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1 Introduction 

Sandia National Laboratories (SNL) has performed an impact assessment to de­
termine the effects of supercompacted waste and heterogeneous waste emplace­
ment on repository performance at the Waste Isolation Pilot Plant (WIPP) [9]. 
This impact assessment addressed the performance of supercompacted waste 
processed by the Idaho National Engineering and Environmental Laboratory's 
(INEEL) Advanced Mixed Waste Treatment Project (AMWTP). The results 
of the impact assessment were submitted to the US Environmental Protection 
Agency (EPA) by the Department of Energy (DOE) in order to obtain regula­
tory approval for disposal at WIPP of supercompacted AMWTP waste. 

EPA's initial review [7] of the AMWTP impact assessment identified the gas 
properties used in the bragflo code as one area where additional information 
is required in order for EPA to properly evaluate the impact of supercompacted 
waste on the WIPP disposal system. The bragflo code implements a gas 
generation model in which the gas phase is assigned the properties of hydrogen 
(H2). EPA has requested information on the sensitivity of the results to the 
use of H2 as a surrogate for carbon dioxide (C02) and methane (CH4) because 
methanogenesis is now thought to be an important gas generation process_ 

1.1 Objective 

The work presented here provides additional information requested by the EPA 
regarding the use of H2 as a surrogate for waste-generated gas in the bragflo 
calculations for the AMWTP supercompacted waste impact assessment. 

1.2 Analysis Overview 

The question of using H2 as surrogate for waste-generated gas was addressed 
in Appendix MASS of the 1996 WIPP Compliance Certification Application 
(CCA) [6]. The analysis presented there compaxed the effects of variation in gas 
viscosity and compressibility on repository pressures and flow rates for H 2-C02 
mixtures. This analysis extends that of the CCA to include H2-CH4 mixtures. 

2 Background 

Gas may be generated in the repository via several mechanisms. H2 gas may 
be produced by the corrosion of steel in the repository by water or brine [14]. 
Microbial processes such as denitrification, sulfate reduction, fermentation and 
methanogenesis may also occur~ producing nitrogen (N2), H2, hydrogen sulfide 
(H2S), C02 and C H4 [3]. If microbial degradation occurs, a significant amount 
of C 02 and C H4 may be generated by microbial degradation of cellulosics and, 
perhaps, plastics and rubbers in the waste [6]. Since almost all of the C 0 2 
produced will react with the magnesium oxide (:YigO) backfill and cementous 
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materials to form hydromagnesite (Mg5 (C 0 3 ) 4 (0 H )2 · 4Hz0) and calcium car­
bonate (CaCO,), the C02 fugacity in the repository is expected to be very low 
[6]. 

An analysis of the effects on repository pressures and flow velocities of using 
H2 instead of an H2-C 02 mixture as the gas in bragflo was presented in Ap­
pendix MASS of the 1996 WIPP Compliance Certification Application (CCA) 
[6[. The CCA analysis considered saturated radial flow of a nonideal gas as 
described by the following formulation often used in the petroleum reservoir 
engineering literature [1] 

where: 
b 
e 

w 
avg 

q 
T 
p 
k 
h 
'/} 

z 
r 

q, = 1.988 x 10-5 [T~zb kh (P,z- PJ,) ] 
b T}avgZavg log (;:) 

quantity at base or reference condition for gas 
quantity at external boundary (repository) 
quantity at internal boundary (wellbore) 
quantity averaged between internal and external boundaries 
gas flow rate (cubic feet per day) 
temperature (K) 
pressure (PSIA) 
permeability (millidarcys) 
height (feet) 
viscosity (centipoise) 
compressibility factor (dimensionless) 
radial distance from center of well bore (consistent units) 

(1) 

The effects on gas flow rate of varying viscosity or compressibility are easily 
deduced from Eq. (1). The flow rate is inversely related to viscosity and to 
compressibility. So increasing the viscosity by a factor of two should reduce the 
velocity by a factor of two. Similarly, reducing the compressibility factor will 
increase the gas flow rate. 

The effects on repository pressure can be obtained by rearranging Eq. (1) 
as follows 

P1-P~= qb 
1.988 X 10 [ 

pb '1/avgZavg Jog (;::;)] 
5 T,z, kh 

(2) 

In this form, one can observe that the square of repository pressure is directly 
proportional to both viscosity and compressibility. 

The CCA Appendix MASS analysis computed viscosity and compressibility 
factors for a range of H2-C02 mixtures using the supertrapp thermophysical 
properties database [10]. CH4 was not included in the analysis because it was 
assumed that the properties of CH4 would be similar to that of COz. The 
supertrapp code was used to calculate gas viscosity and compressibility factor 
at pressures of 7 MPa and 15 Mpa for a range of gas compositions. Results 
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of the supertrapp modeling showed that for a gas mixture consisting of equal 
parts H2 and C02, at 15 Mpa, the viscosity would increase by a factor of 
approximately 2.3 compared to the viscosity of pure H2. The compressibility 
factor would decrease by a factor of approximately 0.9. This means that the 
flow rate predicted by Eq. (1) would be half of that for pure H2 while the 
square of the repository pressure would approximately double. Since the rock 
permeability, k) was expected to vary by four orders of magnitude

1 
the CCA 

Appendix MASS analysis drew the conclusion that the potential factor of two 
variability in the square of repository pressure introduced by using pure H2 
properties in bragflo was not significant. 

3 Approach 

The approach used in this analysis is to repeat the calculations presented in 
CCA Appendix MASS, but include results for a range of H2-CH4 mixtures to 
determine if increased CH4 production will change any of the conclusions drawn 
regarding the use of H2 gas as a surrogate for waste-generated gas physical 
properties. 

As in the CCA Appendix MASS calculations, the National Institute of Stan­
dards and Technology (NIST) Thermophysical Properties of Hydrocarbon Mix­
tures Database ( supertrapp) is used to compute viscosity and compressibility 
factor for the gas mixtures. 

Compressibility factor and viscosity of H2-C02 and H2-CH4 mixtures are 
computed over a wide range of compositions. Calculations are performed at 
300K for pressures of 7 MPa and 15 MPa. Eqs. (1)-(2) are used to estimate the 
effect that variability in compressibility and viscosity may have on repository 
pressures and flow rates. 

Version 3.1 of the supertrapp database was used for these calculations. 
The calculations were performed on a PC workstation running the Windows 
XP operating system, Version 5.1.2600. Input files, recorded user interaction 
with the database, and output files for the supertrapp calculations are included 
in Appendix A. 

Use of supertrapp database is treated as a routine calculation under Nu­
clear Waste Management Procedure (NWMP) NP 9-1 [4]. Comparisons of 
supertrapp results with experimental data and correlations reported in the 
scientific literature are used to verify the database for the purpose of these 
calculations. The verification procedure and results are detailed in Appendix 
B. 

4 Results 

Results of the supertrapp calculations for the H2-C02 and Hz-CH4 mixtures 
are shown in Tables 1 and 2, respectively. The results for both mixtures are 
summarized in Figure 1. 
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The results for the H2-C02 mixtures are similar to the results shown in 
CCA Appendix MASS. At T=300K and P=l5 Mpa, the viscosity of a 50% H2 
mole fraction H2-C02 mixture is approximately 2.6 times higher than that of 
pure H, while the compressibility differs by a factor of about 0.9. Inserting 
these factors into Eqs. (1)-(2) indicates that the repository gru; flow rate for the 
H2-C 02 mixture might be as much as 2.3 times slower than that for pure H2 
while the square of repository pressure might be up to 2.3 times higher. 

It should be noted here that the bragflo code includes a pressure-induced 
fracture model [13] which will limit pressure increases in the repository. For ex­
ample, at high repository pressures, the factor of 2.3 pressure increase predicted 
by the simplified radial flow model is unlikely to be seen in the bragflo results 
since fracturing will lead to increased permeability, effectively limiting pressure 
increases. 

supertrapp results for the H2-CH4 mixtures show that excursions in velocity 
and pressure from the H2 va1ues are less than that observed for the H2-CH4 
mixtures. At T=300K and P=15 Mpa, the viscosity of a 50% H2 mole fraction 
H2-CH4 mixture is approximately 1.6 times higher than that of pure H2 while 
the compressibility differs by a factor of about 0.94. Inserting these factors 
into Eqs. (1)-(2) indicates that the repository gas flow rate for the H,-CH4 

mixture might about 1.5 times slower than that for pure H2 while the square of 
repository pressure might be approximately 1.5 times higher. 

Table 1: Predicted Compressibility and Viscosity of H2-C02 Mixtures at 300K 

P-7MPa P-15 MPa 

XH, z Z/Zn, 1) 1J/1Jn, z Z/ZH, 
(-) (-) (-) (I'Pa s) (-) (-) (-) 

1.00 1.0655 1.0000 8.8860 1.0000 1.1335 1.0000 
0.90 1.0659 1.0004 14.9953 1.6875 1.1358 1.0020 
0.80 1.0612 0.9960 18.2596 2.0549 1.1291 0.9961 
0.70 1.0498 0.9853 20.3486 2.2900 1.1103 0.9795 
0.60 1.0308 0.9675 21.5629 2.4266 1.0775 0.9506 
0.50 1.0035 0.9419 21.9005 2.4646 1.0288 0.9076 
0.40 0.9655 0.9062 21.6284 2.4340 0.9586 0.8457 
0.30 0.9139 0.8577 20.9860 2.3617 0.8581 0.7570 
0.20 0.8420 0.7903 20.1960 2.2728 ng ng 
0.10 0.7280 0.6833 19.6289 2.2090 ng ng 

.. 
ng - mixture not a gas at th1s composition and pressure 
X = mole fraction 
Z = compressibility factor 
TJ = viscosity 
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1) 

(I'Pa s) 
8.8860 
14.7648 
18.0631 
20.7417 
22.3739 
23.2925 
23.8523 
24.5776 
ng 
ng 

TJ/1JH, 
(-) 

1.0000 
1.6616 
2.0328 
2.3342 
2.5179 
2.6213 
2.6843 
2.7659 
ng 
ng 
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Table 2: Predicted Compressibility and Viscosity of H,-CH4 Mixtures at 300K 

P 7MPa -

XH, z Z/ZH, 17 (I'Pa s) 
1.00 1.0655 1.0000 8.8860 
0.90 1.0648 0.9993 10.5975 
0.80 1.0598 0.9947 11.6439 
0.70 1.0511 0.9865 12.5864 
0.60 1.0388 0.9750 13.2309 
0.50 1.0231 0.9602 13.5571 
0.40 1.0038 0.9421 13.6601 
0.30 0.9807 0.9204 13.6108 
0.20 0.9543 0.8956 13.4626 
0.10 0.9253 0.8684 13.2679 
X - mole fractwn 
Z = compressibility factor 
11 = viscosity 

P 15 MPa -

1J/1JH, z Z/ZH, 1J (I'Pa s) 
1.0000 1.1335 1.0000 8.8860 
1.1926 1.1341 1.0005 10.5277 
1.3104 1.1269 0.9942 11.8009 
1.4164 1.1129 0.9818 13.0513 
1.4890 1.0924 0.9637 13.9004 
1.5257 1.0656 0.9401 14.4809 
1.5373 1.0321 0.9106 14.8961 
1.5317 0.9914 0.8746 15.2371 
1.5150 0.9443 0.8331 15.5857 
1.4931 0.8919 0.7869 16.0389 

8 

1J/1JH, 
1.0000 
1.1848 
1.3280 
1.4688 
1.5643 
1.6296 
1.6764 
1. 7147 
1. 7540 
1.8050 
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Figure 1: Predicted Compressibility (Z) and Viscosity(~) at T = 300K 

5 Conclusions 

The results of the supertrapp calculations indicate that the variability in gas 
flow rates and pressures due to differences in viscosity and compressibility of 
pure H2 versus H2-C H4 is somewhat smaller than that seen for the H2-C 02 
mixtures. Thus, the conclusion drawn in CCA Appendix MASS regarding the 
suitability of using H2 gas properties in bragflo instead of actual waste gas 
properties should not be affected by the increased concentration of C H4 in the 
repository that may result from emplacing the AMWTP supercompacted waste 
therein. Although not discussed in the CCA analysis, it is clear that the fracture 
model used in bragflo will not allow pressures to build within the repository 
to levels as large as those implied in this simplified radial flow analysis. 
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Appendix A: Input Files, User Interaction, and 
Output Files for supertrapp Calculations 
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H2-C02 Mixture supertrapp Input File (h2co2.inp) 

-· HYOIWCEII. 

""" = 
"" ' 1.0000 

""' 0.0000 

"" ~· u 

"" ' 0. 9000 

''"" 0.1000 

"" ''" u 

"" ' 0.8000 

""" 0.:1000 

"" 
,, '·" "" ' 0.7000 

'"'" ··-"" = u 

'"'" 0.6000 

'"'" 0.4000 

"" = '-" 

~· 0.5000 

""" 0.5000 

"'' = '-" 

""" 0.4000 

""" 0.6000 

"" ~· '-" 

"" ' 0.3000 

"" ' 0. 7000 

"" ~· '-" 

"" ' 0.2000 

""' 0.8000 

"" ''" '-" 
"" ' 0.1000 

""' 0. 0000 

"" ,. '·" "m' LOOOO 

"" ' 0.0000 

"" = 1S.O 

"" ' 0.9000 

"" ' 0.1000 

"" = 15.0 

"" ' O.BOOO 

""' 0.:1000 

"" = 15.0 

""" 0. 7000 

""' 0.3000 

"" ,. 15.0 

"" ' 0.6000 

"" ' 0.4000 

"" '"" 16.0 

"" ' 0.&000 

"" ' 0.6000 

"" '"" 16.0 

"" ' 0.4000 

"" ' 0.6D()() 

"" = 15.0 

·~' 
0.300() 

·~' 
D. 7000 

FLTP = 15.0 

·~' 
0,2000 

·=' 0.8000 

FLTP '"" 15.0 

"" ' 0.1000 

"" ' 0. 9000 

"" '"" 15.0 

·~ 
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User Interaction with supertrapp: H2-C02 Mixture (Part 1/2) 

ft1Cl"OS_o£-t lfindo'ws _HP IUers:i.Q_n s-.L26~0) 
{C); CapyrigJit 1985-21!181 Hi~soft Corp. 

C:~HOGRR~'~IST\sprtl"~p~strapp 

ll>ll!IUJI! lllliEII mum mill n !IIIII m n E I •nn IIIII II n 
* NISI St.,,'dal"d Qeferel)ce Database 4 
* NISI THERI'lOPH'ltSTCA'L PROPERTlES ·op HYDROCARBON rmfiURES 

l':t"O'!J:t"irlml SUI'ERT:RAPP - Ue~SiOh 3.1 

• • 
• • • 

t.!a~:A 0i.e_~~~~:a~~"~:~:l'~9 
U11~ HJST 8-u:~dcit!~X!LtFJi~f:r!~:o~!~.,. Consortiu.O 

Ph.!,!sical and Chenical Properties Di~ision 

DiS:tl"ihUted b9 Staildcu•d lfefe~n-ce Data 
National fns-titute of Standards and Iochnology 

Gaithe:t"shu~~ MD 28999 USA 

~ 

• • • • • • • 

Copyright 201j'l3 by 'f;:he U.S •. Secretar-y of· cotii.-,l"C_e 
on beha:lf of 'tlle United States of Rmel'ica * 

All 11\ights l"ese_r•,,ed. * 

1)o you want to use defad_t sDttins:s? ,(YI'H> 
<The default setting~ <ll"V whilt!IYar you last selecte_d flil" units and file 11'0.> 
n 

Do you w<~~nt to input fron a file <NI!/)7 y 
Please enter dre llaflle of the input f·il.fl. h2co2. inp 
Do you Wdnt to output to a. file (N/YH 9 
Please enter the outJM.tt file niU'Ie~ h2c.o2.out 
Do you abo -nt uut'l;R.It to ttJe' ter!llinal (Y/N>: 1 n 

Do you want to chang~ the units <NIY> 1 y 

nu 1 ""' m 1 IU mm IHIIQptions'*" _________ _ 
current 

-lei'IIJierill.ture(K 
J'ressure <atlll 
Uoluf!le <liter 
Energy (cal 
Plass (l'lol 
Ua.locity (A/s 
_Ufscosity <uP 
-Tiwt. Gond. (W/A.X 

::ar :~ill :~sig :Psia 
... -a ~ ciPl-3 • in-3 ~ ft**3 
.J ~btu .:kcal ~kJ 
olb-:111ol ~kg .g ~lh 

. . ))( 

.mRflg.kpf)ha_r 
)liter 
)kJ 
)111ol 

~c!IV's ~ ft:/s • in/s • • )Pv's 
;>uP, 
)lllloii"IPl.:K 

ocP _ ~uPa.s .lh/ft.s ~llVft'.-h. 
.cal/c~.s.X.btU/ft.s.P.btu/ft.h.P.IIlW/m.X 

default ••• option~ 
(i) Scientific <K ,atfll ,lit;et'-
(2) 

~ca.l .-1 .c..V:s: .uP .ca}/C_PI.·S.J() 
S.l. <K ,ttPa .. 111-3 ~kJ .... .111/s .. uPa.s .loll'n.}( > 

:<3> :Engineering- <F ,Psia ,f-t;-**3 ,btu ,1)> .ft/s .lb/ft.s .btu/ft.·h.P> 
;<4> ttixed <K ,bar ~lite I,' ~kJ .ool .111/s .uP .lldf.llll.·lf > 
Eriter the liew unit or defau1t optio.i '<H to exitU 
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User Interaction with supertrapp: H 2-C02 Mixture (Part 2/2) 

Ente'l' the- -new unit or ·default opt:'ion o:- ·to e'Xit>? 2 

Proper_ty 

Ie•per~tu-·<x 

mnm m u 1 111111 u u options __________ _ 
current 

Pi'.&~sure (ilf:A-
llol~ <liter 
Eriel"gy (cal 
fla.ss <~Jol 
Lle_lo_city (n~l:li 
lliscosity <UP. 
fhA. Cond. <W/n~X 

default set- option5 

(1) 
(2) 
(3) 
(4) 

Scientific 
s -l­
~inee1'iR!f 
Hixed 

<K .atflt 
<.K ~ttPa.. 
<P ~Psiil. 
<K .ba1' 

.liter 
_,;111**3 
,ft-3 
,.liter 

,cal 
,kJ 
~btu 
,kJ 

,CI!f/S 
.llll'$i 
.HI's 
.Jill'~ 

Ental' the new unit Ol'" default gptiqn <H to thti.t)? 'x 

f>rDJ)tlr.t~ 

femperatul"e'()( 
Pressul'e <At"' 
Uolu...e <liter_ 
energy <cal 
l'lass . ("1)1 
lldocity (ntl.lt 
Ubco:sity <uP 
f~. COnd.- (W)A.X 

default ••• opt-ions 

(1) S_c:l,.imtifie <K .at" ,.lit6l" .cal 

__ , 
,uP 

CUI'i'fint 

• • >K 
.fllliiHs-.kJJf>MPa 

>n-3 
»J 
)kg 
)n,;ts. 
)uP.a·.s 
)".IJI.J( 

~cal/cllt.:.s·.x> 
(2) S .I. <K .t1Pa -- ,kJ ,kg 

.. ciJI/s 
~m/s .uP~t.s ;Y/111.K ) 

(J) &,tginee.ring (p ~Psia ~ft-3 ~htll ,lh ~ft/~ ~lb/£1; .s 
(4) Hixe.d <K ~bar ~liter ,kJ 

__ , 
,.,.. ,uP 

r~ units- hauo, been. l'e.set -aw ·reque-sted. 

Do .you. want to ent:e~ collll)6Sitions on. a 111a.ss basis (f{.I;Y)?n: 

DD you. want to inpttt colli~sitioo as 1110le {r.act:ioos 
<If the- answer is fiv~ input ~an be in 111oles> (N/¥>19 

En-d-of-file en~ounte.red on input f'ile 
~etu¥ing to intera~tiue inpttt 1110de 
Pol!" .a list of -aua.ilable options. type 1 Otherwise 
!'nt_el!" coAIINlild IU"_• if- YOl!- wis:h _to do a £lash- c4lculat.ion~ 
tnte¥- T<K> and-P<KPa> separated .by a conAa. 
ljuit_- · 

PI"Qsrarrt Tilll"llllinah~- Exiting NISI4 

c:,PROGRA"'l,HIS:I'-.sjlrbap_>_ 
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H2-C02 Mixture supertrapp Output File (H2C02.DUT) 

1-PM ... Fb.oh reoal.u a~ T ~ 300.000 K omd P ~ 7.00000 I!Pa 
-----cornp<><ten~------ ---Feo><i---
bydrogoQ 1.00000 

,Molar Basis 
1.00000 
2.01588 
1.06547 
S.JO!Ic72 

!05.994 
47.5940 
15.5532 

--Vapor---
1.00000 

1.00000 
2.01586 
1.06547 
5.30972 
105.994 
47.5940 
15.5532 
1.36429 
1381.97 

-0.665445 
8.88598 

0.207163 

---Phi----
1. 06975 

,.~ Fraction 
Molar Ha.,. 
~~- F...:tor, ' '· )tg/ .. •f'3 

"· ltJ/kg 

'· ltJ/k!.K 

'>'· kJ/kg.K 
O,f~ 
Soutod Spe<><l, •f• 
~- K/llh 
Vise., uPa.o 

~- C<>nd. ,W/01.K 

1-Pba.so> Fboh ruulu at T • 300.000 K and P • 7.00000 HPA 
-----c,.po>;uout ---Feed-- --Vaf"'r--- ---Ph!----
hydrogen 0.900000 0. 000000 0.963460 
o:.rbon dioxid .. 0.100000 0.100000 0.106332 

,Molar B!L<Iis 

1.00000 1.00000 F•eci Fraotion 
5.21524 6. 215~4 Kol&r Ha•• 
l. 065.55 1.065<16 Co~p. Faotor, ' 15.3646 18.3646 "· kg/m .. 3 

-6301.52 -6301.62 "· kJil<~ 
17.1665 17.1666 '· kJ/".<~.K 
5.1~83 6.1!W33 "· lr.J/k,g.X 

1.360&4 Cp/Cv 
786.613 SOU<><! 3pe..d., •f· 

-<>.&62273 "· X/l!Po. 
14.9953 Vi~c., uh.s 

0.120653 Th. Cond. ,\1/m.K 
(YU-PRS ,PIIl)P5-ElCST) 

300.000X...,dP- 7.00000 

--Vapor--- ~--Phl.----

, .. 
-----CO!Ilp"nen~ 

hydrog= 
carbon dioxid• 

.~alar B .. is 

---P~ed--

0.800000 

0.200000 

0.800000 0.862734 

0.200000 

1.00000 1.00000 

10.4146 10.4146 
1.06l18 1.06118 
27.5425 27.5425 

-7545.13 -7545.13 
11.1744 11.1744 
3.202!<0 3.20290 

Feod Fractian 
llal&r ll».5o 
COlllp. fact=, Z 
D, k~m*-3 
l!, kJ/kg 
s, kJ/kg.K 
ep, kJ/kg.K 
C,f~ 1.36~68" 

60S .870 
-0.290723 

Sound Sp~&<l., ~~ 
JT, 1(/Mh 

16,2596 Vioc., UP3..A 

0.93ZlB7E-Ol Tb. t:and..,W/m.K 

1-Phao~ Pl..,h ruulto at T z 300.000 K ond P ~ 7.00000 liP<~. 

-----Compa"e"t------ ---Fe...t---
hydro>l!;&n 0. 700000 
e..rb"n dia~lde 0.30()000 

1.00000 
t4.6go 
j.Q,gTg 

39.0613 
-8076.81 

8.57546 
2.36564 

--hpar---
0 .700000 
0.300000 

1.00000 
1,.6140 
1.0~979 

39.0613 
-6076.81 
8.57546 
2.36564 
1.37143 
508.~47 

0.110189 

---Pbi---­
~.7M031 

a.2M669 

Fe&<l. Pr...,-tian 
lo!aln MasA -- Fa.et,r, 

'· i<g/m••3 

'· i<J/kg 

'· lr.J/kg.K 

"· kJ/kg.K 
O,f~ 

o;o=d Speod, 

~- K/HP,. 
20.3485 Vi~c., uP ... ~ 

' 

•f• 

0.762434£-{)1 Th. Cand.,ll/m.K 

1-Ph""e Flub UAUlU o.t T ~ 300.000 K =d. P ~ 7.00000 MPa 
-----Comp<onent------ ---F•e<l.---
hydragen 0.600000 
carbon d:ioxid• 0.400000 

,M,hr Bads 

1. 00000 
18.8133 
1. 03082 
51.2191 

-8373.46 

7.11116 
1.91174 

--Vapar---
0,600000 
0.400000 

1.00000 
18.8133 
1.03082 
51.2191 

-8373.46 
7.11116 
1.9117, 
1.38756 

---Phl--
0.617295 
0.358133 

Fe&<\ Fncti"" 
"alar "U" 
Ca"P• Fo.c~"r, Z 
D, kg/m••3 
H, l<J/~g 

S, ltJ/lc.!!;.K 
Cp, ltJ/~.K 
O,f~ 
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443.18!1 Sou~d Sp-, m/s 
o.651531 rr, l'J'l!l'" 

21.5629 Vise., uP .... 
0.631!0321':-01 Th. Comd.,ll/m.K 

1-Phoos• FlaK ruulh at T • 300.000 X an<i F • ?.00000 llh 
-----C=poufl1t------ ---FeMI--- --V"f'or--- ---Fhi----
hJdrog<on 0. 500000 0.500000 O.S38053 
o.o.rb= di<>Xide 0.50{)000 0.500000 0.424601 

1. 00000 
2:1.0127 
1.00353 
1!4.3556 

-!1!>63.!17 

6.16202 
1.~94 

Foed Frac~lon 
Molar Mus 
Co~p. F11.c~o:r, Z 
0, kgto ... J 
H, kJikg 
s, kJ!kg.K 
Cp, ltJ/q.K 

"'~ 

1. 00000 
23.0127 
1. 00353 
&4 .3555 

-5563.97 
6.16202 
1.63594 
1.41271 
3S4.407 
1.34016 

Sound. Speood, mh 
JT, H/MP& 

21.9005 Vise., uPa.e 
O.!i409SOE-o1 Th. Cond.,Wm.K 

1-Pbaae Flub naulh .. t T • 300.000 K awl P • 7.00000 llh 
-----Co;a,pOU«nt------ ---F.Ml--- --Vapor--- ---Pl!t--
h)l<iro~en 0.400000 0.400000 0.4!19117 

0.500000 

1.00000 
27.2121 

0.966513 
79.0966 

-8698.23 
5.4a821 
1.46683 

0.600000 

1.00000 
27.2121 

0.484253 

Fe&d Fuotl"" 
llohr 11 ... ,. 

0.965513 Con.p. h<tor, Z 
79.0956 D, kg/~ .. 3 

-8698.23 H, Jd/kg 
5.48821 5, k.J/kg.K 
1.46683 Cp, kJ/kg.K 
1.4620~ Cp/Cv 
364.460 Sound Sp<~Ml, mla 
2.2266& JT, K/Hh. 
21.6284 Vise., uPa.• 
0.~6397SE-01 Tb. Cond. ,11/m.K 

(VLE-PI.S ,PROPS•UCST) 

1-Pb ... • Flub ruulto "t T • 300.000 K aad P • 7.00000 liP& 
-----<.:omponent------ ---F•&d--- --l111.po:r--- ---Pbi----
b)l<iro~en 0.300000 0.300000 0.410199 
co.rbol> d;oxidoo 

,H<>lo.r Bash 
0.700000 

1.00000 
31.4114 

0. gl3896 
96.~83 

-a799.78 
4.97&97 
1.38281 

0.700000 0.537163 

1.00000 
31.4114 Mobr M""" 

0. 9138>1!i Camp. r...,~,r, z 
9ti.45B3 o, l<g/m .. 3 

-a79g_ 7a H, kJ/kg 
4.97697 5, kJ/kg.K 
1.38261 Cp, kJ/kg.K 
1.61630 CpiCv 
319.364 Sound SpeMI, m/s 
3.36732 JT, K/IIPa 
20.9<!60 llioc., \I.F'o..10 

0.403075E-011b. Cond.,W/m.K 

1-Pb.a.s• l'la.h ...,.W.h at 1 • 300.000 K and P * 7.00000 HP• 
-----Co~p=..,t------ ---Fe&d--- --Y"f'or--- ---Pbi----
bydrG~n 0.200000 0.200000 0.318836 
co.rbou diod<le 0.800000 0.800000 0.583846 

,Molar Sui& 
1.00000 
35.61Da 

0.841994 
118.692 

-6882.:24 
4.66074 
1.40443 

1.00000 
35.6108 

O.M19!H 
118.6g2 

-8882.24 
4.56074 
1.40443 
1.63707 

"hed Fraction 
Holar H.o.eo 

Comp. F"<t<>l", 

'· ~,. .. 3 

'· kJ/kg 

'· kJ/kg.K 

"· k.l/kg.K 

"'~ 

' 

286.127 Sound Speed, ..;. 

1-l'hau Fl."-ell raoulh at T • 
-----COI!Ipcn><mt-- - ---hed---
hy<lrogen 0.100000 
carbon dtoxlde 0.900000 

,Molar B...,;a 
1. 00000 
39.8101 

0. 7281)29 
153.'160 

4.66347 "· K/MP!l 

20.1960 llioc., uP"·" 
0.367280E-01 Th. C"cmd. ,11/m.K 

300.000 I(""" p * 7.00000 "• --Vapor--- ---Pbi----
0.100000 0.215471 
0.9'00000 0.624262 

1. 00000 
39.~101 

0.72-5029 
163.460 

Feed Fr•ction 
Hohr Kaas 
Comp. Factor, Z 
D, k@:/m .. 3 
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-11957.33 
4.1nn 
1.6g5g4 

H, kJ/kg 
S, kJ/kg.K 
Cp, kJ/kf! .K 
Cp/C~ 

-8957.33 
4.19172 
1.6956!4 
1.96620 
250.333 
6.91944 

SolUid Sp•-.:1, m/6 
JT, K/Hh. 

19.6289 Vhc., ul'a.s 
0.33020<1E-01 !b. Cond.,\1/m.K 

1-l'ha~~ Flub. r<~sulh •t T ~ 300.000 K and P • 15.0000 "• 
-----c.,.pon~nt -- ---Fe-.:1---
b.ydrog•n LOOOOO 

,Holu l!uh 
1. 00000 
2.0!5l!B 
1.13351 
10.6950 
189.082 
44.4270 
15.6931 

--LiqW.d-- ---Piol 
1.00000 1.15063 

1.0000<1 Fud Fr...,thn 
2.01588 Holo!t.r Mau 

1.13351 ,_,, hctor, Z 
10.6950 0, kg/m••3 
189.08:1 '· kJ/kg 
44.4270 '· kJ/kg.K 
15.6931 "'' kJ/kg.K 
1.36128 "''~ 1463.58 Sound Spaa~, .,. 

-<l.648917 "· K/HPa 
B. Bll598 Vioc., uPo..& 
0.2159~ Th. Cond.. ,W/~ .K 

(VL&-PIIS ,PKOPS•ElCSTl 

1-Phao• Fluh ruults at T • 300.000 K I!.Dd P • 15.0000 MPa. 
-----Co~ponon~------ ---F~ad--- --Vapor--- ---Pbi----

byd<"<lg<IR 0.900000 0,Q(}()Q00 1.03699 
cubQn dioxi~o 0.100000 0.100000 0.114661 

,Halu Baaia 
1.00000 
6.21524 
1.13577 
32.901!5 

-6278.55 
)6.1448 
5.:l7C95 

1. 00000 
6. 21624 
1.13577 
3:l.9085 

-6~78.55 

16.1.W8 
s.21ogs 
1.36248 

Food fractio" 
Kolar K ..... ,_,, Factor, 
0, kglm>*3 

'· kJ/kf! 

'· kJ/kf!.K 

'•· kJfks.K 

"'~ 

' 

835.55~ SoW>d Sf"&<l, 111/e 
-0.547614 n, K}HP~ 

14.7648 Viae., uPo..a 
0.129761 Th. Con<!. ,W/m.K 

1-Pbua Flo!t.o.h ruolts o.t T • 
-----C""'f><>""nt------ ---Feod---

soo.ooo K ""d. f' - 15.0000 ... 
bydrog.on o. aooooo 
carbon dioxide 0.200000 

,Molar hoio 
1.00000 
10.4146 
1.12908 
55.4703 

-7536.86 
10.5382 
3.27749 

--V"f>>r--- ---Pb•----
O.SOOOOO 0.935108 
0.200000 0.206506 

1.00000 Feed Fractio" 
10.4146 Mohr Maeo 
1.121108 C=p. Fa~~ or, ' 55.4703 0, kg/111>*3 

-7536.86 '· kJ/kg 
10.5::182 '· kJ/kg.X 
3.27749 "'' kJ/:.tg.K 
1.373(;3 Cp/Cv 
646. sao 3<>W>d Sp~<t<l, mlo 

-0.34EUS n, ""• 18.0031 Vi•c., uf'o..o 
0.102604 Th. Cond.,\1/.,.K 

1-Ph~•e Flaob noult• at T • 300.000 X and. P • 15.0000 Hh 
-----C<>mpa.....,t------ ---Feood-- --Vapor--- ---Phi----

hydrog"o. 0. 700000 0.700000 0.!14671B 
c<trhon ~i<>xid.. 0.300000 0.300000 0. 274937 

,Molar BIUii8 
1.00000 
l4.61.W 

1.00000 PHd Fraction 
14.6140 Hola:r Mo.so 

l.ll027 1.11027 Comp. Factor, Z 
79.t.E68 79.15-56 D, kg/m*-3 

-8077.44. -8077.44. It kJ/kg 
8.11)684 8.10684 s, kJ/kg.K 
~.44897 2.448"97 Cp, kJ/k,g.K 

1.39693 Cp/C.-
544.019 Sound Sp&ed, m/s 

1-Pho.•• Flub renlto at T • 
----C,,.porumt------ ---Fe&d---

hydros"" o.6ooooo 
carbon diodde 0.400000 

1.00000 

-0.378B33E-OI JT, K/KFa 

20.7417 Vioc., uP"·" 
0.8593\lE-01 Til. Cand.,\1/m.K 

300.000 X and P ~ 15.0000 
--llapor--- ---Phi----

0.600000 0.76SS91 
0.400000 O.itl5837 

1.00000 

... 
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r 
18.81~ 

t.rm~ 

106.004 
-8391.43 

6.13086 
2.01113 

1B.8133 
1.0n4~ Comp. Factor, Z 
105.004 D, kg/lnua 

-838l.U II, kJ/ks 
6.73056 s, kJ/lqi:.K 
2.01113 Cp, kJ/kg.K 
1.4367! Cp/Cv 
474. ~70 Sound Sp•...i, m/• 

0.37~3116 JT, KII!Pa 
22.373~ Vie<., ol'~.B 

0.738962.£-01 lh. C<>Dd. ,11/m.K 

1-Pha .. Fho.h results"~ T • 300.000 K ... a P • 15.0000 liP& 
------<:ompon..,t------ ---r~...t--- --Vo.po:r--- ---Pbi----

bydragen 0,600000 0.500000 0.691!564 
co.rbon diorl<k 0.600000 0.50000!) 0.364463 

,Molar Buh ·-23.0127 
1.0281\l 
134.618 

-B679.08 
5. ~3281 
1. 76346 

1.00000 

23.!H27 

Feed Fr,.ctioo 
Mohr l!a~o 

1.02879 c 001p. r .. cto:c, Z 
134.518 0, iq!/mu3 

-8579.08 II, kJ/lql: 
s.es2a1 s, tJ/ks.K 
1. 7E345 Cp, kJ/q.K 
1.49B-1!7 Cp/Cv 
422.589 Sou.W. Sp•o.i, m/a 

0.8!1!!91:55 JT, K/KP" 

23.~!125 Vieo., n!'&.B 

0.647554E-Ollh. Cond, ,\i'/m.K 
(VLE-PLS ,PRIJPS•El(CST} 

1-Pba .. Fhoh ru>~lto at T • 31J0.000 K 1011<1 P • 15.0000 llh 
------<:omponont------ ---F•..d--- --Vopcr--- ---!'lli----

b~a 0.4COOOO 0.400000 0.537797 
eo.xb<,u di>>e>ide 0.600000 0.600{)()0 0.390~1!1 

1.00000 
27.2121 

0.958553 
170.721 

-6721.58 
5.15658 
1.65160 

LOCOCO 
27. 21?1 Mcbr Mus 

0.958563 Comp. !'"<tar, Z 
170.721 D, ~g/mh3 

-B72L68 H. ~J/kg 

s.tasse a. ~J/kg.~ 
1.65160 Cp, kJ/k!!;.~ 

l. 60044 Cp/Gv 
378.1172 Somvi Speed., m/• 
1.56791 .JT, K/MP" 
23.8623 Yls~., .,P,.,s 

0.57965IE:-Ol lb. Cond. ,11/m.K 
(VLE•Pa3 ,PROPs-EXr:sT) 

1-PhllBe Flub ruulu at T • 30{).000 K ...d P • tS.OOOO l!h 
-----c<>lllponent------ ---Fud--- --Liquid-- ---PIII----
bydrqgea 0.300000 0.300000 0.5911193 
eub.,u dierid. 0.700000 0.700000 0.~2007 

,Molar Buio 
LOOOOO 
3L41H 

0.856H1 
220.134 

-8834.83 
4.68060 
1. 70305 

LOCOCO 
3L4i14 

O.IISSUJ. 
220.134 

-8534.83 
4.68060 
1.70305 
1. T9g;j3 

Feed !'r~LCtJaa 
Molar l!o.u 

C""'P· l'aotcr, 

'· kg/m*-3 

'· kJ/kg 

'· kJ/k!!;.K 

"'· kJ/kg.K 

"''"' 

' 

34!:1.060 Sound Spe..d., •I• 
2. 34534 ~. K/MP" 
24.5176 Ylso., uPa.8 

o.53Ut7E-ot n. Cond. ,11/m.K 

TCX)• 
P(ba:r)• 

1-PM. ... Flub resu.l.t. at t • 300,()00 K ....t P - 15.0000 HP" 
----c,.,pea.,..t------ ---l'.t>d--- --Liquid-- ---Pbi----
byd:rog<~u O.lOOl>OO 0.100()00 1.05678 
<Ubon dioaidol 0.900000 0.900000 0.365127 

,Molar Buio 
1.00000 
39.!!101 

0.454068 
527.248 

-906.1.71 
3. r..ueo 
3. 31037 

1.00000 
39.8101 

FM<l Fraotion 
Hchr l!a .. 

0.454068 Ccmp. l'aotor, ~ 

527. 248 D, k!!;/m••3 
-9064.77 H. kJ/kg 

3. T4180 a, kJ/kg.K 
3.31037 Cp, )<J/kg.K 
3.47845 Cp/Cv 
3U.S91 Sound Speed., m/a 
2.31189 JT, X/I!Pa. 
40.6300 Vi&c., a!' ... a 

0.655165E-01 Tb. Coad. ,11/~>..K 
(VL&-Pl.S ,PIIOPs-EXCST) 
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H,-CH4 Mixture supertrapp Input File (h2ch4. inp) 

"'"'' I!YDJ\OCDI 

"'"'' KETHlliE 

"m' LOOOO 

~· o. 0000 

""~ '"' 
,., 

"m' 0.9000 

~· 0.1000 

'"' '"' .... 
"m' 0.8000 
FEED 2 0. 2000 

""~ '"' .... 
"~' 0.7000 

""' 0.3000 

"~ '"" ... 0 

~· 0.6000 ·=· 0.4000 

""~ 000 ,., ·=· 0.5000 

~· 0.5000 
M '"' '·' ""'' 0.4000 

""'' 0,6()00 

n~ '"' '·' 
""' 0.3000 

·~' 0. 7000 
M '"' '·' '''" 0.2000 

·~· 
0.8000 

"~ = '·' 
·~· 0.1000 

·~· 
0.0000 

n~ 000 ,., 
""' ' 1.0000 

""" o. 0000 

""~ '"' 15.0 

"m' 0.9000 

"ro ' 0. 1000 
... ~ "' 15.0 

"m' o.aooo 

"ro' 0,2000 

""~ '"' 1~.0 

""'' 0.7000 

·~' 0.3000 

n~ '"' 15.0 ·=· 0.6000 

·=' 0.4000 

"" '"' 15.0 

"" ' ··-""" 0,5000 
n~ '"" 15.0 

·~· 
0.4000 

""' ' 0.5000 

"" '"' 15.0 ·=· 0.3000 

•=o 0.7000 

"~ 000 15.0 

·~· 
0. 2000 ·=· 0.8000 

n~ = 15.0 

""" 0.1000 

"m' ··-n~ = 15.0 

·~ 
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User Interaction with supertrapp: H2-CH4 Mixture (Part 1/2) 

* 
* 
* 
* . 
* 

. 
• • • • 

~~~ ~~f~ 
Press entJl!l' 

His.t s.ta.ndll.l"d Jlefe_renCe Datall·~~e. "1 
MIS-t lHERttOP .. YSl~L PRQPERTJES OP HYDRQ~RliOH ttlX'XIJR:ES 

P-l"C9Nt.iil SUPEBTRAPP - U~-rsion 3.1 

Ba.~e.d. on l'e.s:ea:rch sj,Vnsor,e~ by 
'th~. HA.S"A LeowiS R:eseal*<;h Cen.t6J";. .... NUn tttpe.rc-ritiCal Pluid hop~l"ty Cbris:Ortiull'l 

tm.d S"tan.tlcu-d Reference Data 

Phy::dcal and CheJ~~ical Properties DiwisiOn 

Distributed by $t~nda~ Refe~nce Data 
National Institute of Standards and Tecllnolosy 

Ge.ithershurg. ltD 20899 USA 

Co:pyl"ig-:ht 2,803 hy the U.S~ Sec-P,iltafoy of Cof!MJ:.ce 
9n behalE of the United St'ates of lhoB-I':i.ca 

All rights. MJ.servel;l~ 

response to any questiofl~ el'lter "?". 
~sc.-iption of· SUPmiTHAPJ>. ente·r "1". 
t:Q cQn_tinue. 

* 
* 
* 
* 
* 

* • • • 

Do. you_ owant to u~e def_-ault se~tinss? (Y/H)_ 
(The ddault settings are Uhatevel' you. last seleeted lol" u.niti$- 4nd f-ile 1,.0.> 
n 

Do !,IOU w.ant to change the units <NI'Y) ? y 

SUP'DTRAPP 2.1J8 Propert!! Unit ftenu. 

---------ption•-------- current: 

leApel:"ature(J( 
I"PesslU'e (atm 
Uolu111e <lih:r 
En-e:t"gy (cal 
tla.slil (lllol 
U¢locity <1111's 
Uh:cosity (uP 
Th111. Cond. (W/n.X 

.R ,.:C .P • 

.liar .ttPa .Psig ,Psia 
,1!1-3 oCPil'Hf3 • in**] ,ft-M*J 
.J ,btu .kc41 ,kJ 
.lb-nol .k!J ,!J .Ib 
.ciiV's ,.ft/s ~ ifl/s .. ~ 
.cP ,uP<ro~·s_ .lJu'Ft.s_ ·,lb/Ft:.h'. 
.callen.s.K.btu/ft.s.P.btu/ft:.h.F.nW/n.¥ 

default .. , options 

~-g. Scientific (H .at111 .lite!" .. cal .!llol .. c..Vs ,q)> 
S.J. <H .. ltPa --· --~ :~g • .vs- ,uPa.s 

(-::n Engineering <P .. Psia .ft.-3- .. btu · .. ft/s .lh/Ft.s. 
!(4) "ixed <K .IN.r .lite)" ,kJ .. nol .... l"s- ,uP 

EDter the neu unit or defau.lt ontion .(X to t~Xit>? 
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User Interaction with supertrapp: H2-CH4 Mixture (Part 2/2) 

Entel'! the new unit or defau~t optioWl <X to e)(it->? 2 

S:UPEiiTHAPP 2 ._Bjil Pl"'pert_, Unit t!enu 
lllllllllllllllEUllliiJUIIUIUIIflll ll Ill I 

CUl"l"t'nt PropePty 

telllp6:rature(K .. :R .. C .. F , ~ ... >X 
Pre.S.s:ure '(atfli .. ha:r _.HPa ~PsiS .. Psia ,.111111Hg ,)<Jif>I1Pa 
Uolurtte <liter ,111-l _.c111**l ;in**3 _.ft**3 
Ener!J!I (c<~;l 
Mass (IIHil 
Uelqc;i.ty (...,.s: 

~~:~oC!~~. ~~~~-x 

,.J _.btu .. ~cal _.kJ 

;!~;=oi :n,s :fn...-s ;lh .. 
.. cP _ ,uPa.s _.;.lh/ft.s: .. Th,...ft.h .. 
.. eoalt'cn.s· .)( .. btu/ft. s. F .bt'-'.(U .h.P~ ~hl.K 

defcmlt ... options: 

(1) Scientific ,. ,atn _.liter ... cal .-1 _.cFJ/s ,uP 
(2-) S.I.. <H ,11Pa ....... ,l<J . ... ·"-'· _.uPa.s 
(3> Eng-ineering <F .. Psia .. ft-3 ,btu .1b ... ft/s .. lb.tft.s ,., IHx,e_d (H .. bar .. liter .kJ .. .-ol ·""· ,uP 

Entel" tJre new unit or default option <X to exit)? x 

> ... -::~ 
).l<J , .. 
)111/ti 
)uPa.s 
)\1/Jli'.JC 

..cal:tclll.s:.JC) 
_.W/111·.)( ' .. btU/ft.h.F> 
.. mW(PII.K .) 

---------··"·~--------Pt'Ope.rty 

Ie-.pe.ratuP&qC 

Clll"l'f!ht 

Pl'es.Sure (atlll 
fJolu~~te (liter 
£ru!~y (cal 
l'lass (11101 
IJ'e loc ity (111/S 

~f!~oC!~N. ~-W~~~~-R 

default set· o-ptions 

(1) Scientific <H ~at11 .-liter ~cal .-1 .ei!V's .uP 
(2') S.-1. '" ..... .111-3 ,k'J ·"" .ov. .uPa.s 
(3) En'gine·eping <P .Pl:ia • .rt-3 ~btu .lb ,ft/s ,lh/tt.s 
(4) l'liied <H .b~ , liter .kJ ... 1 .ov. .uP 

Ihli un-#_s )t.);".e been- f.eset a:s. ·.l"J!!qu~~ted-. 

DO ,!iOU want to ente-r CoR]iositionto on a III<~:Ss basis <HI'YHn 

DO ,J,MJu want to input_ col'i)'ios±tion as ..a1e fr-actions 
(l'f- t-he <UJSwel" is no, input can be in Plo1e's) {H/Y).?!I 

End-of....:f·ile ·eocountel'f!d ~;tn inpu_t f-iJ,e 
returing- to interacti ... _ll input· ~ode 
Pol" _a list of· auaili!lble options_, type ? Ot)lel'wise 
ent-el' &OIIIJN.nd or~ if _you_ "1is:h __ to do a Flash ealculation_. 
entet" I()() dlld P(I'IPa> -sepa.rOlted _by a COPlllla.. 
qutt 

P.ro!Jf'U le:rJJinated- Exitin!J HlST4 

C :-'\,PROGRA""i '\,Hl ST,sprt.rall>.,. 

22 

,.ea}/&fii.S .H) 

=~~:;.~t~h.P~ 
,11U/P1.'K ' 



 

 Information Only 
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H,-CH4 Mixture supertrapp Output File {H2CH4.DUT) 

1-Pio.Pe flaah ruu.lta at T • 300.000 K ond P • 7.00000 Mh. 
-----(:olll_..,t- ---- ---Fee.l--- --Vapor--- ---Pbi·---
hydl-~1!!"" 1.00000 1.00000 1.06975 

,MaW Basia 
1.00000 1.00000 
2.01588 2.016ea 
1.06547 1.06547 
5. 30972 5.30972 
106.994 105.994 
47.5940 47.5940 
15.5532 15.5532 

1.36429 
1381.97 

-0.686445 
s.eaS9a 

0.207163 

foted Fraction 

Mohr """• 
Comp. h.~tc~, t 
D, ltg/m .. S 
H, kJ/kg 
S, kJ/kg.K 
Cp, kJ/k!I.K 

"'~ So=<! Speo.d., m/a 
JT, K/HJ>a 
Vise., uP11..11. 

Tit. cond,,ll/~.x 

(VL£-PB.l! ,Pl!DPS•UCST) 

1-Pha~~<~ n~ ruulto "~ T • 31'JO.OOO K ..,d P • 7.00000 liP& 
-----C<IIIlponent-- --- ---Fe<Ri--- --Vapor--- ---Pbj----

bydr<>g<ll> 0.900000 0.900000 0.952958 ··- 0.100000 0.100000 0.105464 
,Holar Baaio 

1.00000 1.00000 Fe..! Fraction 
3.41854 3.418£4 l!olar !Ia•• 
1.06475 I.OG47S Co:p. Factor, ' 9.01033 9.01033 '· kg/n<o•3 

-2138.53 -2138.53 '· kJ/kg 
30.437'9 30.437'9 '· kJ/kg.X 
9.4:1530 9.42530 '•· kJ/kg.K 

1.3E416 Cp/!!o" 
1060.&8 SouM Sp~ed, .,. 

-0.513224 "· l(fllp .. 
10.5975 Vi~c., uh.~ 

0.152315 Th. Cond. ,li/m.K 

1-Pha<~e Flub uaulta '"t T • 
-----c,.poneut------ ---Feed---

300.()()() ll and p- 7.00000 
--Vapor--- ---Phi----

by<ir<>l!•~ 0. 800000 0. BOOOOO 0. 858835 
~t..Cil.al>e 0. 200000 0. 200000 0. 203645 

,Molar B:>~<h 
1.00000 1.00000 
4.82120 4.82120 
1. 05992 1. 05982 
12.7665 12.7665 

-3081.22 -3081.22 
23.0001 23.0001 
6.87312 6.87312 

1.36679 
8~.828 

-o.21oa~ 

11.&439 
0.123805 

r.....t rr..,tiOD 

llol.ar """" 
eamp. F&<:tor, Z 
0, kg/m>*3 
H, kJ/kg 
S, kJ/kg.K 
Cp, kJ/kg.X 

"'~ Sound Sp,_J, mla 
JT, KJI!Pa 
Vise., uP .... 
Th. Cond.,ll/m.K 

1-Pb..oe Fb.oll ruulu at T • 300.000 K ODd P • 7.00000 HPa 
-----eampanoou--- -- ---Fe.d--- --V&por--- ---Phi----
:O.ydrog..,_ t>.700000 0.700000 0. 7SI!2g7 

mootb&D• 0.300000 0.300000 0.2111!426 
,Hol;or S....ia 

1. 00000 1.00000 Feed Fraction 
6. 22385 6.22386 Hol&r Hau 
l. 05110 1.05110 '-· Factor, ' 16.6174 16.6174 "· kg/~tu3 -3601.95 -Mot.gs "· kJ/kg 
18.8236 18.8236 S, kJ/kg.K 
S.47P76 5.47976 "· kJ/kg.K 

l.37206 "'~ 779.918 Sow:1d Sp .. d, 11>/s 
0.303452E-o1 .IT, K/Hh 

12.5864 Vhc., uP .... 
0.104744 Tb. Goud.,W/m.K 

1-l'hu• Fl,...},. uwl.\a "'' 1 • &I".OOD ll:....., P • 7.0000(:1 HPa 
-----C<>l!lp<>Unt------ ·-·Fe..d·-· --V"P=·-· ---Pbl----

hy<U"<>g"" 0.600000 0.600000 0.6M423 
!Mitb.ow• 0.400000 0.400000 0.386164 

,Hal:or ~ui<o 

1.00000 1.00000 Feot<l. Fn.cti~n 
7.62l35l 7.~:16!H Molar """• 
1.03884 1.038114 C010p. !'&ct.,r, Z 
20.6028 20.eo~s 0, ltg/m••3 

-W33.49 -3933.49 II, ltJ/kg 
16.1271 16.127l s, kJ/kg.K 
4. 60756 4.60156 Cp, ltJ/kg.K 

1.38002 "'~ 
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(VL!'<PRS ,Pi.CPS~I!XCST) 

~!19.254 

0.31!4457 
13.230!1 Viae., W>a.~ 
0.~99E-01 Th. C<lnd.,W/m.K 

1-Ph.a,.. huh r<~sult. at T ~ 300.000 K 1111d P ~ 7.00000 HF\o. 
-----comp~a•ut------ ---F~<Od--- --v~l'or--- ---Pbi----
bydrog•n 0.5o<JOOO 0.500000 0.552381 
uthan• O.So<JOOO 0.500000 0.470670 

1.00000 
9.02917 
1.02310 
24.7674 

-4154.05 
14.2261 
4.01634 

1.00000 Fud fnC"ti<>D 
9.02917 Molar Mass 
1.02310 C<lmp. FaC"tor, 2 
24.7674 D, kg/m .. 3 

-4164.05 H, ~J/kg 
14.2261 S, l<J/kg.K 
4.01634 Cp. kJ/.kt;.K 
1.39099 Cp/Cv 
636.366 Sout~d Spa~d, '1>1~ 

0.790?.06 JT, K/Hh. 
13.6671 Vise., uPa..s 

0.791!}<!3E.-<>t Th. Con<i.,W/.,.it 

1-Pbaaa Fbeb results ._t T ~ 300.000 K =d. P ~ 7.00000 MPa. 
-----Coml'""-""t------ ---Fe~d--- --V<~.f'Or--- ---Phi--
h)'<lrosen 0.400000 O.<NOOOO 0.449343 
~~:ethane 0.600000 0.60()000 0.554345 

,!lobr Buis 
1.00()00 

10.4318 
1. 00378 
~g .1655 

-4334.56 

12.8007 
3. 5!1665 

1.00000 
10.4318 

F•ed Fra.ction 
Holar Hu• 

1.00378 Coml'. hctor, z 
~9.1655 0, kg/m••3 

-4334.56 H, kJ/lQI; 
12.8007 s, kJ/kg.K 
3.59665 Cp, kJ/kg.ll 
1.~0555 Cp/Cv 
584.821 Sound Sp•ood., m/• 
1. 25009 JT, K/MPa 
13.6601 v .. c., uh.a 

0.69971.>9E-OI Th. Com!. ,li/m.K 

1-Ph"ae Fla.&h ruulu at T • 300.000 K ond P- 7.00000 Hh. 
-----Comp.onent------ ---Feed--- --Vapor--- ---l'hi----

hydrogan 0.300000 0.300000 0.34->1342 
meth»<~" D. 700000 0. 700000 0.636312 

1.00000 
11.!!345 

0.980E53 
33.6675 

-4456.64 
11.6796 
3.29291 

1.00000 

11.8345 

0. 980653 

33.5675 
-4466.64 

U.6796 
3.29291 
1.42474 
540.953 
1.77043 

Fud Frachon 
Mol..- ru. ... 
C=p. Pactor, Z 
D, kg/:n .. 3 
K, kJ/kg 
s, kJ/kg.l( 
Cp, kJ/l41;.K 

"'~ Sound S!>eotd, m/e 
JT, K/llh 

13.6108 Vise., uPo..a 
0.62331!!£-0l Th. Cond.,W/m.K 

1-Ph.!t.,.. Fhoh r•sulto at T ~ 300.000 K =d P- 7.00000 HPo. 
-----Componomt------ ---F•ood.--

hydrog•n 0.200000 
nth=~ 0.800000 

1.00000 
13.2371 

0.954269 
38.92\19 

-4572.46 
10.7518 

3.0730~ 

--V"''or--- ---Phi 
0. :.100000 0. 235833 
o. eooooo o .111:1648 

Feod Fr..,tiDb 

Molar """""" 
Comp. Factor, Z 
o, ltg/m•~3 
H, ltJ/kg 
S, l<J/kg.K 
Cp, kJ/kg.K 

"'~ 

1.00000 
13.2371 

0.95-4269 
3a.92B9 

-4572.46 
10.7618 

3. 07309 
1.44921 
5()2.756 
2.34073 

Sound S~ood., ml a 
Jl", KII!Pa 

:19.-4626 Viae., uPs. a 
0.&69476E.-Ot Th. Cond. ,\1/.,.K 

(VLE•PRS, pRQPg,.EXCST) 

1-Pba.n Fla&h :results at T • 300.000 K ...,d P • 7.00000 Kh 
-----CompODOlnt------ ---Fe«!--- --Vapor--- ---Phi----

hyd:rog..,. 0.100000 0.100000 0.121972 
IO'IItb.... 0.900000 0.900000 0.8\l3363 

1.00000 
14.6398 

o .92S2BS 
44.4Q2S 

1.00000 
14.63!}<! 

0.925268 
44.4Q2S 

ho-d Fnction 
Molar llasa 
COlllp. Factor, Z 
D, kg/mh3 
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-4659.50 
9.979:!6 
'2.91788 

-4669.50 
9.97926 
'2.91788 
j.47981 
469.012 
:2.94702 

H, kJ/kg 
S, k.J/kg.K 
Cp, kJ/kg.K 

"''~ Soll!1d Spud, ~~~ 
JT, K/MP" 

IS. 2'979 Vise., uP a.. a 
0. P06119E-OI Tb. Cond. ,W/m.K 

1-Phao• FlLIIh nurulh at T • 300.000 K aad. P - 15.0000 MPa. 
-----Compon•nt------ ---Faed-- --Liq.Ud.--
hydrog<~n I • 00000 1. 00000 

,ll<>lar Bo.ais 
1. 00000 1. 00000 
2.01588 2.01688 
1.13351 1.13361 
10.6950 10.5960 
11!!~.0!2 1'>9-.0!2 
44.4270 44.4270 
15.6931 16.6931 

---Fbi----

1.15otl3 

hod Fraction 

Kolar ~·• 
Comp. Factor, Z 
[), kg/mh3 
II, ld/'&g 
S, ld/kg.K 
Cp, kJ/kg.K 

"'~ 1.361'26 
1453.56 

-0.<;48917 
Sound Sp6fld., m/t> 

8.8a596 
0.215994 

JT, K/MP• 
Vi~c., uP,..,. 
Th. Cond.,'i/m.K 

1-Pb ... • Flub runlto at T • 30{),000 K 1111d P • 15.0000 Mh 
------1::ompon ... t------ ---Feed---
hydrogell 0.900000 
llleth=• 0.100000 

,Holo:r Baoi• 
1.00000 
3.41854 

1.13406 
18.1278 

-2099.42 
28.5360 
9.57208 

--V...-or---
0.900000 
0.100000 

1.00000 
3.41854 
1.134(>6 
18.1'278 

-:wgg.42 
28.5380 
9.~72011 

1.36754 
ll~.ln 

-0.518252 
10.5277 

0.161590 

---Phi----

I. 03605 
0.112889 

Faed Frll<tion 
l!.,l.ar Haas -· f&<:tor, ' '· kg/JOU3 

'· kJ/kg 

'· kJ/kg.K 

"'· kJ/q.x 

"'~ Scrund Spaod, .,. 
n, ~~. 
Via~., uPa..o 
Th. Ccnd.,Y/m.K 

1-Phaa• Flash nwlh at T • 300.000 K and P • 15.0000 MPa 
---Ccmpon.,t~ -~-~ ---F•ed--- --Vapor--- -~~Phi----

hydrogen 0, 800000 0. 800000 0.927053 
m>llthiiDO 0.200000 0.~ 0.210697 

,11olar Buli• 
1. 00000 

,_ 
F6fld. Fracti011 

4.!12120 4,1)21'20 H<>hr """" 
1.12~0 1.1'2690 Co~p. Faotor, ' 25.72!14 25.7284 0, kslm••3 

-3054.35 -3064.35 '· kJ/ks 
'21.6241! 21.6'24B '· kJ!kg.K 
7.03001 7.03081 "· ltJ/kt;.K 

1.37861 "'~ 951.142 Soll!1d Spo.od, .,. 
-0.334229 n, K/MP• 

11.6009 Vise., uPa ... 
0.133455 Th. C011d. ,;r/lii..K 

1-Pu ... Flub re..Uh "t r • 300.000 K ud P • 15.0000 Ill'• 
------1::ompoa.,t------ ---Fud--- --Vapor--- --Phi----
b~n 0.700000 0.700000 0.8'21487 
Iaathazw 0.300000 0.300000 0.297819 

,11ala:r Basis 
1.00000 
6.'22385 
1.11~87 

33.632':! 

-3600.12 
17.7324 
5.65151 

1.00000 
6.22386 
1.11287 
33.6322 

-3600.12 
17.1324 
5.6~151 

1.39432 

F•ed Pro.cti011 

Molar"""'" 
Comp. F&<:tor, 2 
[), kg/m .. 3 
H, kJ/kg 
S, kJ/ks.K 
Cp, ltJ/li.!I;.K 

"'~ 1134.657 Sound. Sp6fld., mls 
-0.107184 JT, K/l!h 

13.0513 Vioc_, ul'<1.o 
0.114723 Tb. Cond.,II/Ia.K 

(VLE•PR.S, PllOPS•£XCST) 

1-Pb..,., Fl""h rnult. &t T • 300.000 ~ .ond p. 11>.0000 "'" -----ecmp,.,nt------ ---Feed-~- --V>~p<>r-- ---Phi----
"ll.ydros"" 0.600000 0. 600000 0. 717678 
metb&De 0.400000 0.400000 0.377H7 

,Mohr B.o.sie 

1.00000 1.00000 Fa&<! Fraction 
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7.62661 7.62661 llol.ar !!lUis 
1.09241 1.09~41 Comp. F~or, Z 
41.9840 41.9e4o D, kg/m'*3 

-3943.49 -3943.49 H, kJ/kg 
16.2118 16.2118 s, liJ/lqj".!( 
4.79n2 4. 79772 Cp, kJ/lqi;.K 

1.41S41 "'~ 749.466 Sound Speed, m/B 
0.167S59 JT, K/Mh. 

13.9004 YiBc., uP a. B 
o.1oono Th. Cood.. ,11/0t.K 

1-Ph&B• Flash ruults. o.t T- 300.000 !(and P • 16.0000 !!Po. 
-----co:mponomt------ ---Feed--- --v .. por--- ---Phi----
hyd>:"ogeo 0.600000 

"'"'h""e 0.600000 

1.00000 
9.1Y.l917 
1.116558 
60.9572 

-4184.40 
13.4282 
4. 23169 

0.600000 0.613741 
0.600000 0.460669 

1.001)()(1 Feed Fraction 
9.1Y.l917 Molar Ho.oB 
1.fl655B Com(>. Factor, ' 60.9572 "· ilg/m•~3 

-4184.40 "· iiJ/kg 
13.4282 '· kJ/lcg.K 
4.23169 "· ~J/lqj".K 
1.44313 "'~ 682.646 Sound SfH>t>d, ,,. 

0.457869 n, K(MP~ 
14.4809 Vise., nP~.s 

0.897TSOE-Ot Th. Con<!. ,ll/~~>.K 

1-Phu• Fluh results •t T • 300.000 X &Dd P • 15.0000 llh 
----Comp""'""t------ ---Feed--- --Vapor--- ---F'I:ti----
hy<h-"8"" 0.400000 0.400000 0.608339 
1>41th&D• 0.000000 

1.00000 
10.4318 
1.03212 
60.7814 

-4364.71 
12.0!!41 
3.84787 

1-Phoa. Flash nsulh 11.t T • 
-----Compon•Dt- ---F•oocl---
hydro!V'" 0. 300000 
.... thUO> 0.700000 

,Hol..r hsis 

(vt£-PilS ,Pli.OPS•EXCSl"} 

1.00000 
11.8345 

0.!<91397 
71.7867 

-4506.81 
11.0196 
3.59774 

I-PM..., n,.,h usulh at T • 
-----componeot- ---- ---Feed--

bydr<>ge" 0. 200000 

meth011• 0.800000 

,Molar Buh 

(VLE·PM ,PROPS~ EX CST) 

1.00000 
13.2371 

0.944:281 
8~.3015 

-4623.10 
10.1401 
3.46&82 

0.600000 0.5198,7 

1.00000 Feed fn~ti= 
10.~18 llolo.r 11ua 
1.03212 C""'P· Fe.etor, Z 
60.7814 D, kg/mu3 

-4364. 7t E, kJ/lqi; 
1"<..01!41 s, kJ/q.K 
3.84797 Cp, l<J/kg.K 
1.4?970 Cp/C .. 
627.590 SQ\!n~ Spe~d, m/a 

0. 794117 JT, K/MPa 

14.!11161 ViAe., uP"-.S 
O.BO!I<SB3E-01 Th. Cond.,W/m.K 

&10.000 k ... d p- 15.0000 
--Liq>.1id-- ---Pbi----
0.300000 0.399"298 
0.700000 0.586!)20 

1.ooooo 
1t.a34s 

Feed Fraction 
Malar llaes 

... 

0.991397 C""f'. F"ctor, Z 
71.7867 D, kg/m••S 

-4506.81 H, kJ/kg 
11.0196 S, kJ/kg.X 
3.59774 Cp, kJ/kg.K 
1.52896 Cp/Cv 
sao.~u S..W><I sp~«l, m1~ 
1.16777 JT, K/Mh 
15.2371 Vise., uPo..s 

0.736930E-<l1 Th. Cond .• Wh•.K 

30ll.ooo K Ol1d p. 1s.oooo 
--Liquid-- ---Phi--
0.200000 0.282715 
0.800000 0.652401 

F•t>d Fr&etion 

Molar H&n 

... 
1.00000 

13.2371 
0.944281 

84.3()!5 
-46U.IO 

10.1401 
3.4,.6582 
1. 59463 
53~. 661 
1.58241 

Comp. F&etor, Z 
D, kg/m•~3 
H. U/kg 
s, kJ/kg.K 
Cp, iiJ/kg.K 

"'~ Sound SP"'ed, 10/s 
JT, K/Hh 

16.6867 Vise., ul'a.a 
0.6?6295E-01 Th. Cond.,\1/m.K 

1-Pbo.a• Fle.sb nsult~ &t 1 • 300.000 l( UK! P • 15.0000 11h 
-----Comp<>l1<01l.t------ --Fee-d--- -Li'I'J.id-- --Phi----
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hy<irogq 0.100000 0.100000 c .152954 
moot~""• 0.900000 0.!100000 o. 723259 

,Molar B.ads 
1.00000 1.00000 F- >%•ot1on 
14.6398 14.6398 Kolo>.r MUB 

0.89l926 0.8911125: e:..p. i"o.e,.<>r, ~ 
98.7073 ~8. 707:1 D, kg/mu3 

-·1.721.20 -4n1.20 II, kJ/kg 
9.36161 9.36161 s, kJ/kg.K 
3.41044 3.41044 Cp, kJ/kg.K 

1.6622!1 "'~ 504.265 Sound Spe...J, m/a 
1.95136 JT, KJ!Ih 
16.0369 Viae., uP•. o 

C.62764Gi-01 Th. Cond.,W/m.K 
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Appendix B: supertrapp Code Verification 
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B.l Code Description 

Identification 

NIST Standard Reference Database 4 
NIST Thermophysical Properties of Hydrocarbon Mixtures Database 
(SUPERTRAPP) 
Version 3.1 
February 2003 

Author 

M.L. Huber 
National Institute of Standards and Technology (NIST) 
Physical and Chemical Properties Division 
Boulder, CO 

Vendor 

U.S. Department of Commerce 
National Institute of Standards and Technology (NIST) 
Standard Reference Data Program 
Gaithersburg, MD 20899 

Abstract 

NIST supertrapp is an interactive computer program for the prediction of 
thermodynamic properties of mixtures. It may be used for pure fluids or for 
mixtures of up to 20 components. NIST supertrapp performs phase equilibria 
calculations and gives the thermophysical properties of all phases and the feed. 
These results include both equilibrium properties (density, compressibHity fac­
tor, enthalpy, entropy, specific heats, sound speed, Joule-Thompson coefficient) 
and transport properties (viscosity and thermal conductivity). 

Usage in this Analysis 

The supertrapp code was used to calculate compressibility factors and viscosity 
for pure H2 gas and for gas mixtures ( H2-C02 and H2-CH4) over a range of 
compositions. These calculations were performed at a temperature of 300K and 
for pressures ranging from 7 to 15 Mpa. 
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B.2 Verification Procedure 

The NIST supertrapp code was verified using a two-step procedure. First 
an installation check was performed by comparing the results of two sample 
calculations run on the target platform (a PC workstation running the Windows 
XP operating system, Version 5.1.2600) with sample output files provided by 
the code author. Next, a series of tests were performed to compare values of 
viscosity and compressibility predicted by supertrapp to values reported in the 
scientific literature. 

B.2.1 Installation Check 

For the installation check, we select a 50/50 by mole mixture of Cl/C4 and 
perform flash calculations at T=300K for P=20 bar and P=l bar. We compare 
the results with those obtained by the code author on the her machine. 

B.2.2 Comparison of supertrapp Results with Literature Values 

The supertrapp code is used in this analysis to compute compressibility and 
viscosity for H2-C02 and Hz-CH4 mixtures at 300K over a range of pressures. 
In order to verify supertrapp for this purpose, supertrapp compressibility 
and viscosity predictions are compared with values published in the scientific 
literature for similar temperature and pressures. Since data for H2-C02 and 
Hz-CH4 mixtures are not readily available, this comparison is performed for 
pure H2, COz, and CH4 , as well as a natural gas mixture composed of CH4 , 

CzH6, C3Hs, N2, and C02. A sununary of the cases used for comparison is 
given in Table 3. 

Table 3: Smnmary of supertrapp Verification Tests 

Name Composition 'Temperature Pressure Reference 
(K) (MPa) 

Hydrogen H2 "" 298 "" 5-20 [11] 
Carbon Dioxide C02 300 ""7-18 [5] 
Methane CH4 "' 293 ""4-18 [8] 
Natural Gas C H4 , 84.84 mol %; "" 294 "'4-14 [2] 

C2H6 , 8.4 mol %; 
C3H8 , 0.50 mol %; 
N2 , 5.60 mol %; 
C02, 0.66 mol% 

For H2, we use reported values for both compressibility factor and for vis­
cosity. For the other gases and for the natural gas mixture, we compute the 
compressibility factor from the reported temperature, pressure, density, and 
composition according to the following formula 
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z = --.!:_ 
pRT 

{3) 

where P is the absolute pressure, pis the density, and R is the gas constant for 
the gas in question. The gas constant for a specific gas can be computed from 

(4) 
mw 

where n is the universal gas constant and mw is the molecular weight. In this 
analysis, we use n = 8314.4 (N ·m)/(kg ·mole·K). The molecular weights for 
the various gases calculated from their molecular formula and atomic weights 
obtained from [12] are shown in Table 4 along with the calculated gas constant 
for each. 

Table 4: Atomic and Molecular Data Used in supertrapp Verification 

Atomic Data from [12] 
Name Symbol Atomic Weight 

Hydrogen H 1.00794 
Carbon c 12.0107 
Nitrogen N 14 0067 
Oxygen 0 15.9994 

Computed Molecular Data 
Name Composition Molecular Weight R {N · mfkg/K) 
Hydrogen H, 2.01588 4124.5 
Carbon Dioxide co, 44.0095 188.9 
Methane CH4 16.0425 518.2709 
Natural Gas CH4, 84.84 mol %; 18.2159 456.4 

C,H6, 8.4 mol %; 
C,Hs, 0.50 mol %; 
N2 , 5.60 mol %; 
C02 , 0.66 mol % 

The input files, recorded user interaction with supertrapp, and output files 
for the verification exercises are included in section B.4. 

B.3 Verification Results and Conclusions 

B.3.1 Installation Check Results 

The results of the flash calculations were written to the file chlc01. out which 
we compare to the file sample ca. txt supplied by the code author. Comparison 
of the files shows that they contain identical results. 
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CHICO 1. OUT Listing 

2-Phas• Flaah r .. ult& &t T • 3(1().000 K and p • 20.00M 
--C=ponont--- -- ---Fud--- --Li<~,uid-- --Vapor---

nth-.. 0.500000 0.9SS345-E-111 O.BM113 
.,-but...,. 0.500000 0.900666 0.165887 

,!lolar h•:is 

·­---Pbi---
0.812336 
0.122120 

--K--

,BQE•Ol 

.t!£+oo 

1.00000 0.4&1029 0.648.97\ Fe..! Fraction 
37.0823 54.19~7 23.0229 Mol= Mu& 

0,543M2 0.785324E-01 0.826131; c""'''. F~ctcr, Z 
0.646733-E-11! 0.653336 0.199321'E-DI 0, g/<111>*3 
-2.96670 -2.60g2 -3.606(1 II, l<J/g 
5,46448 4.14421 8.01785 S, J/g.K 
2.42781 2.52442 2.24096 Cp, J/g.K 

1.47193 1.29325 Cp/CV 
856.526 346.36i So""d S~<o<L, m/~ 

-0.216'219£-<l'l 0.631247 JT, K/bar 
139.662 10.866$ Vhc,, uh.~ 
108,064 31.2262 lb. Con<\. 0!011/lll.K 

(VLE•PM ,PROPS•UCST) 

1-Pbase Fl~sb re&ulto at T • 300.000 K aad P • 1.00000 bar 

-----C.:.Otpo>noont------ ---Feed-- --Vapor--- ---Phi----

m..-tb""e 0.500000 0.500000 0.501146 
n-but=e 0.500000 0.500000 0.4!!9'220 

,!tolar Basis 
F-.J. f"r•ction 
Hohr 11 ... 

0.9902111 0.990291 Comp. f~ctor, Z 
0.15012<SE-02 O.l50125E-02 !!, g/cmu~ 
·2.700!!3 -~.7N!!3 H, kJ/g 
6.851!16 6.851!15 s, J/g.~ 

1.854Bl 1.85461 Cp, J/g.K 

1.1.WH Cp/Cv 
274.703 So=d Spo-e<i, ~~ 
1.11&12 JT' Klhu-
S.98038 
20.9478 

ViBc,, tlP1t..~ 

!b. Coml.,mt,l/m.K 

Sampleca. txt Listing 

2-PI>.u. PI""" rouu!U .. t T ~ 300.COO K «<>:! P • 2D.{)()f)() hal" 
-----Ccmp-t------ ---F .. cl--- --Liqui<l-- --Vapor-•- ---Phi---- --K--

metbon• O.SQOOOO 0.933346E-01 0.834113 0.812336 .89E~Ol 

n-butane O.SQOOOO 0.906666 0.165887 0.122120 .lBE~OO 

1.00000 0.451029 0.548971 Fa&d Fr,.ction 

37.0<!23 54.1947 n.on9 HolM" l'!lt.u 
0.643.842 0.78SJNE-01 0.926136 Comp. '"ctor, 2 
0.646733E-01 0.553336 0.)99327E-01 !!, g/<:mU3 

-2.95670 -2.ED142 -3.64380 H, kJ/g 

S-45U8 4.1#21 8.Dl7BS S, J/g . .K 
2.42781 2.52442 2.24096 Cp, J/g.K 

1.47193 1.293:/ti Cp/Cv 
856.526 346.3&4 Sound Spotod, m/s 

-0.216219E-01 0,631147 JT, K/bar 
139.662 10.8666 Vise., uh.s 
108.054 31.2262 !b. Cand.,mll/m.K 

CVU:•PRS ,PitOPS•EXcsl"J 

1-Ph.>.se i'hoh ruulto at T 1 300.000 ~ =<! P • 1.00000 bAr 
-----c""'p<>nomt------ ---F~•d--- --V"J"'r--- ---Pbi----
u~Mne 0.500000 0.500000 0.501146 
n-h>.1hn• 

,Moh-r b~ie 
0.500000 0.500000 0.4892:.10 

{'ILE•PRS, Pli.OPS•llCSl"J 

1.00000 1.00000 Fee<! Fracti"" 
37 . 0823 37 . 0623 Holar Muo 

0.990291 0.990291 c.,.,p. Fact<or, Z 
0.150126E-02 0.1601'26E-02 D, g/c., .. 3 
-2.70883 -2.70883 H, kJ/g 

6.85816 6.85816 S, J/g.K 
1.85481 1.8548t Cp, J/g.K 

t.t4417 Cp/Cv 
274.703 Soun~ Sp.,.,.J, m/" 
1.11s12 rr, u~ 

Vise., uPa." 8.9Sil36 
20.£!478 Th. C¢n.l.,mW/m.K 
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B.3.2 Comparison of supertrapp Results with Literature Values 

The comparison of supertrapp results for compressibility and viscosity of H2 
with published values [11] is shown in Table 5. In this case, the literature values 
are not direct measurements, but rather correlations to based upon experimental 
data. We note that the supertrapp predictions agree with the published values 
to within 5%. The uncertainty in the literature values was not reported. 

Table 5· supertrapp Results Compared with Literature Values· H2 
p z z,, LiZ 1) 1j,t Li1) 

(MPa) (-) (-) (%) (I'Pa ·s) (I'Pa ·s) (%) 
3.040 1.0182 1.0295 
5.066 1.0303 1.0484 
10.133 1.0613 1.0932 
15.199 1.0929 1.1359 
20.265 1.1252 1.1770 

... Z - compressibilJty factor 
fJ = viscosity 

1.1118 
1.7529 8.9500 
3.0095 9.0500 
3.9317 
4.6081 9.3100 

( )st = supertrapp computed value 

8.8480 -1.1399 
8.8480 -2.2323 

8.8480 -4.9626 

Comparison of supertrapp results for compressibility and viscosity of C02 
with published values [5] is shown in Table 6. We note that the supertrapp 
predictions agree with the published values to within 2%. The estimated exper­
imental error in the published values is approximately 2%. 

Table 6: supertrapp Results Compared with Literature Values: CO, 

p p z 
(MPa) (kg/m3 ) (-) 
7.365 728.357 0.1784 
10.169 792.171 0.2265 
13.060 846.259 0.2723 
14.310 859.814 0.2937 
15.295 869.364 0.3104 
16.773 882.346 0.3354 
17.761 890.268 0.3520 

... Z - compresstbthty factor 
7l = viscosity 

z,, 
(-) 

0.1774 
0.2229 
0.2730 
0.2945 
0.3114 
0.3366 
0.3534 

(·),, = supertrapp computed value 

LiZ '1 q,, Liq 
(%) (I'Pa ·s) (I'Pa ·s) (%) 

-0.5430 61.4000 61.1858 -0.3489 
-1.5709 73.6000 73.1707 -0.5833 
0.2441 81.9000 80.8654 -1.2632 
0.2922 83.5000 83.6430 0.1713 
0.3200 86.4000 85.6799 -0.8334 
0.3606 88.5000 88.5405 0.0458 
0.3838 92.1000 90.3452 -1.9053 
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The comparison of supertrapp results for compressibility and viscosity of 
CH4 with published values [8] is shown in Table 7. We note that the supertrapp 
predictions agree with the published values to within 3%. The reported uncer­
tainty in the measured values is ±0.15 to ±0.4% for viscosity and ±0.02 to 
±005% 

Table 7: supertrapp Results Compared with Literature Values: CH4 

p p z 
(MPa) (kg/m3) (-) 
4.219 30.017 0.9251 
7.912 60 058 0.8671 
11.298 89.924 0.8269 
11.310 90.033 0.8268 
14.702 120.156 0.8053 
18.351 150.057 0.8049 ... Z - compressibility factor 
rJ = viscosity 

z,, 
(-) 

0.9237 
0.8680 
0.8315 
0.8314 
0.8117 
0.8113 

(·)st.= supertrapp computed value 

l'l.Z 

"' '""' l'l.t} 
(%) (I'Pa ·s) (I'Pa ·s) (%) 

-0.1527 11.8070 11.9758 1.4297 
0.1011 12.9660 13.2580 2.2520 
0.5506 14.4280 14.8331 2.8077 
0.5534 14.4420 14.8392 2 7503 
0.7853 16.2930 16.7122 2.5729 
0.7977 18.5350 18.9284 2.1225 

The comparison with literature values for the natural gas mixture is shown 
in Table 8. We note that the supertrapp predictions agree with the published 
values to within approximately 3%. The uncertainty of the reported measure­
men~s is estimated to be ±1 %. 

Table 8: supertrapp Results Compared with Literature Values: Natural Gas 
Mixture 

T p p 
(K) (MPa) (kg/m3 ) 

293.963 0.310 2.326 
293.956 2.060 16.050 
293.949 4030 32.760 
293.929 6.020 51.090 
293.929 8.040 71.090 
293.924 10.080 92.140 
293.936 12.190 114.980 
293.963 14.040 134.460 

... Z - compress1bthty factor 
'fJ = viscosity 

z 
(-) 

0.9933 
0.9566 
0.9169 
0.8783 
0.8430 
0.8155 
0.7902 
0.7782 

(·),, = supertrapp computed value 

z,, l'l.Z 

"' 
T},, 

(-) (%) (J"Pa ·s) (I'Pa ·s) 
0.9935 0.0173 11.4400 11.5134 
0.9569 0.0287 11.5800 11.8013 
0.9171 0.0293 12.0500 12.2951 
0.8801 0.2100 12.6500 12.9780 
0.8473 0.5094 13.4700 13.8560 
0.8200 0.5543 14.4700 14.9180 
0.7989 1.0972 15.7700 16.1824 
0.7873 1.1623 17.0200 17.4062 
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0.6416 
1.9111 
2.0340 
2.5929 
2.8656 
3.0961 
2.6151 
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B.3.3 Conclusions 

The supertrapp predictions of compressibility factor and viscosity agree with 
the published values to within 5% over a wide range of compositions and pres­
sures. For the application reported in this memo, we are interested in com­
pressibility and viscosity changes with changing gas composition that are 1-2 
orders of magnitude larger than this estimated uncertainty in the supertrapp 
results. Thus we conclude that the use of supertrapp is appropriate for this 
application. 
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B.4 Input Files, User Interaction, and Output Files for 
supertrapp Verification 

B.4.1 H2 

H,: supertrapp Input File (h2.inp) 

ro~ ' HYORO~EM -· 1.0000 

n" :298.15 3.03975 -· 1.0000 

n" 298.15 5.06626 

~· 1.0000 

n" 298.15 l0.132& 

~· 1.0000 

n" 298.15 15.1%75 
FEED 1 1.0000 

n" 298-.15 20.266 

""' 
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H2: User Interaction with supertrapp (Part 1/2) 
ftkrOs.oft- WindowS, ~p [Ue-l'Sion 5.1.26881 
(C)_ CopyPi11.ht 1985--2191 "ict'Osoft Corp. 

Ci\PftOGRA~'NlST\aprtrap>Jirapp 

• Nltr St'ilndal"d He-t"l!".ri=n"- Bat~~~ 4 . -
* NJ$T IHEDHOPli_V$1'CAL P&OP.an'IE& OP ll.'lJ)ROOARBON "HCTUJffis 
* Pl'og~n SUPEirrRAPP - l,!eni'on 3. :f.: 

• • 
• * Base'd on ~sea.l;'cll SPQnSI[j,~e~ by 

the NAS_II_ t.ewis: Researc}l . Cen_t.er ... 

. 
• 

th& HISI s~::~~!~~!!tt~*~:J!r!~r'~facon:so:rtiu~~t 

P.byskal an:d Chemical Pl"o.pel"tiH Diuoiaidn. 

. Dis:tr;ihute4 hy St.and:al'cd R~fe..,epce_ ~h: 
Nationd lns.-ti~te of_ StandU".ds- Qn~ Teclilio:iogy 

Gil.itbe.rshua-g~ tiD 286?9 U!;A 

eopy:~~!~~l .:y t~e u~t!;tt ss~-I:!:r~,·~-C:~:rce. 
1 
All fi~~t*; roe,.,.~·atf. 

For he11.1_ in l'eS:pcll\Se. tiJ ;m!J question~ enter- "'!". 
Po't' a brief"· de:u:~i'pl;iqn Of SUPERlAAPI', enter "?". 
Pre=ls e.nt'er to continue~ 

. 
• • • • • 

. 
• • 

Dn you want to use default settings? <VIN> 
<T~ dehult :scttinga a~e- wh!lteue~ you Ust :se<te:c'tc:d fOf units and fila 1('0~~ 
n 

Do you want- to input;, 11"0" a .. fi.h• (N/Y.)1 !J 
Please ente:r.tbe. na~~~e or- the in-wt file.. h2.inp 
Do you want to butp_ut to a file <N?V>? 9 
Please e~e:r the output file name. h2.out 
Do !/Oll alsO want outpUt to the tel"flinal <Y/H) ? n 
D.O you·-want ·to Chi!:ngo the.units (~)? .!1 

Pro9pel"t!l 

~::;::e!ui:e ~!t" 
Uol11- (l..ite.,. 
En~n.·S"Y. <e:al 
I'I.Q:S: . (Rol 
!Jehcity. ( .. i"s 

~~~oC!!I. ~V~m.M 

defaul't ••• optionS 

'" Scientific '" ~at .. ~liter .cal •• 1 •. c.va: 
<·2> ILl'~ '" .I'IPa ·-· ·"" ;~ ; ....... $" 
m &!Jineer-ing , . . hia .Et**3 ·"'" 3t/:;t 
<1> Hixed '" .bar .liter ·"" ·-· ,.V4 

Entel" ·t:he· nB1f unit Dl." default ootion (IC to ·lllxit>7 
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~i11'81.$ ~W/..~~t;,X ... >" 
.lh/tt.s .ht!.V'ft .·.b.P>" 

·"" .. .-11/a.:.J( ) 
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H,: User Interaction with supertrapp (Part 2/2) 

Enter Uw ne~t~ unit u.r default option (IC to exit)? 2 

lUll! Ill UIII,IIIIU!I 1_1 h 

SUP:EiltftApp -2.01J Propet-:t-~ Unit- l'tenu 
lfl ifiJflf<lU-lEIUflflf! I ;i H mt• 

........................ options*"*""* .............. ... ~'Pt'"l"t!l 

TeP!per.at:ul"e{lt 
fioe.!I~Ul"e '(atiPI 
Uolume (liter 
2oe.l'gy (eal 
ttas$ (mol 
UeloCity (m/s 
Uisc:osity (uP 
lhlll. COnd. <WI'fll.X 

ddi:lult ,., option$ 

(1) Scientific <R 
(2) S.l. <K 
(3) Eng-ineel"ing <P 
<4> tiixed ()( 

~atilt 

·""· .P:s-i~ .... .liter ,·cal ,.inol ,.c!Vs 
,.'m--3 ·"" ••• ,.111/S 
.rt-J •. btu .lb .ftls 
,liter. .>J .illol .ro...-.s 

lmte.r'·the· new· unit or ~e-f"Ult. opt·ion <X to exit>? lt 

.uP .c-a:l/cfJl-~-K> 

.uPa.s .W.Ifi.JC ) 

.lbt'ft .s .htu/f.t.h.P> 
,;up ~-rnW/"'·-1t > 

Pl'Operty -u•••"•u•• •n•u•n---•u•u•n•n•lH•o•u•ul .. ltiipt ions,-...................... . cul'!rent 

lemperatul"e<J( 
Pll"essu:r-e (at~n 
aolufle (lite!' 
EA.el":gy (c~l 
rtass (Aol 
IJe,locity (lll/s 
l.liscosity (t.JP 
Tlm. Cond. (W/A.lt 

default set options 

~·atft_ 

-rfi'a 
~~i~ 
... ·~r 

... lit81" ... cal 

.~3- .kJ 
~ft-3 .bt4.! 
... lite:r ,.kJ 

lhe units baue .been reset a.s :requested. 

...... _(ll 

••• .lb 
.111ol 

... ciiV'!Ii 

.AI'S 

..:ft"/s 

.JIV's 

,;uP 
.uPa.s 
.lb/tt'.-s 
.uP . 

I)Q _ _you want to enter: COJ!!Posit;ions on ~·mass basis <HIY>?n 

i)o _yot,t ~t t_o input coriiPos_ition _as Mle 1'.-.actions 
(Jf- t"he answer is .n,o ... - input c·aO: be ~'moles> (M/Y)7y 

End-.of-file encoun·tered on input file­
_.eturifiS" to intePact iu_e inpttt 1110de 
Po..- a list of __ auailable options. type ? Otherwise 
an·ter c_o,.I'J.and or. if you w-Ish to 1,\o 011 fla._sh cakl.llat·ion ... 
enter T<J() and P<HPa) :!!,e)arated by a coMa. · 
t,~;uit 

P2"og?an I_erA:inat"elf- Exit,fD!( NISI4 

t: :\PROGRtl~ 'HI ST~prtrap) 
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B.4.2 Carbon Dioxide 

Carbon Dioxide: Input supertrapp File ( co2.inp) 

'"'" = 
·~' 1.0000 
FLTP 300.00 7.3648 

'"'" 1.0000 

... ~ 300.00 10.1686 

·~' 
1.0000 

... ~ =.oo 13.0598 

""" 1.0000 

... ~ 300.00 14.3WO 

'''" LODOD ... ~ 300.00 15.2947 

""" 1.0000 

... ~ 300.00 16. T726 

""" 1.0000 

"~ 300.00 17.76U 

''"" 1.0000 

"" =.oo ta.oo04 ·= 
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2) 

ttiC:roscltt 'Winl;ioWS: MP. [Uer!i-ion 5'."1.26B8J 
(C) C~;~p!,lriglit '198~";-2001 l'lic:rosoft Coi-p,. 

C: ~ROGJlA,_ "\HI St\,s:l)l"toPap.}$trapp 

* MISt 
• • • • • 

. 
• 

. 
• 

~Sed. on_-_-l"e=_sea~h sponsOl"ed b.!:" 
th.: NASft. -Willis ~~s-.eaJOCh <:e.D:tr::r ~ 

the. NIST .Supet-~::"J'~tico!ll ·pw-id P-l"((.pe·l,-_ty Consort.iWIII 
and Standa~ Reference D4ta 

Phyidc41 and 'Che~~tica1_ l'rop_ttrt'fes lliuis-iah 

Nt\ti!!:~rf:=:i:u~~ -!-~a;:::;~~~"~dc;e~~:logy 
G4iU~-~~·huriJ. I'ID :2:QS9'J USA 

eopyri!Jlrt 2083 py, the lf. $. ~ec_ret:.al"!,! o£ f:oJliiWI'Ce 
on JJG)Ial.E of the 'United States Of A!'ll'l"ica 

All.:t-ights ,J"eSeOjoyed • 

For :he.l}J in· l"l't$ponsl!l to .any qulbst:ion. entel' _'"?". 
Por a b)('iaf· d&S:Cl'iption of. SUPERTRRPP~ e'nter "?". 
PHss enteP to continue. 

. 
• 

. 
• . 
• • • 

. 
• • 

Do you _wa.n.t to use de£iWlt se_t_tings:1 {'l/H) 
<Ihe default settings al."e ~hateul!'.- you- lart selected for units- -and file 11'0.) 

" 
Do .you want tfl input fl*OIII a .file_ <N/Y>? y 
PleaS!! entel" the nam_ of the if)m.tt :f·ile~ l:'o2.illp 
Do you want ti::J out:put to a .f·i~ · (N/'1' )1 y 
Please entel" the out·put file hoilllle. co2.out 
Do you al&o WMt output to the tel"Ainal ('/IH) ? n 
Do you want to c~ange the units (N/¥} 1 y 

l"llliU!ll 1111 II 

S.UPERIRfiPP 2.88 Pr!)Pert.y Unit tlenu 

""************""""""""""Ptions*"******"""""""""""""* Property 

Te,.pel"atul"'Ct(K 
Pr:essure <at" 

CUl"'l"eOt 

.R ,C .F • 

1Jolu111e (litel" 
~bdr .HPa ;Psig ,Psia 
,I'IHJ .i::PI-3 ,in-3 ,Ftti-HJ 

Energ9 (cal 
f'lass (lllol 
IJeloc :i,ty <.v-s 
Uiscosity <uP 
Ibn. Cond. (W/A.K 

.J .btu ,)!;cal ,kJ 
,lb-;.ol ,kg ,g ,lb 
,c:PV's .ft/s • in/s r .. 

,c:P .uPa.s .lb.o'ft.s ,lh/ft.h. 
.,.ctdlc~~t.s .K.btu/ft .s .P. btu/ft ~h.F',IIIIIlfl. K 

default ••• options 

"' Scientific '" ,at.Jt .liter .cal ,lliol ,cllii's ,uP 
<2> 8.1. '" .11h ,1111 ... 3 .kJ •. kg ~~s ,uPa •. s 
<3) Enjjineel"in!J <P .Psia .ft-ouO ,btu ,lh .ft/s .lb/ft'.s 
<4> Hixed '" .bar ,liter .M .-1 ·""" .uP 
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.,call'clll. s .](} 
~W..-"Iil.K ) 
,btu/ft.h.F) 
,.ti/PJ.Jf ) 
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2} 

U E,lll !I ll,llflllEIUEII I I IIIli 

..., __ ..,...,.. ___ ....,J>tion•'·* ,.... __ ,..... ___ _,. 
Pl'o:perty_ 

te~eriltu~<M, 
Pl-e'S#ure (at_a 
Ul[ll.Uflle_ <IttN-
EneP_gy. (ICi;lll 
f1ass. _ <111~1 

.. -11 ~c .P- • 

.. ·haP .KPa .·P~~ri!f .Pmia 

... n-3 ,.~;Pl**3 ,.fn.oH(! .tt-oti!l3 

.,.j .btu .·kcal .kJ 

Uelocity (n/c 
U~scosity (llP 
Ihlrl. ·Cond. (lf/III.K 

,lh-lil .Kg .g: .lb 
,.ciiV's .ft/e: .. i.n/s .. .. 
... cP .uPa.s .lb/ft .s .IW"ft .b. 
... cal.tcno .-s .K.btlV'ft .s .-P ,.btu/ft .. h~P ,.nW/111.1( 

aerauu ••• Op.tiOntl' 

(1) S"c!entific "' .at)'i .liter .cal ... 1 .·ctrl.(:s: .liP 
(2) s .I. <M .ltl'a .·111-3 ~kJ .. k!'l ·""' .uPa.·s 
<>> Engineel"ing <F .. Ps.ia .:ft**3 .btu .lh .ft/s .-lJi/U.s 
<4> nixed , . ..... .liter .kJ ... 1 ·""' .uP 

Enter. 'the new unit or 4efa.~;Alt option <X to exit>? x 

.caU(:t.r...._~-1<) 

.Wift·.'J( > 

.btu.lft.h.P> 
oftlf/M.)( ) 

--------......... --------Prope'l'ty_ 

fe"Jle:rdure·a 
P~ssure <atn 

Ctll"l'ent 

UoluM' <liter 
~nergy (cal 
l'la.s-s __ . (_Fto 1 
Ue~cit:Y <IIV': 
Ui&cOld.ty (uP 
fhn. Cond. <W~.X 

def.,ult ••• options 

<1> Scienti.f'-ic <K 
(2) &:t.· (K 
<>> En.iin!!lel'ing <P_ 
(4) Kixed (K 

~il.tPII ~ lit,er .cal 
~I:'IP.a ---~ .kJ 
~Ps-i.a .-rt-3 ~btu 
.bar .lite-r- .kJ 

fhe unil;s haue: he:en re-s:et. as reqUested. 

~·lll;Ol ~cws: .uP .... .~s .uPa • .s 
~lb' ..:ft/s • p;/:ft .s 
.. ·lliol • ..vs .uP 

Do you ~nt to enter COAPQsitions on a mil.SS bil.sis (N/Y)?n 

l)_o _you ~nt .to ibput COf!lposition il.S P~Ql;e- l~ct.ions_ 
<I:f the answer l.s ,no .. in·put C4n be in "ole:S> OLfY)-?~l 

En~:-ot~file encoun:t~T"e'!f on input file 
~eturing to interactiue input ~ode 
Pol' a list of auililah1e options .. type 1 Otherwob:e 
entel' co-and_ oP~ if you _wis"h to do a flash calCulation. 
ent~~ T<K> and P<nPa) separa~ed by a comma. 
1;1uit 

Prog~aA TerAtnat~d- ~iting NISI4 

~:"ROGRA~\HI&T~prtrap>_ 
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.call'cn.-s.K) 
~-~~~pt-~]! ), 
~lttli/ft.h.P-~ 
.PJW/-R·.K > 



 

 Information Only 

Carbon Dioxide: supertrapp Output File (C02.0UT) 

1-Phau Fhu1h ruults at T • 300.000 K and P • 7 .364!!0 liP" 
-----Component------ ---FeA<I--- --Liquid-- ---Phl----

carbon diozid• 1.00000 1.00000 0.531333 
,Molar Bo.si~ 

1.00000 

44.009& 
0.1774<!9 
73~.338 

--!1175.03 
3.35364 
4.81529 

1.00000 

44.0095 
F-.:1 Fr,.ction 

Molar Ha"" 
0.177439 Comp. Factor, z 

732.335 !!, kg/lll.u3 
-!1175.03 H, kJ/kg 

3.36354 S, kJ/ltg.K 
4.81529 Cp, ltJ/k.!;.K 
5.~161 Cp/Cv 
341.916 30\l.<ld Sp...d, m/s 
1. 7N29 JT, !Ul'!Pa 
61.1868 Vhc., uPa.o 

0.876187£-01 Th. C<>nd.,ll/m.K 

1-Pha~e Flaob noulto o.t T • 3<10.000 ll aDd P E 10.16a5 HPa 
-----C""P""""'t------ ---Feed--- --Liqu.id-- ---Phi----

eo.rb"" dioxide 1.00000 1.00000 O.<l.87448 
,Molar Ba.oio 

1.00000 1.00000 Feed Fraeti"" 
4-1.0006 44.0096 l!olar llo.e~ 

0.222!)26 0.222926 C""'P· Factor, Z 
804.815 004.815 D, k&/m .. 3 

-9Ul.7 .99 -9187.99 H, kJ/kg 
3.29a::l6 ~.29826 S, kJ/kg.K 
2.1155!8 2.95518 Cp, kJ/kg.K 

~.37259 'el~ 
"5.627 Sffi!Od. Spe&d, m/e 

O.g47964 JT. K/MP~ 
73.1107 Vio<., uPo.. • 

0.9539!19£-01 Tb. Cond.. ,11/m.K 

1-PhuG Fl.aah :results at T • 300.(){10 K =d. P • 13.0598 MPo. 
-----Cc~p<>""at------ ---Feed--- --Liqllid-- ---Phi----
cubou diooride 1.00000 1.00000 0.403720 

,Mohr Basis 
1. 00000 1.00000 Fud Fro.cticn 
44.0095 ".0095 Molar"""" 

0.272954 o. 272954 -· Factor, ' 944.197 844.197 '· kg/11 .. 3 
-9194.08 -9194.0<1 '· kJ/kg 
3. 26628 3.26628 '· kJ/ks. K 
2. 51262 2.51262 "· kJ/l<g.K 

2.91788 0,1~ 
510 .E65 S<>uncl 5p .. d, •I• 

0.638566 "· K/HPa 
ao. 8654 Vis<., uP .... 

0.101658 Th. Ccud.. ,11/m.K 

1-Pita..- n .... b u ..... lu ~t T • 30<l.O<lo K o.nd P • 14.3100 liP.. 
-----C=pon..,t------ ---Fao>d--- --L1q_n!d.-- ---Phl --
cuban dlcdde 1.00000 1.00000 0.378126 

,Hchr BuiA 

(VLE-PR5 ,PRIIPS•EXCST) 

1. 00000 
44.0095 

0.294510 
s.57.3lJ8 

-919&.91 
3.25631) 
2.40342 

1.00000 
44.0095 

0.:194510 
%7 . .ws 

-9196.91 
3.25630 
2.40042 
2.80445 
5:33.561 

0. 562209 
33.6430 
0.10~55 

Feo.cl Fr•otlon 
Molar Hus 
Comp. hotcr, 2 
!1, :q/.,u3 
H. kJ/kg 
s, kJ/kg.K 
Cp, kJ/kg.K 
0,1~ 
Sound Spoo>d, ~/s 

JT, K/HPa 
Vlao., uP~. a 

Th. C""d..,II/,..K 

!-Phase Fl.uh results at 1" • 300.000 11 and P • 15.2!147 MPa 
---compcn•nt------ ---Fud---

<o.rh= dio~idol 1.00000 

1.00000 
44.0095 

0.311404 
666.5W 

-9197.13 
3.24743 
2.33441 

--Liquid--

1.00000 

1.00000 
44.0095 

0.311404 
366.590 

-9197.13 
3.24743 
2.33441 
2.73232 
550.137 

0.496$1!6 

---Phi----
0.360984 

F•ooci Fraohon 
Molar Mass 
C<>lllp. Factor, ' "· ke;/m .. 3 

'· kJ/kg 

'· kJil<g.K 

"· kJ/Iqi;.K 
0,1~ 
Sound Sp•ooci, •I• 
"· KIIIPo. 
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85.6799 
0.105847 

Vi•c., uPo..• 
Th. Oond.,ll/m.K 

l~Pb.a .. FI.al<h ruulu at T • 300.000 l( and P • IS. 7726 MJ.'&. 
-~---COllp<>,..n~--- -- ---Feed---

carbon <lim:ld8 1.00000 

(VLE•PP.s ,PRCIPS•UCST) 

j. 00000 
44.0095 

0.336606 

679.177 
-9191!.68 

3.23861 

2.:1l>Ot3 

--Liquid--
1.00000 

1.00000 

44.0095 

··~ 879.177 

-919<!.68 
3.23E61 
~-~S:OU. 

2.64362 
573.103 

0.423597 
88.6405 

Q.!OS402 

---Phi----

0.339157 

F•vd Fraction 
Hohr M11.0• 
C011p. r~ctor. ' '· kg/m••3 

"· lr.J/.k~ 

'· ld/.kg.K 

"· &J/~.\1. "'" Sound Sp•ed., .,. 
"· KIMPo. 
Viae., uh.• 
Th. Cond. ,11/m.K 

1-Pb..,.e nub ruulta at T- 31){).(100 K ""d P- 17.7611 KPa 
-----Compon..,.t------ ---Fsood--- --Li'lui<l-- ---Phi----
carbon <lio%ida 1.00000 1.00000 0.32'5670 

,Molar Basis 

("iLE-PRS, PlOPS•UCSTl 

1.00000 
44.0095 

0.353354 
686.864 

-9199.57 

3.~2993 

2.20327 

1.00000 
44.0095 

0.353354 
SSE .664 

-9199.57 
3.22993 
2.:20327 
2.59394 
587.402 

().382515 

90.3452 
O.ll0033 

Feed. Fr11<:ti011. 
Molar Ha.oa -· F&ctor, ' '· kg/11-*3 

'· kJ/kg 

'· kJ/kg.K 

"· kJ/kg.K 

'"" Sound Speed, •'• 
"· K/MP" 
lliAo., uPo..o 
Th. Cond.,w/~.x 

1-Pb.ue Fl1L6h resulu at T • 300.000 K and P • 10.0004 MPa 
-----Co~ponent------ ---Feed---
carbou <lioxid• 1.00000 

,Molar 8u1• 
1. 00000 
44.0096 

0.357396 
Ba8.649 

-9199.77 
3. 22837 

2.19265 

--Liquid--
!.00000 

t.OOOOO 
.W.0096 

0.367396 
$1!8.649 
-~199.71 

s. 22B37 
;!.19296 
;!.58296 
590.TS2 

0.373263 
9(1.7708 

0.110419 

---Pbi--
0.323864 

F-.:1 Pr,.cUon 
Ho1ar Ko.u 
~ .. r .. ctor, ' '· kg/a>.u3 

"· kJ/kg 

'· kJ/kg.K 

"· .kJ/k!;.K 

"'~ Sound Sp-.:1, .,. 
"· KII1P<> 
Yi~c., uP ... 3 
Th. Coud. ,ll/m.K 
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B.4.3 CH4 

CH4 : supertrapp Input File (ch4.inp) 

""" ·~· ''"" 1.0000 

"w 293.15 0.151 

''"" 1.0000 
nw 293.15 0.163 
FEED 1 1.0000 
nw 293.15 4.219 

~' 1.0000 
nw 293.15 7.912 

~' 1.0000 

"" 293.15 11.298 

'=' 1.0000 
nw 293.!5 11.310 

""" 1.0000 

"" 293.15 14.702 

~' 1.0000 

"" 293.16 18.361 

""' 
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CH4: User Interaction with supertrapp (Part 1/2) 

* * N-ISJ 
* 

NISI Standard .Re'fere·n·ce DataMse 4 . ., 
THERttOPIIYSICAL PROPERTIES OP HYDJWC9RBON HIXTU'HB 

Pr'o.gP.Ui SUPE;AtRAPP - lJe~ ion 3.1 * 
* 
* • 

• • • 

• • • • • 

the 

Based on :t-:ll&eal"Ch s)l'on~ore.d bJI' 
the NAS_A Lewi:; Res.eal"Ch Center~ 

trUst Supel"Critical Fluid ~pe:rty ConsoPtiu~ 
and Standard Reference Data 

Physdcal and Chen.ic.al ~~ri:ie:;.· Divl:don 

Did:_rihut:ed by Stand;:~~r'd lh!=':f'el'ence Dab. 
National Institute of St<mdOU"d$ and lecJmology 

Gaithers·hul'g_ HD 288!1"9 USA 

Copy:!9~h~Yr o:9 t~he u~i!;/i~::-~=r~t o~~~~~±::rce 
All Pights rc::erved. 

Po~ help in respo!lse to any que:ation~· ente!'_"?"~ 
For' a bloief 4e'Sc:t-:ipti0n or SUJ113;RTBAPP .. enter "?". 
Press enter to continue. 

* 
• • • 

• • • 

Do ,you want to_ use defauJt settin!fsl (Y/10 
<n.e def_ault settings ar~P whatiJYer you last :;;elected for- units and fib 1/0.) 
n 

Do you !JMFtt -to input fro111 11. __ file (NI\'H !I 
Pleas·e e_nte_P the naRe ot the- input file. cM.inp 
Do yOu W'illnt to output to a. file <N/Y>? y 
Pleas-e enter the output file na.111ft. cM.out 
Do YO" also want output to the tePRinal <YIN) ? n 
Do you .want to Ch·ange the units <N/Y) 1 y 

SUPERTRAPP 2. BliJ PPO_pert-y _ Unit Menu 

.......... *************"O~ion&>*'"""""*"*"* .. *"******* 1!'-l"'pe:rty 

feJ:U~eratul"ttl ()( 
Pressure- <atlll 

cul"l'ent 

UoluAC (liter 
E'De-rgy (ca·I 
lfa11fs (Rol 
Ue_loC-ity <ni'!i, 

~t:~o~!!~. ~W~.x 

default: ... options 

<1> Se-i.entU:lc <X -atR .. liter ,.Cill ,.Ill~} ,.cm/s ,uP ,.c,lll/CIII-~-.JC) 
<2> &,1-:- <K _MPa· .,111**3 ,.l!;J :~ .. ws .. \ll'~:~$ .. un..JC _. > . 
<3> E'n!llnee-Pin9 <F -Psia ;.-ft~ .. bt'u .. ft/s .. Ib/ft.s .. htu/ft.b.P> 
~4)' ft~ed '" .. ~ "li.t~l" .... ..111ol .. !IV'S .uP .. IIIW.i',m.lf > 
Erih·p. ·tmi ne·w uni:t oi- default Obtion ()C to e<Xit)1 
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CH4: User Interaction with supertrapp (Part 2/2) 

Ente·r ·the new unit or- 4e£au:lt Qptio-tl (K· t-o· e~it)? 2 

-----------.-ption's----------* PropeHy 

[enper{l:tuH(K 

CUl"Pent 

PriiSSUl'ce <atA 
IJoluM <liter 
En~~y ~cal 
tlass (JIIOl 
llelocity (PV-s 

~~~o~~t ~~~~~~~}( 

lieta.ult ••• options 

. . ))( 

.~t~~~~lHr.kp0f1Pa 
)n-3 
)kJ 
)kg 
)PJ/S 
)uPa.s 
)W/IIJ.K 

(1) Scientific <K ~-atA_ .lit'er ~ca.l ."!1)1 ~CII?I$ .u.P .c.'a1/cf!ll.s.K) 
<Zl s .I. ,. .tiP. .~~~.-3 .I<J .-nit's .W/fii~JC ) 

m WJ~eel"ing. <P .h_:l;'a .rt~ .btu 
.:k!l 
.lb .rvs :-it~its ~btu/ft.Jr.P> 

(4) <K .}par .l.it'e-~" .I<J ·-· .-Ill/& ••• .~ ..... x 
Enter the new unit or- default opt.ion <X to exit.)? x 

SUPERII«<PP 2.Bil Pl"opert-y Unit tleJ~.u 

............ *"*"*"*"*"*"options*" .... *"*"*"*"*"*"*"**" 
I epaperatul"e()( 
Pressure (a.tn 
UoliUile (lite:t" 
Ene:r'gy (cal 
!'las-s (1!101 
U:HPcity (Iii/$. 
U.is-co-JJity (LIP 
IhA. Cond. OJAiL]( 

default :u~t opt U.ns 

• • )J( 
.lfiii'IHg.kpf)HPa 

)111-3 
)kJ 
)kg 
)PJ/s 
)ui'a.s 
)W/III~K 

) 

(1> Scientific <X ,atft ,lit-t:r ,cal ·-' ,c.Vs .uP ,cal/c111.s .10 
(2) S:.L <X ,MPa .lli-3 .kJ :~ ·"'· ,uPil.s 
(3) Engineering- <P .Psia ,ft-.-3 ,btu ,ft/s ,lh/ft.s 
(-1> Mi'ke~ <X ,bo• .li~e.l:_' ,I<J 

__ , 
·""· ... 

The ~Jriits- h~ue be:en _.eset •• reQuested. 

Do you t~ant to ~htet.' cOFipOsiU:ons on od J~Sass ba:scis (+t/Y)?n 

Ito you want to hlput cOJiposin:on as 111ole fr'actio'•ut 
<H. the answe:r h no~ input: can be in I'Mlles-) (H/Y)?y 

End-of-file encountered on input fib 
re.t1ll'in_g to intel'actiue input AOde 
Por a list of· a'1'«ilable options,_ typl' ? _Otherwise 
enter co~W~and or, if you wish to diJ a. flash calculation_, 
&nt_el;' I(K) ~d P<HPa> separated by a CIJIIIfla-
quit · 

PrograR Terminated- Exifing NIS:T1 

C:'PROGRa~~IST'sprtrap}_ 
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,W/111.JC ) 
.~tu/ft.h,P) 
,111¥/llii.K ) 



 

 Information Only 

CH4: supertrapp Output File (CH4.0UT) 

1-Ph&s• Plash ruu.J.t~ "t T • 293.1S<'I K ""d P • ~.21900 HPa. 
-----C=p<>~~..,.t------ ---Feo.d--- --Vopor--- ---Phi----
!lletbaa• 1.00000 1.00000 0,924916 

l.OOQOO 
16.0425 

0.92370'2 

30.0629 
-4722.64 

9.52561 

2.60339 

1.00000 r .. ooc~ Fractian 
16.0425 Molar Man 

0.923702 ~- Factor, Z 
30.0629 D, kg/m .. 3 

-4722.64 H, kJ/kg 
9.52661 S, kJ/k(..K 
2.6033!1 Cp, kJ/kg.K 
1.43199 "''~ 01.926 So""d Sp.,.d, ro./• 
4. 20830 JT, K/HPa 
11.975$ Vioc., uPa.• 

(l.413464E-01 Tb. Coad. ,11/m.K 

1-Pha.o• Fla.sll ra..ulh at T ~ 293,![;() K an<! P • 7.91200 MPa. 
-----Compon.nt------ ---h-.!.--- --Liquid-- ---Fbi----

nthan.o 1.00000 1.00000 0.667215 
,Molar Bub 

(YLE•PR.S, PI!OPS•EXCSTJ 

1.000()!) 

16.0425 

0.867976 

59.9973 
--4752.g3 

9.09566 

2.94906 

1.00000 
16.0425 

h..! Fr=tion 
l!ol~>r H""s 

0.867976 Comp. F=tor, 2 
59.9973 D, kg.lm••s 

-4762.93 II, kJ/kg 
9.09566 s, kJ/kg.K 
2.94906 Cp, ltJ/ks.K 
l.58MT Cp/Cv-
432.305 SQUD<l. Sp....d, mh 
3.64704 JT, K/1!1'. 
13.251!0 Vise., uPa.a 

0.41l7411!-o1 Th. Con<I.,II/10.K 

t~Pb""e Flub uonlto at T • 293.150 K 011111 P • 11.290!0 MPa 
~-~-~eo..pon..,~------ ---f·o.i--- --Liquid-- ---Pbi----

...tban• 1.00000 1.00000 0.821954 
,Malar Baolo 

(Vt.E-FIIS,PlUli'S•EXCSTJ 

,_ 
16.0426 

0.831503 
89.4316 

-4798. 2S 
8.81834 

3.28644 

1.00000 
16.1:1426 

F•ed Fr;oeti<>n 
Mohr Ma.oo 

O.S31S03 Comp. hetor, Z 
89.4316 D, kg/m••J 

-479B. 26 H, kJ/kg 
6.81834 s, kJ!l.5 .K 
3.28644 Cp, I<Jikg.K 
1-73300 Cp/C.. 
-l43.216 Sound. Sp .. M, m/o 
~. 04868 JT, K/I!Po. 
14.11331 Vhc., uPa.o 

0.528919E-Ol !h. C""<l..,ll/m.K 

1-Pb.uoo n..,h reoouho ~t T- 293.150 K and. P • 11.3100 l!h 
-----CotOp<>n•O>t------ ---hood--- --Liquid-- ---Phi----

uthM>.o 1.00000 1.00000 0.821807 

(\ILE•PRS, PROPS. EX CST) 

1. 00000 
16.0425 

0.831402 
89.5375 

-47111!.37 
8.8H47 
3.:21!760 

1· 00000 
16.0426 

0.831402 CGmp. F&ctor, z 
69.5376 D, ks/,..as 

-4798.37 a, kJ/kg 
8.81747 S, kJ/kg.K 
3.28760 Cp, I<J/kg.K 
j. 73350 Cp/Cv 
443.274 Souad Sp~ood, m/• 
3.04652 JT, KIIIPo 
!4.8392 Vi•~ •• uPo..o 

D.S29126E-01 Th. Coud. ,W/m .K 

1-Pba.oe Fl....t. r .. ulto at T • 293.150 K and P • 14.702{) KPa 
-----Compom...,_t----- ---F•..:I---
m•tbaoe 1.00000 

,Malar Baoio 

L-
16.1:1425 

0.811674 
119.220 

-4830.29 
8.5~07 

3.57732 

--Uqnld--
1.00000 

1.00000 

1~.0425 

0. ~11614 
1111.220 

-4830.29 
a .597o7 
3.51732 
l.B24l 
465.806 
2.4312! 

---Pbi----
0. 784005 

F- Fraction 
"ohr l!u• 
,~, r,.ctor, ' "· kg/m .. 3 

"· kJ/lq;; 

'· tJ/lts.K 

"' I<J/kg.K 

"'~ Sound Sp•ood, "'' rr, K/I!Po. 
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16.7122 Vhc., uFa.s 
0.5lla594E-<11 lh. Cond. ,11/m.K 

(VLE•FR.S, FROFS.FJICST) 

1-Phue Flub resulu .. ~ T s 293.1SO X .!Uid I' s 18.3510 Ml'a 
-----C<>mponoont~---- ---Feed--- --Liquid-- ---Phi----
metban• 1.00000 1.00000 0.751617 

,Mob.r Baals 

1.00000 l.OOOOO Feed Fraction 
16.0425 16.0425 Mola.:r Haoa 

0.811348 0,811348 Comp. Factor, Z 
HB.B70 148,870 P, kg/m .. 3 

-485<!.52 -485ll.52 H, l<J/~g 

8.40773 11.40773 s, kJ/~g.K 
3.74398 3.74398 ep, kJ/It@;.K 

l. 9:l491 Cp/Cv 
S03.572 Sound Speed, m/s 
1.7Q561 .IT, K/HPa 
t8.9284 YJ.sc., uP~.s 

0.652464E-<ll Th, Con<l..,\1/m.K 
(VLE•I'R.S, PROP5-EICST) 
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B.4.4 Natural Gas 

Natural Gas: supertrapp Input File (mix.inp) 

~~' H1>111AWE _, 
"""' -· PJIOPANE -· NITROOE!l 

COHP 5 ~· 
_, 

0.8484 

·~' 0.0840 

~· 0.0050 

~· 0.0560 

~· 
0.0006 

n~ 293.963 0.310 

~' 0.84.84 

~· 0.0840 

~· 0.0050 

~· 0.0560 

~· o. 0066 
FLTP :/93.956 2,0EO 

·~' 
0, 8484 

·~· 
0.()640 

~· 0.0050 

~· 0,0550 

~· 
0,()066 

n~ 293.94,\\o 4.030 _, 
0.8464 _, 
0.0840 -· o.ooso ·=. 0.0560 

·=' 0.0066 

n~ 2!13.929 6.020 

~' 0.8oll!4 

~· 
0.0840 

~· 
0.0050 

'"'" 0.0560 

~· 0.0066 
n~ 293.929 8.040 -· 0.8484 

~· 0.0840 -· 0.()06() 

~· 0.0560 -· 0. 0066 
n~ ~93.924 10.~0 
_, 

o. 8484 _, 
O.Qil40 -· 0.0050 -· 0.0560 -· 0.0066 

"" 293.936 12.190 -· 0.8484 

"" ' 0.0840 

~rn' 0.0050 

"" . 0.0660 

"" ' (1.0066 
n~ :.N3.SI63 14.040 

·~ 
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Natural Gas: User Interaction with supertrapp (Part 1/2) 

H;icF!oso~t_ Wi;td~w.s XP .IUenioJI S.L2600J 
<C> Copyright i;BS-208i "iC¥oso£t Corp. 

C:'-PJK)GM"':l \HI ST"'-spl'tl"aphtrapp 

* 

• 
NISI 

~IST ~tanda~d Refe~ence Datah~~e 4 
THERI'IOPHVSiqlL PROPERTIES OF HYDROCARBON HliCTURES 

Pl'otfl'alll SUPEAJRAPP - Uersion 3.1 
• 

Bo:u;:ed on researcJJ sporistire~ by 
the HllS'fl Lewis Resea:rch Cen:ter.. "' 

the HIST Su1Mt1'e:r.it~il!l F~id ~.Opel'_ty Consoriiulit 
* and Standal"d 'Refer&·nclfl. Da.t.l * 
• • • 

• 
• 

Physica-l imd Chenical frD.pe-Ji'ties Di\li:s_ion 

Distrih"ted by Standa~d Reference Data 
National Institute of Stand~d$ and Iechnology 

GaithePSbul"g. KD 20899 US:A 

Copy_~ight 2083 by the lf.S. Secl;"et~ry of C!lriHrlePce 
on behalf of the Unit-ed States of A~~~eric:a 

All l"ights J'~_1UJl'l,le_~--

F.or help in response to a_n_.!,l que&tion.- enter "7". 
For a lu-ie-f desCription of_- SU:PERIAAPI', entel" "7" ~ 
Pre~s enter tv continue~ 

• • • 

• 
• • 

Do you w~t to use default settings? (Y/N) 
<J:he default settings aJ:"e wha:teue:r you last selected for units and file l/0.) 
n 

Do ?OU want to _input f:ro~ ~ file (N/Y)? y 
Pl«tue entel.'. tlie Rill~ of the inpu~. £Ue. nob:.in:p 
J)o ?Oil want to ou~put to a file (H/Y)_? y. 
Pleue enter the: output file noillie •. Plix.out. 
J)o ,1ou ab-o want output to t-he ter"-inal <9.40 ? n 

Do .!fUll ~nt to chan.ge the unitS (H,IY)' 1· y 

SUPE:BTJlAPP 2.11111 Rr_Upei'ty ~hd:t. Kenu 
UIU mlllllllll lllflll IE_II_I I),Utll 

o•i•••u•n•••;••••••"**"*'***••••••••n••*'"""""'options****************""""""* curr-ent 

r-e·mki'e-ratui'e(J( 
Pt"e!l:sul.'e (atm 
Llolu~~~e <liter 
Energy <ca.I 
/1aS:~ - (11)01 
LJe}Q.cit·y. (1'1/s 
Llis-t::oSity <uP 
fhtl. COnd. CW/111.)( 

ihlf'<tti-lt se·t· oPtions 

<n SCientific <X 
(2) S .I. <K ,, Engineering <F 
(4) rlb:ad <K 

,at a .liter ,Cal .1!101 • t:llt/S: 
.nPa .. "*""3 .kd :~l ·"'· ,Psia .tt--3 .btu .Ft/s ..... .liter ,I<J ,nol ·""· 

linter· t'he new unit or def,au_,lt- ootitJn (K to exi't)? 
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• • >K 
,ftl'lftg,kpf)bar 

>liter 
)k.J 
>nol ,,.,. 
)uP 
>-~i'lll.K 

... ,c-.il/clll.:&.K> 

.. uPa.s. ,W/11.K ) 
,l.b/ft.s .bt.u/ft.h.P> 
.uP ,llllf/lrt.ll ) 
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Natural Gas: User Interaction with supertrapp (Part 2/2) 

E"nteP the new.unit Ol"''de!'auit .opti-on (X ·to exit>.?-2 

SiJPEHi'RAPP 2 .litlii-Pl-oPe~t~i>Unit ftenu 

*' .. *'*'*'*'*'*"*'"**'"*Options••"•ll""*'"'"'"u"'"'"'*'lE*'ll"'*'"*ll*II•**M -eul"rent Pl-opel"ty 

leRpeN.1;un<JC 
P_re>$_S:~N <a:tira 
IJoliUIIe <1-itel" 
Em:iP!J.!I <eal 
~S' ' (M!-1 
IJeilodty (""'s 

~~oe!~~- ~~~n.K 

.. -R .C ,.P ,. 

.ba'l" .tiP~ .Ps_ig'. .."~_i,a 

.11-l ,.c-fll**l- .-tn-3 .·rt-3 

.J ,.btu. .kcal .kJ 

.lb-:-~~~ol ,.kg ,.·g .lb 

.eiiV's .ftt'-s .inls • • 
,.liP .u]la.s ,.lhlft~s .,lli/ft~h .. 
,. cal/c111. S:. K-. btu/ft .s .P-.. ~t:u/ft. h.F .lllW/iil. K 

de·£ault .. , options 

(:1) Scientific ,. • At, ,.lite_r ~cal ..... .c.IJVa .uP ,.cc,l/cnos :K~ 
<2> S.l.. ,. ·""· ,.111-l ·'"' :~g .lilts ._uPa~s ,.M.In~~X _ ~ 
<l> Eng~et:~rinu <P .-P~da ,.£1:;-3 .btu .£,t/s .lbl'ft .-s .htu/,ft.h.P> 
(4) riixe~ <K .... ,.liter .kJ .111ol .1111'S: .uP .nWNi.JC > 

Ente.l" the new wti.t or default option (1( to exi:t)? x 

----------pt·tOna _________ _ 
Pl'Opel"ty 

leApel"\ll.ture<M 
Pl-es·s_ul"e <atn 
Uo,ltq~e <. '. it;er 
E11e~y (cal 
!'tass _ . (,.~ 1 
Ueloci~y (R/s 
UhcQ"sity <~,tP 
1~. C4nd. (W/R.K 

default: .. , opti-ons 

(1) Scielltific '" ,., $.1. ,. 
(3.) EngiPeef'ing: <P 
('4') Hixe)J <K 

.atll) ~liter ~cal 

.nPa . """' .kJ 

.Psia. ~ft**) •. btt.t .ba. ,liter .kJ 

lhe units have been ~eset a# ~equested. 

.111ol .cws .uP 

:tg .111/s .uPa.s 
.r~rs .lbl'h~$-

.11101 ·"'' .uP 

~ you want to enter Coll!poslt:lc,ns on a n~a.s.s bas.t·s <NA'>Tn 

~ yOu want to input Coll!pusition as 111ole fi"aci:ion!i' 
<If the .answer is no .. ii'IPQ.t- can be in noleS.') <N.IY>?!I 

End-of-fiW encvllRtertid -on input file 
retlll"in_g to intel"activ-e inwt _1110de 
]7o~ ·a -I~t_ of a,va;Uabl!!' options. type ? ot'""rwis'l! 
e~ter coNtat~d ol" .. if· !/'OU wish to do 1!1 _fl'a,sh calct,~lation. 
;:i:r 100 111nd P<IWa> · seJ)~ated by a co~~~Ra. 

Pt-t~igr-QI fe-l'lnlinated- Ex:tting Hl&T4 

C:'\PROGRR-"'1"\NI-S:I,sprtr.ap> 
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Natural Gas: supertrapp Output File (MIX.OUT) 

1-Phas• Flash rnulh at T ~ :293.963 K l!.Dd P ~ 0.310000 llh 
-CO!IIp<>nent- - ~--F .. d~-- --Vapor--- ---Phi----

m<~thlll1e 0.8484QO 0.848400 0,843&67 
..-th1111e 0.840000E-\ll 0.840000£-01 O.S24474E-Oi 
pr<>p""• 0.50QOOQE-\l2 Q./j{)(}f)OOE-f/2 1>.4'1&.'193£-f/2 
nitro~n 0.660000E-ol 0.660000E-01 0.5610118-01 
oo.rbom. di=i<le 0.66()000£-02 0.660000E-02 0.&54242E-02 

,llolar 8aoh 
1.00000 1.00000 feo<l Fu.otion 
18.2169 111.2169 Mola~ Maso 

0.9\13477 0.993477 Comp. l'aetor, Z 
2. 32560 2.3:2:660 0, kal.,us 

-40&9.66 -4()1;9. &5 H, kJ/kg 
10.1869 10.1S69 S, kJ/kg.K 
2.09948 2.oms Cp, ltJ/ltg.K 

1.29006 "'"' 413.331 Soun<l Sp~ed, m/B 
4.84327 JT, k/MPa 
11.5134 Vioo., uPa.o 

0.328966E-01 !1>. Cond.,W/tO.K 
(VLE-PIIS ,PROP3•EXCSTJ 

1-Phas• Flash ruulu at T • 293.956 K ""d P • 2.06000 MPa. 
---..Componont------ ---F•...t--- --V~or---- ---Phl----
m..-thane O.M6400 0.848400 0.816Q67 

propme 
nl~rogQn 

<arbon dio~ide 
,Kolar Ba.sis 

0,840000E-Dl 0.840000£-01 0.740061£-!H 
o.soooooE-o2 o.MooooE-02 o.41n35E-o2 
o.s~ooooE-OI o.ssooooE-01 o.ssngo£-01 
0.6~000Q£-02 0.660000£-02 0.622374£-02 

1. 00000 1.00000 P•~ f:raoti= 
10.2159 1~.2159 Kol~ Kus 

0.9568~0 0.956680 C<>111p, Factor, 
1~.0,54 16.0454 "· k@:/m••3 

-4077.~0 -4077.80 ,, kJ/lr.~ 
9.27654 9.27664 ,, ltJI"llg.K 
2. 21784 2.21784 o,, :.J/kg.ll 

1.34714 """ 

' 

~06.917 S<>Urui Sp•o>d, .;. 
4.75231 ~' 11/IIP .. 
11.aD13 Vi•"·, uh..a 

0.3533!1-JE-Dl n, Co>~d.,V/01./( 

1-Pbue Huh rooaulu ..., T • 293.!14g K ond P ~ 4.03000 HPa 
----C=ponont---- - ---Pud--- --Vopor--- ---Ph<----
m.tharuo 0.84MOO 0.843400 0.788308 
atbone 0.8'!0000£-01 0.840000£-Ql 0.655278E-Q1 
pr"l'""" O.SOOOQQE-02 O.SOOOOOE-'l2 0,341132E-!J2 
nitro:~gan 0.5~0000£-01 O.S60000E-'l1 0.676866£-<>1 
oarb= dio~idol 0.6MOOOE-02 0.%0000£-<>2 0.687%9£-{)2 

,Hohr s~~i~ 
1.00000 1.00000 Feed Fr .. o~ion 
1ll.2159 16.2159 Hobr Mus 

0. 917146 0.91TH8 ,..,, FActor, ' 3~.7504 32.7504 '· q/mu3 
-4l)g8.8B -409B.BB "· kJ/kg 
8.91721 8.91721 '· kJ/kg.K 
2.37610 2.3-7610 "' kJ/kg.K 

1.42364 Cp/Cv 
401.683 s.,...,~ Spe~d, .;. 
4.56177 ~' K/Hh. 
12.2961 Vi&c., uP&. & 

0.38Q5100:.-Q1 lh. Cood. ,11/m.K 

1-Pb&<l<t Fl~ab ruulto o.t T ~ 293.929 K U<1 P ~ li.O':IOOO HP"A 
-----C=pon<lll.t------ ---l=ud-- --Vaf"'r--- ---Pbt----
.,,..b...,., 0.8'1111400 0.!148400 0.761281 

,Kolar B&lli~ 

O.MOOOOE-01 0.!140000£-01 0.57B354E-01 
0.50DOOOE-02 0.500000£-02 0.281246£-02 
o.:..:sooooE-01 o.seooooE-01 0.588240£-0I 
O.S~OOOOE-02 O.SGOOOOE-02 0.555023£-02 

1. 00000 1.00000 F~...l Fnctio" 
1'J.2159 18.2159 Holu H&~~ 

0.880141 0.880141 Ce&p. Factor, Z 
so. 9a30 60.9830 D, lr.gfn,u3 

-4121' • .57 -4120 . .57 11, lrJ/Jrg 
8.67866 8.67865 S, kJ/lq;;.K 
2.66066 2.66085 Cp, kJ/kg. K 

1.51267 Cp/C..,. 
399.358 $"""'"' Spe<!d, ml• 
4.25489 JT, K/llh 
12.9780 Vhc., uPa.s 

0,413693£-01 Th. Con<l.,\1/m.K 
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(VL£•PRS,J>IIOPS•ElCST) 

1-Ph.,.• l'laah :r .. ulh at T ~ 293.929 K and P • 8.04000 MPa 
-----(:""'p<>""nt------ ---Fe<td--- --Liquid-- ---Phi----

.... thlm'll 0.846400 0.848400 0.735945 
..-thiiD• 

P""''""• 
nit>oopn 
eub<>t~. <ti«<id~ 

,ll<>lo.r Bui~ 

0.840000E-Q1 0.840000£-0l O.S101V2E-Ol 
0.500000E-Q2 0.500000£-02 0.231632£-02 
O.SIJOOOOE-01 0.6\\0000E-01 0.601747!H)1 
0.$60000E-02 0.6600001!-02 0.523785l!.-C>2 

1. 00000 1.00000 r .. ..d fr...::tioa 
18.2169 18.2159 Molar Ha"" 

0.847296 O.B4T29oS -· F&etar, 
70.7297 70. 1'297 '· kg/m••3 

-4142.48 -4142.41! '· ltJ/kg 
8.49001 8.40001 '· kJ/kg.K 
2. 767BY 2.757BV "' ~J/l<g.K 

L611B7 'PI~ 

' 

400.657 Sound Speed, .;. 
3.8!!113 IT, K/Hh 

13.8560 Vise., uP:o.o 
0.~1l24E-01 Th. Con<i. ,II/~ .K 

{Vl.E•PR.S,PIIOPs-&ICST) 

1-Ph~n Flaob nsulto at T • 293.924 K ODd P • 10.0800 KPa 
-----c""'P""""t------ ---r .. d--- --Liquid-- ---Phi----
,...h...,~ 0.848400 0.84<!400 0.712584 
.,..ho.ne 
)>l"<>p;mu 

nitrQI!9D 
<<trhom dioxid• 

,11<>1= B~is 

0.840000£-Ql 0.840000£-01 0.451068E-Ol 
O.SOOOOOE-Q2 0.600000£-02 0.191429E-02 
0.560000£-01 0.560000!-01 0.617096£-01 
o.66ooooE-02 0.660000£-02 o.4!.>4668E-02 

1. 00000 1.00000 r .. O<I Fr&eti<>a 
18.1159 18.2159 ll<>la.r "~" 

0.819976 0.819976 eo..p. F"-"t~r, Z 
1">1.6320 91.6320 D, ltg/JOU3 

-4164.\l -U64.11 "· ltJ/kg 
s. 33036 8.33036 S, ltJ/kg.K 
2. 98669 2.96669 Cp, kJ/kg.K 

1.71624 "'~ 406 .()47 S<>ut~d Spud, JJJ}s 
3.48170 JT, K/Hh. 
(4.9180 Vh~ .• u1'11..~ 

0.4l!2522E-01 lh. Cond.,II/~.K 

1-Ph,..e Flasb nsults 11.t T • 293.936 K ll.l1d P • 12.1900 MPa. 
-----C""'I'<'""'"t------ ---h...!--- --Liquid-- ---Phi 
"'*'h""'a 0.846400 0.848400 0.690838 

J>l""P""• 
nltrogu 
earbOll dioxide 

,Molar Oui~ 

0.840000E-01 0.840000[-01 0.399618£-01 
O.£OOOOoE-Q2 o.sooooos-o2 0.158758£-02 
O.SEOOOOE-01 0.600000£-01 0.634246£-01 
0.660000E-<l2 0.6000008-02 0.467326£-02 

1. 00000 1.00000 FeM Fr...:tion 
18.2159 18.2169 ll<>hr Hu• 

0.798897 0. 798897 -· F11.etor, 
113.732 113.731 '· ks/~n3 -4185.38 -4185.38 '· kJ/kg 
B. 18780 B.IB7BO '· kJ/kg.l( 
3.2030!1 3.:w306 "· kJ/kg.K 

l.UB9B 'PI~ 

' 

416.485 Sound Speed, •I• 
3.G4262 IT, K/Hh. 
16.1824 Vi•e., uP•.• 

0.520589£-01 Th. Cond. ,II/10..K 

1-Ph~.- Fl .. ob n~ulh at T • 293.963 K ""d P • 14.0400 MPa 
-----C0111pon•mt------ ---Feed--- --Li<l.>~id-- ---Phi----
,..th,...• 0.846400 0.8484()0 0.673787 
ethane 0.840000E-<l1 0.840000[-01 0.362128£-01 

J>l""P""• 
n!tTog"" 
<arb"" dioxid• 

,Mola.r Ouh 

0.£00000E-<l2 0.600000S-02 0.136426£-02 
0.560000E-<l1 0.560000£-01 0.6496668-01 
0.660000E-<l2 0 .600000E-<l2 0.4467968-02 

1. 00000 1.00000 Feood. Fuetion 
18.2159 18.2159 Molar """~ 

0.787269 0.787269 c:o..p. F&<:tor, 2 
132.915 13:!.915 D, kg/~ .. 3 

-4~0~.58 --4202.58 H, kJ/kg 
8. 07819 8.07819 s, kJ/kg.lt 
3. 35958 3.35958 ep, ~J/I<s.K 

1.892,3 'PI~ 
430.238 Soupd SP"ed, m/s 
2.64723 JT, K/Hh 
17.406;1 Vlso., uPs.s 

0.554H3E-Ol lh. Cond •• 11/m.K 
(VU!•PR.S, PRO!'S»EICST) 
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