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� ��º Â�&Ê &N ëêö jº� r³, j�, úîb~ ;{� êÖO»j B�~�¶ >¯~&
. �¢ *� 
B

&Êö &� �
 bW~ êÖ�j Fê~&�, êÖö jº� �çVÚ bW" Â�&Ê &êº Macfall �(®{ê Û0.05%)

" AGA 8-DC(‘94)(®{ê Û0.1%) �j '' ÒÏ~� �~&
. êÖ8~ ®{ê¢ {�~V *�, r³~ ãÖ 
þ8"

jv~&� j�" úîbº ç&"6ê¢ �Ï~� ®{ê ªCj ~&
. � Ö" Â�&Ê& ÒÏ>º &¦ª~ ��öB

Û0.1% Ú�� �
 bW8j .G� > ®rj {�~&
.

Abstract − This study was conducted to suggest the highly accurate calculation method of sonic velocity, specific heat and

enthalpy widely used in the natural gas industry. The equations of these properties for natural gas were derived, Macfall’s eqs.

(uncertainty ±0.05%) and AGA 8-DC(‘94) eqs. (uncertainty ±0.1%) were used for predicting the ideal gas properties and compress-

ibility of natural gas needed to solve the equations. To verify the uncertainty of the calculated values, the sonic velocity was

compared to the experimental data and the uncertainty analyses using the relative sensitivity method were performed for spe-

cific heat and enthalpy. The results showed that these properties were accurately predicted near ±0.1% in most flow conditions

of natural gas.
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1. B �

Â�&Ê �Ë� WË�ö V¢ �
 ;{� &Ê bW8� º�>�

®
. "�öº Â�&Ê ç�¾ö &7� .{»ê>[1], �ï, j7ò

� 7º� �¶� ��>îæò PNG(Pipelined Natural Gas) ê«" F

ïê, Â�&Ê ¶ÿN, &ÊªCV BB Òë� �ÚöBê �Ïz>

�B r³, j�, úîb~ bW8� 7º� bWb� ¦'>V �·®


. ß® r³f &�® 7º� bWb� ��>� ®º� PNG~ w»

�¦¢ 
�*b� 6æ~�, Â�&Ê �Wj �b� º�~�, Â�

&Ê ¶ÿN~ �ï6æ bBf &N>Ú ®�, .r2 Fïê~ G;

r³ jvÏ, �Ò� .;& Fïê� ²ï�¶~ FïêÖö ��V

r^�
[2-4].

���¾ F#~ ãÖ Â�&Ê ç�¾º 1900j& .>¦V ��Ú

rV r^ö ç�¾f &NB �ï, j7, .{»ê>ö &� bW ��

º ¢3� >¯>Ú ¢; ;{ê~ bW8j êÖ� > ®º O»� �

&^Bz >î
. �-æò �
 ¾¢öBê ��~ bWö &� ��

º 80j& 7>� >B¢ ;& 
þ� ��Úr� r³, j�, úîb

�~ êÖö V.& >º ;{�(Û0.1%) ç�O;�f 92jêö j�

² B�>îb�, 94jêöº ¢¦ÚÏ� B;>î
[5]. � ê �¢ V

.� ;{� bWêÖ�j êÂ~º ·ë� ��Úr� 98-99jêöº

ISO "&b� -j�, r³, úîb, úÞ�b 8b�¦V ÖÂ>º- ª

êFÿ�¶~ �B jv ��& >¯>î
. � jv ��öº ÖÒ ¾

¢(�&��²¢ Û� � �Ò& ^��) ��� 6B�� ^�~&�

[6], jv Ö"º &¦ª~ ��öB Û0.1% �Ú� ¢~~&
[7].

��¾ ëêöB jº� ~º Û0.1% "O~ çÏ bWêÖ *��

Îf jçræ �6>æ p� ®b� 
² ¦;{� ¢¦ çÏ *��

Î� *Ò ÒÏ>� ®
. V¢B � ��º ��� ^B¢ �Ö~V *

� r³, j�, úîb({»ê>f �ï 5 j7f �&�ÏBö êÖ

O»� «{® B�>Ú ®ÚB B��)¢ ;{® êÖ� > ®º O»"

&N ëêöB bWêÖj � r V&� >º êÖÖ"¢ B�~�¶

®
. 6� êÖB ' bW8~ ®{ê& '� ê� Ú¶ ;ê>ºæ¢

ªC~&� ªêFÿ�¶ �Bjv Ö"¢ Û� � bWêÖ O»~ '

;Wê {�~&
.
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2. � �

2-1. {»ê>

{»ê> 6º &ê~ êÖf ¾ rJê :f ?� AGA-8[5]�¾ ISO-

12213[8]j �Ï~� ¢; Nê, {K º* ÚöB ®{ê Û0.1%~ êÖ

8j áj > ®
. �Vö >�B ç�O;�f 2&æ�� ~¾º ¢

>ç�¾ Fÿ��ö 'Ï� > ®ê� ò�, 3N j�â�ræò ;Ò

� SGERG O;��� 
� ~¾º Â�&Ê �Wj Îv �Ï�B ê

Ö~º AGA 8-DC(�~ DC)� ®Òº O;��
. SGERG�f jv

' *�~� ®{êê DC�" ÿ¢~æò 'Ï Nê, {K º*& B

�'�ÚB � ��öBº DC ç�O;�ò ÒÏ~&
(DC~ ãÖ ¢

>'� Â�&Ê ç�¾ ��-çN, 4 MParæ-öBº Û0.03%~ ®{

ê¢ ¾æÚº ©b� rJ^ ®r[9]).

� (1)f DC ç�O;�~ �« �ò VF� ©�
. DC� ¶Ú& ç

�® �Ç~� V. ��V ·ê ôjB �VB ¶^® 
� > ìV

r^�� �ö &� ¶òº AGA-8(‘94)f ISO 12213(‘97)¶ò¢ ^�

~V :¦
.

(1)

2-2. bWêÖ


B &Ê~ bW�f ���' &ê�b�¦V Fê� > ®
. F

ê ";� 
² �Ç� �¶º úîbf úÞ�bö�� ¾^æ �¶

º � v ��¾ *�� &ê�b�¦V Fê� > ®
. úîbf ú

Þ�bº Perry ��§[10]~ �j V�'b� ÒÏ~&æò, �ç VÚ

~ Î�" �Ö~V *� �* O»j �Ò®
. �-² ;Ò� úîb

f úÞ�b �f '' � (2)f (3')ö ¾æ¾ ®
.

(2)

(3')

;'j�" ;{j�f ���' ;~�� � (3''), (4')¢ �Ï~� (3')

j �ª~� �� > ®
. �VB � (3'')~ jÚ' νº Ö&ê ρ� &

Ú� > ®V r^ö � (3')¢ �&� �ª~� � (3)j áj > ®æò

� (4')~ ãÖº �Ê� O;�j �Ï~� {K P& jÚ' ν& >ê

� æ;�¢ � (3')�¦V FêB
.

(3'')

(4')

(3)

(4)

r³ 6� �ö &� ;~�� � (5')f 
B &Ê~ ç�O;��

� (5'')�¦V *�® êÂB
.

(5')

(5'')

(5)

2-3. �çVÚ~ ���' &ê�

� (2)-(5)º �çVÚö &� ;{j� Cp
o
,úîb H

o
 &N>Ú ®
. V

¢B �
 8j ;{® ÖÂ~º © 6� �
 bW êÖö j>'�
.

�çVÚ bWö &� ;{� �b�º Alyf Lee model[11]j V.�

BBB Macfall’s model[12]� ®b� Â�&Ê bWj êÖ~º�º Ï

ª� ;{ê¢ <� ®º ©b� �Ò>î
. V¢B � ��öBº �

�j ÒÏ~&b� 
r" ?
.

(6)

(7)

(8)

(9)

z 1 ρB K3ρ Cn
*

n 13=

18

∑ T un––+=

+ Cn
*

n 13=

58

∑ T un– bn cnkn K3ρ( )
kn

–[ ] Dbn cn– K3ρ( )
kn[ ]exp

H Ho RT Z 1–( ) T
∂Z
∂T
------ 

  dρ
ρ

------
ρ0

ρ

∫–+=

S So R– ρRT( ) R Z 1–( ) T+
∂Z
∂T
------ 

 
ρ 

 
  dρ

ρ
------

0

ρ

∫–ln=

Cv T ∂S
∂T
------ 

 
υ

=

CP T ∂S
∂T
------ 

 
P

=

Cv CP
o R–( ) R 2T

∂Z
∂T
------ 

 
ρ

T2 ∂2Z

∂T2
---------

 
 
 

ρ

+
0

ρ

∫ dρ
ρ

------–=

CP Cv R
Z T

∂Z
∂T
------ 

 
ρ

 +
2

Z ρ ∂Z
∂ρ
------ 

 
T
 +

------------------------------------+=

a κ ∂P
∂ρ
------ 

 
T

=

P ρZRT
M

---------------=

a
Cp

Cv

------RT
M
-------  Z ρ ∂Z

∂ρ
------ 

 
T 

+
 
 
 

1 2⁄

=

CPi
o Bi Ci

Di

T
-----

h
Di

T
-----sin

----------------

2

Ei

Fi

T
----

hcos
Fi

T
----

----------------

2

+ +=  Gi

Hi

T
-----

h
Hi

T
-----sin

----------------

2

Ii

Ji

T
---

hcos
Ji

T
---

---------------

2

+ +

Hi
o Ai BiT CiDicoth

Di

T
----- 

  EiFi– tanh
Fi

T
---- 

 + +=

 GiHicoth
Hi

T
----- 

  IiJi– tanh
Ji

T
--- 

 +

Cp
o Cpi

o xi
i 1=

m

∑=

Ho Hi
oxi

i 1=

m

∑=

Table 1. Ideal gas property coefficients for key constituents of NG in Macfall’s model

CH4  C2H6  C3H8 N2  CO2  H2S

Ai −29776.4 −37524.1 −56072.1 −3495.34 20.73070 −10085.4
Bi 7.954540 7.981390 8.143190 6.955870 6.962370 7.946800
Ci 43.94170 24.36680 37.06290 0.272890 2.686450 −0.08380
Di 1037.090 752.3200 735.4020 662.7380 500.3710 433.8010
Ei 1.563730 3.539900 9.381590 −0.29132 −2.56429 2.855390
Fi 813.2050 272.8460 247.1900 −680.562 −530.443 843.7920
Gi −24.9027 8.447240 13.45560 1.789800 3.919210 6.315950
Hi 1019.980 1020.130 1454.780 1740.060 500.1980 1481.430
Ii −10.1601 −13.2732 −11.7342 0.000000 2.132900 −2.88457
Ji 1070.140 869.5100 984.5180 100.0000 2197.220 1102.230
Ki −20.0615 −22.4010 −24.0426 4.498230 5.813810 −0.51551
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Table 1öº � (6)" (7)ö ®º ê>¢ ¾æÚî
. �Vö ìº Â

�&Ê~ Wªö &�Bº Table 2ö ®º Aly-Lee model~ ê>¢ Ò

Ï~�, �r ê> Gi, Iiº ‘'’b� ~� êÖ~� B
.

2-4. ®{ê º� O»

r³~ ãÖ ®{ê& «VB G; ��V& ®ÚB ®{ê¢ º�~

º� ÚJæ� ì
. ��¾ j�" úîbº ç7 jv� > ®º ¶

ò& ìÚB �� rJê bW~ ®{êf ç&"6ê[13]�¦V º�

�¢ �
.

ç&"6êº ëãæ> X~ 1% æz& ¢bÊº «³æ> Y~ %

æz¢ ~��
. ��� �º X8 1%~ ®{ê& ¢bÊº Y8~ %

®{ê�ê �C &Ë~æ� ç&"6êf X~ ®{ê¢ n
� ��

¦V Y~ ®{ê¢ &Û'b� º�~º² &Ë~
. 6� «³æ> Y

& Xò~ �>¢� Y~ ®{êº ��'b� �~ ;{~² º�F >

®
. � ��öB Xº ®{ê �Ï� &Ë� {»ê>& >� Yº j

�" úîb& >º� � v bWf {»ê>ò~ �>� >Ú ®ÚB

ç&"6ê ªCj Û� ®{ê¢ ;{® º�� > ®
. �VB j�

" úîb~ ãÖ ®{ê¢ r� ®º ¦ª� Yof �-æ pf ¦ª

� ∆Y� ¾� > ®
. ¯ �çVÚf &NB ¦ªf ®{ê �Ï� &

Ë� ¦ª�� {»ê>f &NB ¦ªf "6ê ªCj �¢ò º�

&Ë� ¦ª�
. V¢B j�" úîb~ ç&"6ê �C 5 ®{ê

º�f '' � (10), (11)" ?� {»ê>f &NB �ö &�Bò >

¯~&� *Ú ®{ê UYº Y8öB Yof ∆Y& Næ~º jN� &7

~¢ 'Ï~� � (12)f ?� Ö;~&
. �Ò� Table 3öº ' êÖ �

¶ö &� Yo, ∆Y �Ò� Yoö &� ®{ê& «V>Ú ®
.

(10)

ó (11)

(12)

3. êÖº*

� êÖ~ Nê, {K º*º '' 250-350 K, 0.1-10 MPa� ~&
.

�º �Ï� > ®º r³ G; ��V& &Ú� � '�� �Fê ®

æò, ²ï�¶ Ï~ Fÿ ��, r³j �Ï� Â�&Ê �W .G, ¢

>'� Â�&Ê ç�¾ ��, PNG~ Fÿ�� �j Îv ��� >

®º Nê, {K '��V r^�
.

êÖö ÒÏB Â�&Ê �Wf NIST(���&��²)öB r³ G

;Ïb� ÒÏ� 4&æ b�&Ê[14] 7 2&æ¢ F�~&
. ~¾º

Amarillo Ö &Ê(�~ &Ê Aø)�B �Úö ê«>º Â�&Ê �W

" &Ë &rÚ ©��[15] 
� ~¾º Statoil Ö &Ê(�~ &Ê Bø)

�B Ëê �/F ÿ� &Ê¾ ���F� Ö PNG~ �êz>²b �

ïj Ïª® >'~V *��
[16](Table 4̂ �). &Ê º r³

êÖÖ"¢ G;8" jv� r Îv ÒÏ>î�, j�" úîb~ ®{

ê ªCöº &Ê Bøò ÒÏ~&
. �-² � �Fº zê �ï�

·f -�êz>²b~ �ï� �- &Ê~ bWêÖ ®{ê& ¢>'b

� �² ¾æ¾V r^ö G;¶ò& ìº j�" úîb~ ®{ê �

V¢ Ïª~² Ö;~V *��
.

4. êÖÖ" 5 �V

4-1. r³

Fig. 1(a), (b)º � ��~ êÖÖ"f NIST(���&��²)~ r³

G;8[14]j jv� ©�
. NIST r³8f öÛ; �êV¢ �Ï~

� G;� ©b� Nê 250-350 K, {K 0-100 MPa~ '�öB Û0.05%

~ ®{ê¢ ¾æÞ
.

θ %( ) ∂ Y∆
∂X

----------- X
Y∆

--------⋅=

U Y∆ %( ) θ Ux %( )⋅

UY %( ) Yo

Y
------ UYo⋅ 

 
2

Y∆
Y

-------- U Y∆⋅ 
 

2

+=

 Aø, øB

Table 2UU Ideal gas property coefficients for heavy constituents of NG in Aly-Lee model

I-C4H10  N-C4H10  I-C5H12  N-C5H12  N-C6H14  N-C7H16  NC8H18  N-C9H20  H2O

Ai  −72387.0 −72674.8 −91505.5  −83845.2  −94982.5 −103353.  −109676. −122599. −13773.1
Bi  17.8143  18.6383  21.3861  22.5012  26.6225  30.4029  34.0847 38.5014  7.97183
Ci  58.2062  57.4178  74.3410  69.5789  80.3819  90.6941  100.253 111.446  6.27078
Di  1787.39  1792.73  1701.58  1719.58  1718.49  1669.32  1611.55 1646.48  2572.63
Ei  40.7621  38.6599  47.0587  46.2164  55.6598  63.2028  69.7675 80.5015  2.05010
Fi  808.645  814.151  775.899  802.174  802.069  786.001  768.847 781.588  1156.72
Gi  −44.1341 −46.1938  −60.2474 −62.2197 −77.5366  −92.0164  −106.149 −122.444 −3.24989

Ai in cal/mole, Bi in cal/mole-K; Ci in cal/mole-K, Di in K; Ei in cal/mole-K, Fi in K
Gi in cal/mole-K, Hi in K, Ii in cal/mole-K, Ji in cal, Ki in cal/mole-K

Table 3. Classification of Y
o
 and ∆Y

Y
o ∆Y  Uncertainty of Yo

Specific heat at constant pressure, CP  Cp
o

 Remainder terms ±0.05% of reading
Specific heat at constant volume, Cv  Cp

o
-R  Remainder terms ±0.05% of reading

Enthalpy. H  H
o

 Remainder terms ±0.05% of reading

Uncertainty of compressibility is ±0.1% within the range defined in clause 3 except at 250 K. At 250 K, the uncertainty is ±0.3%

Table 4. Natural gas compositions in mole percent for tes

 Component  Amrillo Gas  Statoil Gas 

 Methane  90.7080  83.9800
 Ethane  4.491  13.4750
 Propane  0.815  0.943
 Normal butane  0.141  0.067
 Isobutane  0.106  0.040
 Normal pentane  0.065  0.008
 Isopentane  0.027  0.013
 Normal hexane  0.034  -
 Nitrogen  3.113  0.718
 Carbon dioxide  0.500  0.756

Uncertainties of gas analysis are average ±0.1%

øA Bø
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G; r³8" êÖ8j jv��� Nê& 250 K¢ r¢ B�~�

º ï�'b� Û0.1% Ú�� ¢~~º ©j r > ®
. &Ê�Wö

V¢B £*~ N�¢ ��æò 250 K~ ��V¢ B�~�º &Ê ö

&� �~ N�& ìº ©j &V� > ®
. Nê 250 KöB r³8 N�

º, &Ê ~ ãÖ 8 MPa, &Ê º 5 MPa "O¦V 0.1% �çªj &

V� > ®b� ß® &Ê ~ ãÖº 8 MPa "OöB �& 0.6%~ N�

¢ ¾æÞ
. ��� N�~ "� ö�f {»ê>~ ®{ê& � Nê

öB Û0.3%� ©öB j�>º ©b� 6�>� êÖö �� �¶ê

�º ;{j�~ ®{ê& &Ë � ö�b� 6�B
. �º Fig. 3öB

250 K~ ;{j� ®{ê ãË� Fig. 1(b)f FÒ~� �& ®{ê&

Û0.3% >º �B dj > ®
. �-æò {»ê>f ;{j�~ ®{

ê¢ �J�
�ê 0.6%;ê~ r³8 N�¢ J«~Vº ÚJÚ�(�


 8� r³ êÖö B�"b� 
Ú&V r^ö r³8ö �~º '

Ëf ' ®{ê~ 1/2 �Vª) �º &Ê ~ �W ªC ®{ê&

ï� Û0.1%� �B º&'� JN& B�B ©b� 6�B
.

Table 5º � ��öB B�� O»b� Nê, {Kö V� r³8j

êÖ� Ö"��, �¢ �
 ¶^® ¾æÞ ©� Fig. 2�
. Nêö V

� r³æz¢ ÚÚ�� � (5)� .G>º :f ?� Nê Ã&ö V¢

r³8ê Ã&~º ©j &V� > ®
. {Kö V¢Bº ¢; {Kr

æ r³8� 6N 6²~
& 
� Ã&~º ©j " > ®
.

4-2. j�

Fig. 3f � O»b� êÖ� r .ç>º ;{j�~ ®{ê¢ Nê,

{Kö V¢ ¾æÞ ©�
. Nêö V� ®{ê æzº 250 K¢ r¢

B�~�º �~ ìº ©j &V� > ®b� {Kö V� ®{ê æz

ê îR&æ� ©j r > ®
. ®{ê~ �Vº Û0.1% �òb� {

»ê>~ ®{ê�
 ·f ©j &V� > ®
.

��¾ Nê 250 KöB~ ®{êº {K 4 MPa "O¦V Û0.1%¢

 Aø, øB

 Aø  øB

 øB

 Aø, øB

Fig. 1. (a) Comparison of sonic velocity of Gas between this study
and NIST measurement data. (b) Comparison of sonic velocity
of Gas between this study and NIST measurement data.

Aø

Bø

Fig. 2. Predictions of sonic velocity at different pressures and temper-
aures for Gas .Bø

Table 5. Calculation results of sonic velocity for Gas , 

Temperature
(K)

 Pressures
(MPa)

Gas 
(m/s)

Gas 
(m/s)

250 0.1 392.651 380.332
5.0 361.581 339.159

10.00 370.635 359.739
273 0.1 409.271 396.273

5.0 388.214 367.703
10.00 391.903 370.199

300 0.1 427.404 413.676
5.0 414.263 394.776

10.00 418.336 396.020

Aø Bø

øA Bø

Fig. 3. Uncertainties of predictions of specific heat, Cp at different pres-
sures and temperaures for Gas .Bø

Table 6. Calculation results of specific heat at constant pressure for Gas 

Temperature 
(K)

Pressures
(MPa)

Specific heat at constant pressure
(J/mol-K)

250 0.1 36.5021
5.0 55.4796

10.0W 98.9814
273 0.1 37.3608

5.0 49.0304
10.0W 70.9576

300 0.1 38.5871
5.0 46.3408

10.0W 57.7468

Bø
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."~� 8 MPa "OöBº Û0.3%& >º ©j &V� > ®
. �º

{»ê>~ ®{ê& � NêöB Û0.3%� ©", ;{j�� {»ê

>f &NB �~ B�b� êÖ>º �B j�B ©b� 6�B
(B

��f ®{ê¢ 2V Ã��Ú).

Table 6" Fig. 4º Nê {Kö V� ;{j�j êÖ~� ¾æÞ ©

�
. Nêö V� ;{j�~ �V æzº ¢; {K(�VBº 2-4 MPa

"O)ræº Ã&~
& �ê¦Vº 6²~º ©j &V� > ®
. {

Kö V¢Bº Ôf Nê¢>� � �b� Ã&~º� Nê 250 K~

10 MPaöBº �çVÚ~ ;{j�ö j� £ 3V¾ � ©j &V�

> ®
({KÎ"& ¢).

Fig. 5º ;'j�~ ®{ê ª�¢ Nê, {Kö V¢ êÖ~� ¾æ

Þ ©�
. 250 K~ ®{ê¢ B�~�º Îv Û0.05(=�çVÚ~ ;

{j� ®{ê) ;ê� ©j r > ®º� �º {»ê>f &NB �

~ �Vº ·�, ç&"6êê 1�
 ·jB j�B Ö"�
. �� ��

250 KöB ®{ê~ �V({»ê> ®{ê Û0.3%)ê �çVÚ({K �

J¢ n®j r)~ ®{êö j� �& 0.025% ;êò Ã&� ö�
.

Fig. 6f Nê, {Kö V� ;'j�~ æz¢ ¾æÞ ©�
. Nêö

V¢ ;'j�~ �V& Ã&~º ©j &V� > ®
. {Kö V¢B

ê ;'j�� Ã&~æò ;{j�ö j� ç�® ²���({KÎ"

& ·r) Ã&Nf Nê& Ôj>� 
² 
æº ©j &V� > ®
.

4-3. úîb

Fig. 7f úîb~ Nê, {Kö V� ®{ê ª�¢ ¾æÞ ©�
.

{Kö V� ®{ê æzº �~ ìb�, Nêö V� ®{êê 250 K

¢ r¢ B�~�º �~ ìrj &V� > ®
. ®{ê~ �Vº 250 K

öB Û0.13% �~�� ¾^æ NêöBº £ Û0.07 ;ê B
. úîb

êÖ" &N~� � &æ ���Ú Ò
f 250 K~ úîb¢ �� r

Fig. 4. Predictions of specific heat, Cp at different pressures and tem-
peraures for Gas .Bø

Fig. 6. Predictions of specific heat, Cv at different pressures and tem-
peraures for Gas .Bø

Fig. 5. Uncertainties of predictions of specific heat, Cv at different pres-
sures and temperaures for Gas .Bø

Fig. 7. Uncertainties of predictions of enthalpy at different pressures
and temperaures for Gas .Bø

Table 7. Calculation results of enthalpy for Gas 

Temperature
(K)

 Pressures
(MPa)

Specific heat at constant pressure
(J/mol)

250 0.1 8485.85
5.0 6842.89

10.0W 4549.78
273 0.1 9334.93

5.0 8032.25
10.0W 6466.52

300 0.1 10359.7
5.0 9313.14

10.0W 8173.84

Bø

Fig. 8. Predictions of enthalpy at different pressures and temperaures
for Gas .Bø
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;{j�j V� �� ê êÖ~º ©�
 úîb¢ ç7 �~º ©�

�
 ;{~
º 6�
(Fig. 3̂ �).

Table 7" Fig. 8f Nê {Kö V� úîb¢ êÖ~� ¾æÞ ©�


. Nê Ã&ö V¢ úîb 8� Ã&~�, {Kö V¢Bº jò~²

6²~º ©j &V� > ®
.

4-4. bWêÖ O»~ ¦Ã

Table 8f 98-99jêö ISO "&b� >¯B ªêFÿ�¶~ �Bj

vÖ"[7]�
. ªêFÿ�¶ êÖöº r³, j�, úîb, úÞ�b�

� Îv ÒÏ>º� � �Ò(KOGAS)& �¢ êÖ� r çV bWêÖ

O»j �&� ÒÏ~&
. jvÖ"¢ ÚÚ�� Î� Nê {KöB GDF

f NEL" Ö"fº ¢~�j r > ®
. ��¾ K-Lab"º 10 MPaöB

�& −0.1% ;êN� ¾� SwRIf NOVA~ Ö"fº �& −0.29%,

−0.17%ræ '' N�& Â
. ªêFÿ�¶¢ �~º O»j ' V&

� C®æ pj ��� N�~ ö�� Ú:B j�>îºæº r > ì

b¾, " ö�f ç�O;�" r³� N�öB j�>º ©b� 6�

B
. ��¾ ¢>'b� Â�&Ê~ Fÿ ��� 8 MPa�~¢º 6j

6n~� ï� Û0.1% �Ú� ¢~�
� " > ®b� V¢B � �

�~ bWêÖ O»f æ�~
� " > ®
.

5. Ö �

� ��öBº Â�&Ê &NëêöB jº� �;ê~ r³, j�,

úîb êÖ O»j B�~�¶ ®
. �¢ *� *Òræ &Ë ;{~


� rJê AGA 8-DC ç�O;�j ÒÏ~� 
B&Ê~ r³, j

�, úîb�j Fê®b� �çVÚ~ bWê ®{ê Û0.05% Î�j

ÒÏ~&
. 6� êÖB bW~ ®{ê¢ {�~V *�, r³~ ãÖ


þ8" jv®b� j�" úîbº ®{ê ªCj ~&
. � Ö"


r" ?f Ö�j áj > ®î
.

Ñ�, r³êÖ~ ®{êº � êÖº*öB Nê 250 K¢ B�~�

º Îv Û0.1% Ú��2) {�>î
. 250 KöB~ ®{êº {Kö V

¢ 
�² ¾æ¾º�, Ëê �Úö ê«F &Ê�Wj 6n~� 5 MPa

ræò ®{ê Û0.1% �Ú� Fæ>� �ê¦Vº Û0.1%¢ �² ç

²�
� �� æ�� ©�
.

~�, ;'j�~ ®{êº Îv Û0.1%� �Ú� {�>î
. ;{

j�~ ãÖê 250 K¢ B�~�º Îv Û0.1%�îb� 250 KöBº

�& Û0.3%~ ®{ê ¾æÎj {�~&
.

q�, úîb~ ®{êº 250 K¢ r¢ B�~�º Û0.1% �Úªj

{�~&� 250 KöBê Û0.12%ö ®"�j {�~&
.

]�, ªêFÿ�¶ �BjvÖ"¢ Û� � bW êÖO»� ;{~


º ©j *7'b� {�� > ®î
.

ÒÏV̂

a : sonic velocity [m/s]

bn : equation of state parameter [-]

B : second virial coefficient [m3/mol]

cn : equation of state parameter [-]

Cn
* : coefficients which are functions of composition [-]

Cp : specific heat at constant pressure [J/mol-K]

Cv : specific heat at constant volume [J/mol-K]

D : reduced density [-]

H  : enthalpy [J/mol]

kn : equation of state parameter [-]

K : size parameter [MJ · m3]

m : number of NG components

M : molar mass of NG [kg/mol]

P : absolute pressure [Pa]

S  : entropy [J/mol-K]

T : absolute temperature [K]

R  : universal gas constant [J/mol-K]

U : uncertainty [-] 

un : equation of state parameter [-]

w : weighting factor (0úwú1) [-]

x : mole fraction of NG [-]

Z : compressibility factor [-]

�Ò�Ê ^¶

κ : specific heat ratio(=CP/Cv) [-]

ρ : molar density [kmol/m3]

Σ : summation [-]

θ : relative sensitivity [-]

ν : specific volume [m3/kmol]

çÎ¶

o  : ideal gas

Table 8. International comparison result of Critical Flow Factors(CFF)

 T(K)  P(MPa)
CFF of 

KOGAS,  C:

Deviation(%)†,  D:

GDF1 K-Lab2 NEL3 SwRI4 NOVA5

273.15 0.1
2.0
5.0
8.0

10.00

0.66743
0.68866
0.73225
0.79402
0.84614

−0.0003 
−0.0016 
−0.0010 
−0.0018 
−0.0014 

−0.0505 
−0.0610 
−0.0787 
−0.1004 
−0.1110 

−0.0002 
−0.0014 
−0.0008 
−0.0014 
−0.0009 

0.0011 
0.0059 
0.0043 
0.0869 
0.2857 

−0.0509 
−0.0620 
−0.0770 
−0.0179 
−0.1652

293.15 0.1
2.0
5.0
8.0

10.00

0.66583
0.68245
0.71414
0.75399
0.78503

−0.0014 
−0.0009 
−0.0014 
−0.0015 
−0.0015 

−0.0284 
−0.0319 
−0.0405 
−0.0491 
−0.0545 

−0.0014 
−0.0008 
−0.0013 
−0.0012 
−0.0013 

0.0002 
0.0147 
0.0319 
0.1046 
0.1789 

−0.0284 
−0.0246 
−0.0115 
−0.0438 
−0.1256 

1GDF: Gas de France(France), 2K-Lab: Karsto Metering & Technology Laboratory(Norway), 3NEL: National Engineering Laboratory(England), 4SwRI(Southwest
Research Institute, USA), 5NOVA: Canada gas company(Canada)
†[Dø/Cø−1]Ü100

2)[G;8~ ®{ê2+G;8"~ N�2]1/2.
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i : ith component of NG
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