
Arc
hi

ve
 o

f S
ID

����� ���	 �
��
� � ���	 ����� ������ �����   ������ ����	 �  ��
! � "## 

 

 ����� ������                                                                                                                                                                                          "$ 

  

  هاي تبخیر ناگهاني تحلیل پایداري هیدرات گازي و محاسبه

  چندفازي ـ يیچند جز
  

��������� 
���
 ����� ��� ����+
*  

������ ��� � ��� ����� ������ �� !��
 ������ ��"!��
  
  

�����:  #$%$� &��' (�� �� �)�*+ ��� ,��$' � -�./�� � 01�
 �
 ��� 2�3� ���4 �$!5 ��� �)�6 ��7 8��

��� �"�
 ��7�$!5 94 ��� .�� ;� ��� ,��$' � -�./�� <$=1 �
 >�1 �=���� �
 95 �'�?!� �� �?� �7


��� @����7 ���A ��7�$�4 0�?!'.  9*��B�9*��B��� 0*C ���4 ������D 0��B' ��7 E�F�� ��G ��H*' 94 <$4�� ��7
��$� &��)' -
�)'�
 �%�I ��7��
 �' 
$� ��B� 94 ��$/4 � 9*��J����7 �1�
�D �7��
 �K
�)'. L7�JD &�� �
� 

��7 ������D 0��B'��
 @� (/M��9���� 94 ���� ��79�6�
 ���� 9���5 � 
��G �N��� ��B���4 ���$4 9B�6 �
��� 9/
�����C ����4 
�$� O�/�N (/��$"K� 8�� �4 P*�� .9*��B�(/M�� �?�����
$��' ��7QA ��R ��7��  S

94 ���
 ��R ����T�D �4 �/!�4 
��� �
$4 �=1��U ������ ����7 �
��� ��7 .8�� ������5 94 �&���4��4 ��7
9���4O�/�N (/��$"K� �����7 �

�3' ���� (GA) ��94 ���$'9*��B� &�� E�F�� ���4 V���� ���� ��$�� 
���!�D �7

$� .9K�.� &�� �
�  9*��B� ���4��J�� ��7�$
 9*��B� � �K
�)' 9/���WG �
  �K�I 9K
�)� �� ��H4 � ,��� ��7��


�����K�  S0/D  S�F' (VPT)  9/����$
 9*��B� ���4 �WG �
 PK������� -�� �� @����7 ��
  S$�'�D   
(VDW-P) ��� ��� �
��/��.  #$� @����7 ��/1�� �4 ��/� � WG 0���  (/M�� ���4 @����7 ������D 0��B'I  �

QA 9� (/M���� �WG � #$� @����7 ��/1�� �4 ��'� � ��/I QA 9� (/M�� �� @����7 ��/1�� �4 ��D��D � ��/� � WG �
 #$�II QA ���R (/M�� � �� #$� @����7 ��/1�� �4 WG � ��D��D ���'� ���/� �WG �II  ��� ��� E�F�� .9*��B� �7

 ���
 �
XYZ ��� ��� E�F�� @���/� ��7��!
 ���4 � &�$�5 . �=1 ��Q���� ��!� �C
 �� ��� 9���� -�� 9[ �7

��� ��
�$1�4 �4$1 ���M4.  

  

����	 ��� �
�� :���� @����7 �������D� P*��
��G �N���� O�/�N (/��$"K�.  

  
KEY  WORDS: Gas hydrate, Stability, Gibbs free energy, Genetic algorithm. 

  

  مقدمه
������� 	
� �
�
�� �� ����� ����� 	� ��� �
��� � ��
��

� � ���!�"  #���$ �%& '( 	
� �
�
�� )
" '*�* �� �
�� ��� .

���!�"!,
-" )!�
. ��%( �)	
� )
" 	� '/  0!1 2��3�

,(�/��!�" )
"	
�4,�
� 5�  �4
� !4$� �0
4� 0
4"	
� 
4 )


(�6 �07��
�� #8� �,(�/��!�"��94�� !�-6� )� :  ��.�� )
;�  

  

0
�� ���*��)
" <= �� �

>
  )��%( '(��.� ��!,�=. ���!�" )
"

�?� 	� )	
� �� 
�� !,
-" @� '( '��1 )�"
A  �
�-( )
"�
��

	� �$B
( !,�= �� ��.� '( @� #���$ .'( <= )
" ���*��'%� � )

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ���	 �
��
� � ���	 ����� ������ �����   ������ ����	 �  ��
! � "## 

 

 ����� ������                                                                                                                                                                                          "$ 

���!�" '( ���!�" �

>
  �� ��7��!�" !���C !��1 �� #D
� .

�,E F"4���*�� :�( :"4	
� )
 � <= '��1 �� 
>
 4�
  ���!�"  

  

0�� )
"�������� �
��� �-*�� ���!�" )��!�
C G.�� '/ ��1

����1 . )�

>
  '��1 H�� �
IEH,II,I � �( J
�]K[ ��%( )��( �

L!1 '
>
,1 ���!�"!�� . M �$ ����
,�����$ �!� '���� 	� NC

0��� N*����  ��$�C]O[ �� )�
�-( �
�*
P�  �,�( Q�C ',��	

R��> � � � '
��� ���S ���!�" #���$ M���1 ]T�U[ .

:-%V�� ( �� ����*�4�� 
"	
� )��!�
C #�%3$ )��  M���1 5�  

��4��� '���� :��� )
�� � �
 /4,���( '4',��/ )
 4 '%S
� )	


� � N��� ��	= )7��� �,3,� 	� 0
 �( '3WS ]X[. )�
(=	���� 

 Y��:-%V�� � ���!�" )��!�
C #�%3$ )��( �� '� 
3� )
"

��Z�$ 	� L�
W
 � 
( ��= Y��'� 
3� )
" L��� J
��� )�!& )
"

� � ][[ .Q"�\C :�� ���  	� L�
W
 � 
( 
$ � � L!1 ��  �!
(�

'%S
� ](
$ )	
  ',��/ Y��'3WS ) )7��� '��� �( 0
 �( )

 )	
� ��
�$ �� ��!�
C )
"	
� :���$ )��( �%�%3$ N��� ��	=  

'(�= � �4  � !( N^4'� 
3� ��!�
C
� )
"	
� )���Z�$ )
"4 �

_. !,E ��
I�
�� �4  
$ J
��� )	
� !,E��\��)
"  �`
a )
"	
�

��1 J�%�� ��
�$ ��.  
  

ي بوسان برمنحني ي صفحهروش کمینه سازي فاصله

  (TPD)انرژي آزادگیبس 
��	= )7��� �,3,� ( N���4F
-�  )��,E )
"4! _.�� 4 

 5� #�1 '( )	
�!,E� � ��
;� '��� .'%S
� ���S :���� )

'3WS ](
$ ���S '( 
;��� N�����	= )7��� '��� �( 0
 �( )

TPD ��1 �� b���$.  

)K                                 (( ) ( ) ( )[ ]∑
=

µ−µ=
Nc

i

iii ZxxxTPD
1

  

'*�
�� ���B
( ) Z � F
-�  �%/ !S�� G�/�$ ( )x TPD 

'3WS � N��� ��	= )7��� '��� :�( '%S
��( 0
 �( )  �� 0=

!S�� G�/�$x � � � ��( ���� 	
�. ](
$ '/ ��
�," ( )x 

TPD  )
"��e
� '( '.�$
(( ) ixNc,...,,i 21= ���1 ',��/  ��!��

L!1 ',��/ ](
$ ( )*TPD $�� '�*�� f�%Z� )��!�
C #�%3 �?%9 

x !"� �� 
� '( �� .��� o≥*TPD  '( F
-�  ���S :�� ��

��� � ��!�
C #�
6 ��� o<*TPD ��  ��!�
C
� F
-�  ���S :��

� �. �� ',��/ :������!3� )	
 �*�� �-6 )��( F" ��
" 
"

)ix (��	 #�1 '( '/���� ��.� � �:  

)O                 (                                             1
1

=∑
=

Nc

i

ix  

)T      (                                ( )Nc,...,,ix i 211 =≤≤o  

0��$ �� )	
  ',��/ #�& )	
  L�
  )��( ��e
� ���e$ 	� 

��/ L�
W
 � ��	:  

)U                                ( ( ) ( ) Nc,...,,i,Kzx ii 21==µ−µ  

)X                                               ( 
o

o

i

i
ii

f

f̂
RTLn+µ=µ  

'*�
��) )X( �" '
� 
��� � ��
���1 #�-�

C 0
�� f
�$��  h_.

�� 0
�� ��!"� .	� '� 
3��� '/ 
. 0=��$ )
" 
( �
6 ����
,���

G��`'*�
�� 0��/ :�_��
. 
( � � �$ 0
 = '
� 
��� )
" )
"

'*�
�� �� B
( ))U (F����:  

)[                                                 (      ( )
( )

Px

xf̂
x

i

i
i =Φ  

)i           ( ( ) ( )[ ] ( ) ( )[ ] k

RT

K
zlnzlnxlnxln iiii ==Φ−−Φ+  

��e
� b���$
(( )kexpxX ii −=  )
" ��� ��!�$ 0��,& '(

h_. i F����:  

)j             (                                           ( ) +=1XTPD  

( ) ( )[ ] ( ) ( )[ ]( )∑ −Φ−−Φ+ 1ZlnZlnxlnXlnX iiiii  

'*�
�� �� ))j( …NCO,Ki= � �.  

'P(�� ��	 f
�$�� �-/ �" )��( �� ��� ��!�$ 
( �*��  0
�� h_.

��!"�:  

)k         (                                               

i

Nc

i

i
i

X

X
x

∑
=

=

1

  

	� L�
W
 � 
( �:���(
,( '*�
�� 
( L!1 '���� ��e
� ���e$ ))k( �

'*�
�� ))j ( f�1 
( 
I,$ ��o≥iX ��/ ',��/ . ���S :����

o≥*TPD � '( F
-�  '/!"� �� 0
��� ��!�
C #�
6 �� 

1
1

≤∑
=

i

Nc

i

X ��� � � � o<*TPD ���S :�� �� 1
1

>∑
=

Nc

i

iX �

��!�
C
� F
-�  � � . '�" ���!�" 	
� )��( '/ ��/ �l� !�
(

*@�*'� � ��
 ����                                                                                                                           +E-mail: fvaraminian@semnan.ac.ir  

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ���	 �
��
� � ���	 ����� ��������� ��	�% � ��&' ()� *�
�   ������ ����	 �  ��
! � "## 

 

 +,                                                                                                                                                                                           ����������� 

��� ���!�" 	
� ���� !���� ��.� 	
� 
� ]�
� 	
��� '/ ���_.�!��1 .

'*�
�� �:���(
,(](
$ ) TPD (4)�� ( ���!�" 	
�4�	 ���S '4� 

�� '
1����1:  

)Km                            ( ( ) ( ) ( )[ ]zxxxTPD iii

NHF

i

µ−µ= ∑
+

=

1

1

  

 '/NHF  	
� �� ��.�� ���!�" 	
� L!,"� #���$ )�_.� ��!�$

� � <= ���*�� L���" '( �
Z(.  
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  کسر مولي اجزاء در فاز هیدرات 
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  ي متان و آبیسیستم دو جز ـ Iسیستم 
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Phase Fraction Composition 
P(bar) System 

H(I) Lw V H(I) Lw V 

m/mmm mUkU/m  k[TU/m  

m mmmmkj/m  kTTOKm/m  

Km/mm Methane Ethane Water m mmmmm[/m  m[[Kmm/m  

m kkkkjK/m  mmmXj[/m  

mKUk/m  mTOU/m  kXOi/m  

KmOUK/m  mmmimm/m  kU[Omm/m  

[X/OK  Methane Ethane Water mUmmk/m  mmmmj[/m  mXTKmm/m  

jXiTU/m  kkkOKK/m  mmmT[i/m  

UOXO/m  mmTK/m  XiO[/m  

KTOmK/m  mmmkTK/m  kXKmi/m  
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jXUmm/m  kkkmKm/m  mmmTKj/m  
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  ي متان ، اتان و آبیـ سیستم سه جز IIسیستم 
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  ي متان، پروپان و آبیـ سیستم سه جز IIIسیستم 
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  ي متان، اتان، پروپان و آبیـ سیستم چهار جز IVسیستم 
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Phase Fraction Composition 
P(bar) System 

H(II) Lw V H(II) Lw V 
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 *��! ���
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Phase Fraction  Composition  
P(bar) System 

H(II) Lw V H(II) Lw V 

m mTki/m  k[Kj/m  

m mmmKm[/m  kOjOU/m  

X/mm 

Methane 

m mmmmmk/m  mTXUK/m  Ethane 

m mmmmmk/m  mTXOk/m  Propane 

m kkkjii/m  mmKmU/m  Water 

mKj[/m mOj[/m kXOj/m  

m[XXmO/m  mmmTKi/m  kU[TT/m  

UO/k  

Methane 

mmkij[/m  mmmmK[/m  mOiOO/m  Ethane 

mUOKXO/m  mmmmK[/m  mOiOO/m  Propane 

jjOX[K/m  kkkOkk/m  mmmij/m  Water 

XK[X/m  mmkj/m XO[UX/m 

mkUOOk/m  mmUOOK/m  k[iij/m  

KX/mm 

Methane 

mmXUTO/m  mmm[Km/m  mKUTK/m  Ethane 

mKkOkX/m  mmmXTX/m  mKUTm/m  Propane 

jjKmKU/m  kkUUXK/m  mmmmk/m  Water 
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(%)Error )bar( PHWHYD )bar( Pcalc  T(K) Component 
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Methane 

Ethane 

Water 

UX/O  [U/OT  OO/OU  OiU  
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 5��6P 8 �?��>� *��� �� ��	 �2
�1� �<��=� * �� �<�� �?U *MQO  ��R%� 9�� -� ���S T
� �! *�����>� �! V��)UHWHYD.  

%Error 
Composition (HWHYD) Composition (Cal) 

System 

H(II) Lw V H(II) Lw V 

mT/i  
Ki[kj/m  mmmmX/m  kjiXm/m  KiiKj/m  mmmmU/m  kkjXK/m  Methane 

m.jOTmO kkkkX/m  mKOXK/m  jOOjO/m  kkkk[/m  mmKUk/m  Water 

jT/[  

KmT[K/m  mmmTmm/m  kXXO/m  KmOUK/m  mmmimm/m  kU[O/m  Methane 

mUmKU/m  mmmmUk/m  mUmK/m  mUmmk/m  mmmmj[/m  mXTK/m  Ethane 

jX[OX/m  kkk[XK/m  mmmUim/m  jXiTU/m  kkkOKK/m  mmmT[i/m  Water 

KO/Km  

KKiik/m  mmmTTk/m  kkKj/m  KKUTO/m  mmmmTO/m  kkik/m  Methane 

mKUKK/m  mmmmOK/m  mmXi/m  mKiUm/m  mmmmmK/m  mmOO/m  Propane 

j[jKm/m  kkk[Um/m  mmOXm/m  j[iO[/m  kkkkjT/m  mmmTm/m  Water 

U[/k  

mjXUm/m  mmmmki/m  k[KTK/m  mXkUmO/m  mmmTKi/m  kU[TT/m  Methane 

mmij[/m  mmmmOK/m  mK[mm/m  mmkij[/m  mmmmK[/m  mOiOO/m  Ethane 

mUXXm/m  mmmmKj/m  mKUOk/m  mUOKXO/m  mmmmK[/m  mOiOO/m  Propane 

j[KOK/m  kkkj[/m  mmjUm/m  jjOX[K/m  kkkOkk/m  mmmij/m  Water 
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%Error 
Phase Fraction (HWHYD)  Phase Fraction (Cal)  

System 

H(II) Lw V H(II) Lw V 

Km/Km  mO[k/m  T[Oi/m  [KmU/m  mOTO/m  Ui[K/m  Xmmi/m  
Methane 

Water 

[[/i  mKjO/m  mUii/m  kTUK/m  mKUk/m  mTOU/m kXOi/m 

Methane  

Ethane 

Water 

Km/KT  mkjk/m  UKKm/m UkmK/m mj[O/m  UTKi/m UjOK/m 

Methane  

Propane 

Water 

mX/i  mKkm/m mUmm/m kUKm/m mKj[/m  mOj[/m  kXOj/m  

Methane 

Ethane 

Propane 

Water 

% Mean error=1/NP∑Error  ;  % Error = (pHWHYD – pcalc)/pHWHYD  ;  Mean error (pressure) = 3.603 
Mean error (mole fraction) = 8.36  ;  Mean error (phase fraction) = 9.47. 
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