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2J; (��= �,�Z �W�'�� �I<0 &13 #�� �79�� $�D # $9�D (� +��P�#( (� /��( &�2�� # ��9�7 �, \%�' !��1590�- �5�,  C(�9,�� 
��� �1< .��#��� # /0 ��9�7 ���� ����� +, +7�; �,! <�, $5;� �(�5% $9���- �, ��! �1� &13 C� �+��P�#(! 18, #�!  �J;

 ���5�CCHE2D ��,! +�]< C��! ����! �C�, (� /0 ��9�7 �! ��r�D C� �#( 8�]*� �D�9K 3 1� ����/�5 )� ���G:3�� ����9��� (
1< ���I�� .���� C� ���I�� �, ��! -��G�D�;� (���, +�2� C� NV�'! 3C�5� �15� &13 q~�  #�  # M�B3 ��8,� �, �;�]��J3 +L]< #

��: �C�1�� G��! ��JV�9 �7 _�AB�39��  ���� N3�<# � &13 �=����#(193�5�L� 18, #�! ��G ��7�91 .C(� (�[53 +,9,�� @;��_�� 
-#�D�N ��*� C�; �����94 <�, $5;� �7 =�� #9�� $B, (� ��! ��23 �+��P�#( &���%(���5J��9� ]<�+¬!C�� ��23 �, �1<9� 

;�1���3� �239+> 1< .��9a �I<0 &13 #� �� +% ��� ����� D (� �1< ���I���$ ,�5� ����! �79�� ]��53 �Z��  1�(��� �,�K 
 &13 ��7#k-ε D (��$ ,�5� '���� +,���G �! '�� (��+ �6, ��L��� �823 .�Z! +,���G �7:� &13 +, �]>� �! ��� +<�� .

5r���K C�; �3�(�D94 �7 ����9�� ,���9K @3 #�� �7 =��9�� ��%9K ��>'�� @; +, �(���  �1< +P�� +L]< (� ��8,�
;�]��J3� 1�(��.  

'��9) :�.9) :�D�E�  N�� ;�+$
 N�=�1  ;��#��k-ε�� "�T *D(? N�� ;  ' 
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9L� B,0 \63 w�1�� C��(��:!� 6,�+5 �% # 4-�53 ���%�+5 <�� _�(�>P ���%� �7 C�9�� +��P�#( (� � {��� ��9K ���5< �, (�%�9� 
"5�(�-(� �J; #�N �79�� >3 (��� +��P�#( 3 ����> 3� ���G ) �!�6,� �7��1387  .(+��P�#( (� ��9�7 (�-( ��(�,  ���� ��

3� 1�� 1590�- +��P�#( +%! �15� _�AB�3 +, +>, �0 (�-( # ���, �9�D�  f9��< �_����@; K9� &�]�� +, # ��� ���@; &�' (� ��m��
�3 (��Z ��H�; �J; +��P�#( �L��#(1��  ���G)+'��  ��G1380 .(��9�7 S�n� (�7 !��+I<0 T�� C� �8�]* (� ! ��9�7 K9� (� {1��  ���

���3�(�D!  &�2�� 1590�- ��H�; �J; _1< +, �/��( &�2�� # +��P�#( M% �<�, !#��� ��G���0 $BD �!k��� �-� ����� 49C�;
�3 (��Z ��I<0 ��9�7 (� ' �#`� +, {���G +��P�#( .�Z (� +I<0 !�� �V� N3�� ���� NL< ��9�7 !��G ���� +9���H !� 

(Bridge, 2003). D (� ��9�7 �L�3�59�#(1�� !��#��� $5%(1�����r ���#( �3 1���; �<1,`�� +, ��9�7 O�>G +, �"53  # ��
$9���- �(�5% !�9?D ��r�D (� /��( # ��9�7 �L�3�59�#(1�� N��J; #( K9� C� ����G +��P�#( !��  !��7� # �'��* (� ����#(

#( ��1563 !�6'�* ���G (��Z ��(�, �(�3 �Z� +, 19�, # ���, �H�3 �/`�� # +��P�)(��;!� 1383 .(��,! �9K &13 �(�[53  !��
Z� _�]��J3 X�"�� N��1, !�1��= w�c8�� # +59:� # ��9�7 !���3�(�D ���@; (� !�9?D  +, �]>� ��%  &13  ���9�7 ��L9:�- !��

�i9# 1�(�� !� .(1�� !��1590�- N��J; !��,��� �1< X�"�� !�183 _�8��c3 �+��P�#( (� /��( # ��9�7 l�3�59�# .P�,�  K9� C�
&13 S��n (� _�8��c3 ��! �1�! C z�< +,9� ���.  
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��,! ]<�+ !C�� �1�! �79��   (�< #  �#��% �+I<0 ���' (�)1996(( _E��83 C� �9C1��5 G f��3��!  =�� (� �1<) #� ���'
18,! ( &13 # ���I���I<0� k-ε � 4,�; �, ����� �( �(�1����9(�� ��, �(�1����! � K>,�\> 15-�G (�% +, ��P +I<0 _E��83 .

��>�  �#� #��9��  )1994(��, �! �#��K C�>�13 +, (�,! �1�! ����! �79�� 18, +� ���' (� +I<0! � {15P���D9K  =2J3 #�
#�� _E��839q%���� G f��3 _(�V +, �(��! ��3C �1<� �I<0 &13 ���, (�% +, �, # �#1J3 \"' O#( C� ���I�� �,� k-ε  �,

� 4,�;9(��  C� # ���% N' �(�1����30000 ��, ��G! 3���1 1���% ���I�� �[� �(�3 . ��I��)2002(�(�, .��� �, �� &13 ��! 
���#(1�L� 9l 18,!  15��3HEC-RAS� ��7# �, +% ��� ���� �9+L5 &13 ��! 9l 18,! �# (�* +,�8�  (��Z ���I�� �(�3
3� G�1�� 13 �J, (� |�AB, #9�9� ��/` o�- I3 ���8���1 3 153��� #� �15<�, �#� �3 (��(�! @3 Nj3�� ��! ���#(1�L�  #

-#�D�N ��r�D (� !(�?G /��( # $9���- !���� # ��9�7 ���� _����@; K�5r�� # /0 bc� !C�� +�]< N��� +, ����#( 9l  !18,
 /��( # ��9�7 )���* !���( ((�(�� 15����; ��5r�0 �� 15<�, .m�,�a   )2003 (+,���G O#( C� ���I�� �, ��!  �(:,)LES(� ����! 

�79��  (�9l  \P180 >, +7(��(� `39\ C�>�13 �(! ��% .�9K �7 ��� 1283 ����#iD9�� ���H9+ 3 ���,�¬��<  ���� �j%�1' +%
,��� ��� ���' C�! �:� �>, +,9l �� # ��<�K 1D9�1 �>�,0 ���,� ���- #9$ 8W�3� 1<91 � NJ3 (�9�(�� 7(�P�  _(�V +,
C9�<��9 �9K �9�(��  �1<# �B; ���,9S 3 �0� ��< .5r���K L�; ����N �9K �79�� <�, $5; �(� � &�* (�9�(�� 7(�P�  #

5������ �I<0� �7 C� NV�'9�� ���H9+ :%�3! ��� ���% �%t . &13CCHE2D 9l �1� &13! #� 18,!  +% ��� l�3�59�#(1��
7 f��;��    U��# #)2008(��, �! &���% (� ��9�7 _����@; +8��c3 ��! C(� # ��� �1< ���� +8��; C�,#(9,�� �� 3 ����� 1��  K9� +%
3 �( &13� ���; ��,! ��9�7 +8��c3 ��! 5r�� # +I<0 # (�19�D�� �(�19�D��1590�- K�! L9k���-(�3 _����@; # /��( N�'� &���% ��! 

-�,0� ��, (�L, .5r���K   U��# #  ##)2009(+�]< +, ��P _�8��c3 (� � �9�7 !C��� K�9�D (� /��( &�2�� #  (� �(C +��P�#( ���
&13 C� ���I�� �, # 15P���D K�) (��%   !�1�CCHE2D&13 � +���83 #� ��I<0 !��  !�k – ε &13 �, �( +���83�IV !��  !�

1����� +>9�23 .��9a &13 X��; +% ��� ���� ]< ��I<0 !���+ C��! ��! �:�9l ��, ��8Z�# +,! ��9�7 � !����� 3 +m�(�� {155%  �3�
��9�7 |�AP (�  ��I<0 &13 +� ��1�r�D !��k – ε ) # ����8;��n ��(�1����RNG ("9��� Z��= �; 13 +, �]>� �(&   !��

+���83�IV 3 ���� !�� 15�� . ��(�L�� #  K>')2007( &13 C� ���I�� �, �CCHE2D �C�, (�¬!�  ���3 +��P�#( C�)Muda( �
]<�+ !C�� ����! �79�� �(�, �(�3 �( /��( #� 3 +% 15<�� (�6x� # 1����(��Z�¬���; ,�P +,� X�� C�  (�:-�CCHE2D ��,! �J;�N 

�7 (�-(9��� � (� \� # +��P�#( (� \��/`¬�<� �� ��% ���I��  .�I%(C� )2007(�(�, �, �� ( &139W�� 18, #�! CCHE2D  #
 &139l 18,! HEC- RAS   +��P�#( (�Merdeka� +, �9K ��+" �(�1 &13 +)�G� +% ��! 9l 18,!  15��3HEC-RAS  +, �

3 ���I�� ���>G _(�V� ��< �#� ����;�9 �J;�N P�,� �+AB�3 C ��! ���#(1�L� �79��  (� /��( # ��9�7 !���� 15��3
�C�� ��#1J3 # ���#���r�D 4���3 # �� +��P�#( (� �( ��  1�(�1� �( .,�@3�  ��(�L�� #)1389(* �� 2J;�2� ]< ���5� �,�+ C��! �1�! 

����! �79�� :7 &�' +I<09�� ,��(� +��P�#( (�¬! �<9���  &13 C� ���I�� �,CCHE2D �(�, +,�  # C�,�� +��P�#( (� T�W�3
 #� �,,�� �� 15P���D M�B39a ���� +% ��� ����! �79�� :7 &�'9�� ,��(� 8,�;� ��< C�9f ���#(1�L� �79�� :7 # ���,9��¬! 
,��(� ,� (�� !�� (�?G�H� M�B3! ;#�I3� #( �,! ����! �79�� '�� (��+¬! �(�, �(�3� �(�� .#�>P! )1391 (�1� &13 C�! 

18,#�! CCHE2D ��,! ]<�+ !C�� ����! �79�� �C�, (� /��( #¬!� D C����r �#(! ]*�8��  ����6< ND �; 1� NV�-1'
3�/�5- � +, # �P���D ���G:3�� ����9K ��+" �(�1 �,�Z C� &13 +%�� ,�P� D �67�$¬�,5� �7 _�AB�39�� +��P�#( (�¬!�� 
D���r �#(! ��� (��(�P�, .3 ���� �1< X�"�� _�8��c3 (#�3� 1�� ��' (�� J, +%� �79�� ���H9+  (� �0 R`6�� # 1<( 1�#( #

�V� &���% &�*� ��� �, _�L� C��� >, ^�];(� # ��� ��#��-�(� �:�9L� 1D �,9�1 k���-(�3 Nm�>3 # /��( &�2��9L� �C�, ��! 
+��P�#( �! �# �(��� �, +% ��5r�091 32J; (� # ��� +-��� (��Z +7�; �(��_�2 � +, ��%9K ��� �1< +P���D T�W�3 . �J,
�>�,0� ��: �63 �'�]3 +��7 C�� C _�8��c3 +% ���9��! ��,! � �(�3 �0 �P�5<�C� ��� .� (�9K 2J;�= 8��  �, +% ��� �0 �,
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18, #� &13 l�%!  CCHE2D�I<0 &13 �� ]��53� ��,! D�$ ,�5� ����! 18, #�! �79�� ���5<�9  +8��c3 +, �0 l�% +, #
+I��3 ��! k���-�39L� # ���#(193�5�L� 5r�� # ��< +P���D �0 �, �H�3�K ����! �79��� �7 =��9�� C�; #94 <�, $5; # ����� 

W�� 4*�23 # �`D (�� �(�,� 3� ��< .�<9�� k���-(�3�mk _�8��c3 ��� �%t9L� �D �C�, (� �1< X�"���9K 3 1� ����/�5  ����
3� 1�� [� ��>Z +%��� @; C���_�� �9��" #( �1<! ,�> �(�5% # ��! �9K �7 �H� �, ��C�,9�� ��,`� 7#�P� ���- # 1� C�9$ 

?D9�! �(�5% # �>, 3��� 1<�, .5r���K 3 1� ��1'� �,�/�5 ��2�� _�,��( 4cZ �0 SZ�83 #� /��( |�AB, ��!  +, +��� �<(�
�D9/�  1�3�/�5 � #�:   ��6, (���,! -�,0 b��A3� �m�>3 +��7 C�� � (� +% ���9@; ���, +��P�#( K��?D�9�! >3��  (� |�AB,

D ��#1J3���r �#( �� 5r�� #�K �B; S]�9S �(�5% �� ���9� 16; # �>, �1<91 �C�� ��! +��P�#( �!� ��L>3 =*�53�  _�n�, #
��G +��P�#( (#�"39�1 ��� .��,�5,9K ]< �(�� _(#�W�+ C��! �1�! (�3 (�%?3 �C�, (� /��( # /0 ��9�7 X��; �H�� G (��Z +7�;���.  

�> �	
 	 " +�  

��?�@� "
+� �=@�� *��3+� 

 NL< (� +% (�c����)1 ( ��� �1< ���� �����C�, �+8��c3 �(�3 ��#1J3  C� /�5�3 +��P�#( C� !���� K�9�D �3���% l9  1�
/�5�3 ����6< ND �; &`2�� (� 4Z�# ��� ��G:3�� ���� . �9��-��@7 _�AB3 K�, �C�, K9� ��8Z�3̋  08 2  06 ̊  57  �;̋  32 2  04 

̊  57  # �Z�< &�*̋  33 2  09 ̊  27  �;̋  18 2  09 ̊  27 ��� +-�G (��Z ����< }��.  ND +, /�n C� # &`2�� 1� +, o�< C� �C�, K9�
�3 �#1J3 /�5�3 ����6< ��< . �#1' �C�, &�*5/4  �#1' (� S�;�; +, �C�, !�6�� # �1,� �-��G�D�; C��; +, +7�; �, # �3���%5/40 

 #32  �3�;E�, �9(� bc� C� ���.  
  

- ��=F� �	
  

-  N��CCHE2D 

CCHE2D  !�1� &13 l9 !18, #�+�]< !��, (�G1��3 ��9�7 !C�� # # +I<0 (�G1��3��n K�5r�� &���% (� /��( &�2��  C�, !��
 /0 ��1563 # l��#(1�� X��� ������ K�, :%�3 (� +% ���)NCCHE(� �3 ������� �� �� ��� +-�9 +8��; # +�6; �L9�30 �D .

+L]< # ��1�3 +�15� �P�� !��,$�D !�:"3 (�:-� X�� l9 C� �;�8��c3 #���Z !15,  �J; �1�C���D  ���5�CCHE-MESH  ��6,
�3 ��, # ��9�7 ��1�3 N' # 1590�-  ���5� �, �(�:-� X�� �L�-��G f�J3 (� a9�� �1���3 K�5r�� # /��( &�2��CCHE-GUI 

�3 X�"�� ��<. +�]< !C�� ��9�7 /0 �, .��� N' _E��83 f��3 �2�� �9#��- q%��� �3 1<�, .$5; �<�, \*`3 �, ���I�� C� 
 K��B;l>59C�, _E��83 +]��J3 �3 ���G # !��, +]��J3 �7:� +,���G !� \*`3 C� +� &13 ��I<0 M�B3 �3 ���; ���I�� 

���� .+�]< &13 X�� K9� /��( &�2�� �191D C�� &13 �9����; �(�:-� ��n _E�' X��; (� �( �>, (�, # =�83 (�, C�- #� �� &�2�� !C�� 

��n �����8; ( # �P��5L9��n �9 �15]>) /�� �(�� �15]>) .��9�7 ��H�; �&13 K9� K�5r��  /��( _�(t &�2�� ��J� �, +9���H !��
�C�, (� �>, (�, ��r�D !�� �3 �[� (� �( �#( ���G . &13 (� �1< +-�G (�% +, 1�#(CCHE2D  NL< (� l�;��< (�* +,)2 ( ����
 ��� �1< ����)Zhang, 2009.(  
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 �0 .����, &13 K9� +% ��V� _E��83 +9�D ���3 �( ��� �1< !(�?G ���� +m�(� �9C _(�V +, ���;:  
M�� (�����D +���83: 
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o�- _E��83 (�:  u  #v +I��3 �����, S�;�; +, f��3 ���� !��  !���( (� =�� (� �1< !��Gx #y )+���H �, �3 S>' �,(�t 

��3C )+���H( �g �+,t�7 /�<Z /0 bc� ���I;(� C��; �����, )�3(�ρ /0 |�AB3 �C# )S8L3 �3 �, K;���(� h  ��9�7 =��
)�3 ( #fcor q���9(�% /�< +, ^�,�3 S9�W �τxx،τxy،τyyوτyx $5; f��3 C1��59( !��  =�� (� �1< !��G)18, �, ( # τbx و 

τby$5;  !���( (� �>, �<�, !��x  #y  ) 4,�3 �3 �, K;��� (15<�, �3.  
v (��I<0 +���83 : &13 �\%�' _E��83 \>�� K>, # ��9�7 !���� �, ��I<0 �H� !C�� +�]< !��,CCHE2D � �7:� &13 C�

+,���G �!� +���83 #� &13 # ^`P� &�* &13  !� k – ε�3 ��6, ��,. ) �(��< 4]53 +, ���, _�J�W�; !��,2 ���G T�7((.  

- !� �1  '��T  !" " ��1 "
+� >�Z������ 	 1 ��� '�> N�� �CCHE2D  

- !� �1  	 '
 "�� ��=1 ��?�@� "
+� !��� E���D '�>��� 
�, '��T 

+�2� +, �$�#iD K9� �>B� X�G (� +�2� K�,(#� C� ���I�� �, /�5�3 +��P�#( C� �,�B�� �C�, !(���,  &��"9� K���� &�;�; !(���,
1< +P���D . NL< (� +% (�* ����)3 ( ��� ��6�3 (�$<  C� 4c23+�2� 4*�23 �C�1�� +, �1< !(���,  ��9�7 !���3�(�D !��G

.�Z !#( �, 1�%�; K9���, # 1< +P���D ��! ��9�7 ��H�; ���, �; ��, +��P�#( ����3  �, �( :%�3 C� :9�G !��#��� # +9���H !��
�(�5% $9���- ��% ��(�, +��P�#( �>, M% # ��.  ��� �%t +, XCE��3C _13 +, +7�; �, +r9(� C� �7#�P (�G1��3 ��9�7 \%  !��

 1�)�C�1�� �,�H �7#�P ��9�7 �,��1< !��G ( _13 +,4 �C�1�� K�5r�� # ���� #� ���� 15��3 /0 ��9�7 �3�(�D K915) !��G
, (� ��3C _13 K9� (� 4c23 $< (� ��9�7 =�� �3�(�D !��, # 4c23 (�6) (� !(���, +���� ��L3� �65; ���9�7 !18, �(�3 �C�

�<�� ��7# +8��c3. ��� !��G �C�1�� !��,�  ��9�7 =�� # C� /0 ������;�V a5� ���� Easy QTM �C�1�� YP�< #  !��G
1< ���I��.  &#17 (�)1 (��� �1< ��(#0 (�%?3 a5� ���� _�AB�3. �C�1�� !��, ����� ���9�7 ���� =�Z� !��G  a5� ����

 _�]H l9 �w1� K9� !��, # +-�G (��Z /0 ��9�7 NP�� `3�% !18, #�)l9�I�; ND +,��3 ( q~� # +P�� # �'��* �0 !#( �����
����� ��m��Z +�'�3 �� (� �; 1< SA� 3�%` +,�7 ���,�Z K�5r�� # 1<�, OC�� �#1, # K%���9�7 ���� �<���, !��, �}�� (� -

'�� C� ��9�7 !���) ��� N +,�7 ���,�Z \� # ���( �; !��, �( +��P�#( =�� (� �9�7  +, �>, M% �; /0 bc� C� ��9�7 �<���,
 NV��-2/0 �4/0 �6/0  #8/0 1<�, +<�� �3��; �=�� C� .+L59� +, �[� ��9�7 (� �,`�� !��  }�� M�B3 ^�2� (� ���� (�123

vf
hy

h

x
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hx

Z
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u
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u
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��@3 /0 o���� (� K�5r�� # +��P�#(  ����� #\*`; �, &�* (� f��3 ���� ����  4c23 ��)4c23 �� }�� +, +7�; �, ( NZ�1'
 (�6  �j%�1' # +c2�10 !#�>3 NV��- �, +c2� �C�1�� �/0 =�� C� 1< !��G . 

 �;�V a5� ���� ����� ��� �%t ��9�<Easy QTM  �67 +� (� �+c2� �� (�)&�* # }�� �=�� ( �( ���� (�123 &���%
�3 +]��J3 5%1 .��r�D ��#1J3 (� :%�3 C� :9�G �, ����� +I<0 _���9�7 # �,`�� �,� +, +7�; �, ��# 18, (� ���� �+��P�#( �#(

=�� (� ���* !���( (� ���� �9��23 C� f2- (�)�� +, # ��, ����� �cP �, �2�� # }�� 1< ���I�� M�B3 !�� . +7�; �, K�5r��
3 C� # ��� !18, #� &13 +L59� +,�3 ��6, =�� K����� �C�1�� $B, (� �"5� �JV # �"5��# (�[53 +, ���,  C� ���I�� �, :�� !��G

+c2� a5D O#(  4c23 K�����3 ���� C� _�]��J3 (� # +-�G K�����3 �2�� !���( (� 4c23 �� }�� (� M�B3 ^�2� C� �!�
1< ���I�� �W�� .  

N	�D 1-  !�Z�$" :��P���+0 \�$ *<�$ Easy QTM  

"��
�)  
 !� �1  ���3 *<�$ �d) �c

'��T  

 �.< '��T !� �1  ��� "

E���D  

 !� �1  1��� %�T ��� "

'��T  

 =�� # ���� $"5�
��9�7  

m/s10 0.15-10 m 1- 120 s 

  

  
�6� 3- !� �1  `��=� �  ��.1 ����� �1�&"	
 ��?�@� "
+� !��� E���D '�>��� 
�, '��T  

  

 &#17 (� +% (�* ����)2(� �3 �1���3 +r9(� C� �,�H �,� �, �7#�P ��9�7 !��, ��<  ����� N�]Z C� �9���3�(�D �/�5�3 1� !��
�C�1�� /�5�3 +��P�#( +8��c3 �(�3 �C�, !�6�� # �1,� # (�%?3 4*�23 (� ��9�7 =�� # �,� ��� �1< !��G.  
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N	�D 2. � '��T !� �1  E���D �" 	 �.< ;*<�$ '�>��� 
�, ��"�=���?�@� "
+� !��� K9�P� `��=� 
" !�  

 `��=�

!� �1  !�� '��T  

*<�$  

 
"�.< 

2/0  

)m/s(  

*<�$  

 
"�.< 

4/0  

)m/s(  

*<�$  

 
"�.< 

6/0  

)m/s(  

*<�$  

 
"�.< 

8/0  

)m/s(  

 *<�$

 f$+��

)m/s(  

 �.<

 E���D)m(  

 E���D �"

)m3/s(  

 `@=�)B(  

 `@=�)C(  

`@=� )D(  

`@=� )E(  

`@=� )F( 

'"	
	  

 `@=�)A( 

D	�&  

6/1  

64/1  

55/1  

47/1  

 -  

 -  

27/1  

38/1  

29/1  

16/1  

 -  

 -  

9/0  

15/1  

09/1  

98 /0  

 -  

 -  

45/0  

83/0  

43/0  

63/0  

 -  

 -  

08/1  

25/1  

09/1  

06/1  

 -  

 -  

52/1  

94/1  

67/1  

5/1  

63/1  

41/1  

85  

85  

85  

85  

85  

85  

  

-  '"�< N�� 
" ��-$�F� �6-� ��?+�CCHE2D  

����  1< ���5� +% (�* &13 (�CCHE2D +L]< # ��1�3 +�15� �P�� !��, X�� l9 C� �;�8��c3 #���Z !15,  !�:"3 (�:-�
$�D   ���5� �J; �1�C���DCCHE-MESH�3 ���I�� � ��<. ���� �#(# C� qD ��15� !�� +�2� C� NV�' !(���, X�� f�J3 +,  (�:-�

O#( C� ���I�� �, �[� �(�3 ��#1J3 ���C�3 K��8; # !�� ]��J3 # !�]7+L]< �;� 1< !15, . # XCE �Z� !�5]3 �, +L]< +5�6, ��8,�
|�AP� ��3C  +-�9 +,(�[53 ��� �1< /�B�� �_�]��J3 X�"��.  NL< (� +% (�c����)4 ( #)5 (��� �1< ���� ����  +, +7�; �,

X�� !��, �%��, l; ���' �+8��c3 �(�3 �C�, �`D NL<  /�B�� +L]< 1���; (�:-�1< )Zhang and Jia, 2009.(  

  
�6�4.  �  ��.1 ��-$�F� �6-�)Mesh( ' �� !�� ��&�$ "
+� !���
 ����� �1�&"	
 ��?�@�  

  

�������� ���� )Mesh( 
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�6�5.  <�#�
  ��� E	
" '�.1 ��-$�F� �6-�)Mesh( ' �� ��?�@� "
+� !��� 
" ����� �1�&"	
  

- ��-�  E���D '+Z?  '��$  

 (�:-� X�� f��; ��9�7 !���� !C�� +�]< N'��3CCHE-GUI  ��� �9C z�< +,)Zhang, 2009(:  
 N9�- ����P��- # �#(#Geo� ��9�7 +��#� f9��< \�[5; )��� K�9�D # ���E�, /0 C��; !�,C S9�W #( �C�1�� .����,!��G  X�"�� !��

 &#17 (� �1<)2(� ��9�7 !���3�(�D \�[5;  )���I<0 &13 /�B�� ����3C X�G # (�19�D�� ��9�7 +]��J3 !�,C +]��J3 &�3�-(� 
!C�3 f9��< \�[5; +��P�#( �7#�P # !�#(#  )/0 bc� C��; �(�G1��3 ��9�7 �,� (!C�� +�]< !��7� #.  

  

-  '"�< N�� _�$ 	CCHE2D  

 X�"�� �,&13 (�, K915) &13 a9�� �, M�B3 !���3�(�D ��H�; ��(�, # !C��� !18, +�'�3  !�1� &13 �"5��#CCHE2D  �; ���
$�D (� &13 !�cP 1V(� �-�* C� �C�1�� # &13 _���[5; |�AP (� �(�1���� �c9��< ��9� w�* C� # YB�3 ���3�(�D �5�,  !��G

 ���3�(�D+,190 ��7#  )(�L�� # !#�>P ���1392 .( (� (�[53 K91,�+8��c3 �(�3 �C�,  !�,C S9�W ���@; +�W�-).�>'�3�(�D K9�; (
 �5��B; (�123 C� ���I�� �, ��9�7 !���� �,)�9��JV _�1���3 ( +53�� (�034/0  �;063/0  �0 ���@; #�, (�123 ,+ C� �130 ���

 _E��83 +53�� (�033/0  �;052/0  K�5r�� {19��G +>9�23 ��8,� ���@; ��;�]��J3 +L]< �P�� (� +9�D f9��< K9�6, K<�� !��,
19��G &���� +L]< .��G �E�V�  ���* !��(���, �Z`; C� +L]< (� ��)I ( �W�� #)J (�3 ��7�, ��91L9 �,  1590�, w�83 ��G �� # 1590

�Gi9# ��� ��P w��*� &��� (�6) !�� .��G ��18; +) �� K9��,�5, ; +, # ��&��� �0 4]  +��P�#( �W�� 4c23 (� �1< ��"9� !��
+�]< ��9�7 !���� # �1< 1���; +L]< �1<�, ���,  (� !���@; +% 1,�9 +3��� �"�0 �; 19�, 1590�- K9� ��(�� !�;E�, �Z� ��1< !C��

 ���� �1���3 &13 �7#�P)Zhang, 2009.(  ��18; ��1< 1���; +L]< ���% �;:9( !��,I  #J   �( �� +��#� ���' C�)420×48  ( &13
+, ���' (� K9� # ���� �1���3 &13 �7#�P (� !���@; +% 1< ���� +3��� �9�"�0 �; 1590�- K9� {���% �;:9( # v(�P +% 130 ���

 �;�]��J3 +L]< ��8,�)500×55 (1<�, .&#17 (�  !��)3 ( #)4(�C�1�� �9��23 �  �1< !C�� +�]< # �1< !��G !��,9�7 ������)V (
 ��9�7 =�� #)P(!�,C S9�W ���@; ���' (� � +L]< ��8,� ���@; # ��� �1< +>9�23.  

  

������� 	
�� 

 ������� ���������������� ���� )Mesh( 
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N	�D 3 -  E���D *<�$ ��� 
�, ����=�)m/s ( '��� I��V ����� *?�c 
"	 "���  ��-$�F� �6-�  

  

N	�D 4-  ��� 
�, ����=��.<  E���D)m ( '��� I��V ����� *?�c 
"	 "���  ��-$�F� �6-�  

 

���� �3 �1���3 o�- &#�17 C� +% +��G  ���<$�D �9��23 K9�L9�:� 1���; �;�]��J3 +L]< +, ��� ^�,�3 �_�1���3 +, �1< �5�,
 ��8,� �, �1<)500 ×55 (+�]< ��9�7 !���� # +53�� (� !�,C S9�W �, �1< !C��)033/0  �;052/0 .( &#�17 +, +7�; �, K�5r��

a9�� # (�%?3  +% ��� ���' (� K9� ��(�� �;�]��J3 +L]< ��8,� ���@; +, !��% ����>' ��9�7 =�� _����@; 19��G YB�3 &13
 !��9C ����>' ���9�7 ���� 49C�; �3�(�D)+��P�#( .�Z �823 ��#1J3 (� |�AB, (��� ���� ���� +L]< ��8,� ���@; +,.  

- N�� � 
�) ����
   

+, a9�� �+3��� (����� �, &13 C� �130 ��� �C�1�� !��  �8�]* (� �1< !��G)���3 ���' (� ���� C� �1< !��G ��(  +>9�231<  �Z� �;
+�]< (� &13  !k��� S�< # =�� ����� !C�����G (�L<0.  

`��=�  

!� �1   '��T

!��  

 *<�$ ��� 
�,

 E���D)V (

!� �1  !�� '��T 

)m/s(  

 E���D *<�$ ��� 
�,)V(N�� f$+� !�� ��� a�, )m/s(  

 "��� 420×48   "��� 500×55  

 '���)063/0 - 

034/0(  

 '���)052/0 - 

033/0(  

 '���)063/0 - 

034/0(  

 '���)052/0 - 

033/0(  

 `@=�B 

 `@=�C 

 `@=�D 

 `@=�E 

08/1 

25/1 

09/1 

06/1 

93/0 

13/1 

91/0 

88/0 

96/0 

16/1 

04/1 

94/0 

95/0 

15/1 

05/1 

02/1 

07/1  

21/1  

12/1  

1/1  

`��=�  

!� �1   '��T

!��  

��� 
�,  �.<

�� )P (

!� �1   '��T

!�� )m(  

 ��� 
�,�� �.< )P (N�� f$+� !�� ��� a�, )m(  

 "��� 420×48   "��� 500×55  

 '���)063/0 - 

034/0(  

 '���)052/0 - 

033/0(  

 '���

)063/0- 

034/0(  

 '���

)052/0 - 

033/0(  

 `@=�B 

 `@=�C 

 `@=�D 

 `@=�E 

 `@=�A 

)'"	
	( 

 `@=�

F)D	�&( 

52/1  

94/1  

67/1  

5/1  

63/1  

41/1  

73/1 

18/2 

83/1 

64/1 

87/1 

62/1 

64/1 

15/2 

75/1 

53/1 

76/1 

51/1 

65/1 

16/2 

77/1 

59/1 

8/1 

54/1 

59/1  

11/2  

73/1  

47/1  

7/1  

45/1  
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(�[53 K9� !��, ���I�� &13 �Z� �,�9C(� !��, !(�30 O#( #� C� 1< .O#( #� P 4,�3 K�����3 (?7 C� 15;(�]��c )RMSE(  #
=�c3 !�cP 1V(� K�����3 )MAPE(  +% �0 f,�#(��� N9t z�< +, ��:  

                                                     

∑
=

−=
n

1i

2
eo )QQ(

n

1
E.S.M.R

              

 �+���83 K9� (� +%oQ �8�]* (� �;�1���3 (�123 � #eQ��� &13 �;�]��J3 (�123 �.  

                                                                    
∑

=

−
=

n

1i t

t 100*
y

ŷy

n

1
E.P.A.M

    

 �+���83 K9� (� +%ty # �8�]* (� �;�1���3 (�123 �ŷ��� &13 �;�]��J3 (�123 �.  
 &#17)5 (�Z� ��:�3 �9�(�% #  C��; ���9�7 ���� !���3�(�D �(#0�, (� &13)=�� ( ��(#0 !k��� S�< # /0�3 ���� �( 1��.  

  

N	�D 5- 	 � �>��� 'r�1  I�� 	 �� �.< ;E���D *<�$ ����=� \���1  '"
	���  N�� �  !"�#�$  ��k-ε   	 ��


���� 	" ]�$  '
��� RMSE  	MAPE  

'r�1  I�� ��� 
�,  �� �.< ��� 
�,  �� E���D *<�$ ��� 
�,  �	
 Q+1  

0008/0 

044/0 

116/0  

062/0  

075/0  

027/0  
RMSE 
MAPE 

  

-  [F� \���1 	  

- N�� $
�� E���D Z�#�� '�>  

+�]< !��, =�2J; K9� (� +,���G �7:� &13 #� C� ���I<0 &�2�� _E�' !C��  &13 # !� K-ε ���I��1< .����  NL< (� +% (�*
)6 ( ��� ��6�3+�]< !(�30 a9�� ��9�7 ���� !C��) ��8,� _����@; # ��I<0 &13 +, �]>� �3�(�D K9� !E�, ����>' +, +7�; �,

��9�7 #���Z +L]< ( !�� &#17 (� # +>9�23 ��I<0 &13 #� K9� !��,)6 ( #)7 (&13 !�(#0�, a9�� �C�1�� a9�� �, ��I<0 !��-

 M�B3 4*�23 (� �1< !��G)B �C �D # E(��� �1< +>9�23 �.  
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'
��

$
 �

�-
�

 
*

<�
$

 :
 �

��
��

 
 N

�
� 

��

K
-ε

  

  

 N
�

� 
�� 

*
<�

$
 :

 �
��

��
 '

��
$

 �
�-

�

��
 "

�T
 *

D
(?

 
'

 
  

�6� 6-  *<�$ : ����� 
 "+.1
�/7 
"  `@=�)B ;C ;D  	E (�� "�T *D(? N�� 	" ' ��  N�� 	 '  K-ε  

  

N	�D 6 -  E���D *<�$ ��� 
�, ����=�)m/s (�� "�T *D(? N�� 	" ' ��  N�� 	 '  K-ε  

`��=�  

!� �1  !�� '��T  

 E���D *<�$ ��� 
�,

)V (!� �1  !�� '��T 

)m/s(  

 E���D *<�$ ��� 
�,)V(N�� f$+� !�� ��� a�, 

)m/s(  

 �� �6-� "��� 500×55  '��� I��V 	)052/0 - 033/0(  

�� "�T *D(? N�� '    N�� K-ε  

 `@=�B 

 `@=�C 

 `@=�D  

 `@=�E 

08/1 

25/1 

09/1 

06/1 

93/0 

14/1 

04/1 

99/0 

07/1  

21/1  

12/1  

1/1  

  

  

 

Archive of SID

www.SID.ir

http://www.sid.ir


 
 
 

584 

N	�D 7 - ����=� \���1 '
���  E���D *<�$)m/s (�� "�T *D(? N�� 	" ' ��  N�� 	 '  K-ε  	
���� 	" ]�$  �� 

'
��� RMSE  	MAPE  

 N�� K-ε  �� "�T *D(? N�� '   �	
 Q+1  

018/0  

013/0  

026/0  

017/0  
RMSE 
MAPE 

 
���� L< C� +% +��GN &#17 # !�� �3 �1���3 o�- ��<+�]< �9��23 ��, �1< !C�� ���I�� C� &13 ��I<0  K-ε !�;E�, �Z� C�

��� (��(�P�,. �C�1�� _�AB�3 # &13 a9�� .����, +,���G �7:� ��I<0 &13 �/0 ��9�7 !��G  # ���� 49C�; �(#0�, !��, !�
 ��I<0 &13 �3� ���� !��% �Z� !�(�� +��P�#( .�Z �823 ��>Z |�AB, �+��P�#( �(��9� ��#1J3 (� ��9�7 =�� _����@;k-ε 

=�Z� �(#0�, ���� 49C�; # =�� _����@; C� !�;��#1J3 !��, ��9�7 �(�� (�,:3 !��.  

-  $
����� 
�,'�> �� E���D *<�$ ��� a�� 	  

_����@; ���� !��(���, # �9��23 (� &�* &���% (�  NL<)7(� ���� �3 1�� +%  (�123 \�9:%�3 �&#� .�Z C� N]Z \�2>3 �C�, (�
�3 o�I;� &���% f�# (� /0 ���� 1-� . +, !�#(# ��9�7 ���� $��% S]� �&#� .�Z ���E�, \�2>3 �C�, !�,C S9�W $9�:-�

�3 ���, .�Z !E�, !�5J�� # �3� K9� {��� �1< &#� .�Z � :9�G !#��� �+9���H ��9�7 15��3 �;����@; +% ��< ��9�7 ���� # :%�3 C
1����, _1< &#� .�Z X#� +��� (� . K�5r���#1J3 ���, f��; &#� .�Z X#� +��� �(��9� �� # X1� $BD /`�� (� �'��� /`�� 

��� ��� �, 19:3 �<�.  f,�#( +, +7�; �,fRSγ=τ  #Y

U
0 ∂

∂µ=τ
 +c,�( �<�, $5; �3�(�D +% ��� ��6�3 `3�% \�2>3 !� 

{�(�� ���� ��9���G �, ����  NL< (� +% (�*)8(�3 �1���3 �  \�9:%�3 ����� 49C�; 15���� &#� .�Z ���E�, \�2>3 �C�, (� ��<
�3 o�I;� &���% �>, (� /0 �<�, $5; (�123  1-�#�� .�Z (� ���<�, $5; �j%�1' +8��c3 �(�3 �C�, !  �7(�P �(�5% (��3 o�I;�-

1-� .$9�:-� &#� .�Z X#� +��� C� �#`� +,  �0 4]; +, # �C�, }�� $��% ��� +, .�Z K9� !�6�� (� # �1< T#�< �<�, $5;
�3 ��P �j%�1' +, �<�, $5; ���9�7 ���� # =�� $9�:-� 1�( . !�5J�� # �C�, }�� $9�:-� ��� +, X#� .�Z +, ��9�7 �#(# �,

�3 $��% a9(1; +, ��9�7 ���� (�123 ���9�7 49C�; # 1,�9 $5; �<�, �]9�2; �( +�'�� !�#(# �\P �P��5L9 �3  ��#1J3 (� # ��<
1< U5; ��� +, .�Z �7#�P �!�,C S9�W $��% # �C�, �G l9 +�'�� $5; �<�, !�Z (� �L9�:� !�6�� .�Z o�I;� �3 1-� . (�

+, # .�Z +, ��9�7 �#(# �, X�� .�Z ��P�� �(��9� w�* +, ���� �j%�1' �:%�3 /t�7 !#��� C� �<�� (��- ���* ��9���G �*�P
�3 N253 ��< .�3 /0 _�(t K-�G /�< ���, # ���� u( �(��9� l9�:� (� �I53 ���* ��9���G �.�Z &#� C� ���;�% ��>Z (� ��< .

253 ��#��, �(��9� �L9�:� +, ���� �j%�1' ���#1J3 K9� C� 18,�3 N ��< . .�Z K9� (�+2c53 #� $5; �<�, !�Z ��>Z (� !�1,� 
.�Z ��P�� (� .�Z K9� (� �<�, $5; (�123 \�9:%�3 +% &���% ��#��, �(�17 (� # ��>Z �9�6�� .�Z �7(�P u( �3 �1��  ��"9�

�3 ��<.  
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- �_��1'��T  

-  $�#iD K9� (���6, �, !��G  �;�]��J3 _E��� l�3�59� !�1� !18, #� &13 l9 C�)CFD( X�� +, �CCHE2D ��9�7 !���� �
+�]< �8�]* �#( ��r�D �C�, l9 (� /0  !C��19��G NV�' a9�� # &13 !(�30 �,�9C(� C�$�D (� �( +-( (�L, !�1� &13 ���,�Z � -

 ��9�7 !���3�(�D �5�, /0���� 1�9�;.  
- ��G ��18; +) �� �� &��� �0 4]; +, #  ��9�7 !���� # �1< 1���; +L]< �1<�, ���, +��P�#( �W�� 4c23 (� �1< ��"9� !��

+�]< ��G ��18; $9�:-� �, ��9C �(�� !�;E�, �Z� ��1< !C�� ���� C� !���, ��18; ���  # �1< �<���, ���9�7 !��+"�� (�  # _`D
l�LI; _(1Z ��1< v��B�� !��(����� �;E�,1�(�� !.  T�W�3 K9� ������C�1�� 4*�23 (� �;�1���3 # &13 !�(#0�, a9�� +>9�23 C�-

�1< !��G  YB�3 ���,19��G .:9( ��(�1���� ���' C� 1' C� ��9C �( �;�]��J3 +L]< 19�]� ��� �%t ��9�<  �;#�I; ��9� ��9C �����
O#( ���3 (� !�1� !��  &�AI��)��>>G (�7 �, \%�' _E��83��9 (� +"�� �9�6� �<�� 1���B� ��7#.  

-  ����>' ��9�7 ���� 49C�; �3�(�D +% ���' (� ��(�� �;�]��J3 +L]< ��8,� ���@; +, !��% ����>' ���9�7 =�� _����@;
 !��9C)+��P�#( .�Z �823 ��#1J3 (� |�AB, (�(�� +L]< ��8,� ���@; +,.  

- +�]< !��,C� ���I<0 &�2�� _E�' !C�� +,���G �7:� &13 #�  &13 # !�k-ε  &13 f��3 (�* +, +% 1< X��83 # 19��G ���I��
+,���G �7:� ��I<0  �(��9� ��#1J3 (� �3� ��� S��53 ��9�7 #���Z N% (� ��9�7 =�� _����@; # ���� 49C�; �(#0�, !��, !�

�(�� !��% �Z� +��P�#( .�Z �823 ��>Z |�AB, +��P�#( . +7�; �, �?��3 �[� +, &13 �7#�P +,  =�� _����@; �(#0�, !��, 1�(
��#1J3 K�5) (� ��9�7 ���� 49C�; #  ��I<0 &13 ��9��k-ε =�Z���� �;.  

- (� 4*�23 �&#� .�Z �7#�P �; X#� +��� fP �j%�1' ���� �(�17 (� �7(�P &���% +-�G(��Z # �; !�6�� &���% �]9�2; �#1, ���@; 
�3 1��3 . K9��3 +9���H ��9�7 !E�, _(1Z �15�� ���� �191D 1<�, .��� K9� �3� �0 ��� +% N�-#�D !�� ���� (� �W�� 4*�23 4Z�# 

+��� (� X#� .�Z +, ���' +8��; +-�9 �1��( # �9��23 ���� K�, #� 4c23 ���@; ���15) {�(�1� K�5r�� S�< ��]>� !E�, �>,  #
�#1J3 ���, K9� +�'�� C� +��P�#( f��; �(��9� �� # X1� $BD /`�� (� �'��� /`��  ��� �, 19:3 �<����.  

  

- !��"�  

!(��;� T .( .)1383( .+��P�#( ��1��3�� # ��1563 �;�3123 &�V��:�B,0 ��� ����6; �X�� ��) �  # R�P �x�I' �1L��#iD
!(��:�B,0.  

y �!#�>P.+'�� � � ��G) .1393 .( &13 !��,(�% !��5��(CCHE2D  �&#� ��) �/��( &�2�� # ��9�7 !C�� +�]< !��,(�% &�j3 �,
��G:3�� ������� ��� ���G:3��.  

y �!#�>P.+'�� � � ��G.� ����(�P �.. �!��<(� �.X ��J- �) .1392 .( &13 f��; /��( # ��9�7 !C�� +�]<CCHE2D +�"3 �
��%�6< ������� ����9� /0 $�#iD.  

X ��,�@3.� X123T  �.� �LP�% �L�3 # �X. )1389.(  ���9�< ! +��P�#( (� �,��( ��9:7 &�' +I<0 ��9�7 !���� !�1� !C�� +�]<
&13 C� ���I�� �, CCHE2D  !�(�3 +8��c3:  l��#(1�� K�"�� ����9� l��#(1�� q���I5% K��6�  ����6; �C�,�� +��P�#(

.(13 ��,�; ������� ����9�.  
� �����]� l�3.�7�' ��!15%  �.X �������D �. �)1391 .(&13#� !C��+��P�#( (� ��9�7 !���� !18,^#�B3 !��+5L-� ���I�� �, !�

!18,#� &13 C�CCHE2D K�, (�5��� K��6� �C���� ����) 1�6< ������� �+��P�#( ��1563 ������.  
X ��J-) .1390 .( �, ��9�7 !���� !C�>�13CCHE2D � ��8�]* �#( ��r�D l9(�!(��:�B,0 ��1563 X��� ��3 $9��� K��I. 
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