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Abstract — This study was conducted to derive the five correlations which could predict specific gravity(or heating
value), compression factor, density, etc., if we know heating value or specific gravity only. To make a sufficient number
of raw data for regression, SGERG EOS was modified into equation of heating value. Based on these raw data, five cor-
relations were obtained and the uncertainties of the correlations were evaluated. The results showed that the uncertain-
ties were near 0.1% in most conditions of natural gas and so the correlations could be used in natural gas industry and

academic fields.
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Table 1. Interaction Virial Coefficient Terms for Nitrogen and Carbon
Dioxide[1-2]

FluidforB;  b(m/kmol) b, (m/kmolK)  b(m7/kmol-K’)
NN, ~0.144600 0.740910x10°  —0.911950x10°
C0,-CO, ~0.868340 0.403760x102  —0.516570x107
CO,N, ~0.339693 0.161176x102  —0.204429x107

Table 2. Virial Coefficient Terms for the Equivalent Hydrocarbon[1-2]

i biO b,] bz’?
Bym*kmol) 0 -0425468  0.286500x102 —0.462073x107°
B,(m*MJ) 1 0.877118x107 -0.556281x107 0.881510x1078

B,(m>kmol/MJ?) 2 —0.824747x107° 0.431436x1078 —0.608319x107"!
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Fig. 1. The percent change in compression factor brought about +1%
change in heating value for temperature from —10 to 65 °C
for pressure up to 120 bar. (nitrogen=0 mol%, carbon diox-
ide=0 mol%, specific gravity=0.62).
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Table 3. Comparison of heating value predictions between modified
SGERG and ISO 6976 for test gases
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Test ISO 6976 (Reference Value) Modified SGERG ZFo] A (1)#} 1SO 697607 At whadgke] 2jol7} —0.05% thrt
gas SG  N,(mol %) Hy(kcal/m® Hy(kcal/m®) Dev. (%)
A 055590  0.130 9517.4 95140  —0.036 Table 5. Uncertainty of eq.(I)-¢q.(2)
B 057170  0.016 9767.9 9763.9 ~0.041 Components of uncertainty Uncertainty
C 059448  0.060 10096.4 10091.7  —0.047 @ Regression 0.005%
D 062306  0.022 10520.7 105175 —0.030 @ Modified SGERG 0.054%
E 06268  0.190 10549.7 105468  —0.027 @150 6976 0.1%
E 0.64165 0.239 107593 10756.8 ~0.023 Combined uncertainty (confidence level 95%)
G 0.64493  0.070 108353 108313 —0.037 JDP+ 2%+ 32 0.11%
Table 4. Test gas(LNG) compositions in mole percent
Components Gas A Gas B Gas C Gas D Gas E GasF Gas G
CH, 99.790 97.175 93.490 90.512 90.090 88.227 87.060
C,H, 0.070 2.400 5.080 6.054 6.040 7.125 8.400
C,Hg 0.010 0255 1.160 2384 2.540 2.848 3.480
i-CH,, 0.000 0.031 0.080 0.489 0.540 0.762 0.420
n-C,H,, 0.000 0.072 0.110 0516 0.580 0.757 0.540
i-CH,, 0.000 0.051 0.010 0.017 0.020 0.036 0.020
n-CH,, 0.000 0.000 0.010 0.006 0.000 0.006 0.010
N, 0.130 0.016 0.060 0.022 0.19 0.239 0.070
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(T, +273.15)
(T,+273.15)

‘F

H(T,, Py, T)) =H ATy, Py, T)) X

[1-0.000 025(T,~T,,)]
[1+0.000 10(T,—T,)]

@D

[1+0.000 011(T,~T,)]
[1+0.000 025(T,—T,)]

SG(Ty, Py) = SG(T4,, Py) (2-2)

3-2. QE=0IR}
SRS ASISI TiF-EC] A vl Qe 10 bar ]

Table 6. The list of sensitivity coefficients to temperature (application
temperrature range 0~27 °C)[7]

Value
(0Z/3T)p +0.000 025/°C
(0Z i/ OT)p +0.000 011/°C
1/H,(6H,/0T) —-0.000 10/°C
UH ey OH e/ OT) —-0.000 01/°C

Table 7. Uncertainties of equation (3) with application conditions

-SRI - ol ol

alola 7iAe s 9] Aotk BRk A9 LNGE FHaks §
B3 7AE A ABo)n] = EE 0.2 mol% Ul
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SGERG(=AGA 8-gc), AGA 8-dc[2]9} 2= 53t 53t &9] &
B AE AREShH] A laA el hSlAkE 5ok

Z0] 7Fs e ol 2%, 4E WSI7E 333 fob Akl &

=, 4=, BEe] #@AE A A =7 wliEe]

2] 3y o]y 3k 7oA SGERGS A 2] fAleH & i =
AEE BIF 0.55~0.65, 4 1~10.5 bar, 2% 0~30 B<12] 96712]
71% dlolElE 73 37 A% Zo® 3|HEA exk= Ho)
0.04%C]THE-= Table B %), o714 H]ZE SG= oeiX JrnE
AREBHALE 2] (2)F ol gste] Mo R E] Tkt i St
212 2443 7Rt gl 7oA 105 barZbA €] HolHE

3|43 A3jolA |9k SGERGE A HE¢1xke} v w3t Ay}
Table 79 VERA 2810 9)olq <48 10 bar 7H1= B85 0.12%,
20 bar: 0.2%, 60 bar= 1.3%2] B%5 ZH= 7107 BA4F9))

Z=0.998 908 + 1.961 33x1073SG + 3.755 75x107P +2.227 43
x10°T-0.0109632SG - P—4.455 79x10°SG - T

—3.244 02x10P - T+ 1.031 54x107SG-P- T 3)
-3, HE
Ul gefshd A (4-1) 2t
PM

P ZR(T+273.15)

21 @-1)ellA 7118 B Mr% H|Z=g} the g ke B 2t

Mr Zb(air)
Mr(air) Zb

o714 B719] 71E4FAAY Zy i@ 7EAC] 7SR 2,0 1]
191l 7V471(:1.0024) wiioll, &gt Alito] JﬁLEle %5
o] 17 ek = itk 183l 3719] T M, 28.9626
kg/kmol[3]12A] L& Fho|2=Z o5 2] @-1)el thelsta Aelst
A @)ek ol d.

P-SG
ZR-(T+273.15)

SG = (4-2)

e

p = 28.9626 @)

A1 7o} o] ek ANo] @7 wli= 2719} 7se)
Fojo} ahzt] Selvet AR V)EE

Application conditions

Pressure (bar) (absolute) 1~10 10~20 20~ 60
Specific gravity 0.55~0.65 0.55~0.65 0.55~0.65
Temperature (°C) 0~30 0~30 0~30
Nitrogen-+carbon dioxide (mol %) 0.0~0.5 0.0~0.5 0.0~0.5
Components of uncertainty uncertainty(%o)

(D Regression 0.04 0.14 1.23

@ SGERG 0.1 0.1 0.1

(3 Regression error owing to neglect inert gas(up to 0.5 mol%) 0.05 0.1 041
Combined uncertainty (confidence level 95%) = /D* + @7 + @) 0.12 0.2 13
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B A qloiA nedgat AptdR ko] d skt
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N
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O

)
i

ARt vl A= A 6= A @el disdste] 7+
shom A (7t Aok
Hy(ingory— 968.945+218.306X ., +142.056 Xy,

56 = 13699.68 ™

2971271 0.5% U12]e] LNGel tisle] BEd7tAs Al

3 AR a4 @ A (9P o] 4l L}E}@ & 910
v 37231 0.01% wie]olt),
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Hyiper—~ 967.827+221.46X ¢, + 145.645X o
13 702.05

SG =

3-5. flIEHRIS
Q5] PRI HofolAlis Welehth SHX4E ok 2] o
293 o)== 77 7F AR 0 7 AEsh= 7fARA ] W=
7153 WShE dAlTie R 7o) vk 5= 917 wiEelth
AATFE Aa7P7]2 Sol7he AR 4 %S vEhiy
2] (10-13} o] Ae)sick,
Hy
JSG
TR (LR s 2 ks A
sl 2] (10ph 2ol AAE T
B 12117H,
B JHW 1372.77+2373X o, + 156.063X,,

WI =

(10-1)

2)Z A (10-1)°]] el

(10)

xS A& A= A (HE A (10-1)00 thdske] 2] (1)
2ol °4‘ﬂxl“v*” st
_ 1372.77-273.3Xp,+ 14 682.25G-156.063X ,

/SG 11

Table 8. Regression data and results for correlation between superior and inferior heating values of natural gas

Test gas A B C D E F G
H,, (kcal/m’) 9517.4436 9767.8969 10096.367 10520.7003 10549.7190 10759.2570 10835.2540
H ISO 6976 8568.9464 8802.3319 9109.0186 9504.7479 9532.3384 9727.9817 9798.4528
Vinfer) eq.(6) 8568.9820 8802.3200 9108.9463 9504.7645 9532.3644 9728.0327 9798.4178
Dev.(%) of eq.(6) 0.0004 -0.0001 -0.0008 0.0002 0.0003 0.0005 -0.0004

Table 9. Uncertainties of eq.(11)~(13)

Components of uncertainty

Uncertainty ~ Relative sensitivity

Comment

D Correlation of SG-H 0.11% -12

% H?/rre aone g 01 00/: —1n Assuming that H;, was calculated by ISO 6976
¢a:(10) ~Combined uncertainty(confidence level 95%)

JE12Y x D2+ (1/2) % 27 0.07%

Correlation of SG-H 0.11% 1
% Sgrre aone 4 01 00/0 12 Assuming that SG was calculated by ISO 6976
. o -

a1 ~Combined uncertainty(confidence level 95 %)

J(2 x D2+ (1) x 27 0.12%

D Correlation of SG-H,, 0.11% -12 .

@H 0.10% —1p Assuming that Hy,., was calculated by ISO 6976

Winfer) . () = {

eq(12) Combined uncertainty(confidence level 95%)

JC12Px D> +(1/2)x @7 0.07%
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B : second virial coefficient for binary interaction between
component i and component j
(i=N,, CO,; j=N,, CO,)[m>/kmol]

B, : second virial coefficient for gas mixture[m’/kmol] (see
ISO 12213-3)

Cix : third virial coefficient for gas mixture[m®kmol*] (see ISO
12213-3)

G, :-2.709328

G, :0.021062199

SG : specific gravity of gas mixture at reference condition.

Hey  :molar superior heating value of the equivalent hydrocarbon
at 25 °C[MJ/kmol]

Hy : molar superior heating value at 25 °C[MJ/kmol]

H, :volumetric real gas superior heating value[kcal/m?]
(conversion factor of kcal to kJ is 4.1868)
reference condtion for volume is 0 °C, 1.01325 bar and
reference temperature for combustion is 15 °C

Hy(ifery * volumetric real gas inferior heating value[kcal/m®], reference

condtion for volume is 0°C, 1.01325 bar and reference
temperature for combustion is 15 °C

sjstgat

Hl473 M52 20094 102
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M, : molar mass of gas mixture[kg/kmol]

M,; : molar mass of ith component(i=N,, CO,, CH)[kg/kmol]

M, : molar mass of air(=28.96256 kg/kmol, see ISO 6976)

P, : reference absolute pressure for volume[1.01325 bar]

P : pressure[bar]

R : gas constant[8.31451x107 J/mol-K]

T : temperature[°C]

T, : reference temperature for volume[0 °C]

Ty, : reference temperature for volume between 0 °C and 27 °C

T, : reference temperature for combustion or enthalpy[15 °C]

Ty : reference temperature for combustion between 0 °C and 27 °C

U, : uncertainty of heating value[%o]

U, : uncertainty of compression factor[%]

WI : wobbe index[kcal/m®]

X; : mole fraction of ith component(i=N,, CO,, CH). The unit
is mole fraction in eq. (1')~(12') but mole percent in the
other eq.s.

zZ, : compression factor of gas mixture at reference condition
(=0°C, 1.01325 bar)

Zpyairy : compression factor of air at reference condition(=0.99941
at 0 °C, 1.01325 bar, see ISO 6976)

=1 (0] EaSN

Phiry - Mmass density of air at reference condition

0 : relative sensitivity

o™X}

air : for air

b : for reference condition of gas volume(here 0 °C, 1.01325 bar)

CH : for equivalent hydrocarbon

CO, : for carbon dioxide

h : for reference condition of combustion or enthalpy

mix : for gas mixture

N, : for nitrogen

—_—
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.ISO 12213, Natural Gas — Calculation of Compression Factor,

International Organization for Standardization, Geneva(1997).
AGA 8, Compression Factors of Natural Gas and Other Related
Hydrocarbon Gases, American Gas Association(1994).

.ISO 6976, Natural Gas — Calculation of Calorific Values, Den-

sity, Relative Density and Wobbe Index from Composition, Inter-
national Organization for Standardization, Geneva(1995).

. ISO GUM, Guide to the Expression of Uncertainty in Measurement,

International Organization for Standardization, Geneva(1995).

. ISO 5168, Measurement of Fluid Flow — Evaluation of Uncertain-

ties, International Organization for Standardization, Geneva(1998).
Ha, Y. C. and Lee, C. G, “Calculations of Sonic Velocity, Specific
Heat, Enthalpy for Natural Gas, Korean Chem. Eng. Res. 39(6),
678-684(2001).

ISO 13443, Natural Gas — Standard Reference Conditions, Interna-
tional Organization for Standardization, Geneva(1996).
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Appendix
Table A. Regression data and results for SG-H, Table A. (Continued)
Specific N, €O, Mol Regression Specific N, CO, S“é}‘;‘}ggegv Regression
Gravity (SG) (mol %) (mol%) (keal, /m3)‘ H, Error(%) Gravity (SG) (mol %) (mol%) (keal/m®) H, Error(%)

0.00 0.00 944762 944798  0.004 0.00 0.00 10,916.77 10,916.20 -0.005
0.00 1.00 921037 9210.68  0.003 0.00 1.00 10,679.26  10,678.90 —0.003
0.00 3.00 8,735.98  8,736.08  0.001 0.00 3.00 10,204.35 10,204.30  0.000
1.00 0.00 9,291.57 929192 0.004 0.00 5.00 9,729.60  9,729.70  0.001

0.550 1.00 1.00 9,05435  9,054.62  0.003 1.00 0.00 10,760.55  10,760.14  —0.004
1.00 3.00 8,580.02  8,580.02  0.000 1.00 1.00 10,523.07  10,522.84  -0.002
3.00 0.00 8,979.56  8979.79  0.003 1.00 3.00 10,048.22  10,048.24  0.000
3.00 1.00 8,74239 874249  0.001 0.650 1.00 5.00 9,573.54  9,573.64  0.001
3.00 3.00 8,268.16  8267.89 —0.003 3.00 0.00 10,448.19 10,448.01 —0.002
0.00 0.00 10,182.16  10,182.09 —0.001 3.00 1.00 10,210.76 ~ 10,210.71  0.000
0.00 1.00 9,944.79 994479  0.000 3.00 3.00 9,736.04  9,736.11  0.001
0.00 3.00 9470.15  9470.19  0.000 3.00 5.00 9,261.47  9261.51  0.000
0.00 5.00 8,995.66  8,995.59  —0.001 5.00 0.00 10,135.91 10,135.89  0.000
1.00 0.00 10,026.04 10,026.03  0.000 5.00 1.00 9,898.55  9,898.59  0.000
1.00 1.00 9,788.69  9,788.73 0.000 5.00 3.00 9,42395  9,423.99  0.000
1.00 3.00 9314.11  9314.13  0.000 5.00 5.00 8,949.50  8,94939  -0.001
1.00 5.00 8,839.68  8,839.53  —0.002 3.00 3.00 10,469.99 10,470.22  0.002

0.600 3.00 0.00 9,713.85  9,713.90  0.001 0.700 3.00 5.00 9,995.16 999562 0.005
3.00 1.00 9,476.56  9.476.60  0.000 5.00 3.00 10,157.73  10,158.10  0.004
3.00 3.00 9,002.10  9,002.00 —0.001 5.00 5.00 9,683.01  9,683.50  0.005
3.00 5.00 8,527.77  8,527.40  —0.004
5.00 0.00 9,401.75  9,401.78 0.000
5.00 1.00 9,164.52  9,164.48 0.000
5.00 3.00 8,690.17  8,689.88  —0.003
5.00 5.00 821595 821528 —-0.008
0.00 0.00 10,549.46  10,549.15 —0.003
0.00 1.00 10,312.02 10,311.85 —-0.002
0.00 3.00 9,837.25  9,837.25 0.000
0.00 5.00 9,362.63  9,362.65 0.000
1.00 0.00 10,393.29 10,393.08 —0.002
1.00 1.00 10,155.87 10,155.78 —0.001
1.00 3.00 9,681.16  9,681.18  0.000

0.625 1.00 5.00 9,206.61 9,206.58 0.000

3.00 0.00 10,081.01 10,080.96 —0.001
3.00 1.00 9,843.66  9,843.66  0.000
3.00 3.00 9,369.07  9,369.06  0.000
3.00 5.00 8,804.62  8,894.46 —0.002
5.00 0.00 9,768.83  9,768.83  0.000
5.00 1.00 9,531.54  9,531.53  0.000
5.00 3.00 9,057.06  9,056.93  —-0.001
5.00 5.00 8,582.73  8,582.33  —-0.005
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Table B. Regression data and results for compression factor and density

SG Temp Pressure SGERG EOS Regression
Dimless (deg.C) (bar abs) Z Dimless Density (kg/m?) Z Dimless Error (%)  Density (kg/m?) Error (%)

0 5.5 0.98733 3.9004 0.98748 0.02 3.8998 -0.01
0 8.5 0.98042 6.0703 0.98066 0.02 6.0689 -0.02
0 9.5 0.97811 6.8005 0.97838 0.03 6.7987 —-0.03
0 10.5 0.97581 7.5340 0.97611 0.03 7.5319 —-0.03
5 5.5 0.98810 3.8273 0.98814 0.00 3.8272 0.00
5 8.5 0.98161 5.9539 0.98168 0.01 5.9536 0.00
5 9.5 0.97945 6.6691 0.97953 0.01 6.6687 -0.01
5 10.5 0.97730 7.3874 0.97737 0.01 7.3869 -0.01
10 5.5 0.98882 3.7569 0.98879 0.00 3.7571 0.01
10 8.5 0.98274 5.8421 0.98270 0.00 5.8424 0.01
10 9.5 0.98071 6.5429 0.98067 0.00 6.5433 0.01
10 10.5 0.97869 7.2466 0.97864 -0.01 7.2471 0.01

0330 15 5.5 0.98950 3.6892 0.98945 -0.01 3.6895 0.01
15 8.5 0.98379 5.7346 0.98372 —-0.01 5.7351 0.01
15 9.5 0.98189 6.4216 0.98181 -0.01 6.4223 0.01
15 10.5 0.98000 7.1113 0.97990 -0.01 7.1121 0.01
20 5.5 0.99014 3.6240 0.99011 0.00 3.6241 0.00
20 8.5 0.98478 5.6311 0.98474 0.00 5.6314 0.01
20 9.5 0.98300 6.3050 0.98295 0.00 6.3054 0.01
20 10.5 0.98122 6.9813 0.98117 -0.01 6.9818 0.01
30 5.5 0.99129 3.5003 0.99142 0.01 3.4999 -0.01
30 8.5 0.98657 5.4355 0.98679 0.02 5.4344 -0.02
30 9.5 0.98500 6.0846 0.98524 0.02 6.0833 —-0.02
30 10.5 0.98344 6.7358 0.98370 0.03 6.7342 -0.02
0 5.5 0.98450 4.2649 0.98456 0.01 4.2650 0.00
0 8.5 0.97602 6.6486 0.97610 0.01 6.6485 0.00
0 9.5 0.97318 7.4525 0.97327 0.01 7.4523 0.00
0 10.5 0.97034 8.2610 0.97045 0.01 8.2607 0.00
5 5.5 0.98542 4.1844 0.98535 -0.01 4.1850 0.01
5 8.5 0.97744 6.5196 0.97733 -0.01 6.5208 0.02
5 9.5 0.97478 7.3065 0.97465 -0.01 7.3080 0.02
5 10.5 0.97211 8.0978 0.97198 -0.01 8.0995 0.02
10 5.5 0.98627 4.1069 0.98614 -0.01 4.1078 0.02
10 8.5 0.97877 6.3957 0.97856 -0.02 6.3976 0.03
10 9.5 0.97627 7.1665 0.97603 —-0.02 7.1688 0.03
10 10.5 0.97377 7.9412 0.97350 -0.03 7.9440 0.04

0.600 15 5.5 0.98708 4.0324 0.98693 —-0.02 4.0333 0.02
15 8.5 0.98003 6.2767 0.97978 -0.03 6.2787 0.03
15 9.5 0.97768 7.0320 0.97740 -0.03 7.0345 0.04
15 10.5 0.97533 7.7909 0.97502 -0.03 7.7939 0.04
20 5.5 0.98784 3.9606 0.98771 -0.01 3.9614 0.02
20 8.5 0.98121 6.1622 0.98101 -0.02 6.1639 0.03
20 9.5 0.97900 6.9027 0.97878 -0.02 6.9048 0.03
20 10.5 0.97679 7.6466 0.97655 -0.02 7.6491 0.03
30 5.5 0.98921 3.8246 0.98929 0.01 3.8246 0.00
30 8.5 0.98335 5.9460 0.98347 0.01 5.9457 -0.01
30 9.5 0.98140 6.6587 0.98153 0.01 6.6583 -0.01
30 10.5 0.97945 7.3743 0.97960 0.01 7.3737 -0.01
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Table B. (Continued)
SG Temp Pressure SGERG EOS Regression
Dimless (deg.C) (bar abs) 7 Dimless Density (kg/m®) Z Dimless Error (%)  Density (kg/m®)  Error (%)

0 5.5 0.98306 4.4409 0.98316 0.01 4.4409 0.00
0 8.5 0.97376 6.9288 0.97391 0.02 6.9285 0.00
0 9.5 0.97065 7.7687 0.97082 0.02 7.7682 -0.01
0 105 0.96754 8.6141 0.96774 0.02 8.6133 -0.01
5 55 0.98405 43567 0.98401 0.00 43573 0.01
5 8.5 0.97530 6.7935 0.97524 -0.01 6.7947 0.02
5 9.5 0.97238 7.6155 0.97231 -0.01 7.6169 0.02
5 10.5 0.96946 8.4422 0.96938 -0.01 8.4441 0.02
10 5.5 0.98496 42757 0.98486 -0.01 42767 0.02
10 8.5 0.97675 6.6636 0.97657 -0.02 6.6656 0.03
10 9.5 0.97400 7.4686 0.97380 -0.02 74710 0.03
10 105 0.97126 8.2781 0.97103 -0.02 8.2809 0.03

0.624 15 5.5 0.98585 4.1978 0.98571 -0.01 4.1989 0.03
15 8.5 0.97811 6.5389 0.97789 -0.02 6.5411 0.03
15 9.5 0.97553 7.3275 0.97529 —0.02 7.3301 0.04
15 105 0.97295 8.1203 0.97268 -0.03 8.1234 0.04
20 55 0.98667 4.1228 0.98656 -0.01 4.1237 0.02
20 8.5 0.97939 6.4190 0.97922 -0.02 6.4208 0.03
20 9.5 0.97696 7.1919 0.97678 -0.02 7.1941 0.03
20 105 0.97453 7.9688 0.97433 -0.02 7.9714 0.03
30 5.5 0.98816 3.9808 0.98827 0.01 3.9808 0.00
30 8.5 0.98171 6.1925 0.98188 0.02 6.1921 —0.01
30 9.5 0.97957 6.9362 0.97976 0.02 6.9357 -0.01
30 10.5 0.97742 7.6832 0.97763 0.02 7.6824 -0.01
0 5.5 0.98144 4.6322 0.98165 0.02 4.6320 0.00
0 8.5 0.97122 7.2342 0.97154 0.03 7.2331 —0.02
0 9.5 0.96779 8.1139 0.96816 0.04 8.1122 —0.02
0 105 0.96437 8.9999 0.96479 0.04 8.9974 -0.03
5 55 0.98251 4.5440 0.98256 0.01 4.5445 0.01
5 8.5 0.97289 7.0920 0.97297 0.01 7.0926 0.01
5 9.5 0.96968 7.9526 0.96978 0.01 7.9531 0.01
5 10.5 0.96646 8.8190 0.96658 0.01 8.8194 0.00
10 5.5 0.98351 4.4592 0.98348 0.00 4.4601 0.02
10 8.5 0.97447 6.9555 0.97441 -0.01 6.9571 0.02
10 9.5 0.97145 7.7979 0.97139 -0.01 7.7997 0.02
10 105 0.96842 8.6457 0.96836 -0.01 8.6477 0.02

0.650 15 5.5 0.98446 43776 0.98440 -0.01 43786 0.02
15 8.5 0.97595 6.8244 0.97585 -0.01 6.8263 0.03
15 9.5 0.97311 7.6496 0.97300 -0.01 7.6517 0.03
15 105 0.97026 8.4796 0.97015 -0.01 8.4820 0.03
20 55 0.98535 42991 0.98532 0.00 42999 0.02
20 8.5 0.97734 6.6985 0.97728 -0.01 6.7000 0.02
20 9.5 0.97467 7.5070 0.97461 -0.01 7.5088 0.02
20 105 0.97199 8.3201 0.97193 -0.01 8.3220 0.02
30 5.5 0.98698 4.1504 0.98716 0.02 4.1503 0.00
30 8.5 0.97987 6.4608 0.98016 0.03 6.4599 —0.01
30 9.5 0.97750 7.2383 0.97783 0.03 7.2372 —0.02
30 10.5 0.97514 8.0197 0.97550 0.04 8.0181 —0.02
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