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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 Natiocnal 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 evalnate 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
(I;). EPA has requested information on the sensitivity of the results to the
use of I, as a surrogate for carbon dioxide (CO;) and methane (CH,) 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 H; as a surrogate for waste-generated gas in the bragflo
caleulations for the AMWTP supercompacted waste impact assessment.

1.2  Analysis Overview

The question of using Hy as surrogate for waste-generated gas was addressed
in Appendix MASS of the 1996 WIPP Compliance Certification Application
(CCA) [6]. The analysis presented there compared the effects of variation in gas
viscosity and compressibility on repository pressures and flow rates for Hx-C O,
mixtures. This analysis extends that of the CCA to include H3-CH,; mixtures.

2 Background

Gas may be generated in the repository via several mechamisms. Hy gas may
he produced hy the corrosion of steel in the repository by water or brine [14].
Microbial processes such as denitrification, sulfate reduction, fermentation and
methanogenesis may also oceur, producing nitrogen (N3), Ha, hydrogen sulfide
(Ha3), COz and CHy [3]. If microbial degradation occurs, a significant amount
of CO; and CH,; may be generated by microbial degradation of cellulosics and,
perhaps, plastics and rubbers in the waste [6]. Since almost all of the CO,
produced will react with the magnesium oxide (MgO) hackfill and cementous



materials to form hydromagnesite (Mgg(COg},(OH), - 4H;0) and calcium car-
bonate (CaCO3), the CQ; fugacity in the repository is expected to be very low
[6].

An analysis of the effects on repository pressures and flow velocities of using
H: instead of an Hz-C O, 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]

szb kh (Pe2 - P.E))

b TNavgZovg 10g (.,_,:j)

g = 1.988 x 1075 (1)

where:
= quantity at base or reference condition for gas

e = quantity at external boundary (repository)
w = quantity at internal houndary (wellbore)
avg guantity averaged between internal and external houndaries
gas flow rate (cubic feet per day)
temperature (K)
pressure {PSIA)
permeability (millidarcys)
height {feet)
= viscosity (centipoise)
= comnpressibility factor (dimensionless)
= radial distance from center of wellbore (consistent units})
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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

p?_ p? _ b Py TlavgZavg 108 ("l:f)

= 2
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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 Hy-C O, mixtures using the supertrapp thermophysical
properties database [10]. CH, was not included in the analysis hecause it was
assurned that the properties of CH; would be similar to that of COs. 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



of the supertrapp modeling showed that for a gas mixture consisting of equal
parts Hy and CO,, at 15 Mpa, the viscosity would increase by a factor of
approximately 2.3 compared to the viscosity of pure H;. 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 H, while the
square of the repository pressure would approximately double. Since the rock
permeability, k&, was expected to vary by four orders of magnitude, 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 Hy
properties in bragfleo 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 Hy-CH, mixtures to
delermine if increased CH, production will change any of the conclusions drawn
regarding the use of H; 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 Hydrocarhon Mix-
tures Datahase (supertrapp) is used to compute viscosity and compressibility
factor for the gas mixtures.

Compressibility factor and viscosity of He-CQz and Hy-CH, mixtures are
computed over a wide range of compositions. Calculations are performed at
300K for pressures of 7 MPa and 15 MPa. Egs. (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 petformed 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 Hy-C Oy and Hp-CHy mixtures
are shown in Tables 1 and 2, respectively. The results for both mixtures are
summarized in Figure 1.




The results for the Hy-C Oy mixtures are similar to the results shown in
CCA Appendix MASS. At T=300K and P=15 Mpa, the viscosity of a 50% H,
mole fraction Hy-CQ, mixture is approximately 2.6 times higher than that of
pure Hy while the compressibility differs by a factor of about 0.9, Inserting
these factors into Eqs. (1)-(2) indicates that the repository gas flow rate for the
H:-CO; mixture might be as much as 2.3 times slower than that for pure H;
while the square of repository pressure might be up to 2.3 times higher.

It should be noted here that the bragfle 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 H,-CH, mixtures show that excursions in velocity
and pressure from the Hy values are less than that observed for the H;-CH,
mixtures. At T=300K and P=15 Mpa, the viscosity of a 50% H mole fraction
Ho-CH,y mixture is approximately 1.6 times higher than that of pure Hp while
the compressibility differs by a factor of about 0.94. Inserting these factors
into Egs. {1)-(2) indicates that the repository gas flow rate for the Ho-CH,y
mixture might about 1.5 times slower than that for pure Hy while the square of
repository pressure might be approximately 1.5 times higher.

Table 1: Predicted Compressibility and Viscosity of H-C O Mixtures at 300K

| | P =7 MPa P =15 MPa

XH, Z | Z/Zu, 7 7/, Z | Z/Zy, 1 n/nm,
(-) {) () | (pPas)| () (-) () j(pPas)| ()

1.00 | 1.0655 | 1.0000 | 8.8860 | 1.0000 | 1.1335 | 1.0000 | 8.8860 | 1.0000

0.90 | 1.0659  1.0004 | 14.9953 | 1.6875 | 1.1358 | 1.0020 | 14.7648 | 1.6616

0.80 | 1.0612 | 0.9960 | 18.2506 | 2.0549 | 1.1291 | 0.9961 | 18.0631 | 2.0328

070 1 1.0498 | 0.9853 | 20.3486 | 2.2900 | 1.1103 | 0.9795 | 20.7417 | 2.3342

0.60 | 1.0308 | 0.9675 | 21.5620 | 24266 | 1.0775 | 0.9506 | 22.3739 | 2.5179

0.50 | 1.0035 | 0.9419 | 21.9005 | 2.4646 | 1.0288 | 0.9076 | 23.2925 | 2.6213

0.40 | 0.9655 | 0.9062 | 21.6284 | 2.4340 | 0.8586 | 0.8457 | 23.8523 | 2.6843

0.30 | 0.9139 | 0.8577 | 20,9860 | 2.3617 | 0.8581 | 0.7570 | 24.5776 | 2,7659

0.20 | 0.8420 | 0.7903 | 20.1960 | 2.2726 | ng ng ng ng

0,10 | 0.7280 | 0.6833 | 19.6289 | 2.2090 | ng ng g g

ng = mixture not a gas at this composition and pressure
x = mole fraction

Z = compressibility factor

1) = viscosity



Table 2: Predicted Compressibility and Viscosity of He-CH,4 Mixtures at 300K

| P =7MPa [ P =15 MPa

XH; Z Z/Zn, | 7 (wPas) | 9/m, 4 Z/Zn, | 7 (pPas) | n/mu,

1.00 | 1.0655 | 1.0000 | 8.8860 1.0000 | 1.1335 | 1.0000 | 3.8360 1.0000

0.90 | 1.0648 | 0.9993 | 10.5975 1.1926 | 1.1341 | 1.0005 | 10.5277 1.1848

(.80 | 1.0598 | 0.9947 | 11.5439 1.3104 | 1.1269 | 0.9942 [ 11.8009 1.3280

(0L.70 ; 1.0511 | 0.9865 | 12.5864 1.4164 | 1.1129 | 0.9818 | 13.0513 1.4688

0.60 | 1.0388 | 0.9750 | 13.2309 1.4800 | 1.0924 | 0.9637 | 13.9004 1.5643

0.50 | 1.0231 | 0.9602 [ 13.5571 1.5257 | 1.0656 | 0.9401 | 14.4809 1.6296

0.40 | 1.0038 | 0.9421 | 13.6601 1.5373 | 1.0321 | 0.9106 | 14.8961 1.6764

0.30 | 0.9807 | 0.9204 | 13.6108 1.5317 | 0.9914 | 0.8746 | 15.2371 1.7147

0.20 | 0.9543 | 0.8956 | 13.4626 1.5150 | 0.9443 | 0.8331 | 15.5857 1.7540

0.10 | (9253 | 0.8684 | 13.2679 1.4931 | 0.8919 | 0.78369 | 16.0389 1.8050

x = mole fraction
Z = compressibility factor
1) = viscosity
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Figure 1: Predicted Compressibility (Z) and Viscosity (n) 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 Hy versus Hy-CH, is somewhat smaller than that seen for the Hy-CO2
mixtures. Thus, the conclusion drawn in CCA Appendix MASS regarding the
suitability of using Hy gas properties in bragflo instead of actual waste gas
properties should not be affected by the increased concentration of CH, 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 ag large as those implied in this simplified radial flow analysis.
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H3-C0O; Mixture supertrapp Input File (h2co2.inp)

NN

Mo

Y]

M

[

Q.5000
0.5000

0.4000
0. 6000

0.3000
. TO00

02000

¢. RODD
ano

0.1000

0. 5000

1.0000
0.0000

09000
4, 1000

D.BOOC
<.2000

0. 7000
©.20c0

0.8000
G.4000

0.6oog
0.5000

0. 4000
0.6000

0.3000
0.7000

G, 2000
D. 8000

C.1000
0. 9000

7.0

15.0

15.0

16.0
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User Interaction with supertrapp: Hp-COz Mixture (Part 1/2)

Hicrisobt Windows HP [Uersion 5.1.26807
{C3 Copyriglit 1985-288f WicrosoF€t Corp.

C:\PROGRA™INNIST s prEraplstrapp

Progran SUPERTRARP - Yersion 3.1

Based. dn résparch sponsored by
the NASH Ieuig Research Cénfer.

and ftandaid Reference Data

GEithershury,. MD 26897 ush

FARXXTXITIEXTEE L S X K K K X

A1l rights ressrved.

andard Reference Database 9
HIST THERHOFN?BIGRL PROPERTIES OF HYDROCARBON MIXTURES

Physical dnd Chemical Properties Division

Distributed by Standard Referesnce Data
National fnstitute of Standards and Technology

Ehe MIST Suprreritical Fluid Propexty Consowtindg

Copyright 2083 by the U.8. Secyetary of Canimerce
on helialf of the United States of America

ISR R R R R R RIS R R

For help in response to any guestion, enter "7V,
Por a bhrief deséription of SUFERIRAPF, enter ",
Press enter to continue.

you want to use default settings? (Y/N>

Do you want to_ inpub frem a file (HAYXT o

Please enter Che pame of the input File. h2cel.inp
Do you want to output to a File (NAYIT y

Please enter the oubput file name. hZeoZ.out

Pn you also want oubput to the terminal (Y#NX 7 n

Do you want to change the units <(WADY 7 v

SUPERTRAEE 2.08 Praperty Unit Henu

(Tha default settinys are whatever you last selected for units and §3ile 1-0.3

Edter the few unit or defaylt option CH ¥o exit)?

Property #options © gurrent
Tenperature{k +R -C F - 2K
Pressure fatm  ,bar MFa sPsig Paia .nnllg-lqtl’)bar
Volune Lliter ,meend A CEyend ] LFrmu] . *liter
Energy tcal ) Sbtu keal - - - 2kd
Mass ¢mol i1b-mol . Lkyg C g - . - Imol
Valoity (n/z  Lomis - Et/s inse - Inss
Viscosity <CuP +cP uPa - 1b/Ft 1hkt he - JuP
Thir. Gond- m X caliem. s.lt.btu/ft s.F..btu/ft h-¥ondm R . - rellsa K
iﬂefault set nptio‘ng‘

€1y Scientific (N ,atn .l:ltel- ical +mol Schds ulf scalsem. s MO
€2 §,1. <K .HPa I I Y | ~ Mg ~nle ~APag “Wen X 3
£33 Engzneering ¢F ,Psia Fi#sd ;btu +1hb +Ftre lb/fFt:s .btll/ft hF)
(4) Mixed <K . bar Sldter [kd .~ LML IR ~midem oy 2.
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User Interaction with supertrapp: H,-C0O; Mixture (Part 2/2)

Enter- the new unit or-deFault option “to-exityT 2

Unit ‘Wenw

SUPERTRATP 2.BB. FProperty
Property . 3¢ GDL 1 ong s xnxs cureent
Ienpu\-ature(! SR I < +F ; . PR {
Pressure  {ath L hap MPa LPEdey SP3da.  LnoHg.lpf2HPa
Volume: liter .mwe) G » An#e3 SArwnd . Yy
Encrgy Coal . «btu Tkcal n.) - . hl
Hass {npl ,Iib-mol kg r1b ’ . S
lelocicy {m/5 LEnSS ..f__t-/s in/s . - - nsE
ll:[scosity CuP, <P cAb7Etih, . JuPa.s
Thm. Cond. €. calrzem.s. K. ]:tu./ft N 24 htu/ft h i U0 T . MAml

default szet options

{1) Secientific <M ,atm sliter ,cal ,mol Lemnss L up -caliem.si 'H)
2» S.I. <X HPa mww3 k] safs piPace (WX

<3> 'Engineering (P ,Psia JErwnd [htu 1§ JEtrs dhsEtus htu/ﬂ: hPY
€4y  Mixzed X .bar liter .k Imol lpes  cuB L ¥

Enter the negw unit or default optign <N to. exity? x

"SUPERTRAPR. 2.08° Praperty U
Froperty - - options# i current:
Tempa raturs'(K R G P - P - b)) .
Pressupe  {atm .har :MPa LFsiy JPedia  JmmHg; ki )MPa
o Lume: {liter .meu3 ~Crend - inex3 £t - - ]
Energy {cal  .J ~htu 3 - - - k4
Mass {mpl .lb-mol kg - . - kg
Uelocity (/& ,n'ln/-s ,h:/s . . . s
Uiscesiti CuP ZInese 1bft.h, . OuPa.s
Thm. Cond. C/m ¥ ,ea.l/cn-s X htu./ft.s . htu./ﬂ: HiFL nl}/m K . & MWK

daFault ££t aptions

1> ‘Scientific <K .atm »liter seal ~mal T T calremis K.
{2>» 8.1° K .HPa . B kg ;mis L uPa.g M.

{3 ‘Engineering (P .Paila .ftw=3 .btu ,1b T T § e I 1T P'>
4> Mixed (K .bar  .liter ks smol s P Lmikem K

The units have léen reset -as: requested,

Do..you ‘want to énteyr compositians: on a mass basis (NADTA

¥nu want to m:pu.t cnnmsxtmn as mole £ractlons
(I the answer is ng. input can he in molesd (NADTY

End—nf—fl.le sncountered on. inpul: £ile

returing tH interactive imnput mode

Por a list of available eptlons. type 7 Otheiuise

enter compand or, if you wizh to do a:flash edléulation,
enter TEK)“and PCHPa) " separated by a comma.

juit

Frogran Terminated— Exiting NIST4
CiPROGRA™INHIST s prtrapd.
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H;-C O, Mixture supertrapp Output File (H2C02.0UT)

1-Phase Flash results at T =

30¢.000 K and P =

bydrogen 1.00000

JHolar Basie
1.00000
2.01508
168647
5.30572
105.994
47 50
15 5532

(¥LE=PRS , PROPS+EXCST)

i-Phase Flash resnlte at T =

'''' Coxpanant-——--~ ——-Faed-—-

nydrogen
carbon dioxide
\HMolar Basia

. 00ana
0. 100000

1.00D30
€.2152¢
2.06586
L2846

(VLE=PRS, PROPS~EXCTT)

1-Poase Flash reeylte at T =

----- Componept-----~ —--Faed---
hydrogen 0. BO0000
carbon dioxide 0.200000
Molur Baaia
1.00000
10.4146
1.06118
27,5425
-7545.13
11.1744
3.20290
{VLE=PAS,, PROPS=EXCST)

1-Phasa Flash reaults ac T =
-=-=-Component-
hydrogen
carbon dioxide
JMolar Basis

0700000
0300000

1.00000
14.6140
1.0&873
39,0673
-8076. 81
8.57T546
2.36564

(VLE=PAd, PROPS=EXCST)
1-Phuse Flash yesults at T =
~Compument—-——= -——~Faed-——

hydrogen ©.600000

carbon dicxide 0.40000¢

\Malar Bagia
1.00000
18.8133
1.03082
B1.2191
-8a73.46
T.11118
1.91173

- -=-Faed-—

P
1.006000

1.00000
2.01588
1.06647
5.30972
105. 994
47,5940
16.6532
1.36428
1381.97
-0.685445
B.BAGAR
0.307163

300.000 X and P =

—Vapor-—
0.500000
0.100000

1.000G0
B.21524
1.06586
16,3848
-6301.52
17. 1865
5.15433
1.360684
786,613
-0,662273
14.9653
0.120653

300,000 ¥ and P = 7.0D0DO0

—-Yapag---
. 800000
0.200000

1.00000
10.4148
1.06113
27.5425
-7545.13
11,1744
3.202%0
1.26268
05, 870
-0, 280723
1R, 2596

7. 00000 HPa

1.06975

Faed Fraction
Malar Hass
Comp. Factor, 2
B, dglaeed

H, ®3/xg

5, *Irkg. K

Cp, kIfkg.%
cp/er

Sound Speed, m/
IT, X/MPa
Visec., uPa.a
Th. Cend. W/e.K

T.00000
[
0. 963460
0.108331

HPm

Feed Praction
Holar Hase
Comp. Factor, Z
D, kg/mss3

H, k) g

8, WI/zg.K

cp, kI/kE.X
Cp/tv

gound dpewd, wlz
IT, K/MPa
Yige,, uPa.w
T, Cond. W/m. K

HPa
~=Phj—---
0.B527T34

b. 201542

Fesd Fracticn
Holur Mass
Comp. Fastor, 2
D, ke/z#++3

B, %Mkg

8, k/kg X

Sp. kIfug. K
Cp/ov

Sound Spaed, w/s
IT, K/MPa
Viec., uPa.e

D.8373B7E-01 Th. Cond.,W/m.X

200.000 K end P~

-~Vapor---
0.700000
0.200000

1.00000
14,6140
1.04373
39.0673
-2076. 81
8.57546
2.26564
1.37143
S08.247
0.110183
20,3485

7.00000
~-—Phi----
0.763031
0. 284669

HPa

Feed Fraction
Molar Mags
Camp. Factar, Z
D, kg/mas3

B, 21feg

8§, k3/kg. L

tp, kJ/kg.K
cp/eY

Sound Spaed, misz
JT, K/HPa
Visc., uwPa.s

0.T62434E-01 Th. Cond. W/m.X

300.000 ¥ and P =

—Vapar——
o, 6a0000
0. 460000

1. 0e0a0
18,8133
1.03082
51,2151
-8373.46
7.11118
191174
1.38756

700000 MPa

Fesd Fraction
Holar Hase
Conp., Factor, I
B, kg/mes3

H, kl/zg

g, kg K

Cp, wI/kg.K
Cp/Cv
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43, 188 Sound Spesd, mf's
0.663631 I, LR
21,5629 Visc., uPa.s
©9.538032E-01 Th, Coud.,Wn.K

{VLE=PRS, FROPS=EICST)

1-Phare Flash ramults at T = 300.000 R and P = 7.00000 HPa

----- Component=----- ——Fesd~=  --¥apor=--  —--Fhl--=v

hydrogen 0. 500000 D.500000 0. 588053

carbon dioxide 0.500000 ©.500000 G. 424601

.Malar Basis
1.00000 1.00DAD Fead Fraction
23.0127 23.0127 Holar Masa
1.00353 1.D0353 Comp. Factor, Z
84.3556 54,3555 D, kg/ms3
-B563.97 -BE63.9T 4, kl/hg
6.16302 6.16202 8, kl/ug.K
1.83504 1.63564 Cp, 1itkg.K

1.41271 Cp/Cv

a4, 407 Sound 3pesd, oie

1. 4026 JT, H/MPa

24.8005 Vizc., uwPa.e

0.50B4DE~01 Th. Cond.,¥W/m.K
{YLE-FRS, PROPS=EXCET)

1-Phase Flesh results at T = 300.000 X aud P = 7.00000 WPa

-—-—Cpaponsut------ ---Fesd—~- —Vapar---  =--PRi--—-

bkydrogea 8. 400600 ©.400000 0.489117

carbon dioxide 0. 80000C . 600Q00 0.484253

JMolar Baoia
1. 00000 1.00000 Fead Fraction
27.2121 2r.1111 Molay Heam
0.966513 0.965513 Comp. Factor, T
76,0866 790966 D, kg/mes3
-8693,23 -2603.22 H, k/eg
5.48821 5.48821 5, Elkg.K
1.45683 1,46683 Cp, kleg.R

1.46208 cp/ov

364.460 Sonnd Spasd, m/a

2.22665 I, KfHPa

21.6284 Viec., ufe.®

0.48997EE-01 Th. Cood.,W/m.K
(VLE=PLS ,PROPS=EXCST)

1-Fhaxs Flash raaults ac T = 300,000 K and P = 7.00000 WPe
~—Conponeat- --¥npor---  ==-Phi=---
bydrogen 6.300000  ©,410199

<arban dicxide
MHolar Easis

0.700000 Q.537163

£.00000 1.90000 Fasd Fraction
31,4114 31.4114  Malax Heas
©0.913896 0.913896 Camp. Factor, Z
96.4583 56.4583 D, kgimee3
-a799.78 -8759.78 H, k/kg
497897 4.97897 S, kI/kg.K
1.38281 1.36281 Cp, kIVHg.K

1.561830 Cpiw

21%.354 Sound Spesd, m/s
2.36732 JT, K/MPa

20, 9360 Visc., wPa.s
0.4030TSE-01 Th. Cond. Wiz .K

(VLE=PRS, PAOPS=EXCST]
1-Phase Flash rewults at T = 300.000 K and P = 7.00000 kPa
-----Componsnt-—---- ---Fasd=--- =-Vapor--- =--Phi=--=
bydrogen 0.200000 0.200000 0.318636
carbon diozide 0.800000 D.800000 0.5RIR4E
Molar Bazis
1.00008 1.00000 Feed Fraction
36.6108 35.6108 Molar Mass
©.541994 0.8419%4 Comp. Factor, Z
118.692 118.692 D, kg/mee3
-8892. 4 -8882.24 E, kl/kg
4.66074 4.56074 S, Elfkg.K
1.20a43 1.40443 Cp, klfEg.K

1.88707 Cp/Cv

286.127 Sound Spesd, m/'e
4.86347 JT, K/MPa
20,1980 Visc., uPa.s
4,367280E~¢1 Th. Cand.,W/m.X

(V.E=PRS, PROPS=EXCST)

1-Pamsa Flash tesults ot T= 300.000 X and P = 7.00000 HPa

----- Compapent---—-— ---Fegd-~=  --Vapor---  ==-Phi----

hydrogen 6. 100000 0.100000 0215471

carbiem dloxide Q. 900000 O, 00000 ©.624262

Malar Baaja
1. 00000 1. 00020 Fesd Fraction
,8101 39.5101 Holar Maza
©.728039 ¢.72%019 Comp. Factor, I
153.460 163,450 B, kg/ues3
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-B957.33 ~BS57. A3 K, /g

4.13172 4.19172 5, Wikg. K
1.69594 1.68584 Cp, klfg.K
1.96620 Cpity
250.333 Sound Speed, m/s
6.91344 JT, K/HPa
13.628% Visc., wPa.s
0.330200E-01 Th. Cond.,¥/m.X
(VLE=PRS, PROPS=EXCST)
i-Phose Fluah results at T = 300.000 K and P = 15,0000 HPa
----—Component------ -~-Fead~~-  --Liguid-- =--Phi-——-
bydrogen 1.00a00 1.00000 1.15063
sHolar Basis
1.00000 1.00000 Fasad Fractien
2.01538 2.01588 Malar Hase
1.13351 1.13351 Camp. Factor, 2
10.6950 10,4950 D, kg/mes3
189,082 189,082 H, kJfkg
44.4210 44,4270 S, kg ¥
15.6931 15.6931 Cp. kl/kg.K
1.38138 cpicy
1463.58 Sound Spesd, nfe

~0.648917 T, W/MPa
B. 88598 Visz., uPa.e
0.215994 Th. Cond..W/m.K

(VLE-PRS, PROPS=EXCST)

1-Phose Flash reeults at T = 300.000 X =nd P = §5.0000  HPa
Comporant——-- ---Faad --Vapor---  —--Phi-~—

byeagen 900000 0. 90D000 1.03599

oo

carbon dicxide
sMolar Baaia

106000 ©. 100000 0. 1146581

1.00000 1. 00000 Feed Fractico
6.21524 6.21624 Holar Maas
1.13877 1.13677 Canp, Factor, Z
32.90485 32,9085 D, kg/m¥#3
~6274.55 -£3278,55 R, kJ/kg
16,1448 16.1448 3, kI/ka.X
5.37045 5.27095 Cp, klrkg.K
1.38248 cpicy
B38.552 Sound Speed, w/e
-0.547614 IT, W/MPa

14 .78 Visc., uPa.s
0. 129761 Th. Cond..W/m.K
(VLE=FRS, FROPS=EXCST)

1-Phasa Flash yesults at T = 300.000 K and P = 16.0000 MPa
----- Camponent-- ---Phi-~--
bydrogan 6.935108
carbon dioxida ©.206506
Molar Basia
1.00000 1.00000 Feed Fraction
1D.4148 10.4146 Molar Maga
1.12908 1.12208 Corp. Factor, Z
55.4702 £5.4T03 o, kgfnvtﬂ
-7536.86 ~7656.86 H, kl/kg
10,5282 10.5382 5, kX/kg X
3.27749 2.21740 Cp, k)/2g.K
1,37363 Cp/iw

646,830 Sound Speed, mis
-0.346238 JT, E/MPa
18,0631 Vine., uPa.s
0.102604 Th. Cond.,W/n.K
{VLE=IRS , FROPS=EXCSTY

1-Phese Flash regulta at T = 300.000 K and P = HPa

---—-Coppapemnt------ ~—Fawd-—- --¥aper--—- -

hydrogen 0.700000 ¢.700000 D.B46T1E

carbon dioxide 0,300000 0.200000 ©. 214037

JMolar Bosia
100000 1.00000 Fead Fraction
14.B140 14.6140 Holar Masa
111027 1.11027 Coup. Factor, Z
75. 1668 79,1558 D, kalmhed
-BOTT. 44 -8077 .44 H, klfig
8, 10684 8.10684 9, klieg K
2.44887 2.44897 Op, kitks. K

1.20692 CpiCy
524.019 Sound Speed, n/e
-D.378R33E-01 JT, K/MPa
20.74LT Viac., uPa,a
D.8SQ313E-0L Tk, Comd.,W/m.K
(VLE=PRS , PROPS=EXCET)

1-Phaas Flash results at T = 300,000 K and P = 15,0000 HPa
Vapor i
hydrogen 0.600000 0.600000 ©,7682891
carbon dioxide 0.400000 0.400000 ©. 326837
sMolar Baais
1.00a00 1.00000 Fead Fraction
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13.6183
1.07745
106.004
-0381.43
6. 73086
2.01113

(YLE~PRS , PROPS=EXCST)

1-Phass Flash rasults at T =

0,600000
0660000

gem
carbon dioxide
JMolar Basis

1.00000
23,0127
1.02879
134.618
-B579.08
5.83281
1.76346

(VLE~PLS , PROPS=EXCST)

i-Fhams Flaeh reaults at T =

===Fasd--~

350.000 K and P =

12.5123 Molar Maes
1.07746 Conp. Factor, Z
105.004 D, kg/mb+d
-8581.43 ¥, kJ/kg
6.T3DE6 g, kJ/kg.}
2.01113 Cp, kJ/ig. K
1.43571 Cp/Cv

474,970 Sound Speed, /s
0.376356 JT, X/MPy
22.3735 Vige., wha.a

0.733962ZE-01 Th. Cond. ,W/m. K

0.000 K and F =  15.0000 Mo
-~Vapor--- -
0.E00000
0.500000

1.00000 Foed Fraction
23.0127 Holar Kasa
1.02879 Comp. Factoy, 2
134.518 0, ka/mesd
~B579.0B H. kl/ug
5.83281 8, ®l/ug. K
1.76345 Cp, kJ/kg.K
1.43887 cp/y

422,589 Sound Speed, /s
0.39a885 IT, R/HPa,
23.2935 VYiec., uFa.z

0.847554E-01 Th. Cond, ,¥/m.K

15.0000 e
----—Conponwat-=-=== ——- Fewd---  --Vapor--- -~--Phi—-—
bydrogen 0.400000 6.400000 0.637797
cexbon divzide LR . 600000 0.390813
JHolar Basjp
1.00000 1.00000 Faed Fracticn
272121 7. Molar Masa
0.958553 ©.958669 Coup. Factar, Z
170.721 170,721 D, ka/mesd
-§721.88 -B721.68 H, kl/kg
5.18658 &.13658 8, kl/ug B
1.65160 1.65160 Cp, ¥ Mg B
1.60008  Cp/ow
¥TB.5T2 Sourd 3peed, n/s
1.55791 IT, K/MPa
23.8523 Vi=g., wha,a

(YLE~PRS , PROPS=EXCST)

i-Fhage Flash results at T =

0.579651E-01 Th, Comd. ,W/m.K

360.000 K mnd P = 13,0000 HFn
~-=--Conponant--~-- + -—-Fawd-—-  --Liquid-- ---Phi—--
hydragen @.300000 0.300000 ¢.5p3193
carbon dicxide 0.700000 0.700000 0.402907
(Holaxr Basis

1.00000 1.00000 Fasd Fracticnm

31.4114 31.4114 Molar Mazs

o.¥58131 0. #5811 Comp- Facter, Z

220.134 220. 134 D, kefmésd

-5334.83 -8834.83 H, kl/vg

4. 68050 4.63060 9, kl/ kg K

1.76305 1.70305 Cp, BMig K

1.798933 Cp/ 0¥

340. DO Soupd Spesd, a/s
2. 34534 JT, KeMPs
24.5776 Vigc., ufa.a

(VLE=PAS , PROPS=EXCST)

So convergence st thess conditiona;

0.534B1TE-C1 Th. Cond. W/b.K

T(K)= 0.
Plbax)= 150.
1-Phase Flash results at T = 300,000 K and P = 25.0000 MPa
--—--Cobponegt------ ---Fapd--— --Liquid-- =---Phi-—--
bydrageo 0.100090 Q. 100000 1.0667B
carbon dioxide 0.900000 0.900000 0.385127
;Molar Basis
1.00000 1.00000 Faed Fraction
F9.8103 3R.BLOL Holar Mams
&, 454068 0. 454068 Comp. Factor, 2
527.248 527.248 D, kg/mé=3
-5064.7T -8064.77 H, ki/ig
3.74180 3, 74180 8, kl/kg.k
#,3103T 3,31037 Gp, xMkg.K
3.47846 Cp/C¥
211,591 Sound Spesd, m/is
2.21189 JT, K/MPa
40,5300 Vipc., wla.s
D.655166E-01 Th. Cood. ,N/m.K
(VLE=PR3,PROPE~EXCET)
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H;-CH4 Mixture supertrapp Input File (h2ch4.inp)

<P 1 HYDROGER

comp 2 HETHANE

FEED 1 1.0000

FEED 2 0, 0000

FLTP ane 7.0

FEED 1 0.99G0

FEED 2 €.,100¢

FLTR 200 T.0

FEED 1 ©.8000

FEED 2 0.2000

FLTP 00 7.0

FEED 1 Q.7000

FEED 2 0.3000

FLTP o 7.8

FEED 1 ., 6000

FEED 2 0.4000

FLTP 00 7.2

FEED 1 4.6000

FEED 2 0.5000

FLTP 300 7.2

FEED 1 ©.4004

FEED 2 0.600D

FLTP 300 7.0

FEED 1 ©.3000

PEED 2 0.7000

PLTP 300 7.0

FEED 1 0.2000

FEED 2 0.8000

FLTP 300 7.0

FEED 1 0.1000

FEED 2 0. 9000

FLTP 300 7.0

FEED 1 1.0000

FEED 2 0. 0000

FLTP 300 i5.0
FEED 1 0.9000

FEED 2 0. 1000

TR 300 15.0
FEED 1 ¢,3000

FEED 2 0.2000

FLTP 300 15.0
FEED 1 c.7000

FEED 2 D.300D

FLTP 300 15.0
FEED 1 0.6000

FEED 2 0.4000

FLTP 300 15.0
FEED 1 ©.6000

FEED 2 0n.5000

FLTF 300 15.0
FEED 1 0.4000

FEED 2 a.&6000

FLTP e 5.0
FEED 1 ©.3000

FEEB 2 .7000

FLTP a0 5.0
FEED 1 0. 2060

¥EED 2 ©.8006

LT 300 15.0
FEED 1 0. 1000

FEED 2 [ ]

FLTP 0y 15.2
$ENT
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User Interaction with supertrapp: Hz-CHy; Mixture (Part 1/2)

C:“PROGRATLNNIST 2 prerapis trapDh

SR HEERRESRNEFE SRR RE ]

NIET IH) RHBPH!S]CRL PROPERT1ER O

MiST Svandard Reference Da ge 4

“Programn SUPERTRAPP - Uprsion 3.1 -

Ba ed an résgarch sponsored hy
& HASN Levwis Research Centew.

and Standard Referénce Data

Physical and Chemical Properties Diwision

Pistikibuted by Standard Reference Data
Gaithersburg. MD 208899

#11 wights peserved,

HYBRQCHFBON WIXTURES
the ﬁlST 3uporcr1t1ca1 Pluid Pipperty ChnssrEium

Hatinnnl Institute of Btandards agd Technology

Cnpyrlsht 28@3 by the U.5. Secretuey of Conmerce
on hehalf of the United States of America

I RS RN R LRI HNRRS S

For help in response to any gquastion, enter "7,
Por a heilef de:criptlon of SUPERTRAPP, enter "?"
Presn onter to confilnue.

Do you want. toe use default settings? (Y-/M»
(The defaul sottings are whatever vou last selected Fo¥ units and

File T/0.3

Do you
Please
Do wou
Please

want to input from a file (NAYYR? g
enter the name 8f the lnput Eile.
waht. to output to a File C(NAYY

enter the output file name. h2c

hic

-out

h4. inp

Do you

Do you

Property

alse want output to the terminal <!/H) Ll

want to change the units (NAYY T ¢

SUPERTRAPP 2.06 Property Unit Mesu

I'.‘-l.ll"l"@!lt‘:

Teaperature (H
Pressuve atm
Uo Yame Cliter
Energy Ccal
59 (mol
ViTpcity (m#2
U{ecositg P
Thm. Gond. (Wrm.X

€3 Geientific
2> &.1.

4

ftixed

wpt ions

R
Shar
Sl
-
Ib—mol
2CM¥S
)

G

~MPa
ACmMET » Al
sbtu
kg g
.ft/:

~PEla
]
+kcal 2Rd
~1b

X
.uan.kpf)har

S 1bAFE . iy

uPa S Xbrft
scalzen.s. K,htu/ft . F btu/ft h. F.nH/m.K -

default set options
4.1
(K .MPa

€3» Engineering (P
% @

sliter
.nﬂﬂﬂ

F T
_llter

satm +CRAE
Vi
~ftrs
SMAE

.Eni
1h

a0l

~cal

Thtu
K

~Psin
-bar

Enter the new unit or default ontion ¢X to exitd?

,uP

,uEn.s

1 ft .=

- )l1ter
]
n s

- YuP”

. daMen X

scallomos o RY
Mm.K X
’ﬁtﬂ/ft-h.?)

- 3
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User Interaction with supertrapp: Hp-CHy Mixture (Part 2/2)

Enter the new unit or default option % to exit?? 2

SUPERTRAPP 2.0B Property Unit Menu

Property U”t‘i\"lo *  current
_Eenperatura()i iR .G B . -~ 2R
Pressure  {atm  .bar “HPa Psiy.. . Peia «mmHg kpf 3HPa

Vo Lume Cliter ._mH] ] Sinwed .ft“3 - - Imrenl
Eneryy fcal A . BEu ~kcal » Rl - - 2R
Hazs Cmol +1b~mol 2Ky o ,].I) & - kg
Velocity LRr/s ,l:m/s l't/s Sinss . - 2MAE
Uiscasit CuP ,].h/ ].l:/fl: h, » JuPa.s
Thn: Cond. CWrm.K _.,ca]./cn 9. ](,htu/ft . B, htu/ft h. P /. K o - 2Hm. K
default set options

1> Scientific K satm liter .cal scm?s  aulP .calfcn.s ]D

2> S.I. CH ,MPa mvud hd »PAE uFa.s RYE
3> Eng’inaering (F .Psia _ ft##3 _htu Jftrs L 1bhrfE.w h:u/ft e F)
4> Hixed <K _bar Slter kS ] SRR .uP L K B

Ent’er--t:h'e-'neil unit or default option ¥ ta exitd? x

: SUPERTRAPP 2,80 . Property Unit Menu

Froperty ' opt ions - current
Iemperaturall . AL WP . FPTI
Prissure  Catm bar HPa #Peig LPeial. ey kpk dHPa,
Vo uiie. Cliter mwsd. » CRANNHZ Sinaed R 1™ T . Humad
Enerqy {cal I | +htuw ikcal N - - Jkd
{mal #1h-mol LKy ‘,g.n ; ..15 - » ¥hy
Uelnclty /s SEMSS ft!s simeg = . msg
llxsl:naitg uP cF uPa 1bfe lh/ft h.. N JuPa.s
hin. Con chsm X calsem. . X, htuz'i‘t s.F. htu/ft h.F_albmi_ K » Won.N
default set opriong
(-1’-5 Se:l.em:ific X .atm ~liter .eal N LCOAE ,iiP sealiemnos Ky
2> 8.1, (K .HPa P . - . v suPa.s WA K ]
€3> _Engineering: (F ,Psia ,fitme3 .Ijtu +1h ferg L ThHAfE.s ,htw’ft “HIF»
€4y -Mixed €K .bar liter kJ .m0l SMFS TuP Lot K ¥

The: units kave been Feset .as requested.
Do you want to enter compositiont Un a mass basis (HAY)Tn

bo gou: want to 1nput cnnpu::l.t:mn g~ mole fractions
CIF vhe ‘dnswér 15 nd.. input can bé in - moles). (Hf"l)?y

End-of —“file encountéred on dnput File

returing. to interdctive input ‘made: o

For.a lst of available optidns. type ¥ Otheyruise

enter comsand owv.. iF you wisk .te do . a- Flaa}l calculat:.on.
an‘ii::r T(RY and P{MPad>" mparatad: hy.a comma.

i

Program Terminated— Exiting NIST4
CznPROGRA™E\MIST s prerapyy
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H,-CH,; Mixture supertrapp Output File

1-Phooe Flosh remulta at T = 300.000 K agd
-—-—-Compomant--—--= —--Faed—=  --Vapor-—-
hydrogen 1.9000C 1.00000
JMalar Baaia
1.00000 1. 00008
2.D01588 2.01688
1.DES4T 1. 06547
5.30972 5.30872
106.984 105,994
47 .58340 AT.6940
15.5532 15.5532
1.35428
1381 ,97
-0.6B6445
B ERGAE
0.207163
(¥LE=PHS ,PROPS=EXCST)
1-Phase Flash results at T = 300,000 K end
~—=--Component--——-~ -=-Fesd=--=  -=Yapor-——
bydrogen 0.900000 3, 900000
metheana a. 100000 @, 100000
sHolar Banis
1.00000 1.00000
3.418 3.41364
1.06475 1.0647%
8.01023 9.01032
-2138.53 -2138. 53
30.43T8 304370
9.42530 9.4%630
1.36416
1060.68
~0.5122%4
10.5875
Q.152315

(YLE=PRS ,PROPS~EXC2T)

1-Phass Flesh resules &t T = 300.000 K and
===-=Camponent- -Fagd---  --Vmpar---
hydrogan 0,200000 . 500000
mathans 0. 200000 Q.200000
Holar Basie
1,00000 1.00000
4. 82120 4.82120
1.0508% 1.06%42
12.7666 12,7665
-3081.22 -3081 .32
23.0001 23.0001
6.87312 6.87312
1.36679
290.828
-D. 270604
11.6439
D.133805

{V1LE=FRS, PROPS=E1CHT)

P = 7.00000
===Phi-—-
1.06975

HFa

Fead Fraction
Holer Mass
Comp. Facrer, Z
I, kg/m*a3d

H, kl/kg

s, kl/kg.K

Cp, 2)/km.K
Cp/Cr

Sound Spasd, m/a
JT, %/HPa
Visc., uPa.a
Ta. Cond, W/k.X

P = 7.00000
n=Phj -
0.962958
0.105454

KPa

Feed Fraction
Molar Masa
Comp. Pactor, Z

Ta. Cond. N/w.K

P = 7.00000
e Phimmmm
0.858835
0.203645

MRa,

Fead Fraction
Malar Haag
Comgz. Factar, T
D, kg/mes3

H, E3/hg

%, kJ/hg.K

Cp, kl/kg.K
Cpity

Sound Speed, m/s
JT, E/MPa
Visc., uPa.a
Th. Cond.,Wim.K

1-Phaas Flash rasults at T = 300.000 K and P = 7.00000 HPa
—--—Companant---—- ---Feed--- --Yapor--— ~--Fhi--—-
‘nydrogen L. 00000 £.700600 ©. 758297
uwthaoe ©.300000 300000 ©. 296426
sMelar Bapia
1.00000 1. 00000 Feed Fraction
§.22385 6.22386 Holar Massx
1.08110 1.05110 Camp. Factor, Z
16.6174 16.6174 D, kg/mee3
-3501.95 ~3601,96 H, k)/kg
18.8236 18 .8236 3, kg X
5.470T6 B.47976 Cp, kl/kg K
1.27206 Cp/Cy
775.918 Bound Spaad, n/s
0.30M528~C1 JT, K/HPa
12.5864 Viee., wPa.o
D.104744 Th, Cand. N/o.R
(¥LE=FRS, PROPS~EXCHT}
1-Phaze Fluok remilts at T = 300.00D K apd P = 7.00000 HPa
----- Cafiponent------ ---Fgmd--- -~-¥Vapar--- -—Phi---=
hydrogan 0600000 0.800D0D 0.664423
mathans 0.400000 0.4D0DOD 0.286164
Malar Brais
1.00000 1.00000 Fewd Fractian
7.62651 7.62651 Holar Haea
1.03884 1.03484 Comp. Factor, I
20,6028 20.€028 G, kg/m+ed
-¥933.49 ~3933.49 H, kl/hg
16.1271 16.1271 3, kl/kg K
4.,60766 4.60756 op, WIkg.K
1.38002 Cp/Cv
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(VLE=PRS ,PROPS=EXCST}

1-Phage Flash resulta at T =
=-=-—Compooeot------ ---Faed---
hydrogen ©.500000
mathans ¢.500000
,Holer Bagia
1.0000¢
9.02017
1.02210
24 TET4
—4184.08
L4. 2261
4.01634

(VLE~PA3 ,PROPS~EXCITH

€9¢.254 Sound Spesd, n/E
D. 384467 1T, K/MPe
13. 2309 Visc., uPa.s

0.904893E-01 Th. Gond.,W/m.K

200.000 K and P = 7.00000  HPa
-—Vapor—-  ~--Phi----
0.500000  0.552381
©.500000  0.470870

1.00000  Faed Fractiom
9.62017  Molar Mass
1.02210  Gomp. Factor, Z
24.76T4 D, kgloesd
-4164.05 E, kI/kg
14.2261 s, kI/kg.X
4.01634 op, k1/ug.K
1.20086 ep/ov

636,365 Sound Spaed, /s
0,780206 IT, K/MPa
13,6671 Visc., uPa.s

0.791583E-01 Th, Cond. W/m.X

Phase Flash results ac T = 300,000 K and P = 7.00000 MPa.
Component-— ~Faed-— —Vapor-— ~——Phi-
Bydrogen ©. 400000 4. 4a0a00 7, 445343
mathane ©.600004 o, 500000 0,554345
,Molar Baejs
1.D0D00 1.D0000 Faed Fraction
10.4318 10.4318 Helar Mass
1.00378 1.p0378 Comp. Facter, Z
29.1655 2g.1655 D, kg/mes3
-4334.56 -4334.56 H, kl/kg
12.8007 12,8007 s, kJ/kg.K
3.59665 3.596€5 Cp, kl/kg.X
1.40555 Cp/iv
584.321 Sound Spesd, w/a
1.28009 JT, K/MPa
12,6601 Vi=e., uPa.3
0.699759E-01 Th. Cond.,W/m.K
(VLE=PRS, PRUPS=EXCST)

1-Phaae Flash rseults at T = 300.000 K and P = 7.00000 HPa
- 2 --Vapor——  —-Phi--—-
hydrogen 0.300000 0300000 0. 3AHZ
nethons 0.700000 0.700000 0.636312
Molar Basis
1.00000 1.aoava Fesd Fraction
11.B345 118345 Holar Maza
0.980653 0. 980653 Caup. Factor, 2
32,8875 33.8676 D, kg/z#ed
-4466. 63 ~q466. 61 H, ki/k
11,6796 11.6786 s, kl/kg.K
328281 3,26201 op, klEg. K
1.42474 Tp/Cv
540.953 Sound Spesd, nie
1.77043 IT, #/MRa
13.6108 Visc., uPa.x

(VLEWPRY, FROPS=EXCST)

1-Phase Flash resules at T =
=~ -Componant-—-=~~ --- Fand-—
hydrogen 4.200000
methane ¢.800000
;Holer Basiz
1.00000
13.2371
0.954268
38.9288
-4572. .48
10.761B
3.07308

{YLE=PRS, PROPS=EXCET)

360.000 X and P =

0.62331BE-01 Th. Cond.,W/m.K

KPa

--Vapar---

©. 260000 ©.735833

9. 800600 ©.718648
1.00000 Fead Fraction
13.2371 Holax Hess
0.954268 Camp. Factor, Z
33,9260 0, kg/mes3
-45T2.46 H, kl/kg
10.7618 5, kl/eg.K
3.07308 cp, kl/kg.K
1.44821 cp/ov
502.756 Sound Spaed, m/n
2.34073 T, E/MPa
13.4826 Vigc., uPe.@

0.659476E-01 Th, Cond, W/m.K

1-Phass Flash results at T« 300,000 K and P = 7.00000  MPa

----- Componunt--=--~ ---Feed-== =-Vapop---  =—--Phi----

hydrogen 0.100000  0.100000  0.121972

methane 0.900000  ©.800000  ©.803%63

\Malar Bagig
1.00000 1.06000  Foed Fractios
14,6390 14.6398  Moler Masa
0.92528  0.925288  Comp. Factor, Z
1a.4078 44,4025 D, kg/msed
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-4659.50
2.97926
2.91738

-4869.60
@.97926
2.91768
1.47981
469,012
2.84702
13,2679

H, kl/kg

5, kl/feg.K

Cp, EMEg.X
Gp/Te

Sound Spesd, m/a
JT, K/HPa
ViEc., wia.a

0,B06319E-01 Th. Cond. ,W/m.K

(VLE=PRS, PROPS=EXCST)

1-Phnog Flash rasults at T =

----- Componant-----= ~--Fasd—- --Ligquld--
bydrogen 1.00000 1,00000
sMolar Boais
1.00000 1.00000
2.01588 2.01688
1.13381 1.18361
10.6950 10,6950
149,082 169,082
44.4270 44.4270
15.6931 16.6931
1.36128
1453.58
=0.G648917
2.88598
0.215894
(YLE~PAS, PROPS=EXCST)
1-Pbazs Flash ramlts at T = 300,000 K and
===-—Camponant------ Feod Yapor
bydrogen 0.800D00 0.900000
sethans 0. 100060 ¢.100000
,Holer Basis
1.00000 1.00000
3.41854 3.41854
1.13406 1.13406
18.1278 1B. 1278
-2099. 42 -2080.42
8. 5380 28, 5380
9.57208 9.67304
1.36784
117902
-0.518282
10,5277
©.161550
(VLE=PRS, FROPS=ENCST)
1-Phase Flaen Teeults at T = 300,000 K acd
- r Fasd Yapor-—
hydrogen 0. BODODD 0. 800000 '
zethone ©0.200000 ©.200000
Molar Baaia
1,000 1.00000
4.62120 4.B212¢
1.17690 1178650
25.7284 25.7284
-2084.35 ~3064.38
21.6M48 216940
7.03081 7.030a1
1.37B61
951.142
-D.384229
11.800%
0,133455
(NLE=PRE, PROPS=EIIT)

1-Fhare Flagh resulta at T =

- p Faad ——Vnpor---
bydrogen 0.700000 0.700000
hethane 0.300000 0, 300000

JMolar Basis

1.00000 1.00000
6.22385 6. 22355
1.14287 1.13387
33.5377 33,6372
=-3500,12 -3600. 32
17.7324 17.7324
5.65151 5.65151
1,39432

B34, 657

-0.10T154

13,0513

0.114723

(VLE=PRS, PROPS=EXCET)

300.000 K sod P =

300.000 K acd P =

15.0000
~~Phi-~=
1.150€3

MPa

Fred Fraction
Nolar Pass
Comp. Facter, Z
D, kglm#e3

#, Rifug

S, klfkg.K

Cp, k)Eg.X
Cp/tr

Scurd Spesd, n/s
JT, K/MPa
Vime., uPa.a
Th. Cond.,¥/m.K

P = 15.0000
——Phi-———-
1.03605
0. 112889

Faod Fraction
Molar Heos
Canp. Factor, 2
D, kg/mesa

H, kJ/kg

3, ki/kg K

Cp. ki/ug.K
cpicv

Saund Spaed, /s
IT, K/MPa
Visc., uPn.s
Th. Cond. ,N/w.K

F = 15.0000
—==Phi=-=-=
©.927053
©. 210697

NPa

Foed Fraction
Holar Mass
Comp. Fartor, Z
D, kg/mbe3

H, kl/kg

8, kl/ug.X

tp, kd/kg.K
Cp/ov

Sound Spesd, n/s
JT, R/NPa
Visc., uPa.a
Ta. Cond.,V/m.K

15.0000
———Phi-
0.82143T
0287619

Feod Fraction
Molar Mass
Gomp. Facter, 2
D, kpfmesd

H, klikg

a9, kI/rg K

Cp, K)o K
cpicy

Sound Speed, w'e
I5, 5/MPa
Viac., uPa.3
Ta. Comd.,W/n.K

1-Fhaas Flash results at T = 200.000 K and P = 15,0000 HPa
——--Comprmsut----—- -—-Fasd--- ~--Umpof--- ——-Phi-—--
uydrogen 0.600000  0.600000 0.7U7578
methans 0. 400000 ©0.400000 Q.ITTUT
Holer Basis

1.00000 1.00000 Fesd Fraction
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7.62651 T.62661 Molar Maos

1.09241 1.09241 Comp. Factor, Z
41.9840 419840 D, kg/miad
-3943.49  -3943.45  H, 1)/kg
16,2148 16,2418 8, W/hg.K
4.79772 479772 cp, kg%

1.41B41 Cpiv
T46. 4686 Sound Speed, m/s
0. 157858 IT, K/HFa
13.9004 Visc., uPa,s
©.1007T70 Th. Cond. N/m.K
(¥LE-PR3,FROPS-ERCST)

1-Fhase Flash reaults at T = 300.000 H and P = 15,0000 MPa

P - Fead Vapor-—-  ——Phj--—
hydregen 0, 500000 0. BODdDd 0.613741
methane 0.600000 0.600000 0,460669
Holar Basis

1.00000 1. 0000 Feed Fraction
9.02947 9. 02017 Holar Haas
1.06658 1.06858 Cewp. Factor, Z
50.9572 50,9572 D, kg/ms+3
-4184.40 ~4184.40 H, kd/xg
13,4282 13.4282 s, ®l/kg. K
4,23168 4.23169 [
1.44313 Cp/Cv
632. 646 Sound Spasd, m/a
0.457869 JT, K/MPa
14.4808 Viac., wPa.a
0.897T50E-DL Th. Cond. ,W/m.K
{VLE~PRS , PRUPS=ELCST)
i-Phaae Flash results st T = X0.000 X end P = 15.0000 Pn
B Feed Yapor ~mPhimmmn
bydrogen 0. 400600 0.400000 0. 508339
oethane 0. 800002 0. 660400 0. 519847
Molar Basiz
1.00090 1.0090¢ Feed Fractiom
10,4312 10. 4118 Holar Mass
1.03212 1.03712 Comp. Factor, Z
60,7814 60,7314 T, kg/meed
-4364.T1 -4384, 71 E, kI/hg
12,0841 12,084t 3, ki/ug. K
a.84767 2.847e7 cp, K/kg.K
1.47970 cp/ew
627.590 Souné Speed, z/s
©. 734117 IT, K/WPa
14. B9B1 Viec., uPa.s
0. BOBSE3E-01 Th. Cond.,W/m.K
{VLE=PRS , PROPS=EXCST)
1-Phase Fluah rasulta =t T = 200.000 K end P = 15.0000 HFa
~----Componemt-—---- -~-Faed--- ~-Liquid-= =-~Phj----
hydrogea 0300000 0,308000 0.399795
methana 0.700000 0.700000 0.585520
JHolar Basis
1.40000 1.30000 Fead Fraction
11.8348 i1.8345 Malay Mass
0. 521387 D.981397 Cenp. Factar, Z
71.T867 71.7867 D, kg/ménd
-4506.81 —~506.81 H, kl/kg
11.0196 11.b198 §, kMEg.X
3.59774 3.50774 Cp, kl/kg.K
1.52896 Cploy
680614 Bowrd Speed, ol
1.1677T IT, K/MPa
16.2371 V¥isc., uPa.s
0.T36930E~01 Th. Cond. W/n.K
(VLE~PRS ,PROPI=EXCAT}
1-Phise Flash results at T = 300.000 K snd P = 15,0000 HPa

-——-Component————~- ~—Fasd--- —-Lliguid—- -—Phj-—o

hydrogan 0,200000 a.,200000 a.2837T16

methane 0.800000 0.800000 0.652401

,Holar Basis

1.00000 1.00000 Fagd Fracticn
13,2571 13,2371 Malar Hass
0. 944281 0. 944281 Camp. Facter, 2
24.3015 B4.3015 D, kglmea3
=4623,10 -4623,10 H. k)/kg
10,1401 10,1401 8, wl/ug K
3.46682 3.456872 Cp, kJ/hg. K
1.63483 Cp/tv
535, 661 Sound Spesd, n/a

1.56241 IT, K/HPa
16,6867 Viac,, wa.o
0.676205E-01 Th. Cond. N/m.X
CYLE=-PR3,PROPS=EXCET)

1-Pheas Flash results st T = 300.000 ¥ md F = 15,0000  MPa
--=--Gogponent=-==== === Feed-—- —-Liguid—- —-Phi----
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hydrogan
mathans
Molar Baels

{¥LE=PRS, PROPS=EXCTT)

. 100000
@, 900000

1, 00000
14 .6398
0.891925
95, 7072
-4721.20
9.38161
341044

$. 100000
. 500000

1.00000
14. 8398
9.891%25
98,7073
-4721.20
9.38181
3.41044
1.68229
604. 269
1.95138
15.0339

a.152959
Q.723259

Fead Frastiom
Malar Haze
Conp. Fucter, T
Dy hg/mee3

Ay RI/kg

5, ki/kg.H

Cp, k1 g B
Cp/Cv

Sound Speed, nm/fs
JT, E/MPa
¥Viac., uPa,s

Q.827646E-0L Th. Cond.,W/m.K
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Appendix B: supertrapp Code Verification
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B.1 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

Natjonal Institute of Standards and Technology (NTST)
Physical and Chermical Properties Division

Boulder, CO

Vendor

U.5. Department of Commerce

National Institute of Standards and Technology (NIST)
Standard Reference Data Program

Gaithersburg, MD 2089%

Abstract

NIST supertrapp is an interactive computer program for the prediction of
thermodynamic properties of mixtures. It may be used for pure Auids 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, compressibility 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 Hy gas and for gas mixtures { Hp-COp and Hp-CH,) 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 instailation check was performed by comparing the resuits 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 cornpressibility 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 C1/C4 and
perform flash calculations at T=300K for P=20 bar and P=1 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 Hp-CO2 and Ho-CHy 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 H,-CO; and
H;-CI4 mixtures are not readily available, this comparison is performed for
pure Hz, CO,, and CHy, as well as a natural gas mixture composed of CHy,
CoHg, C3Hg, Na, and CGs. A summary of the cases used for comparison is
given in Table 3.

Table 3: Summary of supertrapp Verification Tests

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

Hydrogen H, sz 208 = 5-20 11]

Carbon Dioxide | CO, 300 =~ 7-18 3]

Methane CH, =~ 203 =z 4-18 8]

Natural Gas CHy, 84.84 mol %; | = 294 7z 4-14 2]

CsHg, 8.4 mol %;
CsHg, 0.50 mot %;
Na, 5.80 mol %;
GOy, 0.66 mol %

For Hz, we use reported values for both compressibility factor and for vis-
cosity. For the other gases apnd for the natural gas mixture, we compute the
compressibility factor from the reporied temperature, pressure, density, and
composition according to the following formula
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P
Z=— 3
BT (3)
where P is the absolute pressure, g is the density, and R is the gas constant for
the gas in question. The gas constant for a specific gas can be computed from
R
R=—— (4)
mw
where R is the universal gas constant and mae is the molecular weight. In this
analysis, we use ® = 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 O 15.9994
Computed Molecular Data

Name Composition Molecular Weight | R (N - m/kg/K)
Hydrogen H. 2.01588 4124.5
Carbon Dioxide | CO, 44.0095 188.9
Methane CH, 16.0425 518.2709
Natural Gas CH,, 84.84 mol %; | 18.2159 456.4

CyHg, 8.4 mol %;

C;;Hg, 0.50 mol %,

Nz’ 5.60 mol %,

COs, 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 chk_01.out which
we compare to the file sampleca. txt supplied by the code author. Comparison
of the files shows that they contain identical results.
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CHK_01.0UT Listing

2-Phase Flash rasulte st T =~ 200.000 X agd P = 20.0000

bar
-»-——Coapapant—-—- -—-Fawd--- --Liquid-- -—-Vapor-w- ---Phi--—- —K--
nathana 0. 500040 0.9333456-01 0.634112 0.812336 .EGE*D1
n-butans 0.500000 0,906666 0.165887 0.122120 .13E+00
JMolax Basis

1.00000 0.451029 0.6484T4
37.082% 541947 23.022%
0,543842 0.785324E-01 0.52613%
0, B46733E-C1 0.653336

Fusd Fraction
Molar Mass
Comp. Facter, 2
0.19R3TYE-D1 D, g/cows3

~2.96670 -2.60142 -3.64380 H, ¥/g

5, 46448 4.14421 a.0178s 5, I/g.K

2.432781 2.52442 2.24096 cp, ¥g-X
1.47193 1.29326 Cp/Cv
B56.526 346,364 Sound Spesd, m/fs

-0. 21621961 &, 63 LEF JT, K/bar
139. 662 10. 8668 Viac., uPa.a
108, 054 31,2262 Th. Cond.,mW/m.K
(YLE=PRS ,PROPE-ELXCAT)

1-Phazse Flash resulte at T = 300,000 K and P =

1.00000 bar
--—--Component------ ~--Feed-—-  --Vapor---  -=-Bhi----

mothans ©.500000 0.500000 0.501146

n-butane £.500000 0. 500000 0.489720

Molar Basis

1.00000 1.02630 Fued Fraction
av.oe23 ar.oa23 Holar Mass
€.990291 0.930291 Coop. Facter, Z
©.150128E-02 0.150126E-02 I, gfemasd
-2.70883 -32.70883 K, xlVg
6.85816 6.85816 s, Jg.X
1.85481 1.85481 cp, ME.K

1.14417 cpfte

274.703 Sound Speed, e
1.11512 T, Whar
9.93036 Viec., uPx.s

20,9478 Th. Card. mW/=.K
(VLE=PRS, PROP3-EXCST)

Sampleca.txt Listing

D2-Phass Flazh resslts at T =

350.000 K god P = 20,0000 herst
== -=Companent-==--= ~=-] Fesd—-  --Liguid-- --Vapar-=-  ==-Fhi---= K-
methsne 0. 500000 0.933346E-01 0.834118 ©.B12336 .BIE+D1
n-butans 0. 500000 0.906666 . 165887 0.122120 +18E+DD
JMalar Beaja

1.10:0000 0.451029 0,548871
37.0823 54.1947 23.007a
0.643042 0. TARANE-01 0.926136
©.546723E-01 ¢, 553336

Fasd Fracticn
Malar Mass
Comp. Factar, 2
0.1983%7E-Dt D, g/cmes3

-2.956T0 ~2.6D142 -3.643Eg H, kMg
5. 45448 5.34421 8.017B5 5, Jig.X
2.47761 2.52842 2.240%8 cp, Jig.K
1.47193 1.26326 cpftr
356.526 346,364 Sound Spewd, mia
-0.216219E-01 §.631247 JT, Kfbar
139.662 10,8665 Viec., uPa.s
108,054 31.2262 Th, Cond.,mW/m.K
(¥LE=PRS, PROPA=EXCAT)
1-Phaee Flaah results ac T = 300,000 K and P =  1.00000 bar
Fead ~—Vapag---  ---Phi~---
methane 0.500000 0, 500000 0.501148
n-butane 0.500000 ©.50DAD0 0.489220
Molar Baaie
1.00000 1.00000 Feed Fraction
37.0823 37.0823 Helar Hass

0.990291 ©.990291 Comp. Facter, Z
0.150126E-02 0.160126E-02 D, g/emasd

-2, 70889 -2.70883  H, ki/y
6.85016 6.86818 8§, J/g.K
1.86481 1.3648L  Cp, .k

114417 Cpitw

274,703 Sound Spesd, m/s
111512 JT, Wfkec
2.9803  Vise., uPa.s

20.5478 Th. Cond, ,aW/m.X
(VLE=FRS, FAOPS<EXCST}
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B.3.2 Comparison of supertrapp Resulis with Literature Values

The comparison of supertrapp results for compressibility and viscosity of Hy
with published values [11] is shown in Table 5. In this case, the literature values
are not direct rneasurements, 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: Hs

P Z Lot AZ n st An
(MPa) | () (- (%) | (uPas) | (uPas) | (%)
3040 | 1.0182 ] 1.0295 | 1.11138
5066 | 1.0303 | 1.0484 | 1.7529 | 8.9500 8.8430 -1.1399
10.133 | 1.0613 | 1.0932 | 3.0095 | 9.0500 8.8480 -2.2323
15.199 | 1.0929 | 1.1359 | 3.9317
20.265 | 1.1252 | 1.1770 | 4.6081 | 9.3100 8.8480 -4.9626

Z = compressibility factor

1 = viscosity
{(-)st = supertrapp computed value

Comparison of supertrapp results for compressibility and viscosity of CO;
with published values [5] is shown in Table 8. 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 Zs AZ n st An
(MPa} | (kg/m®) (-) (- (%) | (uPa-s) | (wPa s} [ (%)
7.365 | 728357 | 0.1784 | 0.1774 | -0.5430 | 61.4000 | 61.1858 | -0.3489
10.169 | 792.171 | 0.2265 | 0.2229 | -1.5709 | 73.6000 | 73.1707 | -0.5833
13.060 | 846.250 | 002723 | 0.2730 | 0.2441 | 81.9000 | 80.8654 | -1.2632
14310 | 859.814 | 0.2037 | 0.2045 | 0.2922 | 83.5000 | 83.6430 [ 0.1713
15.205 | 869.364 | 0.3104 | 0.3114 | 0.3200 | 86.4000 | 85.6799 | -0.8334
16.773 | 882.346 | 0.3354 | (.3366 | 0.3606 | 83.5000 | 88.5405 | 0.0458
17.761 | 800.268 | 0.3520 | 0.3534 | 0.3838 | 92.1000 | 90.3452 | -1.9053

£ = compressibility factor

77 = viscosity

{-);t = supertrapp computed value
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The comparison of supertrapp results for compressibility and viscosity of
CH, 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 40,15 to +0.4% for viscosity and +0.02 to
40.05%

Table 7: supertrapp Results Compared with Literature Values: CHy

P ) VA Lot AZ ] Nst An
(MPa) | (kg/m®) | () {- (%} | (gPa-s) | (uPa-s) | (%)

4.219 | 30.017 0.9251 | 0,9237 | -0.1527 | 11.8070 | 11.9758 | 1.4297

7.912 | 60.058 0.8671 | (.8680 [ 0.1011 | 12.9660 | 13.2580 | 2.2520

11.298 | 89.924 0.8269 | 0.8315 | 0.5506 ! 14.4280 | 14.8331 | 2.8077

11.310 | 90.033 08268 | 0.8314 | 0.5534 | 14.4420 | 14.8392 | 2.7503

14.702 | 120,156 | 0.8053 | (18117 [ 0.7853 [ 16.2930 | 16.7122 [ 2.5729

18.351 | i50.057 | 0.8049 | 0.8113 | 0.7977 | 185350 | 18.9284 | 2.1225

Z = compressibility factor
1 = viscosity
(-)st = supertrapp computed value

The comparison with literature yalues 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-
ments is estimated to be £1%.

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

T P P & Zet AZ n Tat Any
(K) | (MPa) | (kg/m®) | () () (%) | (pPa-s) | (pPa-s) | (%)
203.963 | 0.310 | 2.326 0.9933 | 0.9935 1 0.0173 | 11.4400 | 11.5134 | 0.641€
203.956 | 2.060 16.050 0.9566 | 0.9369 | 0.0287 | 11.5800 | 11.8013 | 1.9111
293.949 | 4.030 32.760 0.9160 | 0.9171 | 0.0293 | 12.0500 | 12.2951 | 2.0340
203.929 | 6.020 | 51.090 0.8783 | 0.8801 | 0.2100 | 12.6500 | 12.9780 | 2.5929
203.929 | 8.040 | 71.090 0.8430 | 0.8473 | 0.5094 | 13.4700 | 13.8560 | 2.8656
293924 | 10.080 | 92.140 0.8155 | 0.8200 | 0.5543 | 14,4700 | 14.9180 | 3.0961
293936 | 12.190 | 114.980 | 0.7902 | 0.7989 | 1.0972 | 15.7700 | 16.1824 | 2.6151
203.063 | 14.040 | 134.460 } 0.7782 | 0.7873 | 1.1623 | 17.0200 | 17.4062 | 2.2691

Z = compressibility factor
1 = viscosity
(-)st = supertrapp computed value
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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 H;
Hz: supertrapp Input File (h2.inp)

=il Y HYDROGEN

FEED 1 1.0000

FLTP 298.15 3.02075
FEED 1 10000

FLTP 298.1S 5.06628
FEED 1 1.0000

FLTP ‘20E.15 10,1326
FEED 1 1.0000

FLTP 298.15 16.19875
FEED 1 1.0000

FLTP 298.15 20.265
END
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Hz:

User Interaction with supertrapp (Part 1/2)

Microscft Windows NP [Version 5.1._26881
€C) Copybight 1965-2881 Microsoft Carp.

G-\Pmﬁﬁﬂls-lxsprtrap)ztupp

T Standard Reference . Daks
NIST 'I'HEWFH!SIGHL PROPERTIEE OF H%ﬁ&:ﬁm WIKTURES
vogran BEUPERTRAPP — Yersien 3.1

Bazed op research :ﬂnsﬂred hy
the NlS'Ihg e &::“ﬁ%iﬁ:ﬁ‘; e G rtiua
upercritica roperty Gonsortium
2::[ Standawd’ nufamncgenagn

Physical and Chemical Propeyties Divisign

. bistributed by Standard Refepence Data
Hational Institute of Standavde and 'I'echnolngy
Gn:.thnrsllurs. Hb 2389‘9 ug ]

Cu'pyr:lght 2803 by the U.5. Boceotary. of Commerce
, behalf of the United Btatds of America
n11 rights wozswad.

R R R ETEY
EETXEABRAEEES TR NN AN

Eox h&lg in recponst t to. any fuestion;: entew MY
For a brief description of SUPERIRAPP. enter regir_
Preéss aenter to continue.

Bo you want to use deFawlt zettings? (Y N> . L
(l',hn default settings are vhatever you last selected for units and File 140.>
n

Do you want fo_input From a file CHADY »

Please enter.the name of tlne 1nput file. h2.inp
Do you want to ‘output to a File {N7Y)?

Please eater the output £ile name. he, nut

Do gou also want outpit to the teeminal (¥ N} ? n

bo you want ‘to thange the wnits (HAL 7.9

/SUPERTRAPP 280 Progerty Mnit: Meny

Property soptipng# current

Proveure T iatm  Iha he “Ped st Imedglkpfabar
egaure atm D ~HFa. ~PB SFsip l’l L

Uolume (liter _mw3 e *inwua Trtaag TS e

Enersy Geal L Hhtu Shkeal [T s YK

tool . Ih-mel ky 5 »1b . .

tlz"!,aclty (nfs SERSE F‘c/s .?Ln/‘s . - IR

Uiscosit cF ~uPa - 1hAF .lb/ -t h. - Juf .

Ihn.. Cond. (l\‘/m ¥ ‘ealrem.s. K,htu/l‘t = F; btu/f: h Pombsm:K . . MmN

default set eptions
€1 Scientific <K .atm  .liter .cal .mol  LemE  LuP

(224 -S-I- R JHPa LT JkJ .hg, Jass LuPa.s W
3 Enginéering (P SPeila  EtEN3 (bkw L TH St L lbAFtiw
€4) | Mixed. ¥ bar = .lites .kf smal imis  LuF

Entar -the new unit or default votion (X to exitd?
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: User Interaction with supertrapp (Part 2/2)

Entor the new unit or default option H to exitd? 2

SUPERTEAPP 2_08 Property Uait Henu

Property options o2 current
Temperature(l\‘ <R . i wF . . . F Lo K
Prengure  Catm ibap +HPa sPaig .Pgia « ity Kpf 2MPa
Vo lime {liter . miend P ] L InENT I e Y . ImnH3
Enexgy teal e | '.-]it'u skeal Jkd - R Ml
Mazs tmol  1b-mol B +1b - . kg
Uelocity <mss -‘nrvs fl:/s .gn(s ' - Inss
Vigcosity {uP P ;ula, s iboft ~1b/Et h. . JuPa.s
Thm. Cond. <W/m.XK .t:al/i:m.s I(‘htu/ft £ P ht:u/h: h F.ml/n.K - LU
tl:_l' hl._llt :e_t n_pt iun_s
1) Scientific <K .atm «liter Lcal »mol sChrg  LuP wCalsomip SKHD
€2y JHPa neend T kg Shdg o anPa.z WA
€3) Engineering (P .Psia ft=#3 ‘btu 1B .Ftza -lheEt.s .btusft.h. P
4>  Mixed CK _bar .liter K  _mel  Lmew o auP TnMems
Entex ‘the neyw unit or default option ¥ te exitd? x

SUPERTRAPP 2,08 Property Unit Meni
Broperty ‘ption e P - current
Temperature (K R LG .F » - . R
Prezsure {atm ~bar ~HPa LPoig JPsia ~mmHg. kpf YMPa
Uolume (liter .mxsd Sepend T inwed P2 i T I
Energy {cal " . ; skcal “hJ B - 2k
Rags {mol . 1b-mel - +1b a. . g
Uglocity <mss  .cms s .'gn/s- ; R ]
Uncunty uP P LAbsft s | 1bsFtoh, . JPa.e
Thm. Cofid. <Mem.X ~calvcm.& K, tua’ft.s FobtusFt. 8 TR . MWmH

default set options

(1%_ ‘Beient ific (R Jakm +liter .cal ~ma L ERCE jul

€2 K .MFPa s ™ kg ~N/S ,uPa .*:"-
3y E‘ngmeermg (P ‘Psia (Ftwe3 _bta .1b Ftrs L1b/FE.s
¢4y “"Mixed X ibar . liver kI’ 2mel Mg SuR

Ihe units haue been reset as requested.
I:(n ymi-"iuint to enter compositionz on a-mass ‘basis ¢(N/YI?n

fu ANt to :mput cumpns:.tlon as. nale Fractians
T fhe answer ig’ o input cap bp in mnles) (H/Y)Ty

Bid-af—file encountered en input £ile

returing to interactive input. mode

For a lgst of available options. type ? Orherwise

snter command or, if vou wish to de'a flash calculation,
ent:r T{RY “and P{MPa) separated by a comma. -

i

Program Terminated— Exitiaa MISIH
E:\PROGRA™INMIST\sprtrap?
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B.4.2 Carbon Dicxide
Carbon Dioxide: Input supertrapp File (co2.inp)

CIMP 1 =]

FEED 1 1.0000

FLTP 300.00 7.3648
FEED 1 1.0000

FLTP 300.00 10. 1686
FEED 1 1.0000

FLTP 300.00 13,0596
FEED 1 1.0000

FLTP 300.00 14.3100
FEED 1 1.ap0D

FLT? 300.00 15.2947
FEED 1 1.0000

FLTP 300.00 16.7726
FEED 1 1.0000

LT 300.00 17.7811
FEED 1 1.0000

FLTP 300.00 18.0004
$END
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2)

cs \PHGGHH:‘J\N] S-Iﬁ.sprtran)strapn

HIST Standard Reference Datahase. 4
Hls'[ THEEMOPHYSICAL. PROFERTIES 0f ROCARBON. Hl“TUREE
Progran’ SUEERTRAPF — Uarsln 3

Based op: research sPONIOred. by
S v 1y Regearch Canter
“the. H[S]' Supei-er tical Fluwid Prapeity Congortium
and Standard RHeference Data

Fhysical and ‘Chemical Properties: Divisdon
- Distrilumied by Standaid Reference Data
National Instituke -of Standards:and Technologw
-Gaithersburg. N0 20699 Uga

Qop_uright 2043. by. the U.E. Secretary of Commerce
..... Beha Eﬂnf-'

Fhtexdi sk b nidx LR
EErkRa R ER VA bR R Y

the United ‘Btates. if ﬂmr:ca
11l :rights’ rm;arvad.

For help in-wesponse Eo any ﬂuastion. enter T2V,
For-a brisf description. of -SUPERTRAEP, enter
Press enter  to continue.

Do . you want to uce - defaunit. settings? CY/ND
(Tl'-: default gettingd. are whatever pow last selected for wnits and File 140.3

Do .you wmant: o input from a.File (WAY)T »
Pleaze enter. the name of the input file.  coZ.inp
Do you want to putput ko a File (NYIT » o
Flease enter the output file name. coZ. nul:

Do you-aleo want. output to the terninal (¥Y#N» 2

Do you want tn change the units (HAY 7 y

SUPERTRATP 2

Property Unic Menu

Property pticns " current
Tenperatiiradk R € F o .

Peeszure;  Latm har »MPa +Psig Pria .nan,kpf )har

Uo lune Cliter .l_l'l""*3 LGmnd sinwng P L - 2liter
Ensrgy Ccal o ~beu Tkeal ) e « RS
Mass <hal ,ll_r-ilol shg 3 -1b . - Imol
Uelocity g .crv’s '.Ft/s »1nsE - , 2B
Viscosity CuP uPa -1b/Ft lb/ft hi. - JuP.
Thr. Gond., €M#n.K ,cal/l:n w00 beur‘ft &P htu(ft Jh-Fomdim N - pdsmld
default zet options

1> Scimtif:u: (K Latm L liter ,gal .m0l ,cmre  L,uP sealiem.s: R)
£2» MPa mued. R <k wmes cuPals LW K

X A
3> Enq:.neering (ll SPeia  femwd _htu 1B ftre  1br/Ft_a _btusft ko F)
<43 Mixed 'hag Jliter kJ smal AAE __.u_P_ Tk M pl

Fnkr¥ £he nkhw anit hn AeFanTt nhkion (X En auied?
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2)

Enfer the néw unit or default optlon R to-exitd? 2

SUPERTRAEP 2.B8:Property Unit Menu

Broperty R R R R eTeaa I Lons meeeannceie

TeajeEature (K ~R »C B - s R
Presdurs  Catm.. bar HPa “Prig. LPota  Cnelg kpFOfPa

Vo lume, ftei Cmwnd Temikg Linwied B R |
Energy {eal 0 Sbtu +keal R . . IkJ
Rass, {mpl  Ib-wol SRy b . . kg
Lleloclty {n/s ,.cm/s .h.-/: »iNAs - mlE
Yiscogity <{uP uPa »1bsEL S1hoft. h. . uPais
Ihm. Cond.. (Wrm M ,l:a]./cll . H buufﬂ:.s.}' btufft.h;.l’,nl.!/‘n » » WS UK
default zet: options

{12 -Scieatific <K .atm +liter ,_L_-,a]_._ .m0l Comds LuP .cal/cn.s 1()
€2y §.1. CH [MPa. _wwed ‘kJ .kg" .mor  LuPace

3> Engmgering (F .Ps:ln ] .btu .]_h Etrs ,lh/ft.a ,btu/ft h. F)
<4> Mixed N har .liter “kd ~Anl A Smem 3

Enter-the new unit or defailt option N te exitd? x

SUPERTRAPP 2.WR Praperty Unit Wemi

Properity “ R citrpent
Tenpeiature(. P e
Pmscun ‘{atn -Psia  .mmHg.kpf )HPa.
Yo ume ¢1iter . Srmeld »
1 {cal SR -
{mol ‘ - Jls’

}u?a‘.s

{mia -
.lbff t.h,
Wa R

igity P uPa ~IheFr.
l']‘ln. Cond. W/m.X ,calfen =K btu/l-‘t ;s.l’ b‘tu!{t h:F.d/n. X

-
-
-
»
»

defaalt et optiens

%; Scuntﬂ-‘m ¢H .atm ~liter .cal mol SEMeE

N .MFa w3 Lk sk +B/E ) 2.
3y Engi.nuéri.ng cP Peta ft==3 _hta 1k SEtes hu/ft h P
<> N .bar  liter .k i .nﬂ/ﬂ.lt Yy

The unice have been reset. as Foquested.
Do. you want to enter compositions on a masz basiz (H-Y)7n

Do you want to 1hput Gomposition. as ‘mole Fractions
CLf the: angwor ig na, dnput ean be in nales) (M)?y

Erd—of—File uncounternd on. mnut File

returing to interactive input wode

Por & list of available options. typa ¥ Gtherwise

enter. command oy, if you: wish to do a flash calculation:
enter TCKD and P(MPa) separated hiy a comma.

guit

‘Progrem Terminated— Exiting HIST4
G=NPROGRA™LNNIST s prirap).
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Carbon Dioxide: supertrapp Qutput File

(CO2.0UT)

1-Phasae Flash rasults at T =

-—~—~Campanant- ~--Fead---  —-Liguid—-

carbon diozide 1.00000 1.0D00g
JMolar Basis

1.00000 1.paboo

44.0095 44,0095

0.177439 0177489

732.338 732,386

-9175.03 -9175.03

3.35%64 3.363654

4.81529 451529

5. 26161

341.816

1,77429

51,1662

300.000 X and P =

7.38480
-=-Phi----
0.831333

WPa

Faad Fraction
Molar Mama
Comp. Factor, Z
I, kgiowe3

H, kllig

8, kl/ig.K

Cp, W)fkx i
Cp/Cw

Sound Spsed, nfe
JT, A/MFPa
Vize., wPa.a

0.876127E-01 Th. Cond.,W/m.K

{VLE~PRS , PROPS=EXGET)

1-Phaze Flash results at T =

300.000 X and P =

19,1885
—Fhi-
0.437448

HFPa

Faed Fraction
Holar Mass
Comxp. Factor, Z
D, kg/mmid

R, kI/kg

3, kJ’kg.K

Cp, kg K
cpity

Sound, Speed, w/c
IT. W/MPa
Visc., uPa.e

2.953993E-01 Th. Card.,W/m.K

o [ — ~-Liguid--
carbon dioxide 1.00000 1.00000
JMolar Basis
1.00000 1. 0000
44.0096 44,0095
0279595 0,222026
a04.E15 BO4. 815
-9187.99 -9187.99
3.20826 3.20826
2.95518 2.85518
3.37288
445627
a.347964
T3.1707
{VPLE=PRS, PAOPS=EXCST)

{-Phasa Flash resulte at T =

-----Companent------ ---Feed-—=  --Ljquid--
Garbon dioxide 1.00000 1.00000
\Molar Basis
1. 00000 1.00000
44.0035 24,0095
0.272854 0.27295%
B44. 197 844,187
-p184,08 -9194.08
A. 26624 3.36628
2.51262 2.81262
2.317B2
510,688
0. 636586
80.B6S4
0.101668
(YLE=Fitg, PROPS=ELCST)

i-Phase Flaeh resulve ntv T =

----- Componett--~--~ ---Faed--~  -~Liquid--
carban dioxide 1.0D000 1.00D00
,Molar Bamin
1.00000 1.00000
44.0005 44.0095
0.294510 0. 24510
837,303 857,308
-9196. 941 ~9195.81
3.26630 3, 26630
2.40042 2.40242
2.80445
5§23.561
. 552208
43.6430
0.104055

(YLE=PRS , PROPS=EACST)

1-Phmns Flamh results at T =

~———=—Compcnant--—--— -=-Fead--- =~Liguid--
carbon dicxide 1.00000 1.00000
Holar Basis
1.00000 1.00000
4 .0095 44.0095
0.211404 D.311404
B66.550 356,590
-9197.13 -9197.13
3.24743 3.24743
2.33441 2.33441
2.73232
550, 137
0, 496386

300,000 K apd P =

30¢.000 K and P =

300.000 K and F =

12,0593
---Phi--—
0.403T20

MPa

Faed Fractiom
Holar Hass

Cmug. Factor, T
D, kg/mi3

H, wYzg

S, ®)fkg.K

Cp, kI/kg X
Cp/ow

Sound Spasd, m/m
IT, K/Hba
Vise., wPn.m
Ta. Conmd. M/m.K

14.3i00
e pmi——
0.378126

MPa

Pesd Fraction
Molor Haan

Comp. Fnctar,
D, hg/uesd

H, %)/kg

8, WI/kg.K

cp, kJ/ka K
Cpity

Sound Spawd, m/a
T, K/MPa
Visc., wPa.s
Th. Cend. Wim, K

1S. 2847
===Phi-mmn
0.260964

MPa

Fasd Fraction
Mzlar Maaas

Comp. Factor, 1
D, Jg/msad

H, k)/kg

8, kl/kg.K

Op, xJ/kg.K
Cp/Cw

Sound Speed, mfs
JT, R/MPa
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85,6799

Visc., uPu.s

0.105047 Th. Cond.,W/m.K
(VLE=PRS, PROPS=EXCST)
1-Phasa Flash tasults st T = 300,00¢ K and ¥ = 16.7728 HFm
=~Liquid--  ---Phi-~-r
carbon diorida 1.00000 1.60000 0.239157
Molur Basis
1. 00000 1. peoon Fesd Fraction
44.0095 44,0096 Helar Mass
0.336606 @, 336608 Comp. Factor, I
BT9. 17T ETR. 177 D, ka/mss3
-9188 .68 ~BLBa 56 H, kl/kg
3.23661 3.23661 8, kl/kg.K
2.25013 2.25013 Cp, 1l/hg %
2.64352 tp/ov
573,403 Bound Spssd, m/s
0.423507 IT, KM
26.6406 Visc., wPu.x
0.108402 Th. Cond. ,W/m.K

(VLE=PRS ,PROPS=EXCST}

1-Phasa Flaszh resulta at T = 300,000 K end

--——Coppenent------ ——Fawd--- --Liquid--

carbon diarids 1.00000 1. 00000
MHolar Basis

1.000DC 1. 000

44.0085 44,0095

0.253154 0. 362354

886 .864 AkG 864

-9188.57 ~9198. 67

3.32003 2.22993

2.30827 2.20927

2.56354

BT 402

C. 387515

00,3457

©.110033

(VLE=PRE, PAOPS=EXCHT)

1-Phaee Flash rasults ar T « 300,000 K and
-+~ COmpOnent=—m=nm ==-] Food---  --Liguid—
carbon diowide 1,80000 1.00000
JMolar Basia
1. 00000 1.0Q000
44,0096 k. 0095
0.3573% . 367396
BaB.A49 B48. 649
~8108.77 -9199.77
3,27837 3.22837
2.19285 2.13285
2.68246
590.T62
a,373x%3
20.7TCE
a.110418

{VLE=FRS, PROPS-ERCET)

3

P

= 17.7611 MPn
———Phj--—
0.325670

Faed Fraction
Holar Hass
Comp. Factar, Z
D, kg/uva3

H, ki/kg

g, kMg d

cp. kJfg.K
Cp/Cw

Sound Speed, n/a
JT, K/MPa
Viae., uPa.s
Th. Cord. ,W/m.K

= 18.0D04 MPa
~=-Phi-—-—
0.323864

Fesd Fraction
Holar Mass
Comp. Factor, 2

Sound Speed, m/x
JT, K/MPe
Visc., uPa.a

Th. Comd.,Wa.K
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B.4.3 CH,
CHy: supertrapp Inpnt File (ch4.inp)

=110 HETHANE

FEED 1 1.0000

FLTF 203.15 o.151
TEED 1 1.0000

FLTP 293.15 0.183
FEED 1 1.0000

FLIP 203.15 4.219
FEED 1 1.0000

FLTP 2903.15 7.912
FEED 1 1.0000

FLTP 293.15 11.298
FEED 1 1.0000

FLTP 293.15 11. 310
FEED 1 1.00G0

FLTP 2903.15 14.702
FEED 1 1.0000

FLIP 293.16 1B.361
$END
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CH,: User Interaction with supertrapp (Part 1/2)

ﬁ:\?ﬁm.a‘iﬁfst\snrtmp}sfrap?

MIST Standard Refersnce DatabaEe
HIST TNERHOPH!I'SIGRI. ‘PROPERTIES OF anmcammu HIXTURES
Progras SUPERTRAPE - Version 3.1

. Based on degearch sponsored hy
the MASA Lewis Research Centew.
the HIST Superciritical Fluid Property Consortium
and Standard Reference Data

Fhysical and Chenical Propertiex Divizicn
Diztributed by Standard Referem:s Pata

National Institute of Standards and Ienl\nnlogy
Gaithershurg. MD 2887% USA

Copyright 2083 by the U.S. Secretaky of Commerce
bebalf of the United States of America
A1l »ights. reseroed.

FXXLEXXRRETRAERRAINEX
SRS EEREE RS RS RESE S E ]

For help in response to any ﬁuestiﬂn, enteyr YTV
For & biief description of BUPERTRAPP. eénter "7,
Press enter to continue.

Do you want to useé default settings? (¥/N>
(Ihe default settings are whatever you last selected For units and File 140.>
n

Do you want te input from a file (NADY? y

Please enter Ché mame of the input file.” chd.inp
Do you want to outpat to a file CNsY)? y

Flease enter the output file namé. ch4

Do wou also want output to the teminal ('z'/ll) Tn

Do you want to changa the ‘units (MY T y

SUPERTRAPF 2.06 Propesty Unit Menu

é’rnperfy - MR G P L O N e M * S :nwenf
Ieuperature(‘!( . . P i pi ]
Prégsaké C(atm ,bar MPa ~Peig ~Peia mﬂu.lqpf)har
Uolune (1iter .m¥#3 ] - Ans3 Y s dliter
Energy <c¢al ,dJd bt skeal kil - . IRJ
Lol «1h-mol kg ' S1B i i Jmel
Uelnc:nty s . t:n/s K f I:/s . g.n/s . . Jurs
Uisnnail: uP uPa RiYH SIbefi. l'l' E P
hm. ‘Conit. (WrmiX ,naunu S K. hcuﬁt EH P,htwft.h P.num . T
default sét options
1> Scientifle (K .atm »1iter [cal +mal ,cmdfs .uP scaldem g lt)
{2y (K JMPa  Lmed (KT /s L uPais JHemlK 3

I i
€3> E’ng-ineeri.ng <P “Pgia ftws3 _btu .1h ‘Ftse CIbJFE.y beusEt hiP)
€AY Mixed ¥ .bar oliter W bl o ~uP SEAmL N 2

Enter the new unit or deFanlt ootlon X “to exitd?
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CH,4: User Interaction with supertrapp (Part 2/2)

Enter the new undt o default optien ¢ to enit?T 2

SUPERTRAPP 2.08 Proverty Unit Menu

Prn“'--*'y MEIERE UMM NN " 0Pt Long e 4 * #¥M .current
’enpavatuveskt ,]I:a ,'ﬁp ,E&i heia - i Jil:pfgﬁl"
Fresgure atm L HPa g sia.  .mnHg. kpfIAFa
Folu (liter :n-ll-lﬁ L CENHT :mm :ftﬂﬁa . s deued
tcal .J htw Jkeal K - - 2kJ

55 (mol 1m0l Jhg -1b . Mg,
lelocity (m/s cm~s '.E't-/e gn/s - PR T Ve
Uiscasit {uP ck L1hoEt L h, - JuPa.s
Iha. Cond. (W/miE calicém.s.K. h:u/ft.s.P htu/ft ]1 Ponthem K . s MemlX
tefault set: I_l]jtihhs
L6 ) 's'c:i.'ehtii‘i't: <R ,atm  .liter .cal smel Lemrs P seal/cm e KD
22 (K .M ; ) ol Smds L uPas LHsm K
32 Eng:lneermg (F » = btu b s .lb/f"t.s Shtusft h.F)
¢4) Hixed K .bar ,liter ikJ mol  omds,  LuP MR ¥

Enter the new unit or default option ¢X to exitd? x

SUPERTRAPP 3.8@ Property Unit Menu

enter command o)

quit

Froperty opti ' ez current
Temperature (K B £ . . . . K
Pressure Catn Jhar -HPa Psig LPsia « ity . kpf YHPa,

Vo lume (liter . m#nd L Civend ~inwex3 2T R . Imreel
Energy (cnl ) Lbtn Skeal Sk n - 2hJ
Mass fmol +1h~-mnl ~Kg - +Ib & N 2Ky
Uelocity $nsi  Lomes .{,t(s_ gn/s - . . 2B
Uiscosity (uP o uPa CIbsEE SIhsEt b, - YabPa.e
Thn. Cond. (MoK t:a].zcm . R htu/ft s.F. btu/i’t h.E.mllsn.X . - Mom.
default et opf.ii.nns

1) Belentifde <K .atm liter ,cal ~mol stmss uP scalfem.s. l()
2> 5.¥. ¢K .HPa N X P SRS ~uPa.g MK

€3> E_rls_:i:;e:riny '(& IPsia  IFtwx3 btu .ﬁ iFtrs J1bsERE.s ,.htu/ft..h.l?g
Mixed :

By liter .kJ Smol  LAss ,.uP_ prin N

The wiits have been reset as Pequested.

Do you want to ehted compnii€ions on a mass basls W/4¥)7n
Do. pou want to numt conpogiticn as mole Fractions

C¢1E the answer iz ne, input can be in molesd (NAD?y

End—of-file encounteired on input File
roturing to interactive input. moie
For a liet of awailable optionz. type 7 Othérwise

if you wiszh to do a Flash calculation.

snter TCKD and PCMPa) separatéd by a cpmma.

Frogean T‘eminné'gﬂ— Exiting HIST4
C:\PROGRA“LSNIET s prtrap)_
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CH,: supertrapp Output File (CH4.0UT)

1-Phase Flush rssultsa at T = 293,150 K and P = §.21300 HPa

- 5 Fead Vppar—--  ~=-Phi--

nethene 1.0000D 1.00000 0,924916

,Molar Basim
L.0000¢ 1,00000 Fand Fraction
16.0425 16.0425 Holar Moss
9.923707 5.923702 Comp. Facter, Z
30,0628 30. 0623 T, kglmesd
-4722.64 -4722.64 H, k)/eg
9.52561 9.52661 8, Xg.K
2.60239 2.60338 Cp, kl/g.K

1.421%9 Cpicw

431.926 Sound Spaed, w/m
4.20830 IT. K/HFa
11.9758 Visc., wPr.w
0.413464E-01 Th. Cood. ,W/u.X

(VLE=PAS , PAOPS=EXCST)

1-Phana Flash Tostltc a¥ T~ 295,150 K and P = 7.51200 HPa

----- Componant------ ---Fasd---  --Liquid-— —-Phi--—-

aethana 1.00000 1.00000 0.867215

Malar Beais
1.00000 1.00000 Fesd Fraction
16.0425 16.0426 Holer Mass
0.BETHTE 0.98T6TE Comp. Factor, Z
59,9972 £9.8573 D, kglo+e2
-4782.93 -4762,93 H, kl/ka
9.09568 9.08566 3, kl/ha K
2.94%08 2.84508 cp, Wiag. K

1.58547 Cp/Cw
432.308 Sound Speed, n/e
3.54704 JT, W/EPa
13,2580 ¥iac., uPa.s
0.471741E-0L Th. Cond.,W/m.K
(YLE-PRS, FROPS=EXGST)

1-Phaoe Fiach resnlts at T = 293.150 K mnd P = 11.2840 HPa
ponant------ ---Faed --Liquid--  =—--Phi-—-
owrthens 1.04000 1.0000Q0 0. 821954
\Malar Basia
1.00000 100000 Feed Praction
16,0426 16.0426 Holar Mazs
©,831503 0.831503 Comp. Factor, Z
a9, 431§ 29, 4316 D, kg/me=3
4748, 25 -d738,26 R, k)/kg
8.81834 8.818M 8, k)/kg.K
3.28644 3.28544 Cpy ®l/kg. K
1.73300 Cproy
#43.216 Scund Spesd, n/s
3.04868 JT, XMPa
14,8331 ¥lac., uPa.a

©.528919E-01 Th. Cend.,W/n.K

(VLE=PRS  PROPS=EXCIT)

1-Phase Flach results at T = 293.15C¢ K and P = 11,3100 "Fa
wed——-  —-Liguid--  -~-Phi----

mathana 5.00000 1.00000 0.821807

JHolar Basja
1. 02000 1. DOOOY Feed Fraction
160426 16,0426 Molar Hasm
0.831402 0.331402 Canp. Factor, Z
BO.EATE £9.5376 D, kg/ava3
-4758,37 -4758.37 H, kl/kg
B.B1T4T B.BATAT 3, kMg K
3. 28760 3.20760 Cp, kl/kg.k

3.72350 Cp/ey

443,074 Sound Speed, ofm

3.04652 IT, K/MPe

14.8292 Viec., uPa.s

0.520126E-01 Th. Gand. Mfm.K
(VLE-PRS, PROP3=EX(ST)

1-Phago Flash reaclta at T = 293,150 K ond P = 14,7020 MPa

----- Cogponent------ ---Fasd---  --Lignid-—  ---Phi--—--
mathane 1.90000 1.09000 ©.784005
yMolar Basis
1.00000 1.q0c00 Fead Fraction
15.0425 1E6.0425 Holar Wasa
©.811674 0. 811874 Coemp. Factor, Z
119.220 119.220 0, kp/mes3
-4830.29 -4830.29 H, kl/kg
8.56T07 a.s707 5, klfug.K
3.57732 3.57732 Cp, kJ/kg.K
1.85841 Cp/Co
485306 Sannd Spesd, m/s
2.43128 IT, XMPa
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16.7112 Viec., ofa.s
0.58594E-01 Th. Conmd.,WN/m.K
{YLE~FRS, FROPS~EXCST)

1-Phase Flash reeults at T = 293 160 X and F = 18,3510 L

--———Component—-——~ -~-Feed--- —Lliguid-- ~—Phi----

mathane 1.00000 1.00000 0. 751617

Molar Basia
1. 004000 1.00000 Feod Fracticem
16,425 16.0425 Holax Maas
0.811348 0.811348 Camp. Factor, Z
148, BTO 148, BT0 0, kgimes3
-4458 .52 -4858.52 H, k1/xg
B.40773 k.4a773 5, kl/xg.K
3.74388 3,748 Cp, kifkg.K

1.892481 Cp/cv

303,572 Sound Spesd, m/a

1.79561 IT, KiNPa

18.9284 ¥iac., uPa.s

0.652464E-01 Th, Cand. W/z.K
(VLE=PRS , FROPS=EXCST)



B.4.4 Natural Gas
Natural Gas: supertrapp Input File (mix.inp)

g
3

HETHANE
ETHANE
PROPAKE
NITROGEN

E%%%
°
I ST R

0.8484
a.0840
a.0050
0.6560
0.0066
e 793.963 031G
0.3484
0.084D
0.0050
D.D560
0. 0066
FLTP a93.956 2,060
0. B4B4
0. 0840
0. 608D
0.0560

JHEL

BBads

e 293,849 4.030
0.84B4
0.2840
0.0050
0.0580
0.00E6
93529 6.020
¢.3484
0.0830
0.0050
0.0560
0. 0086
203.92% &.040
0.8484
0.0840
0.0060
0. 0660
0. 0056
ZB3.9M 10,080
0.B484
0.0240
0. 0050
©. 0860
[
293.938 12.190
0. 8484
0.0840
&.0050
£.0660
G.0066
293.543 14.040

MANRNE DA E R WN e

833333392120293900085

FEED

D oWk e

588

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

Hicrosoft Windous ¥P [Version 5.1.26003
€02 Copyright 1985-20d1 Mitrosoft Gorp.

G\ PROGRA™ NI S’[\sp&'tran}_l'trapp

defauilt §et options
(1) -ScientiFic (‘R

(3) El.ng:-meerlng <F
{4 Mixed <K

-atn _liter ,cak .m0l .enes
K .MPa e S B .kg s
SPsia n-a-a ,lz_rl_:-_x - X SBtrs
Jhar s LTiter kd sl wes

Enter the new unit or default ootion iR to exitd?

» T Standard Reference Dacabase 4 *
*  NIET 'I'IIEHHOPH'ISICRL PROPERT1EE OF IIYDRQ(:RRBOH MIXTURES =
= Program SUPERTRAPP — Uersicn J.I *
» »
* . Based on resgarch sponsored hy -
- the MASA Lewis Hesearch Geater. "
* the H]BI Sumcr:.t:.cal Fluid Property Consortiom =
= and Standamd Reference Data »
e -
» -
* Physical and Chenical Prdpecties Diwision L
Ed ) *
* Distributed by Standard Reference Daka *
* Hational Institute of Standards and Technology ®
* Gaitl\ershur-g. HD 2089% USA =
- L
2 Gopyr;;ght 2882 Yy the U.8. Becretary of Commerce b
v n behalf of t}:e United States of America »
* Y1 pights resevved. "
For }uslp in regponsze tu any estlun, enter "
For a hrief desc oF SUPERTRAPE, enter "?"
PHS’S enter to GUI'ItJ.IN.IE-
Po ywou want to use default zettingz? (WrHD
('l"he default settings are whateuer you last zclected For units and file I-0.)
Do you want to input From a File CHLAIS? )
Plgagze enter the name of the input file. mix.inp
Do Bou want €o outpur to a file <HANY v
Please enter the cutput £ile pame.  mix.ont
Di Gou algo want output to the terminal (¥/NY 7 n
Do you want to change the units ,(P_IZ‘D Ty
¢ Hig NI
SUPERTRAFP 2 98 . Fidjies
I enmgpt ions cur‘-'r.em:_
[emnerature(k R N P =
Prégsure {atm bar -MPa »Pady ~Pgia .nnl-lg kpf)har
lolume (liter . mx=3 G . inexd SEre} - 2liter
Energy tcal o _ bt Lheal Sk - - Ohd
Mass tmol . lb—mwol kg i .1k - . Jmol
leticdty <mss FCRE .Etzs ~inss . bl
Viscogity <uP cP ~IbrFE S IheEE chn = JuP.
Thin. cond sm K Ccaliem. sl btu/tt P btu/fl:.h § MR B R

SEalrem.s . IC)
RTEL S

ShtwsfE L h, F)
cara. K ¥
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Natural Gas: User Interaction with supertrapp (Part 2/2)

Enter the new unit.or default option O to. exitd7? 2

SUPERTRAPF 2.08 Froperty Unit Menu

Property ta : options NI I -cukrrent
I\enpentun (4.1 +R »E-
{atm ,bar SMBa ,.Psig .mllq-lmf?l'ﬂ’a
{Liter w3 N ] Sined - Irwnd
{cal e | . shtuw Skeal - - kd
T taal  ,1b<mol L kg ™ ® « Yk
Velocity <(mis .cwa ,Et/s .infs - . i Insg
UViscasit <uP »EF uPa. 1b/ft ].‘h/ft . - wPa:e
Tha, Cond- Wrm.K .calznm.s.K. btu/ft.nl’ htn/ﬂ h Fomon.K o . Mmo

default set pptions
¢1¥ :Scientific €K ,atm . lieer ;cal .ml il P

<2 . 8.F. €K . MPa  ,meed kT 23 uPa.g M
£3Y “Engineering (P .Psia Ftosd [htu lg Jfxss  IbAFEis LbE
{4y Hixed <X .bar ~liter JJ lmel  meE LuP

Enter the nou unit or default option <X to exitd? x

L

| Property Unit Menu

- I
SUPERERAPY

Broperty ot optlona " coreent
Temperature (K R -G .F . N
Prezsure  {atm  Lbap sHPa ~Psig Psia ,nnllg,lq!f)l!l’a

£ PN L oppend L] SErmnl = Jmind

waf g 178 ~keal =) . - dkd -

slbmnl B g - . - kg
Uelociky Jenss ,ftz_’a gn/s . T Y
Uiscnsit cP l_blh: b, - mFa.s

nx ,cal/cn g K.btu/ft . F,hf:u/ft l\.F ollem. K, - MK

default zot options
£1¥ Scientific (N .atm 2liter ,cal .mol ,cn/s ~uP scalscm.s.K)
22 (R MPa _md3 [ kd -k -uPa.s
{32 Engi.rmerr:l.rlg P .Psia ,ft#s3 _htu 13 ﬂ:’/‘s lh/ﬂ:‘. shtusEt.h. F)
42 Hiwed ¢K Jhar' L liter KJ°  imel .wfs L uP Y

The units have hoen keset Ay Fequested.
Do you want o enter Gonpusitlons on & mass basis tNAYITR

Db gﬂm vapnt to :mnut cunpusxtion as nnla fmcnnns
CIF €he ansier is ne. input can be in moles> CHAYI Ty

End—ef—$ile encounterad on input file

returigg to interactive input mode

For a 1ist of iwn;l.lqh]e npt;ens. type ? Otherw

eqter copmand if y ish to do a Flash calculatiun-
TEHy: and P(l'lPa) separated by a comma.

Pl-ogra.n Terminated— Exiting H1ST4
CxNPROGRA“1NHIST \sprt rapd
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Natural Gas: supertrapp Output File

(MIX.OUT)

1-Phaze Flagh resultm at T = 293.963 K and P = 0.310000 WPa

-----Companent------ ~--Fasd--- =-Vapor---  =--Phi
mathane 0.848400 0.843400 0.843857
wthans 0.340000E-01 0.840000E-01 0. E244746-01
propane 0. 5000G0E-02 0.5000008-02 0, 4354803512
nitrogen 0.660000E-01 0.560000E-01 £.561011E-01
catbon dioxide 0.660DQOE-02 0. 66000E-02 0. 654242E-02
Molar Baais
1.90000 1.00000 Fead Fraction
18.2169 18,2169 Holar Masa
0.593477 0,997 Comp. Factor, Z
2.32560 2.3Z660 D, hgfmesad
-4069,66 —4059. 65 H, kl/kg
14,1369 10,1459 8, kl/xg K
2.09948 2.09948 cp, h)ikg. K

1.29006 Cp/Cv

413,331 Sound Speed, n/e
4.84327 JT, K/WPa
11.5134 Viee., uPa.s

0.3289665-01 Th, Cond.,N/w.K
(VLE=PA3 ,FROP3=EXCIT)

1-Phaes Flash resulvs at T = 263.956 K and P = 2.06000 #Pa
—-——Componsat-----= ---Fegd——- —Vopat--— =--Phi---m
pathans 0.848400 0. 848450 0.815867
athana 0,8400DCE-D1 O.B4000CE-D1 Q.740BELE-DL
propane 0.500000E-D? O, 500000E-09 Q.412238E-02
nitrogen 0. S6DO00E~D1 0. EE00OCE-DL . 567530E-0OL
carbon dioxids ©.640000E-02 O.BSOCOOE-02 ©.822374E-02
Holar Basis
1.Da0o0 1.00000 Feed Fraction
18,2159 18.2159 Malar Mmas
0.959880 0.959830 Coap, Factor, 2
16.0484 16.0454 D, kgiu++3
-4a77.20 ~4077 .30 H, Wfug
9.27654 9.27664 2, Rifug, K
221784 2.21788 Cp, #3/kg.R

1.34714 Cp/ 0w

406,917 Sound Spesd, m/fa
4.7523L IT, ¥/MPa
11.2033 Viae., uPa.a

4. 35AIB3E-DL Th, Cond.,¥im. X

(VLE=PRS, PROFS=EXCST)

1-Poaga Flash results at T = 293.04% K snd P = 4.03000 HFa
————— Componant--——--- -——Faed-=  =-Veper--= =~=Phi----
methane 0.848400 0.848400 0.758306

sthane 0.840000E-01 0.840000E-01 0.855278E~01
propand 0.500000E-02 0.500000E-02 0,341132E-02
pitrogen 0.560000E-01 0.580000E-01 0.676BGBE-01
carbon dioxide ©.66000DE-02 1, 660000E-02 0. 6E7BROE-02
-Holar Bawis

1.00000 1.00000 Feed Fraction
1B.2153 18,2158 Halay Maza
0. 91TI4R D.BITL4B Camp . Factar, Z
32,7504 32.7504 D, kg/px3
-%038.88 -4098. B8 H, kJ/xg
a.91721 8.91721 5, kl/kg. X
2.3T610 2.3TELD Cp, k1/kg.K
1.42264 Cp/Cy
401.883 Sound Speed, ofa

4.86177 JT, K/HPa
12.2951 Viec., uPn.e
0.382510E-01 Th. Cond.,W/m.X
CYLE=PRA ,PROP3-EICAT}

1-Phase Flash results at T = 203.920 K and F = E.02000 LY
=====Comp - 4 ——Vapat-—-  —=-PRj-.-
mathane ©. BB4DD D. BAB4D 2.761281
ethana ©.B40000E-01 ©.BADODOE-DL 0.5T5354E-01
propans £.500000E-02 ©.50DCDOE-D2 O.2812468-02
nitrogen 0.580000E-01 ©.56DOD0E-01 ©.S88240E-01
carbon dicride 0. ESDODOE-02 0.BSDOOOE-D2 ©.555023E-02
\Malar Basis
1. 00000 1.00000 Fead Fraction
13,2159 15.2159 Holar Masa
©.880141 0.580141 Comp. Factor, 2
50.9830 50.9830 D, kg/nead
-4220,57 -4120. 57 H, kJikg
& 67ase 8.657865 8, kl/ug.¥
2.68085 2.66085 Cp, W)/kg.X

1.51267  Op/Cw

399.355  Sound Speed, m/e
4. 25459 IT, E/MPa
12,9780 Vise., uPa.s
©.413653E-01 Tb. Cond.,Wim.K
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(VLE=PRS, PROFS=EXCET)

1-Phnse Flagh results ot T = 293,929 K and P = B.D40CO MPa

P Foed --Liquid-- ---Phi-—--
methane 0. 848400 0.248400 0.735945
sthane 0.E4000CE-C1 0.340DODE-01 ¢.510192E-0L
propene 0.500000E-02 0.500000E-02 ¢.331632E-02
nitrogmg 0.660000E-01 0 . GECOMNE-OL §.50174TE~0L
carbon dioxide 0.660000E-02 0.66COHE-02 ©.5237ESE-02
+Holar Basia
1,03000 1.00000 Fewd Fraction
18,2169 1B.2169 Molar Haas
0.847296 0.647299 Conp. Factar, 2
T0.7297 T0. 7207 D, kg/me=a3
-4142.48 ~4142.48 H, x)eg
£.49001 3.49001 5, k)eg.K
2.76789 2.76789 Tp. kl/kg.¥
1.61187 cp/cv
400.657 Scund Speed, w/e
3.88713 JT, K/HPa

13. B560 Viac., whz.s
0. 44T124E-01 Th. Cond.,N/m.K

(VLE-PRE, PROF3~EICET)
1-Phage Flash results at T ~ 283.924 K smd P =  10.0800 wa
=== ---Feed--- --Liquid-~ ---Phi—-~
methane 0.84B400 0.848400 0.712584
othane 0.B840000E-01 0. 84GHRE-01 .451068E-01
propene 0.500000E-02 0.60GOMB-02 0.191429E-02
nitrogen 0. 560000E-01 0.560000B-01 G.617096E-01
cavbor dioxide o, E-02 0. E-02 6. 2
,Molar Basia
1.00000 1,00000 Faod Fraction
18,7159 18. 2159 Molay Hess
0.819976 0.Bi0976 Conp, Fectar, 2
91,6320 91.6320 D, kg/mee3
-4164.11 -4164.11 H, x3/%g
£.33036 4.33036 S, k3/kg. X
2.98669 2.98569 Cp, kl/kg.%
1.71624 Cp/Cv
206,047 Sound Spaed, m/s
3.4817¢ JT, K/WPa
14.9180 Viac., wPa.s
0.483522E-01 Th. Cond.,\/m.X
(VLE=PRS , PROPS=ERCST)
1-Fhase Flash results st T = 293.936 K snd P = 12.1900 MPa
----- Compepent------ ---Fyed--- =--Liquid-= ==-Phi--—-
methane 0.848400 0.845400 9.690824
sthans 0.B40000E-01 0.340000E-01 ©,308619E-01
propans 0.500000E-02 0.5000005-02 ©,168753E-02
nitrogen 0.5 E-01 0.560000E-01 0.6 1
carbon dioxids 0,660000E-02 0.66G000E-02 ©.467926E-02
\Molar Besis
1.00000 1.00008 Fead Fraction
18.2159 18.2159 Molar Meps
0.798887 ©.798BOT Camp. Factor, Z
113.732 113,732 D, kg/mved
-4185.38 -4185.38 0, k/xg
E. 16780 2. 16780 5, k1/kg.K
3. 20808 3.20308 Op, L)fkg.X
1.81898 Cp/Cv
416.485 Sound Spaed, m/s
3.04261 JT, K/HPa
16,1824 Vise., uPa.B
©.520580E-01 Th. Cend. ,W/m.X
(V,E=PRS, PROPS=EICST)
1-Paape Flash results at T » 793.963 K and P =  14.0400 nha
- p --Liquid==  -=-Phi----
methane 0. pdadon 0.348400 0.873787
sthans 0.B40000E-01 0.240D00E-01 ©,362129E-01
propane 0.B30D00E-02 0.500000E-02 ©.136426E-02
nitragen ©0.560000E-01 D.SE000DE-01 O.6496E5E-01
carban dloxide ©.860000E-02 0660000502 0.445T95E-07
JMalar Basis
1.00000 1.00000 Fesd Fraction
18,2159 18,2158 Molar Hass
0.787268 0.78T263 Comp. Factar, 2
132.915 132.918 D, kg/mee3d
-4202.58 -4202.58 H, kI/%g
B.07813 8.0T518 s, kJI/kg. K
3. 35954 3.35058 cp, kMkg.X
1.89242 cp/ov
430.238 Sound Spaed, m/s
2.64723 IT, K/WPa
174067 Visc., wPa.a

0.554743£-01 Th. Cond. N/m.K
(VLE=PRS, PROFS=EXCST)
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