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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 resuits
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 mode] 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 Hy as a surrogate for carbon dioxide (CQO2) and methane (CHy) because
methanogenesis is now thought to be an jimportant 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
calculations 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 Ha-C Oy
mixtures. This analysis extends that of the CCA to include H3-CH,4 mixtures.

2 Background

Gas may be generated in the repository via several mechanisms. Hy 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), Ha, hydrogen sulfide
(HzS), COz and CHy [3]- If microbial degradation oceurs, a significant amount
of CO3 and CH,; may be generated by microbial degradation of cellulosics and,
perhaps, plastics and rubbers in the waste [6]. Since almost all of the CO4
produced will react with the magnesium oxide (MgQ) hackfill and cementous



materials to form hydromagnesite (Mg, (COgz},(OH), - 4H;0) and calcium car-
bonate (CaC O3}, the COy 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-CO, 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 (Pg - PE,)
b YaugTavg 0L (fj)

go = 1.988 x 1075 (1)

where:
b = quantity at base or reference condition for gas
e = quantity at external boundary (repository)
w = quantity at internal boundary (wellbore)

avg = quantity averaged between internal and external boundaries

g = gas flow rate (cubic feet per day)
T = temperature (K)
P = pressure (PSIA)
k = permeability (millidarcys)
k= height (feet)
17 = viscosity {centipoise)
z = compressibility factor (dimensionless)
r = radial distance from center of wellbore (consistent units)

The eflects 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

P2 _ P2 _ gb Pb NavgZaug log (:‘f)

= 2
© w 1.988 x 105 Tozp kh ( )

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 Hp-CO; mixtures using the supertrapp thermophysical
properties database [10]. CH,; was not included in the analysis because it was
assumed that the properties of CH; would be similar to that of COy. 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 Ha and COg, 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 bragfle 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
determine if increased CH,4 production will change any of the conclusions drawn
regarding the use of Hy 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 Hy-CO» and Hy-CHy 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 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 H3-CO2 and Hy-CH, mixtures
are shown in Tables 1 and 2, respectively. The results for both mixtures are
summarized in Figure 1.




The results for the Hy-CO, 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 Hp-C O, mixture is approximately 2.6 thmes 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 gas flow rate for the
H:-CO; mixture might be as much as 2.3 times slower than that for pure Hj
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 Hy-CH, mixtures show that excursions in velocity
and pressure from the Hy; values are less than that observed for the Hy-CHy
mixtures. At T=300K and P=15 Mpa, the viscosity of a 50% Hz mole fraction
H,-CH, mixture is approximately 1.6 times higher than that of pure H; while
the compressibility differs by a factor of about 0.94. Inserting these factors
into Eqgs. {1)-(2) indicates that the repository gas flow rate for the Hyo-CH,
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 Ho-CO2 Mixtures at 300K

| | P =7 MPa P =15 MPa

XHa Z Z/Zu, 7 /11, Z | Z/Zy, n 0/,
(-) ) (-} | (¢Pas)| () () (-) juPas) | ()

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 | 11103 | 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 | 2.2728 | 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, 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 | 8.8860 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 Hsy versus Ho-CHy 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 CHy 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
madel 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-CO; Mixture supertrapp Input File (h2co2.inp)

NN

N

Mo

Mo

[

0.6000

Q.5000
0.5000

0.4000
0. 6000

0.3000
. TO00

02000
¢. RODG
ano
01000
0. 5000

1.0060
0. 0000

09000
4, 1000

D.BOOC
<.2000

0. 7000
©.20c0

0.8000

G.4000
300

0. 500

0.5000

0. 4008
0. 8000

0.300Q
0.7000

G, 2000
D. 8000

C.1000
0. 9000

7.0

7.0

7.0

T.0

15.¢

15.0

15.0

16.0

15.0
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User Interaction with supertrapp: Hy-COy Mixture (Part 1/2)

Hicrisoft Windows .KP [Version 5.1.26883
LCY Capyright’ 1985-2881 Microsoft Corp.

£:\PROGRA“1NNISTrs prtraplstrapp

Standard Referevce Databise 4 -
HIST T“ERHOFHYSIGHL PROPERTIES “OF HYDROCARBON MIXIURES
Program SUPERTRAPP - Yersion 3.1

Baged. gn reseapch sponsored by
the NRSH Lewis Ressarch Cenfer.
the NIST Supewcritical Fluid Property Consowtind
and Ftandaird Referedce Data

Physical and Chemical Preperties Division

Distributed hy Standard Refersnce Data
National fnstitute of Standards and Technology
Gaithershury,. MD 26897 iSh

GCopyright 20083 by the U,.S. Secretary of Cinmerce
on helialf of the United States of Amevigca
Al rights reserved.

FELY XXX E XN X ¥ K KX ¥
EXFFE bR R KK A K R kR AR

Por help in response io any guestion, enter "7V,
For a brief des¢ription of SUPERTRAPP, enter ",
Press enter to continuwe.

vou want to use defau,‘lt settings? (Y/N>
(Tha default settirngs are whatever you last selected for units and £ild 140.3

Do you want to_ input frem a file (HAYYT u

Please entor Che name of the irput Ffile. hZcel.inp
Bo you want te output to a File (NAYIT o

Please anter the sutput file fiame. h2eo2.ovt

IBo you also want output to the terminal (Y~NX 7 n

Do you want to change the units <HA> T v

SUPERTRAEP 2.08 Prapsrty Unit Menu

Propeity *gptions © gurrent
Tenperature (K +RB ~C F -

Pressure {atm sbar 2MPa +Psig -Psia .mnllg-upf)har
Volune Lliter ,meend A Coyaend ] 3 ] . Yliter
Energy Ccal ) Shtu keal kg - - Ykd
Mass ¢mol ilb-mol . Lkyg C g -1hb . - Inol
Velocity <nfs  .omis - ft/s wines - N
Viscosity <CuP +cP uPa 1bsft ibsfe . he - JuP
Thir. cond. [¢TE | ,cal/cn.s.}i.btu/ft s.F..btu/:Ft h¥omem R - ellsalR
default set options

€1 Scientific <K ,atn .litet- ical smo’l scmes Gul sealsem.s, KD
€2 8,1. <K . MPa Amend - Cd ~ Mg AmAE Pa e Wrn K >}
£33 Englneering {F .I‘sia SFExRd htu +1b ftre  JlbAFE:e .btll/ft h.F)
(4) Mixed {H [bazr ~litei [kJ ~EeE LML IR ~nem ol 2.

Edter the few unit or defaylt option CH ¥o exit)?
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User Interaction with supertrapp: H,-C0O; Mixture (Part 2/2)

Enter- the new unit. or-default option < to kit %

SUPERTRAPP 2. BBPmpeﬂi v lnit Menu

Property . 3¢ Gt Lonsees xnx . current
Ienpu’ratm-e(l( SR = B ; . e XK
Pressure  Catim . haw MPa L Pgig LPada ominHg kpfMPa

Vo Tume. - i) CH%ET . Anind SApwnd . Xmme
Energy ) «btu Jkoal Il B M Mk
Mass »1b-mol kg ¥ r1b ’ i ke
Vetocity / ,:n/s .ft-/s ! /s - nsE
kiscogity (WP, <P g . cAhEtih, . JuPa.s
Thn. Gnnd (W/m.l( lealrem.s. R, ‘htu/ft $.F; htu/n. hiF. n“/m.lt . . MAml

default set options

{1) -Beientific <K ,atm Aliters ,eal .mpl LRSS

2¥ 8.k CH MPa  imwe3 k] -k SBAE R
{3) Engineering (P .Psia SEtxnd. chtu g A S f- JBX
4>  Hixed K Lbar  sliter skl Mgl Imes CuP O ¥

Enter the sew unit oy default optipn N to. exit)? x

Fraperty - - opt ions# i current:
Tempe rat ure{K R +C B - P .
Pressupre Catm  .har :MPa LFsiy SPeia  JmmHg; kif SMPa

o Lume: (liter ,mwx3 ] & i3 Stwn3d - b ]
Energy {cal ,dJ ~btu Skeal SR - -

Mass {mpl  ,lb-mol kg g . . -

Uelocity <m/& ,'c'm/.s J‘tzs Sinss . . ‘

tiscogit CulP »1hofE, 1bh/ft . h, .

hm. Cond. <W/m. K ,:a.l/cm-s ¥ btu/ft.s F htu./ﬂ: 313 F nl}/m X . H

default £et apticng

€1)>. Sciéntific <X .atm Lliter ,cal ,mol ,cAsE LuP calremis K
2> 8.T. <K CMPa  Smeend k) Jka ‘mrs uPd.s  Mm.K >
{3) Engineering <P .Paia .fte=d ,btu ,1b LAtrs bl Jhowsfeih, P)
1> Mixed K .bar .liter ks smol Lmwes P Snbbem K

Ihe units have heen reset -as:Feguested.
Do.you want to éntér compositians én a wass basis (HADIN

Bo yaw want to :uwut nnnirns:lt':l.un as mole f£¥actions
CIf the spsver is no. input ean he in moles) (NADTY

End—nf—fl.le sncountered on. input £ile

returing to interactive imnput mode

Por a list of available eptlons. type 7 Otheruise

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

juit

FPiogran Terminated— Exiting NIST4
CaPROGRA™MINHIST s prtrapd.
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Hz-CO; 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 5940
15 5532

(VLE=PRS ,PROPS+EXCST)

i-Phase Flash resnlte at T =

---- Compoyant-----~ ---Faed---

. #00ana
0. 100000

nydrogen

carbon dioxide
\HMolar Basia

1.00DCD

£.2152¢

1.06536

16.3846

-6301.52

17.1865

5.18483

(VLE=PRS, PROPS=EXCET)

1-Phase Flash reeylte at T =

----- Componept-----~ —--Faed---
hydrogen 0. ROO0OD
carbon dioxide 0.200000
Molar Beaia
1.00000
10.4146
1.06118
27.58428
-7545.13
11.174%
3.20290
{VLE=PAS,, PROPS=EXCST)

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

0700000
0.300000

1.00000
14.6140
1.0&873
39,0673
-8076. 81
8.57546
2.36564

(VLE=PAS, PROPS=EXCST)

1-Phuse Flash yesults at T =
~Compument—-——= -——~Fagd-——
hydrogen 0. 600000
carbon dicxide 0. 400000
\Malar Bagia

1. 03000
18.8133
1.03082
81,2191
-8373.46
T.11118
1.91173

- -=-Faed-—

P
1.006000

1.00000
2.01588
1.06847
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

1.00000
B.21524
1.06536
16,3646
-6301.52
17.1865
5.13483
1.360684
786,613
-0,662273
14.9653
0.120653

300,000 ¥ apd P = 7.0D0DO0

—-Yapay-—-
. 800000
0.200000

1.00000
10.4146
1.06113
27.5425
-7545.13
11,1744
3.202%0
1.26268
05,870
-0, 280723
1R, 2596

7.00000
[ Y'Y —
1.06975

HPa

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

H, ®3/xg

5, *Irkg. K

Cp, kIfkg.%
cp/er

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

T.00000
[ R
0. 963460
0.108332

HPm

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

H, ki/kg

8, WI/zg.K

Cp, kI/kE.K
Cpstv

Sound Spesd, w/z
IT, K/MPa
Yige,, uPa.w
Th. Cond. W/m. K

HPa
~=Phj—---
0.BG2734

b, 201543

Fasat Fraction
Holar Masa

Gomp. Favtor, Z
D, kn/m#++3

B, kMg

8, k)/kg X

p, k4. K
Cp/ev

Sound Spaed, w/s
JT, K/MPa

Viec., uPa.e

D.9322B7E-01 Th. Cond.,W/m.X

300.000 K epd P~

--Vapor—--
0.700000
0.300000

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
Kolar Mags
Camp. Factar, Z
D, kg/mas3

B, 21feg

5, k}kg.K

tp, kJ/kg.K
Cpicy

Sound Spasd, mfx
JT, K/HPa
Visc., uwPa.s

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

300.000 ¥ and P =

—Vapar——
0.600000
0. 460000

1. 00000
18,8133
1.03082
51,2151
837346
7.11118
191174
1.38756

700000 MPa

Fesd Fraction
Holar Hase
Comp. Factor, I
D, kg/mes3

H, kl/xg

3, kg K

Cp, wI7kg.K
Cp/Cy
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{VLE=PAS, PROPS=EXCET)

1-Phase Flash rasults at T =

----- Compouent------ —-—Fasd---

hydrogsn 0. 500000

carbon dioxide 0.500000

JMalar Basis
1.00000
23.0127
1.00383
£4.3556
-ES63. 87
£.16202
1.63594

{VLE-PRS, PROPS=EXCET)

1-Phase Flash reaults at T =
==—--Camponent---=--- ---Faad---
hydrogen 0. 400000
carben dioxide 0.800000
,Mular Bazia
1.00000
7.2
0.965513
75,0856
-8698.23
6.42821
1.46683

(VLE=PRS ,FROPS=ERCST)

1-Fhaxs Flash rasults ac T =
~-Conponent- Faad——
hydrogen 0.300000
<arbon dicxide 0. 700000
MHolar Easis

1.00000
31.4114
0.9213896
96.4583
-ate9. 78
4.97597
1.38281

(VLE=PRS, PROPS=EXCST?

1-Pbaee Flash rasults at T =

443. 183
4.661631
21,5629

Sound Spaed, nie
I, KB
Vise., uPa.a

©.538032E-01 Th. Coud.,W/nm.K

300.000 K and P =
--Vapor---

D. 500000
€. 500000

1.D0000
23.0127
1.D3363
64,3555
-BSG3. 9T
5.16202
1.63584
1.41271
234,407
1.34026
24.40056

7.00000 HPa
—--Phi=-=-
©.508053

0,424601

Feed Fraction
Holar Masa
Comp. Factor, 2
D, kg/ms3

H, k)/ug

8, kl/kg.K

Cp, kJ/kg.K
Cp/Cv

Sound 3peed, ole
JT, H/MPa
Vigc., uPa.e

0.5408805-01 Th, Comd.,W/m.K

300.000 X and P =

——Vaper---
©. 400000

. 600Q00

1.00000
2r.1111
0.985513
79,0958
-8699.23
643821
1,46683
1,468208
364.460
2.2268%
21.6284

T .00 MPa
—mPhi--—m
Q.,495117

0.4B4253

Fead Fraction
Molur Heam
Comp. Factor, Z
D, kg/mws3

H, x1/kg

5, k)/kg.K

Cp, kllkg.R
Cp/Cv

Sonnd Spasd, m/a
JT, K/HPa
Viec., ufe.®

0.48397EE-01 Th. Cemd. ,W/m.K

300,000 K and P -
--Vapor-—-
G. 300000
0.700000

1.00000
31.4114
D.91389&
96.4583
-5799.73
4.97597
1.38281
1.561830
21%.254
2.36732
20. 9960

7.00000 HPe
P
0,4101%4

,537163

Fasd Fractlon
Malay Meae
Camp . Fastor, Z
D kglme*3

R, k}kg

5, kI/%g.K

Cp, EIfkg.X
Cp/e

Souad Spesd, m/s
IT, K/MEs
Visc., wha.s

0.4030TSE-01 Th. Cond. Wiz .K

3D0.000 K and P =

7.00000 HPa

-----Compoosnt-—-—~ ---Faad--- --Vapor--- =--Phi==---
bydragen 0.200000 0.200000 0.318836
carbon diozide 0.800000 0.800000 0.6E3R4E
Molar Baasis
1.00600 1.0c000Q Fasd Fraction
35.6108 35.€108 Molar Mass
©.841994 0.841994 Comp. Factor, Z
118.692 118.692 D, kg/mesd
-B3§2.24 ~8882.24 E, kl/kg
4.66074 4.66074 S, klig.X
1.40448 1.40443 Cp, kl/kg.K
1.88707 Cp/Cw
286.127 Sound Spasd, m'e
4.86347 JT, K/MPa
20.1980 Vise., uPa.s
4,367280E~¢1 Th. Comd.,W/m.X
(VL.E=PRS, PROPS=EXCST)
1-Pamsa Flash tesults ot T = 300.000 K and P = 7.00000 HPa
----- Compapent—-—--- ~--Feed-—=  --Vapoy---  ==-Phi----
hydrogen 0.100000  0.100000 0215471
carben dioxide Q. 500000 0. 900000 ©.624262
Malar Baaja
1. 00000 1.00000 Fesd Fraction
39,8101 39.5101 Holar Maza
0.728039 ¢.728029 Comp. Factor, I
153.460 163,450 B, kgfoes3
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~B957.33
4.13172
1.63534

(VLE=PAS, PROPS=EXCST]
i-Phase Flash results at T =
-----Component—-———- —-Fasd--~
bydrogen 1.00000
sHolar Basis
1. 00000
2.01538
1.13351
10.6950
189.082
44.4270
16.69%31

(VLE=PRS, PROPS=EXCST)

1-Phase Flash rasulte at T =

~BS57.33
418172
1.60504
1.98620
250.333
6.91344
13,6289

0.330200E-01

300.000 K and P

--Liguid--
1.00000

1.0000C
2.01588
1.133%1
10,8950
189.081
44,4270
15.8931
1.36133
1463.52
~0.648017
B. 88598
0.215994

300.000 X and P

- -

©.900000
Q. 100060

bydrogen
carbon dicxide
sMolar Baaia
1.00000
6.21524
1.13877
32,9085
~6274.55
1B. 1448
5.27045

(VLE=FRE, FROPS=EXCST)

1-Phasa Flaeh resolts at T =

----- Couponent------ -—-Faad---

@,300000
@.303000

bydrogen

carbon dioxide
Molar Basia

1.00000

1D.4148

1.12908

55.4702

-7536.86

106282

3.27749

{VLE<PRS , FROPE=EXCST)

1-Phase Flash reaulta at T =

-----Conpanant------ ~--Fasd-—-

0.700000
Q.300000

hydrogen
carbon dioxide
Molar Bosia
1.00000
14.B140
111027
75.1568
-B0T7. 44
8. 10684
2.44887

(VLE=PRS, PROPS=EXCET)

1-Phnae Flazh results at T =

--Vapor---
6. 800000
2.100000

1. 00000
6. 21624
1.13577
32,9085
-83TR .55
16,1448
£.27035
1.36248
£38.552
-0.54T614
14,7648
0. 129761

300.000 K and B
—-Vapar---
0. 800000
Q. 204000

1.00000
10.4146
1.12308
£5.4T03
-~7536.36
10.5382
3.27749
1,37363

0.102604

300.000 K and P
-~Vapar---
0.700000
0.200000

1.00000
14.8140
1.21027
79,1568
-8077 .44
2.10684
2.44897
1.39893
544.019
~D.37ARAIE-01
30,7417
0.859313E-01

200,000 X and P

par
hydrogen 0.600000 0.600000
carbon dioxide 0.400000 0.400000
sMolar Basis
1.4Dad0 1.00000

H, ®/kg
5, WI/kg.X

Cp, kg .K
Cp/Cy

Sound Spesd, n/s
JT, K/HPa

Visc., wPa.s
Th. Cond.,M/m.X

= 15.0D00 MPa

,15063

Fead Fractisn
Halar Hase
Comp. Factor, 2
D, kg/mve3

H, kJfkg

S, kJ/kg.X

Cp. klfkg.K
Cp/Cv

Sound Speed, n/s
1T, K/upa
Visc., wPa.e
Th. Cond.,W/m.K

= i5.0000
—--Fhi
1.03589

0. 114651

HPa

Feed Fractico
Holar Mass
Comp . Factor, Z
D, kg/mv#3

R, ki'ke

S, kI/fkg.X

Cp, kl/kg.K
cpécr

Sound Speed, u/e
IT, W/HPa
Visc., uPa.s
Th. Cond..W/m.K

- 15,0400
---Phi----
0.935108

0. 206505

HPa

Foed Fraction
Molat Mass
Cowp. Factor, Z
D, kg/nt*3

B, kJ/kg

5, EJ/kg.X

cp, KJ/zg.K
Cp/lw

Jound Speed, mis
JT, E/MPa
Vise,, uPa.s
Th. Cond.,W/n.K

= 15.0000
~~~Phi--=-
D.BIETLE

©. 274937

WPa

Feed Fraction
Holar Masa

Coup. Factor, Z
D, kalmhe3d

H, klfig

3, klikg.R

Cp, kifks. K
Cp/lw

Sound Speed, mis
IT, R/MFa
Yiac., uPa,s

Th. Cond.,W/n.K

= 15,0000
i
©,768881
©. 326837

HPa

Fead Fraction
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13.6133 12.85133
1.67745 1.07746
106.004 105.004
-2381.43 ~8381.43
6. 73086 BE.73DEE
2.01113 2.01113
1.43571

474.970

0.3TE356

22.3739

Molar Mass

Comp. Fattor, 2
D, kg/meed

K, kl/ug

s, kifkg.R

Cp, kI/kg. K
Cp/Cw

Sound 3pesd, o/s
JT, K/MPa
Yiec., vPa.z

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

(VLE~PRS , PROPS=ERCST)

1-Phass Flaah rasults at T =

=--Faed---  --VYapor---
gom 0.,500000 0.600000
carton dioxide 0600000 0.500000
JMolar Basis
1.00000 1.00000
23,0127 23,0027
1.02879 1.02879
13¢.618 134,518
-B579.08 ~B579.08
5.63281 5.63281
1.76346 1.78345
1.49687
422.589
0.398955
23.2935

300.000 K and P =

15.c000 MPa

Foed Fraction
Holer Mapa
Comp. Factoy, 2
0. kg/mex3

H. Klfug

8, ¥I/Ng. K

cp, kIkg.K
cp/Cv

Sound Speed, w/a
I, HiMPa
Yiec., wFa.a

0.647554E-01 Th. Cond, ,W/m.K

(VLE=PRS , PROPS=ERCST)

i-Fhams Flash results at T =

-----Conponeat-=--=- - Fewd---  --Vapor--~
lydrogen 0.400060  0.400000
caxbon divzide D.6LOSID  B,600000

,Holar Basis

1.00000 1.00000
27. 2121 27215t
0.958553  0.968653
170.72L 170,721
-§721.88 -A72{.68
5. 18658 5.18659
1.65160 1.65460
1.60044
37TB.572
1.55791
23.8513

360.000 K and P =

15.0000
Y p—
0.6377a8T
0.390E1T

P

Feed Fraction
Molar Maes
Comp. Factar, Z
D, ka/mesd

H. kl/kg

8, kl/kg.K

Cp, kMka K
Co/Ow

Soupd 3peed, /s
IT, K/MPa
Viag., uPa.a

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

(VLE~PRS , PROPS=EXCST)

i-Fhaoe Flash results at T =

~---~Cozponent-—--- + -—-Fawd---  --Liquid—
bydregen 0.300000 Q.300000
carbon dicxide 0.700000 0.700000
HMolar Basin
1.00000 1.00000
31,4114 314114
.%58111 L.86B11L
220134 220.134
-6334.83 ~-8334.23
468050 4. 68060
1.763¢5 1.70305
1.79933
340. D60
2.34534
24.5776

AH.000 K mnd B =

1%, 0000
RO 'S p—
0.5099183
0.40250T

HFu

Fasd Fracticnm
Molar Hazs
Comp. Factor, Z
D, kafo+sd

H, kl/kg

9, ki/ug K

Cp, 4Mka K
Cp/ov

Sound Speed, a/s
JI, KiMPa
Vizg., uPa.a

0.534817TE-C1 Th. Cond. N/p.X

(VLE=PRS , PROPS=EXCST)

No convergencs st thaas conditiona; T(K)= 300,
Plbar)= 150.
L-Fhass Flagh results at T = 300,000 K and P = 25.6000 Mpa
«=—--Cobponent------ ---Fasd--- --Liquid-- -=-Phi----
hydragen 0.10a000 ©. 100060 1.08678
carbon dioxide 0.9000CD 0.900000 0.365127
;Molar Basis
1.00000 1.00000 Faed Fraction
39,8108 3. B101 Holar Mass
©.454068 0,454068 Comp. Facter, Z
s2t.248 527.248 b, kg/me=3
-5088.7T -8064.77 H, k)/kg
3.74180 3, 74180 8, kl/kg.k
x.31037 3,31037 Cp, klfkg.K
3.47645 Cp/Cv
311,591 Souad Spesd, n/s
2.31189 JT, KéMPa
40,5300 Viec., uPa.=
D.655165E-01 Th. Cond. W/m.X
(VLE=PR3, PROPE-EXCT}
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H;-CH, Mixture supertrapp Input File (h2ch4.inp)

COMP 1 HYDROGEN

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 30 7.0

FEED 1 Q.7000

FEED 2 0.2000

FLTP 300 7.8

FEED 1 ., 6000

FEED 2 0.4000

FLTP 00 7.2

FEED 1 4.6000

FEED 2 0.5000

FLTP 330 7.2

FEED 1 ©.4000

FEED 2 a.500D

FLTP 300 7.0

FEED 1 ©.3000

PEED 2 0.7000

PLTP 300 7.0

FEED 1 0.2000

FEED 2 0.8000

FLTF 300 7.0

FEED 1 0. 1000

FEED 2 0. 9000

FLIP 300 7.0

FEED 1 1.0000

FEED 2 0. 0000

FLTP 300 i5.0
FEED 1 0.9000

FEED 2 0. 1000

FLTR 300 15.0
FEED 1 0,anco

FEED 2 0.2000

FLTP 300 15.0
FEED 1 c.7000

FEED 2 D.300D

FLTP ELLY 15.0
FEED 1 0.6000

FEED 2 0.4000

FLTP 300 15.0
FEED 1 ©.5000

FEFD 2 0.5000

FLTP 300 15.0
FEED 1 0.4000

FEED 2 a.&6000

FLTP e 5.0
FEED 1 ©.3000

FEER 2 . 7000

FLTP ace 5.0
FEED 1 0. 2060

¥EED 2 ©.8006

FLTP 300 15,0
FEED 1 0.1000

FEED 2 Q.90

FLTF i 15.2
SENT

20



User Interaction with supertrapp: Hz-CHy; Mixture (Part 1/2)

C:<PRIGRA™INNI ST apriyapstrapp

SEEEEERRESRAESE SRR RE ]

NIST IH RHOFH?S]CRL FROFERT1ER O

Mi8T Standsrd Referenie Datab
‘Program SUPERTRAPP — Ugrsion 3-1

Baaed an research sponsored hy
¢ HASA Lewis Reseawvch Cenver.

Standard Referénce bata

Physical and Chemical Properties Diwision

Pistsibuted by Standard Reference Data
Gaitheirsbury. MD 208899 USA

#1] »ights peserved.

the NIST supescv1txcal Pluid Pipperty Ghngertium

Natiunal Institute of Standards and Technology

Cnpyrlght 2083 by the 11.5. Secretasy of Commerce
on behalf nf the United States of America
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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

Propertcy Upt.iuuo #» current
_Eenperatura(li iR .C B - EUR !
Pressure  {atm  ,baw “HPa Py SPeia.  onmla.kpf OHPa

Vo Lume C(liter _m#=3 2 CTENT Sinasd SETen3 - Imrenl
Enerygy fcal o . btu +kcal » Rl - - 2k
Hazs t{mol +1b~mol Al o ,]J) & - ky
Uelocity Lhss ,l:m/s Et/s ,1n/s~ 5 . - 2T
Uiscasit CuP 1he lh/ft h » JuPa.s
Thn: Cond. (Wrn.K _.,ca].{cn £ R,htu/ft [ F.htu/ft h.F, rbi/m. K L - 2sm K
default set options

1Y Scientific (K .atm »liter ,.cal semls  aul .cal/t:ll.s ]D

2> 8.1. CH ,MPa  ,m®%3  kd Sos auPals S
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. SUPERTRAPP 2,80 . Property Unit Menu

Pmp‘erty ' opt ions - current
Temperature{k B 2L B . L e M
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. Con chsm X _calsem. . X, htuz'i‘t &P, htu/ft h.F_albmi_ K » HisnoK
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€15 Seientific € satm Sliter .€al el Lemrz P sealiomos Ry
€2 .1, { _MPa et KT ki s suPa.s Mim K ¥
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“If vhe ‘danswés is nd,.. inpit can bheé in - moles) (M)?y

End~of “file ‘encountéred on input File

retur-:.ng to interactive inpiut made o

For .a Iist of available optidns. tipe ¥ Otheruise

enter comsand ow.. iF you wish .to do . a&- fla&}l ‘caleulation,
ami:.:;« T<KY and P{MPa’ separatod hy.a comma.

(L3

Program Terminated— Exiting NIST4
CznFROGRA™ENHIS Thsprerapry
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H,-CH,; Mixture supertrapp Output File

1-Phase Flosh resulta at T =

300.000 K and P = 7.00000 NPa
---——(omponent------ —--Faed—- --Vapsy--- =---Phi-—--
hydrogen 1.00000 1.00000 1.08975
JMalar Baaia
1.00000 1.00000 Fred Fractian
2.01588 2.01688 Nolar Mass
1.D6547 1. 06647 Comp. Factar, Z
5.30972 5.30872 D, kg/o*e3
106.984 105 994 d, ki/kg
47.5340 47.5940 8, k)/xg.K
15.5532 15.5532 Cp, k)/kg.K
1.36429 Cp/Gv
1384,97 Sound Spesd, m/a
-0. 666445 JT, %/HPa
5.EA59E Visc., uPa.a
0.207163 Ta. Cond, ,¥/w.X
(VLE=PAS ,FROPS=EXCST)
1-Phane Flash results at T = 300,000 K wnd P = 7.00000 KPa
-----Component--—-~ ---Fead---  --Yapor--—  ~~-Phi--—
bydrogen 0.300000 2, 900000 0.962958
methane 4. 100000 ©, 100000 0.105464
JMolar Basis
1.00000 1.00000 Faed Fraction
3.4185%4 3.413864 Molar Masa
1.06475 1.0847% Comp. Factor, Z
8.01033 9.01032 L, kgimes3
=-2138.53 -2138.53 H, klkg
30.43T9 304379 8, kl/kg.R
9.42530 9.4%630 Cp, WIfkg.K
1.36416 Cpsew
1060 .63 Sound Spaed, /s
~0.513224 JT, X/HPa
10.5975 Visc., uPa.n
0.152315 Ta. Cend. ,W/w.K
(VLE=PRS,PROPS~EXCET)
1-Phass Flesh reavles ot T = 300.000 K and P = 700000 HPa
===-=Camponent- -Feaed--- --Vapar--- ---Phi---—-
hydrogen 0, 800000 0. BOOODG 0858835
mathans 0. 200000 Q.200000 0.203645
,Holar Basie
1, 00000 1.00000 Fead Fraction
4.82120 4.82120 Malar Haac
1.0598% 1.06982 Comp. Factar, Z
12.7666 12,7665 D, kg/mexd
-3DEL.22 -3081.22 H, kl/xg
23.0001 23.0001 5, kM/Eg.K
6.87312 6.87312 Cp, kl/kg.K
1.36679 Cpflv
230,528 Sound Speed, a/8
-D. 270804 T, K/MPa
11.5439 Visc., uPa.a
0.133805 Th. Cond.,W/m.K
{VLE=PRS, PROPS=EXCST)
1-Phass Flash rasults at T = 300.000 K and P = 7.00000 HPa
=--—Conpanant--—- —--Fesd--- --Yapor-—  ~--Phi--—-
‘nydrogen L. TO0000 £.700600 ©. 758297
usthaoe ©.300000 300000 ©. 296426
sMelar Basia
1.00000 1. 00000 Feed Fraction
§.22385 6.22386 Holar Massx
1.D5110 1.05110 Comp. Factor, Z
16.6174 16.6174 D, kg/mee3
-3601.95 ~3601,96 H, k)/kg
18.8236 18.8236 3, kMg X
5.47976 B. 47976 Cp, kl/hg K
1.27206 Cp/Cv
775.918 Bound Spaead, n/s
0.303452E-¢1 JT, K/MPa
12.5864 Viee., wPa.o
D.104744 Th, Cozd.,W/z.K

(VLE=FRS, PROPS~EXCET}

1-Phaze Flook results at T = 200.000 K and P

----- Compenent=-=-=-= ---Fagsd=-- --Vapar---
hydrogan 0600000 0.80000D
mathans 0.400050 0.400D00

Halar PBasis

1.060G00 1.00000
7.62651 7.62651
1.03384 1.03484
20,6028 20.8028
—-3933.49 ~3933.49
16.1271 16.1271
4., 60766 4.60756
1.38002

= 7.00000
-—Phi---m
0.664423

0.386164

HPa

Fewd Fractian
Holar Maea
Comp. Factor, Z
G, kg/m+ed

W, kl/kg

3, kl/kg.K

op, WIPkg.K
Cp/ev
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(VLE=PRS ,PROPS=EXCST}

1-Phase Flash resulta at T =

-----Compeogat------ ---Faed-~

hydrogen ©.500000

mathans 64.500000
,Holer Bagia

1.00606

9.02017

1.02216

24.7€T4

—4184.05

L4.2261

&4.01634

(VLE-~PR3 ,PROPS~EXCAT)

Phase Flash results ac T =

-Companent

kydrogen

mathans

,Molar Baejs
1. pGDGO
10.4318
1.00378
29.1655

-4331.56

12.8007
3.59665

(VLE=PRS, PROPS=EXCST)

1-Phase Flash rseults at T =

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

0.90489%E-01 Th. Cond.,W/m.K

200.000 K and P = 7.00000  HPa
- --Vapor---  ~--Phi----
0.500000  0.552381
©.500000  0.470870
1.00600  Faed Fractiom
9.62017  Molar Mass
1.62210  Gomp. Factor, 2
24.76T4 D, xgloesd
-4164.05 E, kI/kg
14.2261 S, kI/kg.X
4.0154  op, kifkg.K
1.39098 op/tv
636,365 Sound Spaed, /s
0,780206 T, K/MPa
13,6671 Visc., uPa.s

0791843801 Th. Cond. W/m.X

300,000 K and P =~ 7.00000 MPa.
= —Vapor-——  ~——Phi-
G 400000 T, 445343
&, 500000 0,554345
1.D000D Fead Fraction
10.4318 Holar Mass
1.00378 Comp. Factor, Z
2g.1655 D, kg/mes3
-4334.56 H, k)/kg
12,8007 s, kJ/kg.K
3.596€5 Cp, kI/kg.K
1.40555 Epliy
584.321 Sound Speed, m/a
1.28009 T, K/MPa
12,6601 Vi=e., uPa.a

0.699759E-01 Th. Comd.,W/m.K

rydrogen
methena
yMolay Bagja

0. 300000
b.7C0000

1.00000
11.B345
3.980653
33.E675
-4465. 64
11,6796
2.2929%

(VLEWPRY, FROPS=EXCST)

1-Phase Plash resules at T =
~~=m-Confonsnt:
hydrogan
wethane
;Holer Basiz

Q.200000
£.800000

100000
13.2371
0.954268
31,9288
-4572 .46
10.761B
3.07309

{VLE=PRS, PROPS=EXCET)

1-Phaas Flash results at T =

----- Componunt-----~ ---Feed---
bydrogen ©.100600
nethane 0. 900600

\Malar Basis

1.00000
14,6390
0.928268
44,4025

360.000 K mad £ = 7,00000 HPa
--Vapor=--  ——-Bhi---m
0.300000 0.304342
0.700000 0.636312

1.Q0000 Fasd Praction
11.8345 Nolar Maza

0. 980853 Comp. Factor, Z
a3.8875 D, kg/oeed
-4466. 64 H, ki/kg
11.6796 3, kl/kg.K
3,20281 Cp, kg K
1.42474 Tp/Ov

540.953 Sound Speed, wie
1.77043 IT. K/MPa
13.6108 Visc., wPa.s

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

360.000 X and P =

KPa

--Vapar---

0. 260000 ©.735823

9. 800600 ©.718648
1.00000 Fead Fraction
13.2371 Holax Hess
0.954268 Camp. Factor, Z
33,9260 0, kg/mer3
-45T2.46 H, kl/kg
10.7618 5, kJ/kg.K
3.07308 tp, kl/kg.K
1.44821 op/or
502.756 Sound Spesd, mw/n
2.34073 T, /P
13.4828 Vigc., uPe.@

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

300,000 % and P = 700000  MPa
—Yapor---  ——fmi——
0.100600  0.121972
9800008 0.B0336T

100066 Feed Fraction
146398 Moler Masa
0.926288  Comp. Factor, Z
4025 D, kefmeed
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-4658.50 -4659 .50 H, k)/ug
4.97826 9.97926 5, klfeg.K
7.81788 2.91768 Cp, ENEg.X
1.47981 cp/ow
46%.012 Scund Spesd, =/s
2.94702 IT, K/HPa
13,2879 Visc., uwla.a
©,B06119E-01 Th. Cond. ,W/m.K
(¥LE<PRS ,PROPS=EXCST)
1-Phase Flaah results at T = 300.000 K and P = 15.0000 MPs
----- Componant=--=-= ~--Faed—- --Liquld-- =--Phi---~
bydrogen 1,00000 1,00000 1.15063
sMolar Boais
1.00000 1.00000 Fred Fraction
2.01588 2.01688 Nolar Mass
1.13351 1.18361 Comp. Facter, Z
10.6950 10,4950 D, kg/z#s3
143082 180082 %, kifag
44.4270 444270 S, klfkg.K
35.6931 16.6931 Cp, kMEZ.K
1.36128 Cp/tr
1463.58 Sound Speed, /2
-0.648817 JT, K/MPa
2.68598 Visc., uPa.a
0.215894 Th. Cond. ,V/m.K
(VLE~PAS, PROPS=EXCST)
L1-Phaxs Flash ramilca at T = 300,000 K and P = 15.0000  MPa
----—Componant----— Frod Vapor ---Phi----
hydrogen a.800000 0.900000 1.03606
methans 0. 100000 0.100000 0.112889
sHolar Bazis
1.00000 1.00000 Fard Fraction
3.41854 3.41864 Holar Hase
1.13406 1.13406 Coop. Factor, 2
18.1278 1B, 1278 D, kg/mee3
~2099.42 -2049.42 ", kIfkg
28,5380 22, E3BQ 8, ki/kg.H
9.67208 9.57208 Cp, kMg K
1.86754 Cpicy
1129, 0% Saund Spaed, /s
-0.518252 IT, K/MPa
10,5277 Vikc., uPh.s
©.161590 Th. Cond. ,W/w.X
(VLE=PRS, PROPS=EXCST)
1-Phase Flash Tesults st T = 300000 K and P = 15.0000 NPa
- : Faod -=Vapor-——  —~-Fhi---=
hydrogen ©.BOD0OS ©.800000 ©.927052
Tethane ©0.200000 0. 200000 ©.210697
,Molar Baaia
1.D0D0D 1.06000 feed Fraction
4.B2120 4.6212% Holar Mass
113690 1.12630 Comp. Factor, Z
26.7284 25.7284 B, kg/mte3
=-2064.35 ~3064.35 H, k)/hg
21.648 21.6248 8, k)/ug.¥
7.03041 7.030dg Cp, kJ/kg.K
1.37861 Cp/Cv
951.142 Sound Spead, mfs
=0.324229 JT, R/NPa
11,8609 Visc., uPa.a
0, 133455 Ta. Cond. W/m.K
CULE~PRS , PROPS=ELCST)
1-Phape Flash results at T = 300.000 K and P =  15.0000 MPu
- p Faed —-Vapor---  —=-Phi----
bydrogen 0.700000 0.700000 0821487
methans 0.300000 0.300008 0.297619
JMolar Basis
1. 00000 1.00000 Foed Fraction
6.22385 6. 22355 Holar Mazs
1.11287 1.15087 Comp. Factor, 2
33.5327 33.6322 D, kx/mésd
-3600,12 -3600. 32 E, kl/kg
17.7324 17.7324 9, kMg K
5.65151 5.65151 Cp, Wing. K
1,39432 Cpsiv
B34.657 Sound Spesd, o/
-0.107154 JE, H/MPa
13,0513 Viac., uPa.a3
0.114723 Ta. Cond.,W/z.K

{VLE=PRS, PROPS=EXCET)

i-Fhaas Flash results at T = 300.000 K and
——--=-Compomsnt----=-= ---Fygd-~~ -—Yapor-—-
nydrogen 0. 600000 0. 600000
mathane . 400000 0.40000Q
Holer Basis

1.00000 1.00000

P = 15,0000
-=-Phi-——-
&.7LT578
037747

HPa

Fesd Fraction
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7.62651 7.62661  Molar Muas
1.09241 1.09241  Comp. Facter, 2
41.9840 419840 D, kg/miad

-3943.49  -3943.45  H, 1)/kg
16,2148 16,2418 8, W/kg.K
4.79772 479772 Op, kMkg.K

1.41B41  Cpiov

T4B.466  Sound Speed, nfs
0.157858  JT, K/MPa
13,9004 Visc., wPa.s
0.100770  Th. Cond.,N/m.X

(YLE~PRS3 , PROPS~ERC3T)

1-Fhase Flash reaults at T =

A00.000 K and P = 15,0000 MPa
P - Fead -Vapor-—-  ——Phj--—
hydrogen 0, 600000 0. BO0OD0 0.613741
methane 0.500000 0. 600 0,460669
Holar Basis
1.00K000 1. 00000 Feed Fraction
9.02917 9.02017 Holar Haas
1.06558 1.06558 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 Cp, %I/hg.K
1.44313 cp/ov
682,646 Sound Spaed, m/a
0.457869 JT, K/MPa
14.4803 Viac., nPa.a

{YLE~PRS , PRUPS=ELCST)

i-Fheae Flash results at T =

0.897TSCE-OL Th. Cond. ,W/m.X

30.000 X eod P = 15.0000 Mo
B Feed Yapor ~mPhimmmn
bydrogen 0. 400600 0. 400000 0. 508339
oethane 0. 8002 0. 600000 0. 519847
Molar Basiz
1.00000 1.0090¢ Feed Fractiom
10.4312 10.4118 Holar Mass
1.03212 1.03212 Comp. Factor, Z
60.7814 60,7934 T, kg/mesd
-4364.T1 -4384,7¢ ¥, kd/kg
12.0841 12,034t 3, kl/ug. K
2.84767 2.847e7 Ccp, kIfkg. K
1.47970  Cp/ew
627,590 Souné Speed, z/s
©. 734117 JT, K/WPa
14. BgB1 Viec., uPa.s
D.EOBSE3E-0L Th. Cond.,W/n.K
{VLE=PRS, PROPS=EXCSTY

1-Phese Flazh resulta at T =
-----Componsmt-————— ~—Fasd-~
hydrogen 0.200000
metbane 4.700000
Holax Basis
1.00000
11,8345
©.531387
71.78867
-4506.81
11.0196
3.50774

(VLE~PRS ,PROFS=EXCRT)
1-Fhaee Flash results at T =
--—-Compenent~———~- =—-Fasd---
bydragsn 0.200000
methane 0.800000
Holar Zasis
1.00000
13,2571
0.944281
863015
=-4623,10
10,1401
3.46682

CVLE=-FR3 ,PROPS=EXCET)

1-Pheas Flesh results st T =
-----Cazponent Foed---

300.000 K end P = 15.0000 HPa
= =-Liguid-- ---Phi----
0,300000 0.399296
0.700000 0.585920
1.00000 Fead Fraction
11.8345 Halar Maas
0.921397 Cenp. Factar, Z
71.7867 D, kg/ménd
—4506.81 H, kl/kg
11.9198 $, &Mig.&
3.50774 Cp, kl/kg.K
1.62898 Cpity
680,614 Boupd Speed, ol
1.1677T IT, K/MPa
16.2371 ¥isc., uPa.s

0.T36930E~01 Th. Cond. W/n.K

300.000 K and P = 15,8000 MPa
—Liquid—-  ~—Phj-——
4.200000 0.283716
0.80000C 0.652401

1.00000 Faed Fracticn
13,2371 Malar Haas
0.944281 Comp. Facter, 2
£4.3015 D, kglmsaz
-4623,10 H. kdfkg

10, 1401 8, ulikg K
3.45682 Cp, kifhg. K
1.63483 cp/ey

539. 661 Sound Spaed, mis
1.56241 IT, K/HPa
16,6867 Viac,, wPa.o

0.676295E-0L Th. Cond. W/m.¥

300.000 ¥ and
~-Liceid=-

P = 150004
—-Phi--mm

Mea
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hydrogan
mathans
Molar Baels

{VLE=PRS, PROPS=EXCST)

. 100000
@, 900000

1, 00000
14.6398
0.891926
95,7072
-4721.20
9.38161
341044

$. 100000
£. 500000

1.60000
14. 6298
O.6H1%25
98,7073
-4721. 240
9.38181
3.41049
1.6822¢
604. 269
1.95138
15.0339

Q.152954
Q.723259

Fead Frastiom
Halar Hasze
Cotp . Fuoter, T
Dy hg/mee3

Hy RI/kg

5, ki/kg.H

Cp, kg B
Cp/Cv

Sound Speed, nm/fs
JT, K/HPa
¥Viac., uPa,s

©.627646E-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

National Institute of Standards and Technology (NIST)
Physical and Chemical Properties Division

Boulder, CO

Vendor

U.5. 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 fuids 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 faciors and viscosity
for pure Hy gas and for gas mixtures { Hp-COs and Hy-CH,) over a range of
composijtions. 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 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 anthor. 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 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 He-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,-C O, and
H;-CI4 mixtures are not readily available, this comparison is performed for
pure Ha, 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 %; | = 204 72 4-14 2]

CoHg, 8.4 mol %;
CgHg, 0.50 mol %;
NQ, 5.60 mol %;
COy,, 0.66 mol %

Far Hp, 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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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)
muw
where R is the universal gas constant and rmau is the molecular weight. In this
analysis, we use R = 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 %;

C3Hs, 0.50 mol %;

NQ’ 5.60 mol %,

CO», 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-Fhasa Flash rasulte st T =

2300.000 X and P = 20.0000 bar
~»-—-Compopant----—-- ---Fawd--- --Liquid-- —Vapor-w- ---Phi--——- —-K--
mathana 0. 500000 0.933345E-01 0.834113 ©.812336 BIE+D1
m-butans 0. 500000 0. 9066686 . 166887 ©.122120 - 13E+DO
JMolar Basis
1.00000 0.451029 0.6484T4 Fusd Fraction
37.0822 B 1947 23.0229% Molar Mase
0,543842 0.785324E-01 0.52613% Cemp. Facter, Z
0. B46723E-01 0.653236 0.198327E-01 D, g/ecmus3
~2.96670 -2.60142 -3.64380 H, ¥/g
5, 46448 4.14421 a.0178s 5, Vg.K
2.42781 2.52442 2.24098 Cp, Xg.K
1.47193 1.2932¢ Cp/Cv
B56.526 346,364 Sound Spead, m/fs
-0.6219E-U1 7. 63L24F JT, K/bar
13%. 662 10. 2668 Viac., uFa.a
108,064 21,2262 Th. Cond. ,mW/m.K
(YLE=PRS,PROPS-EXCST)
1-Phase Flash resolte at T = 300,000 K and P 1.0000a bar
-----Component------ ~=-Feed——- --Vapor---  ==-Bi-=—
methane ©.500000 0.5a0000 €.501146
n-butane £.500000 0, 6GDODO ©.489220
Molar Basis
1.606G60 1.63650 Faed Fraction
37.0823 ar.oaza Holar Masx
©.990201 0.930201 Comp. Factor, Z
©.150126E-02 0.150126E-02 I, g/cmwsd
-2.708B3 ~2.70283 E, kg
6.85815 6.85816 s, Je.X
1.85481 1.85481 cp, PEK
114417 Cpf
274.703 Sound Speed, uo/E
1.11612 T, K'bar
§.8989638 Viec,, uPa.s
20,9478

(VLE=PRS,PROP3-EXCST)

Sampleca.txt Listing

D2-Phass Flazh raszlta at T = 300,000 K aod

P =

Th. Goed. mW/=. K

20. 0000 b
=== COmMponaRE - =~~~ ~=-] Fesd—~-  --Liquid-- --Vapar--- ---Phi---- -—K—
methane 0. 500000 0.933346E-01 0.834113 ©.B12336 .B9E+D1
n-butans 0. 500000 0906666 ©.165887 0.122120 +18E+DD
JMalar Beaja
1.0000¢ 0.461029 Q.548871 Faed Fracticn
37.0823 54.1947 23.007 Malar Mass
0.64284% ©.T85I24E-01 0.926136 Camp. Factar, 2
6.646733E-01 0,553336 0.198327E-Dt B, glcmes3
-2.955T0 ~2.6D142 -3.643Eg H, kMg
5.45448 5.34421 8.017E5 5, Mgk
2.42761 2.52642 2.24028 <p, Jg.K
1.47193 1.26326 cpfCr
356.526 346,364 Sound Spesd, mia
-0.216219E-01 §.631247 IT, Kfbar
139.662 10,8665 Viec., uPa.s
108,054 31.2262 Th. Cond.,mW/m.K
(VLE=PRS,PROPS=EXCET)
1-Phaee Flaah results ac T = 300,000 K and P =  1.00000 bar
Fead -—Vapag---  ~—-Phi~---
methane 0.500000 0., 500000 0.501146
n-butane 0.500000 0. 5QDODG 0.489220
Holar Basle
1.DOD0O 1.00000 Feed Fraction
37.0823 37.0823 Helar Hass
0.990291 9.590291 Comp. Facter, Z
G_t50126E-02 0.160126E-02 D, g/emasd
-2. 70888 -2.70863 ¥, ki/g
6. 85916 6.26316 3, JVg.K
1.88481 1.254B1 Cp, J/g.X
1.14417 Cp/Cv
274703 Sound Speed, nfz
1.11512 JT, Hibar
4.98036 Visc., uPa.s
20.9472

{(VLE=FRS, FAOPS<EKCST}

Th. Cond, ,aW/m.X
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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 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: 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

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

Comparison of supertrapp results for compressibility and viscosity of CO;
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 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 | 0.3174 | 0.3200 | 86.4000 | 85.6790 | -0.8334
16.773 | 882.346 | 0.3354 | 0.3366 | 0.3606 | 88.5000 | 88.5405 | 0.0458
17.761 | 800.268 | 0.3520 | 0.3534 | 0.3838 | 92.1000 | 90.3452 | -1.9053

£ = compressibility factor
77 = viscosity

{-)st = 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 +0.15 to +0.4% for viscosity and +0.02 to
+£0.05%

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 0.8268 | 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
n = viscosity
(-}st = supertrapp computed value

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-
ments is estimated to be +1%.

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

T P P & Zet AZ N Nat 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
203924 | 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 ) HYDROGEN

FEED 1 1.0000

FLTP 298.15 2.03975
FEED 1 1.0000

FLTP 298.1S 5.06625
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
(41 (bpm-ight 196852801 Microsoft Carp.

@
&
§
*’

I pvtranhturn

* T syandard Refedirnice . Dak: hol

= NIST THEW]’EIHSIGHL PROPERTIES OF H %ﬁ%camu WIKTURES =

» pogpran SUPERIBAPP ~ Yeysien 3.1 o

E 3

- Rased; on research spﬁnsm-:d by hd

s the HlS'Ihg ?.:’{lslngi:ﬁcg ot 6 réiu ot

- ) m 1] roperty Gonsortium *

* E:d Standard’ Ruferancgenas *

- 4

- »

ot Physical and Chemical Propevties Division -

- -

bl . bistributed by Standard Referénce Bata -

- National Ingtitute of Standards and 'I'eclmolngy -

- Ga;.t])ershurs. HD 28899 UgA -

- £

- Copyright 2803 by the U.5. Secrotary. of Commerce "

- on behalf of the United Statds of America "

- Al rights rosevired . L.
For help in response & stion, entew
Pox a beief :I.esr.z‘iptign dl-‘ SUPERIFIHI'P, ent
Press anter to centinue. ;
Bo wou want to use default seftings? (LD I
(l'iu: default settings are whatever you last selected for units and File £0.2
n
Do you want to input: From & File C(HALZT
Please enter. the piame of the inpat file. l12.:i.n;|
Do you want to putput to a File (NA)T
Please eater the output file name. h2
Do o alse want: cutput to the I:euumnl (Q.-'ﬂ) ?n
bo youw want ‘to thange the unlts (HAY> 7

‘SHPERTRAPP 2.8 Property Hnit: Meny
Property *optiong# current
Proveuse " catm  Iha e g 4 hsi - Thpfobar
essure atm ~bar ~HPa. ~Pr SPzia M g..

Ui lume ‘s Tomag sinw3 fEnm3 diter
gg;rgy J Btu - skeal ,\gg - > Ikd
delncity F‘c/s :?Ln}‘s o . . s,
Uigcosit i ~uPa - 1bAF SABZEE b - JuPf
Ihn.. Cond. (H/m X .edl/u\.s K,htu/l‘t s F; btu/f: h Floten:k . s amiem K

default set eplions

€1> Scientific (K stk liter .cal Lm0l cemE Lub

€2y -8l <K MPa ] ki s’y L uPa.x
3> Eng:.neermg ¢F .Psia SEEH3 btu S1h St [ 1hAFtis
€4¥  Mixed K Lhar © .liter .kJ smal s uF

Enter -the pew unit or default votion (H to exitd?

cCALICH s.l)
W
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Hz:

User Interaction with supertrapp (Part 2/2)

Enter the new unit or default aption X te exit?? 2

SUPERTRAPP 2_88 Propevty Dait Menu
Il FAEM M : ° ’

Frnpe‘rt,y. optitns M current;
Tamper&l:ure(l& <R . i wF . . . F Lo K
Pressure  ‘Catm  .baw MPa Paig LPeia  Liwlly,kpfiMPa
Vo lime (1liter . m¥xd P ] L InENT JFemsed . pl ]
Enevgy teal A '.-]it'u 2keal Jhd - . Bk
Mass ¢mol  _1b-mol H +1b - . kg
Velocity <mss -‘nrvs fl:/s .gn(s ' - Imss
Viscosity <CuP P ;ula, s iboft ~1b/Et h. . Jula.s
Thm. Cond. <W/m.X .t:al/i:m.s I{‘htu/ft £ P ht:u/h: h F.ml/n.K - LN
defanlt set options
{1} Scientific <K .atm sliter Lical »mol sChss  uP wcalscmog KD
€2y §. CK _HMPa s N A | kg ~TE ~uPa.s AW b)
$3) Engineerdng (P _Psia _ft##3 "htu .1b_  ,Ftrs .1h/Et.s .btusft.h. L
43 Mixed CK [har ~litew [lJ mol  cheg” P Taleml R
Entex “the neyw unit or default cption F te exitd? x

SUPERTRAFPP 2,08 Property Unit Men
Property ‘ption e P - current
Temperature (K R LG .F » - . 2K
Pressure {atm ~bar ~HPa LPeig +Peia ~mmHg. kpf XMPa
Uolume (liter . mxsd Sepend . inwed 5 3 et T >me
Enevgy Ccal [ J Jhtu kcal skt - - Jkd
Mass {mol . lb—mel ¢ .g +»1b . - kg
Uelocity <mss  .cmss s Sdnrg ; . WS
stcuslty LnP P LAbsft s | 1bsFtoh, . JbPa.s
Thm. tond. Wl -caliom. s K, tua’ft.s FobtusFt. 8 TR . Msm K
defauwlt set options
1> -Scientific <K ;atw ,liter .cal .mol .cm's uP rEaliom. 8 By
€2) .B.I. <K MPa w3 R e /S ,uPa s: ,.N/h.'R bl
a3y E‘ngmeermg (P «Peia  ftwed [btu 1D Fers  L1b/ft .S

¢4y “Mixed K ibaik  Iiter kI’ 2nel »MSS SuR
the units haue been reset as requested.
Do .you-want to ente® compositionz on a mass basis ¢(NAYI7?n
(]gnehﬂﬁsf’:rﬂrﬁncuggns1t10n as male Fhactions

- put wan be in moles) NYIT Y

Bid-af—file encountered en input file

returing to interactive input. mode

For a lgst of available options. type ? Othervise

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

i

Program Terminated— Exitdiang NISI#
ENPROGRA™LNHIS T \sprErap)
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Hj: supertrapp Output File (H2.0UT)

1-Pases Flash resulto at T = 29B.150 X and P

=-=—Cemponent—----= ---Feed---  -—Vapar---
hydrogsn 1.00000 1.00000
JMolar Basia
1. 00000 1.00000
2.01588 2.01588
1.02952 1.02952
2.40106 7.40105
34,3021 34,3024
£0.9503 §0. 9503
16.473% 15,4738
1.36518
1333,33
~0.7143569
8.84794
©.201468

(VLE~PRS ,PROPZ<EXCST)

1-Phase Flash resulte st T = 298.150 X and P

***** Compopelt—-—--— ---Fesd--~ --Yapar---
bydragen 1.00008 1.40400
JMolar Beais
1.00000 1.pgdoo
2, 01688 2.01588
1.04836 1.04836
3.92037 3.90581
56.4423 56.4423
48.3572 48.8372
15.6184 15.5184
1.36479
1356.7B
~0.BIEHE
#.84798
0, 204044
{VLE=PRS, PROPS=EX(CST)
1-Phass Flash rssnlta at T = 298,160 K sed P
-----Cooponent------ ---Faed--~  =--V¥aper---
bydrogen 1.00000 1. 00000
,Molar Bamis
1.00000 100000
3.01588 2.01588
1.09324 £.08324
7.53707 7.53707
115008 110.008
45,9423 45,9623
16,6169 15,6189
1.36340
1411.30
=0. 664566
9.84798
©.210019

(VLE=FRS ,PROPS=EXCST)

1-Phasa Flash raeults at T =

298,160 ¥ and P

—Liquid--
bydrogen £.000D0 100006
Moler Baais
1.00000 1.00000
2.D1528 2.01588
1.13587 1.13567
10.3513 10.8813
161,528 161,928
44.2748 44.274E
16. 7038 15. 7036
1.36131
1461.89
~D. 645815
3.34798
0.215478
(VLE=PR3 ,PROPS=ET.CST}
1-Phags Flash yasults at T = 202,150 K and
---Faed---  --Liquid--
1,50000 1.00000
JHolar Barie
1.00000 1.0008¢
2.01568 2.01668
1.17706 1.17706
14.0008 140009
212.865 212.968
43.0748 42,0748
15.7737 16,7757
1.36849
1510.39
-0, 635380
B.B4798
©.220663

= 3.03976
Ty p—

1.03¢41

Hra

Fesd Fractiom
Molar Hazs
Comp. Factor, Z
D, kgfmeud

H, x)/kg

S, k)ikg. K

Cp. kl/kg R
CpiCy

Sound Speed, n/a
JT, KiMba
Visc., uPa.B
Th. Cond. ,W/m.K

= 5.06625
---Phi----

1.06071

HPa

Fand Fraction
Holatr Naea
Comp. Factor, Z
D, kg/men3d

H, kl/kg

S, kl/kg K

Cp, ¥/kg.X
Cp/Cv

Sonnd Spesd, m/s
IT, K/MPa
viac., uPa.a
Th. Cond.,V/u.K

= 10.1325
———Phi-——

110177

MPn

Fasd Fraction
Molaz Haas
Comp. Factor, Z
D, g/mis3

W, ki/kg

s, Blkg.K

Cp, kI/kg. R
opfov

Saund Speed, m/s
IT, kNP2
Visc., uPa,a
Th. Cond, M/p.X

= 15.1988
~-—Phi----

1.15355

MPa

Feed Fraction
Molar Masa
Comp. Factor, Z
D, kg/més3d

H, X3/ug

5, kI/ug. K

Cp, xI/kg. K
Cp/ov

Sonud Speed, m/s
JT, K/NPa
Visc., uwPa.a
‘. Cond, V/w.K

MPa

Foad Fraction
Nolar Haae
Comp. Factar, T
D, kg/m=e3

H, kIfkg

S, kl/kg.K

Cp, klfkg.K
cpite

Sound Spasd, mfa
IT, W/HPa
Viac., uPa.x
th. Cond.,W/n.X
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{VLE~FRS,PROPA-EXCST)
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B.4.2 Carbon Diexide
Carbon Dioxide: Input supertrapp File (co2.inp)

COMP 1 7]

FEED 1 1.0000

FLTP 300.00 7.3548
FEED 1 1.0600

FLTP 300.00 10. 1685
FEED 1 1.0000

FLTP 400.00 13.0558
FEED 1 1.0000

FLTP 200.00 14,3100
FEED 1 1.0p000

FLTE 300.00 15,2947
FEED 1 1.00G0

FLTP 300.00 16,7726
FEED 1 1.0000

FLIP 300 .00 17.7611
FEED 1 1.0000

FLIP e 18,0004
SEXT
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2)

cs \Pnﬁﬁﬂﬂ‘-l“«ﬂl S-’ix:;wt_:van)::trapn

HIST Stanidard Rel-‘erence Datahase 4
HISI THERMOPHYSLCAL. P TES OF HY ROCHRBGN HIHTURES
Program’ SUPER’EBHPP - Uaﬁln -3

Bassd onckesearch spongored: by

iy la  Reseavch Capter

“the H[S]' Supelﬂ:r tical Fluid Propeity Consoitium
and ‘Standard Reference Data

Physical .an& ‘Chemical Properties:] Dibision

- Distwibuted by Standard: Reference Date
Natioaal Inititute -of Standaids:and Technologw
‘Gaithersburg. MWD 28699 g

(}up_uright 2943 by. the U.§.. Seécretary of Commerce
""" Kehalf. of the United States. sf ﬂmr:ca
e All rights ,ﬂusawed. :

YRS EEEY itriir#* e
EXELCRIXREEN AU R A RS

For help in-response o any ﬁuastion. enter TIU,
For-a briaf descyiption. of -SUPERTRAPP, enter
Press ‘enter. to continue.

Do you want to use default. settings? (Y M)
(T!‘ne default gettingd ave uhatever yow last sele:ted for units and File 140.3

Do .you want €0 input from a.File (NADT v
Pléaze enter. the pame of the ihput file.” col2.iop
Do you want to output o a File (NAYIT » o
Please enter the output file name. coZ. nut
vou-also want output to the terminal (Y#N» 2

Do yoir want to change the units (NAY 7 »

SUPERTRAPP 2.88. Property lnit Menu

Property pticns : current
Tenperatuwfﬂ B < L .

Pessure  {atm hae - »MPa Psig +Peia .nan,kpi )har

o lune Cliter .m!‘Hi3 LM »inwng PR liter
Energy Ceal o ~Btu lu:al ) e g )I(J
Mass Civa 1 +1b—hol shy -1b . - Imo 1
Uelocity (Ms ,cnv’s '.Ft/s » in/s - , 2RSS
Viscosity CuP 2 1bAFE.s li)/ft H. - JuP.
Thm. Gnnd. Men M ;cnlﬂ:m 5. lt btur’ft s-!’ LIRS 3 -0 Eomddm.K - - >mbdm_ K
default set options

€1y Scimtif:u: (R catm L liter ,gal Lol LCRAXE  auP ,calfcm P R)
£2) MPa mwed o k) kg imsg cuPa.s MmN

<3 Engmee!‘-ing (l’ Pewia Ftnxl _btu ~1b Jftre  L1bsft_s Btiisft. h. F)
<42 Mixed 'liaxf ,lii_:e'l_- d smal .Y __.u_P_ T K pl

Fnkre Ehe nre onit he AsFanTt nnkinn (X E£n aii€)?
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Carbon Dioxide: User Interaction with supertrapp (Part 1/2)

Enter the new unit or default pption <X to exit)d? 2

SUPERTRAEP 2.B&:Property Unit Menu

Property AR R K e ot Lons mnearcene:
LemjeraturelR R .C K .o soooox IK
Preszurs  Catm . abar HPa Paig. LPodia  Jneilg. kpfiHPa
UoTume. Cliter ,mwnd L CiR] o Inwnd JEERRE L T, T Ymnid
Energy Ccal . Sty +keal R . . K
Rass <mpl ;lb-mol kg 1b . . kg
Uelnclty {m/s _,.cm/s .EE/: »iANAs - s
Yiscogity <uP uPa. »1brEt S1hoft. h. s dPais
Ihp. Cond.: (Wrm K ,cal{cn 5. K, buu/‘ft.a.}' btufft.h;.l’,nl.!/‘n . » BLIECTS
default set: aptions
€LY -Sedentific. &K .atn  ,liter .cal .m0l emds  LuP seallefioel 1<>
@ 8.1, K ,MPa. ,mwx3  LkJ kg Lmes LuPage X
<3y Engmge»ing ¢F ,Psia .Ftwx3 .htu -1h “Etrs ,lb/ft.s ,b:u/ﬂ; h. F)
<4> Mixed (K L bar .liter Skd ~mel N ~mWim K >
Enter-the new unit or defailt option (X to exitd? x
SUPERTRAPP 200 Property Unit Menw

Prope¥ty #* S curvan-l:_
Tenperature(h. ;
Praggume’™ {atm Psia .ang.ka )HPa
Yolumes {liter . ] -
Engrgy {cal o -

; {rnl . -

I nis -
ssity  Cuf AuPa “ibsFt.s | AWPEECh,
Ikn. Cond. m ¥ ,cal/en s btu/l-’c;s.l’ btu/{t hi:F. a0

LI PR

defaalt set optiaens
1) Scuntifu: ¢H .atm Lliter .cal mol

€22 CH LMPa g3 Lkl sk 7 Ly
(33 Enginuér:i.ng CE LPaia ift=w3 .hta .lb Enm/ﬂ: h P>
<4 (N .bar  _liter kI .m0l  Lm#s .ub B P e

The units have been Peset. as sequasted.
Po. you want to enter compositions on a mass basis ¢(H-Y)7n

Do _yoi want to lnput conposition-as mole fPactions
CLE the ansver iz no; input can be in nales) (Hﬂ)?y

Erd—oE—File uncounte:rnd oan. mnut file

returing to interactive input mode

Por & Llist of available sptions. type 7 Gtherwise

enter. command oy, if you wish to do a flash t:a.lx:ulatmn-
enter T(KD and P{MPa) separated Ny a comma.

guit

‘Program Terminated— Exiting HIST4
CNPROGRATIMNLS T s ptrapl
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Carbon Dioxide: supertrapp Output File

(C02.0UT)

1-Phasae Flash rasults at T =

-—~—-Companant- ~--Fead---  --Liguid—-
carbon diozide 1.00000 1.00000
Molar Basis
1.00000 1. paboo
44.0095 44,0095
0.177439 0177489
732.336 732,386
-9175.03 -9175.03
3.35%64 3.35354
4.81529 451529
5.26161
341.816
1,77429
51,1868

300.000 X and P =

7.36480
-=-Phi----
0.631333

WPa

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

H, kllkg

8, kl/kg.K

Cp, W)fkx i
Cp/Cw

Sound Spred, nis
JT, R/MPa
Vize., wPa.a

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

{VLE~PRS, FROPS=EXGAT)

1-Phaze Flash results at T = 300.000 X and P = 10,1635 HPa
P ------ ——Faed --Liquid-- ~Phi-—--
carbon diexide 1.00000 1.00000 0.437448
JHolar Basis
1.00000 1.00000 Fued Fraction
44,0086 44,0095 Holar Mass
0222596 0,222026 Cowp. Factor, Z
204.815 604,815 D, kg/mwe3
-9187.99 -9167.99 H, kl’kg
3.29826 3.29826 S, kJkg.K
2.56518 2.85518 Cp, kKI/kg. K
3.37258 Cp/Cy
445627 Sound Speed, nle
3.947964 IT, WiMPa
T3.1707 Vinz., uPa.w
©.952999€-D1 Th. Gond.,W/m.K
{¥LE=PRS, PADPS=EXCST)
i-Phasa Flash results at T = 300.000 K and P = 13,0693 KPa
-----Component------ ---Feed--= --Lignid-- =--Phi----
carbon dicride 1.60000 1.00000 0.403720
Molar Pasis
1.00000 1.00600 Faed Fraction
44.0085 44,0085 Holar Hass
0.272854 ©,272954 Canp. Factor, Z
B44. 197 844,187 D, kg/merd
-p184,08 -9194.08 H, kd/kg
3.26678 1.36628 5, k)/kg.K
2.51262 2.51262 Cp, kI/kg.X
2.917B8 Cp/Cv
510,665 Sound Spasd, mfa
0.638586 IT, K/HPa
80.6854 Visc., uis.m
0.101668 Ta. Cond.,W/z.K
(VLE~PRS .PROPS=EXCST)

i-Phage Flaeh resulve nt T =

----- Componett--~--~ ---Faed--~  --Liquid-—-
carban dieride 1.0D000 1.00000
,Molar Bamin
1.00000 1.00000
44.0005 44,0095
0.294510 O, 294510
537,203 A67 308
-9196. 941 ~9195.81
3.26630 4,26530
2.40043 2.40342
2.80445
5§33.561
. 552208
43.6430
0.104055

(VLE=PRS , PROPS=EACST)

1-Phazs Flash results at T =

~———=—Compcnant--—--— -=-Fead--- =~Lignid--
carbon dicxide 1.00000 1.00000
Holar Basis
1. 000070 1.00000
4 .0095 44,0095
0.211404 D.311404
B66.550 356,590
-9197.13 -9197.13
3.24743 B.24743
2.33441 2.33441
2.73232
550, 137
0, 496386

30¢.000 K and P =

300.000 K and F =

14.3i00
e phj———
0.378126

MPa

Fasd Fractiom
Helar Hean
Comp. Facter, 2
D, kg/mesd

H, %k

8, WI/kg.K

Cp, kl/kg K
epsoy

Sound Spasd, mfa
JT, K/HPa
Vise., 4Pa.s
Th. Cond. Wm.K

15. 2847
===Phi-mmn
0.260984

MPa

Fand Fraction
Mzlar Maaas

Comp. Factor, 1
D, kg/mssd

H, k/kg

8, kg K

Cp, ®7/kg.K
Cp/tw

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

Visc., uPu.s

.105847 Th. Cond.,W/m.K
(VLE=PRS, PRUPS=EXCST)
1-Phase Flasn Tesults st T = 300,000 X and P = 16.7726 HPa
=~Liquid--  ---Phi-~--
carbon diorida 1.00000 1.60000 0.339157
Malar Baxis
1.00000 1. 00000 Fesd Fraction
44.0095 44,0036 Helar Mass
0.336606 0, 336606 Comp. Factor, I
BT9. 17T ETR. 177 D, kg/mss3
-9198 .68 ~BLB8 58 H, kl/kg
3.23661 3.23661 8, kl/kg.K
2.35013 2.26013 Cp, Wilikg. X
2.64352 tp/ev
573,403 Sound Spsad, m/s
0.423507 IT, KAPa
26.6406 Visc., wPu.x
0.108402 Th. Cond. ,W/m.K

(VLE=PRS ,PROPS=EXCST)

1-Phass Flaah resulta at T = 300,000 K end

--——Compenent------ ——Fasd--- --Liquid--
carbon diaride 1.00000 1. 00000
MHolar Basis
1.000DC 1. 00000
44.0085 44,0095
0.253354 0. 363364
886 .864 aks 364
-9188.57 -9198. 67
3.32903 2.22993
2.30827 2.20927
2.56354
AT 407
C. 382515
00,3457
¢.110033

(VLE=PRS, PROPS=EXCST)

1-Phaee Flash rasults ar T « 306,000 K and

B Food---  ~-Liquid—
carbon dicxide 1,80000 1.00000
Molar Basia
1. 00000 1.00000
44,0095 &4.0095
0.357396 0.357396
838.649 £38.549
-8109.77 -9198.77
3.22837 3.22837
2.19285 2.13288
2.68246
590,752
0.373263
20.7708
0.110418

{VLE=FRS, PROPS-EXCET)

3

P

= 17.7611 MPn
———Phi--—
0.325670

Fasd Fraction
Holar Hass
Comp. Factar, Z
b, kgfavas

H, kg

2, kMka. K

Cp, kJ/kg.K
Cp/Cv

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

= 18.0D04 MPa
~=-Phi-—-—
0.323864

Fead Fraction
Holar Hass
Comp. Factor, 2

Sound Speed, m/x
IT, K/MPe
Vise., uPa.a

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

COMP 1 HETHAKE

FEED 1 1.0000

FLTF 203.15 o.151
FEED 1 1.0000

FLTP 293.15 0.183
FEED 1 1.0000

FLTP 203.15 4.219
FEED 1 1.0000

FLTP 2903.15 7.912
FEED L 1.0000

FLTP 293.15 11.298
FEED 1 1.0000

FLTP 283.15 11. 310
FEED 1 1.0000

FLTP 2903.15 14.702
FEED 1 1.0000

FLTP 293.16 1B.361
SEND
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CH,: User Interaction with supertrapp (Part 1/2)

ﬂ:\?ﬁmﬁ\}ufst\sﬁ_rtmp}strap?

NIST Standaid Refewsnce Databize
HIST THERNOPH'A'SIGRL ‘PROPERTIES OF HYDROCHRBON HIXTURES
Progsam SUPERTRAPE - Version 3.1

L ]

. Bagéd on dmgearch sponsored by
the NASA Lewis Research Center.
the NIST Superciitical Fluid Pyoperty Gonsoxtinm
and Standard Reference Data

Physical and Chenical Peoperties Divizicn
Bistribited by Standard Reference Data.

National lnstitute of Standards and Iechnnlogy
Gaithershury. MD 2889% USR

Copyright 2083 by the U.5. Secretakry of Commerce
behalf of t]le United S€ates of Kmerica
A1L pights reserved.

IEEREES RS ESREE S

ZEEEERER RS RS REIE LS

For help in response to any ﬁuestinn, enter YU
For & hiiéf description of SUPERTRAPP. enter “1°.
Préss enter to continue.

Do you want to use default settings? (Y/N>
(The default settings are whatever you Iast selected Eor units and
n

Bo you want te input from a file (NAD? y

Plesse enter the name of the input file.” chd.inp
Do you want to outpet to a file (N/YY? y

Please enter the output file name. chd

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

Bo you want to change the units HAY T y

SUPERTRAPF 2.09 Property Unit Menu

i?i-nperéy - MR ption
l‘enpeleatura('x SR L -F

File 170.)

current

. i
Pregsuré  Catm  Lbar HPa Peif ~Paia mnﬂu.kpf Yhar

Yo lune Qiter .mH3 BT s Anme3 2 B ;.
Energy <gal -3 Shew skeal ooy -
<mol  ;1lb-mol kg o 21b i

Ualm::nty Chrs ,t:n/s ,fl:/s .g.n/s -
Uisnosits {uf uPa S 1beFt ., SIbefi. l'l'
hm. Con Hrmil ,l::a]./l:u P htuzﬂ: s P,htwft.h P.num -

-
&
-

default sét options

1. JMBa Lmedd (KT
[ 0d Engineu-ins (F .P;i.a. Fewn3d bt 1R
4Y Mixed ¥ par Lddver K -mel o “uP

JArS L UPALE

Enter the fnéw unit or defanlt obtion X to exit’?

3liter
3

€1 Scientifie (K .atm  .liter .cal ,mal Lcmfs 0P scaldem s K3
<K ¢ MK ;

fers. Ib/F.s htu/l‘t.h n
~Em. K >
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CH,y: User Interaction with supertrapp (Part 2/2)

Enter the new umit ow default option CX'to ewitd? 2

SUPERTRAPE 2.88 Property Unit Menu

gefault - set -t_qjtihns
€4 Scientific ¢K ,atm sliter rcal el  .omrs LGP

Prn,' ty 4 MMM IR " opt Tonssens * #Wad .current
Ienpevatun(it iR B B L e K
Prassurs  (atm  Lhaw. JHPa . +Peig . Psia. . mofy. kpfifPa
Cliter , musd LCREE L33 iftwsd S 3
Goal Ll bt Jkeal SR - » 2kJ
tmol | 1b-mol SRyl 1B - FE) 'y
lelocity (m/s cn/s .fE -/e gn/s . P
Uiscasit CuP 1uPa S1hoEt L h, - JuPa.s
Ihn. Cond. <W/m.K -cal/t:n s K. m:u/ft.s.P ht:u/ft ]1 Ponthem ¥ . s NlemK

scaliomass l(’:a

default zet opé.ﬁnns

<1 Scientii-‘ic K -atn -liter ,cal .mel .emfs LuP

(2> §. <X HPa .m*'3 SEkJ - L AlS ~uPa.s

€3> l:'ns:lne:rms P .Pgia .ft=3 .btu 21 .f't/s Slbsft.s
> 2d <K Lhar ~liter ,kJ Sm0l omrs P

The wivits have been yeset as pequested.
Do you want te ehted compoéitions on a mass basis (H/AYR

Do. pou wapt to mpui: conpositicn as nole Fractiond
CIE the answer is ne, input can be in molesd (NAI?y

End—of-file encounteired on input File

¥eturing to intevactive input. made

For & list of ayailable optionz. type 7 Otherwise

enter comfand o if you wizh to do a Flash calculation.
un::r ICH. and PCMPa) sepavated by a comma.

qu

Frogean T‘em:inﬂi';-'_ed— Exiting HIST4
C:\PROGEA™LSNIET s prEraps_

22 8.6 <K .MP smeeed kg ohg Smes, LuPacs  LiemLR
{3} Engineering <¢F , SEtsnd Chbu lb Jftis .1b/f"l: s Shtusft b F)
4> Hixed (K .bar ,liter ikl gl Lnide P SR
Enter the new unit or default option ¥ to exitd? x

SUPERTRAPP 5.8R Property Unit Henn
Property e npt i current
Temperature (K R ,(f P - - - b33 .
Pressure Catn Jhar -HPa Psig LPsia «mnHy . kpf DMPa.
Vo lume (liter  m#nd L Civend ~inwx3 Frwnl . Dmeel
Energy <cal i | ) bEn Jkeal SR n - 2kd
Mass {mol +1h~-mnl ~Kg - +Ib & N 2Ky
Belocity €RgE  omes .f.t(s. gn/s . . mrE
Wiscesity LuP o uPa CIbsEE _,ll:.lfl: h, - aba.s
Thm. Cond. (HomLK t:a].zcm . R htu/ft s.F. btu/i’t K.F.mllsn_ R - Wem. R

scalfecm.s . K>
Al K 2>
Ahtusfb, h.F)
¥ n K
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CH,: supertrapp Output File (CH4.0UT)

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

- 5 Fawd Vppar—--  ~=-Phi--
mathane 1.0000D 1. 00000 ©¢,524916
,Molar Basim
L.00600 1,00000 Fewd Fractian
16.0426 16.0425 Holar Moo
o.923702 5.823707 Comp. Foctor, 2
30,0628 30. 0623 D, kglmesd
-4722.64 -4722.64 H, k)/ig
9.52561 9.53561 8, kleg.K
2.60339 2.60338 Cp, kliig R
1.4319% Co/Ce
431.926 Sound Spavd, wim

4.20830 JT. K/HFa
11.9758 Visc., wPa.»
0.413464E-01 Th. Cood.,W/m.K

(VLE=PRS , PAOPS=EXCST)
1-Phase Flash Tostltc a% T~ 295,150 K and P = 7.51200 HPa
----- Componant------ ---Fasd---  --Liguid-— —-Phi--—-
aethane 1.00060 1.00000 0.867215
Malar Beais
1.00000 1. 00000 Fead Fraction
16.0425 16.0426 Holer Mass
0.BETHTE 0.987876 Comp. Factor, Z
59,9973 £9.9973 D, kglo+e2
-4782.93 -4762,93 H, kl/kg
9.09568 9.08566 3, kl/hg K
2.94808 2.94508 Cp, ktkg. K

1.5854T Cpily
432.305 Sound Speed, /e
3.54704 JT, K/MPa
13,2580 ¥iac., uPa.s
0.471741E-0L Ta. Cond.,W/m.K
(YLE=PRS, PROPS=EXGST)

1-Phase Flash resnlts at T = 293,150 K and P = 11.2880 HPa
ponant------ ---Faed --Liquid--  ~—=-Phi-—-
zathens 1.08000 1. 00000 0. 821954
\Malar Basia
100000 100000 Feed Praction
16,0425 16.0426 Holar Mazs
©,831503 0.831503 Comp. Factor, Z
a9, 431¢ 29,4316 D, kg/oe=3
4748, 25 -d738,26 R, k)/kg
8.81834 8.81834 8, k)/kg.K
3.2B644 2.28644 Cp, kI/kg.K
1.73300 Cpsoy
443.216 Scund Spesd, n/s
3.04868 JT, X/MPa
14,6331 ¥lac., uPa.a

©.528919E-01 Th. Cend.,W/n.K

(VLE=PRS ,PROP5=EXCST)

1-Phape Flach results at T = 293.15C K and P = 11,3100 MPa
eed-——  --Liguid-- ---Pni----

mathane 5.0000¢ 1.00000 0.821807

JMolar Basja
1. 00000 1. 00000 Fesd Fraction
160426 16,0425 Molar Hasm
0.831402 0.331402 Comp. Factor, Z
295375 £9.5376 D, ke/aws3
-4758,37 -4758.37 H, kl/kg
B.B1T4T B.BATAT 8, kMkg.K
3.28760 3.20760 Cp, ki/kg. K

3.73350 Cp/ey
443,274 Sound Speed, o/m
3.04662 IT, K/MPe
18.48392 Viec., uPa.s
0.520126E-01 Th. Goud. Mfm.K
(VLE-PRS, PROPS=EXCST)

1-Phaso Flosh reaclta at T = 293,150 K snd P = 14,7020 MPa

----- Copponent------ ---Feed--—-  --Lignid—  -—-Phi----
mathane 1.40000 1.00000 ©.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 D, kg/mws3
-4830.29 -4830.29 H, kl/ug
8.59707 a.s9707 5, klfug.K
3.57732 3.57732 Cp, kJ/kg.K
1.85841 Cp/Cv
485306 Sannd Spesd, m/s
2.43128 IT, XMPa
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{YLE~FRS, FROPS~EXCST)

1-Phase Flash resulvs av T =

-———-Component—=---~ ---Foed--~

mathane 1.00000
1Malar Basia
1.00000
16,2425
0.811348
148, BTO
-4454,52
B.44773
3.7439B8

(VLE=PRS , FROPS=EXCST)

16.7112

1.00000

1.00000
16.0425
Q.811348
148,870
-4858.52
&.40773
3.74398
1.924a1
803,572
1.749561
18.9284

Viec., uPa.s

0.588594E-01 Th. Conmd. ,N/m.K

203.150 X snd P = 18,3510 WPa
—Liguid--

RN p—
0. 751617

Fesd Fracticem
Holax Maas
Comp. Factor,
U, kg/mes3

H, )/ag

5, kl/xg.K

Cp, kifkg.K
Cplov

Sound Spesd, m/a
JT, K/NPa
¥iac., wPa.=

0.652464E-01 Th. Cond. ,¥W/m.K
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B.4.4 Natural Gas
Natural Gas: supertrapp Input File (mix.inp)

CONP 1 HETHANE

CTHP 2 ETHANE

CIFP 3 PROPANE

CONP & NITROGEW

COMP 5 on2

FEZD 1 0.8484

FEED 2 a.0e40

FEED 3 a.0050

FEED 4% 0.6560

FEED § 0.0066

FLTP 793.963 031G
FEED 1 0.3434

FEED 2 0.0840

FEED 3 0.0050

FEED 4 D.D560

FEED & 0. 0066

FLTP 393.956 2,060
FEED 1 0.B484

FEED 2 0.0840

FEED 3 0. 0050

FEED 4 0.0560

FERD & 0.0066

LI 293,849 4.030
FEED 1 0.84B4

FEED 2 0.2840

FEED 3 0.0050

FEED 4 Q.0580

FEED § 0.0066

FLTP 293.529 6.020
FEED 1 ¢.3484

FEED 2 0.0840

FEED 3 0.0050

FEED 4 0.0580

FEED B 0. 0056

FLTP 293.92% 8.040
FEED 1 0.8484

FEED 2 0.0840

FEED 3 0.0060

FEED 4 0. 0660

FEED & 0. 0056

FLTP 283.524 10,080
FEED 1 0.B484

FEED 2 0.0840

FEED 3 0.0a52

FEED 4 ©. 0860

FEED 5 0.0066

FLTP 293.936 12.190
FEED 1 0. 8484

FEED 2 0.0840

FEEE 3 .0050

FEED 4 ©.0660

FEED & G.0066

FLTP 93,583 14.040
SEND
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Natural Gas: User Interaction with supertrapp (Part 1/2)

Hicriosoft Windous AP [Version 5.1.26003
€02 Copywight 1985-2081 Microsoft Corp.

C:\PROGRAMIANT S’I\sp»trap)sﬁrapp

T Standard Reference Database 4
HIET THERHOPH'ISICRL PROPERT1ES OF II?DRO(:RRBOH MIXTURES
Proyram SUPERTRAPP — Uersion 3.1

. Based on eesearch sponsored by
the MASA Lewis Heseavch Geater.
the N]B‘I Sumer:tmal Fluid Property Consortium
and Standard “Reference Dita

Physical and Chenical P.':ééci’pé#t:'.zs- Division

Distributed by Standard Reference Data
Hational Institute of Standayds and Technology
Gaitl\e:‘shuvg. Wb 20899 USA

(:npyl'lght 2883 Ly the U.8. Gecretary of Conmerce
n hehalf of t}:e United States of America
A1k pights reserved.

I B REEREEESEERERER SRS
EXRX XX RXERE XX RN AR KRS

For help in pesponse to any lqu)est:mn, enter
For a hrief desc £ i of SUPERIRAPE, enter "?"
Press enter to continuwe.

Po ywou want to use default settings? (V/HD
(T'he default settings are whdteuer you last selected For units and file 1.-0.)

Pe you want to input From a file CHASYT y .
Pledse enteir tle name of the Injput file. mix.-inp
Do gou want to output to a file <HADY y

Please enter the output £ile pasme.  mix.ount

Do gou algo want output to the terminal (YNY 7 a

Bo. you want to chanye the units (HAYY T u

_SUPERTRAFP 288 Piopeity |

i34 4 eman P Lon g - cui*i-.en;e_

,emherature(]i R -G P »
Prégsure {atm -bar -MPa »Pady SPsia .lm!-lg kp£)har
lalume {liter mx=3 G . inexd SEped - litew
Enengy tcal L _ bt Lheal ek - - k-l
Mags tmpl  lb-mol kg i 2 1h - . Inol
Uelweity <Cmss  .omes .ftfs ~inss P
Viscosity <uP cP ~IbrFE S IhFt he - P
Thin. cnnd Wsn K caliem. sl btu/tt P btu/fl:.h § M T . o K
defauilt §et. options
(1) -Seientific (R -atm _Liter ,€ak  .mol  .emes  LuP sCaliem.s . HY

8.1. K .MPa paend 3y .kg s suPa.s e ¥
(3) Engineering <F SPsda ft**:-) ,'ht.‘-l_.l -k Lftre LIbhAFt.s htuwfe b BX
{4y  Mixed K Whar - liter kb smol wes LuP rrm. K >

Enter the new unit or default-ootion % to exi€d?
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Natural Gas: User Interaction with supertrapp (Part 2/2)

Enter the new unit.er default option & to. exitd7? 2

SUPERTRAPF 2.08 Property Unit Menu

Property ta : .,,..*.:i.ons NI I -current
}elmeﬂtum(li ’ R +E
{atm  , baw +MPa ,.Psig .mllq-lmtml’a
Cliter ,nw»3 N ] Linend - InEnd
fcal L) . shitu Lkeal - - )lﬁl
tmol  ,lb-mol S ky o . s Fhy
mis  ichvs ,Et/a .infs . . i Inrg
] CuP LEF uPa. 1hAft 111/!‘1: ch,. ~ uPa.s
Tha. Cond- ¢W/n.K ,caliom s.K. btu/ft.sJ' htn/ﬂ! ‘h FomllsinK . . YR

default set nptions
€1) Sc:u:ntific ".'K Latm Jldeer Lcal ,ml ',_l:.ll,);(a

fMPa i =3
(3) EngeinEBr‘ing (F 'Ps'j.a SFtRsd Chtu .lg RS
{4y Hixed <K .bar Tliter J(J Aol SEAE.

Enteyr the new anit or default option <X to exitd? x

Braoperty Horki options " corrent
Tenmperatyre (K R -G .F . hL |
Eressure  Catm L bar ~HPFa ~Psig ~Poia .nn“g,kl!f')HPﬂ
o] ] A inwd 2 s B - men
waf g 178 Jkeal =) s - Ykd -
s1b-mol ha N ’ . - Ykg
Uelacicy ,u:w'; .ftz_'a ,'gn/,s - - n/s
Uiscnsit; cP lh/Pt b, - JuFa.s
. Gong ,cal/cn g K.btu/ft . F,hf:u/ft }n.F ollem N, - MK
default set options
£1¥ Scientific (M .atm 2liter ,cal .mn] cars LuP scalscm.s. . K)
2% 8.1 (R _MPa L3kl a7z .uPa.s /.
{3» Engineerdng ¢F .Pgia ,ft#x3 _btu .lg /e lhfﬂ:‘. .htu/ft h. F)
42 Hixed K Jhar L liter JKJ- wmel  LmAs uP T

The units have heen wepset as doquested.
Do you wané to enter hempesificns on a mass basis CHAYITR

Do ¥bu vant to mnut composition as nnlu fractitng
CIE the ansiiér rs fio. input can be in moles) ENSYITY

End—ef—$ile encounterad on input file

returigg to interactive input mode

For a 1ist of iwn;l.lqh]e npt;ens. type 2 Otherw

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

Progran Terminated- Exiting HIST4
CxPROGRE“INHIST \aprtrap?
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Natural Gas: supertrapp Output File

(MIX.OUT)

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

-----Companent------ ~--Fasd--— =-Vapor---  ==-Phi=----
mathane 0.848400 0.343400 0.643857
wthane 0.840000E-01 0.840000E-01 0. E244746-01
propans 0.50G0G0E-02 0.5060B0E-02 D, 445403E-12
nitrogen 0.660000E-01 0.560000E-01 £.561011E-01
carbon dioxide 0.660000E-02 0. 660000E-02 0. 654242E-02
Molar Baais

1.00000 1.00000 Fead Fraction
18.2169 18,2169 Holar Masa
0.993477 09977 Comp. Factor, Z
2.32560 2.32680 D, la/meea
-4069,66 -4069. 65 H, kl/kg
14,1369 10,1469 8, kl/xg K
2.09948 2.09948 Cp, R kg K

1.29006 Cp/Cv
413,331 Sound Speed, m/e
4.84327 JT, K/MPa
11.5134 Viee., uPa.s
0.328966R-01 Th, Cond.,N/w.K
(VLE=PA3 ,FROP3=EXCIT)

1-Phags Flash results av T = 263.956 K and P = 2.De000O MPa
—=---Componsat--=---- ---Feqd--- -—Vapor—-- ==~-Phiu--
mathans 0. 848400 0. B4R400 0.816867
athans o, B4D0DCE-DY 0. BA000CE-DY O.740BGLE~CL
propane ©.500000E-D2 O, 500000E-D2 O.412235E-02
nitrogen 0.56DODJE~01 0.6G000CE-DL Q.567530E-DL
carbon dioxide ©.850000E-02 O.BE0000E-D2 ©0.5223T3E-02
Holar Basis
1.D00D00D 1.00000 Feed Fraction
18.2159 18.2159 Malar Mnas
0.4954880 0.955830 Comp, Factor, Z
16.0454 14.0454 D, hgfm++3
—8077 .80 ~4a77 .30 H, k)/fkg
9. 27654 9.27664 2, R1fug, K
2.21784 2.21784 Cp, 2ltkg R

1.34714 Cp/ Gy

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

4. 3533B3E-DL Th, Cood.,Vim.X

(VLE=FPRS, PROPS=EXCST}

1-Poase Flash results at T = 293.59 K and P = 4.03060 HPa
————— Componant------ -—-Fesd—==  =-Vepor--= ===Phi---=
methana 0.848400 G.343400 0.758308

sthane 0.840000E~0L 0.840000E-01 0.655276E-01
propand 0.500000E-02 0.500000E-02 0,341132E-02
mitrogen 0.560000E-01 0.560000E-01 0.676866E-01
carbon dioxide 0.6EGO0DE-D2 0,660000E-02 0.687359E-072
-Holar Basis

1.00000 1.20000 Feed Fraction
1B.2153 18,2158 Halay Maza
0. 91TI4R D.BITL4B Camp . Factar, Z
32,7504 32.7504 D, kg/px3
-4%038.88 -4098. B8 H, kJ/eg
a.91721 8.91721 5, kl/kg. X
2.3T610 2.3TELD Cp, k1/kg. K
1.42264 Cp/Cy
401.883 Bound Speed, ofa

4.86177 JT, K/HPa
12.2951 Viec., uPn.e
0.382510E-01 Th. Cond.,W/m.X
CVLE=PR3 ,PROP3-EXCET}

1-Phase Flash results at T = 203.929 K and F = E.02000 HFPn
——===Comp —~Foed ——Vapat-—=  —=Phye-s
mathane 0. BAB40D D. BAB4DC 2.761281
ethana ©.B4D000E-01 ©.B4DODIE-DL 0.5T5354E-01
propans £.500000E-02 ©.50DODOE-D2 0.281246E-02
nitrogen 0.550000E-01 ©.560000E-01 O.S88240E-01
carbon dicxide 0. ESDO0DE-02 O.BE0000E-02 O.555023E-02
\Malar Basis
1. 00000 1.00000 Fead Fraction
13,2159 15.2159 Holar Masa
0.880141 0.580141 Comp. Factor, 2
50.9830 50.9830 D, kg/nead
-4220,.57 -$120. 57 H, kJikg
B 67286 8.657865 8, kl/ug.¥
2,68085 2.66085 Cp, ¥M/kg.X

1.51267  Cp/w

369.355  Sound Speed, n/e
425485 IT, ®/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 =

299,920 K and P = B.D4ODO  MPa
P Food --Liquid-- ---Fhi---

wethane 0.846400  0.848400  0.73504§

wthune 0.B40000E-01 0.84CO00B-01 0.510192E-01

prupane 0.5000008~02 0.50C000E-02 0.231632E-02

hitrogsn 5.560000E-C1 0 .B6OO00E-01 §.50174TE~01

carbon dioxide
+Holar Basin

0.660000E-02 0.

E6COC0E-C2 ©.523TESE-02

1, 00000 1.00000 Fewd Fraction
18,2169 1B.2169 Molar Haas
0.847296 0.847294 Comp. Factar, 2
T0.7297 T0. 7207 D, kg/me=a3
-4142.439 ~4142.48 H, x))eg
£.49001 4.45001 5, k)/ig.K
2.76789 2.76789 Cp, kI/kg.X

1.61187 Cp/ov

400.657 Sound Speed, w/a

3.86713 IT, K/HPa

13. 6580 Vimc., wPa.s

(VLE-PRS,PHOPS-EXCET)

1-Phage Flash resulte at T =

0.43T124E-01 Ta. Cond.,N/m.K

203.924 K mnd P =

10,0800 MPa

----- Compoment------ ---Feed--- --Liquid-~ ---Phi-—--
methana 0. 848400 0.342400 G.712584
othane 0.B40000E-G1 0. 8940000E~G1 ©.451068E-01

propene 0.500000E-02 0.60GMMUB-02 0.191429E-02
nitrogen 0.560000E-01 0.5600G0B-01 G.617096E-01
cavbor dioxide o, E-02 0. E-02 6. 2
,Molar Baaia
1.00000 1,00000 Faod Fraction
18,7159 18.2159 Haolar Hass
0.819976 0.B10976 Conp, Fectar, 2
91,6320 91.6320 D, kg/mee
-4164.11 -4164.11 H, ¥3/xg
£.33036 4.33036 S, k3/kg. X
2.98669 2.98669 Cp, kl/kg.%
1.71624 Cp/Cv
206,047 Sound Spaed, m/s
3.481T0 JT, K/WPa
14.9180 Viac., wPa.s
0.482522E-01 Ta. Cond.,\/m.X
(VLE=PRS , FROPS=EACST)
1-Fhase Flash results st T = 293.936 K and P =  12.1900 MPa
----- Compapent------ ---Fyed--- =--Liquid-= ==-Phi--—-
methane 0.648400 0848400 9.690838
sthans 0.B40000E-01 0.840000E-01 ©,399619E-01
propans 0.500000E-02 0.5000005-02 G, 168753E-02
nitrogen ©.B6NOODE-CL 0.560000E-01 0,534246E-01

carbon dioxide

0, 660000E-02 0.

E60000E-02 O, 46TIGE-02

JMolar Basis
1.00000
18.2159
0.798807
113.733
=-4185.38
E. 1ETE0
3. 20808

1.00008 Fesd Fysction
18.2159 Molar Hans
©.798BOT Camp. Factor, Z
113,732 D, kg/mved
-4185.38 0, k/xg

2. 16780 5, R1fkg.K
3.20308 Op, klfkg.X
1.81898 tp/ov

416.485 Sound Spasd, m/s
3.04262 JT, K/HPa
18,1824 Vise., wPa.s

©.520689E-01 Th. Cend. ,W/m.X

(VLE=PRS,PROPS=EXCST)

1-Phage Flach results at T = 293.963 K and P = 14.0400 MPa
- p =--Liquid--  ---Fhi----
methane 0. 848400 0348400 0.873787

sthane 0. B400005-C1 0.24C000E-01 ©,362128E-01
Ppropans 0.500000E-02 0.5000008-07 0. 138426E-02
nitrogen 0.560000E-01 D.SE0000E-01 O.648665E-01

carban dloxide
sMclar Basia

1.00000

13,2154

Q.7R7269

132.915

~43202.58

B.D7A13

3.359%4

(VLE=PRS, PROPS=EXCST)

0. 660000E-02 D.

SE0DONE-C2 . 44ETISE-07

1.00000 Fesd Fraction
18.2158 Holar Hass
©.787263 Comp. Factar, 2
132.918 D, kg/wred
-4202.58 H, ki/vg
8.07818 5, kI/fkg. K
3.35058 £p, kI/kg.R
1.89243 Ep,fm
430.238 Sound Speed, n/s
2.84723 IT, R/MPa
1740683 ¥isc., nFa.a

0.554743E-01 Th. Cond. N/m.K
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