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ZDFI (RAFH X, 1SO 12213-20H2T)L)

Table C.1 — Gas analysis in mole fractions

Gas 1 Gas 2 Gas 3 Gas 4 Gas § Gas &
o0y 0,006 0.005 0.015 0,016 0.078 0,011
XNg 0,003 0.031 0,010 0,100 0.057 0,117 GaS1 NGaSG
XHp 0,00 0.00 0,00 0,085 0.00 0,00
XCo 0,00 0,00 0,00 0.010 0.00 0,00 WAN
XCHa 0,985 0.807 0,859 0,735 0.812 0,826 Jﬁ ]j
XoHs 0,018 0.0450 0.085 0,033 0.043 0,035
XCaHg 0,004 5 0,008 4 0,023 0,007 4 0.008 0,007 5
XisoCgHp 00010 0.0010 0,003 5 0,001 2 000 5 o001 2
L ST T nnntn nnnt g nnmnask nnnt nm & nnnt 2
Conditicns Gas 1 Gas 2 Gas 3 Gas 4 Gas § Gas 6
;| ZDIE
bar “C
60 | -3.15 0,240 53 0,833 48 0.793 80 0,885 50 0.828 08 0.853 80 _3°C
60 6,85 0,281 0@ 0,855 98 0.822 06 0,801 44 0,840 6o 0,873 70
a0 16.85 0,280 06 0,674 24 0.845 44 081501 0,968 44 0,880 52 60/)_?_‘,1:'_:
G0 35,85 0,208 67 0,804 &6 0.881 83 0,936 74 0,900 52 0,817 23 +6OOC
60 56,85 0,230 1% 0,828 98 0,808 68 x 0,853 18 0,523 68 0,937 30
120 [ -3,15 0,72133 0.710 44 0.641 45 0,810 24 0,685 40 0.750 74
120 8,85 76025 TS50 &6 0,589 71 0,837 82 0,737 80 0.785 B '3OC
120 16.85 0,793 17 0.784 75 0.73123 0,881 37 0.773 &8 0.815 89 1 20/’_?_\'&
120 | 38.85 0,245 15 0,828 &3 0,706 97 0,898 13 0,830 22 0,283 11 o
120 | 58.85 0,283 B3 0,878 70 0.845 53 0,927 66 0.872 11 0.898 62 +6O C

l | l
0.72 0.71 0.64 \0.79~O.91 (BO=E) : 10~20%D#H1E
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4.3.2.8 Isentropic exponent

The expression for the isentropic exponent, x, is given by Equation (25):

erivatives o e Helmho ree enerj 2 The Helmholtz free energy of the ideal gas
_#2
For some of the thermodynamic properties, the calcul @y = 5
reduced Helmholtz free energy, @, of the ideal gas e - B.1 Calculation of the Helmholtz free energy of the ideal gas
temperature, = The relevant mathematical expressiol - Py 3} The Idealiscbari heat capaciy of 2 shoks component (4l may be wrien s n £q
@o,r —| . '
ox, B 4
N B _1 h (g Fie]
¥ (Bos=1) cos o1y e et cme o e ey 54
— 2 i (do2)i + +Coi-Doi—
— T sinh ap & feap)
i=1 fop I koo
* LR
+ H, &) This formuiation for the Ideal Isobark: he: . may be Inseried Int
e Hemhotz fres energy. 5, The h—sg:n:rs 1 Equaton ) may e

1ISO 20765-1 |-

SR IR elmhol},h/energ fthe |deal gas
INTERNATIONAL ISO L \@ [ D T
2 o4\ sinh(Dy,; -7) ";:Jmmmru;msi;mumﬂgmmm
STANDARD 20765-1 N SR SRS
Ho, =% ] Dty e 24 $0UTH T3 0 o 536 10 pOR TrnETe s f
GV{WKL‘I]’)} Pey = .,_..‘L'j: 1 (-{DJ:I.' +{.r'1,3'; rum'mmm,mméﬂmmwmzm
- s s, ., 0 v 5, 0, €98
First edition
2005-08-15 .
4+ Gy; -In[smh{HD -t
——
Calcujation of thelHelmholtz free energy > 0 20765-1:2005(8)
e redugdd Helmholtz free energy for the specified gas 2 Dervatives of the Helmholz fres eneray of the ideal gas
e ——————
okeoiptokinkin bl e rior i emprepishy s ot il
e et Lot o P Al
2,
= 0——3 —oZC riin 4 ch-r""-o‘b"exp . L‘
Natural gas — Calculation of X n=13 n=13
thermodynamic properties —
Part 1: -
Gas phase properties for transmission S L .
and distribution applications
4.3.29 Speed of sound
Gaz naturel — Calcul des proprigtés thermodynamiques —
Partie 1 Propriétés de la phase gazeuse utilisée pour des applications The expres sion for the speed
de transport ef de distribufion A, W — ’(‘ZRT
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TAEUAE YR (YT ILE)

~E 3 7S
| (53) BELHERE.
INTERNATIONAL ISO Table G.1 — Gas analyses by mole fractions
STANDARD 207651 i Component Gas 1 Gas 2 Gas 3 Gas 4 Gas 5 Gas 6 ==
1 nitrogen 0,003000 | 0031000 | 0009617 | 0,100000 | 0,057000 | 0,117 266 J IS M 80 1 O ( E& E I:FI )
s 2 carbon dioxide 0,006 000 | 0005000 | 0015021 | 0,016000 | 0,076000 | 0,011093 .
3 methane D‘afas 000 | 0907000 | 0859284 | 0735000 | 0812000 | 0,825 |9§ f %jj X 0) E—I— %
4 ethane 0018000 | 0045000 | 0084563 | 0033000 | 0043000 | 0034611
5 propane 0,004 500 | 0,008400 | 0,023022 | 0007400 | 0,009000 | 0,007 645
Natural aas — Calculation of [ n-butane 0,001 000 | 0,001500 | 0,006985 | 0000800 | 0,001500 | 0,002539
Ihermad(;'nuamic properties — T iso-butane 0,001 000 0,001 000 — 0,000 800 0,001 500 — GaS1 GaSZ Gas3 e
Part 1 ) - 8 n-nentane nonn3on | ooonann | ooont 218 | nono4nn — 0000 746
Gas phase properties for transmission
and distribution applications P T *
MPa K - -
P S 2 S
7 ~ ’ K
Table G.2 — Results for Gas 1 20 250 4,102 1 4,254 N | 5,499 ‘\‘
" y I { 1
P T z D U H S Cy Ce p . w 20 260 3439 || 3,652 ({ 4420 |
MPa K kg/m? kJ/kg kdkg | kdiikg-K) | kJi(kg-K) | kJ/(kg-K) | KIMPa m/s ,.' N 7
3.0 <608
5 250 0,61996| 49,295 |-28049|-179,06 (242231 1 FONK D 8349 153 1,366 | 372,27 20 270 2,965 \‘L'@
5 260 |0,84544 | 45,971 |-260,09| 151,32 | 3 - 658 | 1,360 | 384,59 20 290 2,380 2,425 2,727
r -
5 270 0,666 43| 43,196 |-240.26 | -124 51 -2 MPa K * 219 1,354 | 395,93 20 310 2,060 2,085 2,238
4 5 250 1,346 .
5 290 0,698 68 | 38,764 |-20160| -7261 | -2 - s e A73 1,344 | 416,29 20 330 1,867 1.882 1,961
5 310 0,922 62| 35331 [-163.45| -21.93 | -1 . 861 1,333 | 43432 -
5 | 210 1,327 20 350 1,742 1,750 1,790
Z EfEFRE 5 290 1314 LN LTSN
D = 5 310 1,303 7 T ~
e 1253 30 | 260 |se00 f 5753, 7.038 }
U WETRLE— S : - - )
: 5 | 350 1,283 30 260 4865 \| 4991 (\ 5975 [i
H T>2)LE— N A< 7
S TuhOE— " g o113 30 270 4 276 ~ 388 Selds
Cv TR 10 260 1,818 30 290 3421 3,492 3976
1 1,665
Cp {EELE 0| 270 — 30 310 2860 | 2909 || 3,220
. o 10 290 .
m Sa—JLhALYARE 0 310 1.448 30 330 2,488 2,521 2,721
k 7A€V OE Y 5k -
& 10 | 330 1,405 30 350 2,233 2,256 2,386
w B 10 150 1,374
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REFPROP

REFPROP (nitrogen) - NIST Reference Fluid Properties o | 5] =

File Edit Optiens Substance Calculate Plot Wi

Help Cautions

Enthalpy plot: nitrogen ~

1: Pressure vs. Temperature plot: nitrogen =||O]x

T kgir]

i REFPROFP

.l

F Fluid Th ly ic and Transport Properties
MIST Standard Reference D atabase 23, Wersion 9.0
E.w. Lemman, M.L. Huber, and M.0. McLinden

Thermophysical Properties Division
Copyright 2010 by the U5, Secretary of Commerce on behalf of

w
a
= ; R the United States of America. All Rights Reserved.
® 2: Pressure vs. Density plot: nitrogen
3
4
@ C T T T T T A g T T F T T T T T T
B F [ S Hiatinoss I
MIST uzes itz best effarts ta deliver a high quality copy of the D atabasze and ta verify that the
TaK data contained therein have been selected on the basis of sound scientific judgment. Howeser,
MIST makes no warranties ta that effect. and MIST shall not be liable for any damage that may
result from errars or omissions in the D atabase.
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File Edit Options Substance Calculate Plot Window Help Cautions || x

[v Temperature [K)

Fram [250
Ta 350
step 10

1.25 T T

KF2EDZ

[ Density [kadre]

Fram (10
Te 200
Step 10

[ Enthalpy [kJ/ka)

From |50
To  |go0
Step [100

Setup Comp. Factor vs. Pressure Plot

[ Quality

From |p
Ta ,17
Step |0.25

=]

e [~ Show 2-phaze [~ Show 2-phaze
Auiz scaling
whwis Range Ir to [an MPa Im ak
0.750 yhwis Range (g to 1.2 - Cormp. Factar  »
% Paint spacing Options
‘E - EC@.SE [v Draw saturation lines e
E = M.echum [v Draw meling line
0500 " Fing } [ Connect satyration states
" Wery fine [~ Swap denzity for specific volurne
Labels [~ Add = and v lines at saturated temp.
v Inchude labels [~ Skip critical region calculations
W with units

ID_ Unlabeled Lines

0.250

B REFPROP - NIST Reference Fluid Properties - [11: Comp. Factor vs. Pressure plot: High cm...| = l = -
File Edit Options Substance Calculate Plot Window Help Cautions MEIE
& i I ) o ]
1 I I
0.000
b 10.0 == = T T T T T T 101

Pressure (MPa)

|Current Fluid: hydragen fnomall  Ref. State: Default L

0500 —
000 —
] 5 -
i 5 L
: L
& L
M o700—
¥ L
: [ N G
e
0600 .,
500 - L1 11 1 1 1 1 L1111
a0 1.00 0.0
L Presaurs: (MPa)
"Hhee T
L | e ol Fhmd Hich CU2 orad Miscrper: G Limigpmorends yr— e s 155 PUBL/R (601 B B e SR
Cineri Fhid il Sl Dl =

nanionaL nsirure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



AIST

REFPROP

B REFPROP - NIST Reference Fluid Properties - [1: Viscosity vs. Temperature plot: nitrogen] |;Ii-

B File Edit Options Substance Calculate Plot Window Help Cautions - =%
[ [ [ I | I [ [ [ | I T [ ‘ [ I [ I | [ [ [ I
100. |—
7 L
@
o
2
=
= L
2
=
10.0—
|

Temperature (K}

[Current Fluid: Amarila Gas  Compeonents: methane/ritrogen/carbon dioside/ethane/propane/isobutane/butane/isopentane/pentane hexane [02.672/4.9807/1.1636/7.7-

N ' National Metrology Institute of Japan

51l : Amarillo7 R D }LE

amarillo visc.txt - SEM |=lol

Z4AF) REE) WNO) ERV) ALTH)
[ E4 . 000000000000
0000000

J74ILHE 1
(txtZ7AIL)

00000c
0000000
1600000000
4000000000

7 00000c
O00000000C

QE0000000(
200000000(

searchWiST @, | S MIST MENU

STANDARD REFERENCE DATA

SRD Catalog REFPROP

Public Law

Purchase SRD faw

SRD Publications + SUCLLEY R Stk

Search SRD NIST Reference Fluid e a—
Thermodynamic and
Transport Properties
Database (REFPROP):

important ones listed below:

fluids. The number of enhancements has been substantial, with some of the more

Version 9.1

Customers who purchased version 9.0 can
receive version 9.1 for free. Please emall to
data@nist.goy  with SRD order number for
wersion 8.0,

Price:5150,00 PLACE ORDER

Upgrade Price-5125.00 ORDER U

namionaL instirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



A’ST N ' National Metrology Institute of Japan

Welcome Eric!

The top of Google search results

Helium-Hydrogon PpT-x Measurements and
ustio

|

2009 R&D 100 Award - Thermophysical Prop...

EHRE TR < 35

4
3
:

-

namionaL instirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



