 S) 1.420 4 1 6AMMa 15)
|.400 | 2 LaMM [F) 1.400 4 2 6AMMe [F)
1.360 | 1.380 4
) .360 | 1.360 |
S 1.340 ] 1.340 1
1.320 | 1.320 | )
I.300 | }.300 |
1,280 | 1.280 |
|.260 | }.260 1
1.240 | | 1.240 | |
1.220 . 1.220 1 .
1.200 | . 1.200 | ;
1,180 | 1180 |
1160 } 4 4 4 1.160 + } + }
1.6 3.6 5.0 7.6 9.0 11.0 1.0 3.0 5.0 2.0 9.0 1.0
G/F RE/ART=200. 0/F RE/AT=200
40.ATM 30.ATM
GAMMA GAMMA
1,440 1,440
}.420 4 1 GSMrA () h.420 4 1 GAMMS 15)
| 400 2 GAMMA IF) | 400 | 2 GRMMS IF)
}.390 | 1.380 1
1,360 | 1.360 |
1,340 | ).340 |
}.320 1.320 1
1.300 | 1.300
1200 | 1,200
).260 1.260 1
|.240 | | i.2840 |
1220 1 \ 1.220 L
1.200 ] 1.200 |
1.180 ] 1190 1
1.160 ; , A , ). 180
I8 3.6 5.0 7.6 9.0 11.0 i 5
0/F RE/AT=200.
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