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Abstract In the Actuator Surface Model (ALM), the turbine blades are represented by porous

surfaces of velocity and pressure discontinuities to model the action of lifting surfaces on the flow.

The numerical simulation is implemented on FLUENT platform combined with N-S equations. This

model is improved on the basis of actuator line model(ALM). By using ASM, the model of turbine

can be simplified and the quantity of grids and computing time can be significantly reduced. A linear

distribution model and a ASM Grid identification method are presented. This paper compares the

ASM with ALM by computing both near and far wake of a Nibe A wind turbine Þ which combines

wake velocity, turbulent intensity and vortex structure. Results show that ASM has better prediction

accuracy and verify it’s feasibility on numerical simulation of wind turbine wake.

Key words actuator surface model; wake; source term distribution; grid identification

0 ß à
áãâãä Þæåãçãèãéãêãë (CFD) ìãíãîãïãêãðãèñóòóôóõóöó÷óøóùóúüûþýóÿ�� ä ��������� Þ��óì

í ø	�	
	�	�	�	
	� ï ê ð ò ô	�����	�	� è ñ������� ï ð CFD å ç Þ�������� ï ê ð��� ò�! è"$# � åãç 
$�ã÷ Þ&%$'$($)$*$+ �$�$�$,$-$.$/ Þ0�132 é ��, é .�/���4�5���6�7 ( .�8�9�:�; (. Þ<( .�=�>�?�@ +�A�B è ñ "�# :�;�CED�F�G	�<67�.�/������ó÷�Hóý î�A�B�I�J û�CKD���F�G�> �
��L�B�M�N Þ�O�P3QKRóîóï�S�T�U�V ! è "�#3W C

D�X '���Y�L�Z ��[�\ Þ CKD���]_^�`�^_a�b Þdc
O$e$f$g$h$iãåãç ^$�$a$bj�ù ú�k�l�m I 1 BEM n�o�p ����� CFD ì í
*�q�r Þts�u � ��i ö�.�/ ì í Þtv 0$� BEM n�ow�x ï�S��� �óõóö ê Þ @�1óõóö ê�y��óé�zóê�{|$} bãÿ

N-S ì$J û~w$x Þ .$� �$ $pãè ñ�� y �
ê �d� � .�/üûK������,�� �� ��2K���_� Þd���ø���`�`�����.�/���� J \ � ò3CKD�]�^ Þ : O��� `�^�� åóç���{ �j��� i ö�.�/�� ' � i ö���.

���E�t���
2016-12-30; ��� �t��� 2017-02-24�����E  � B+<+C�¡+>+?+s q�¢ Ñ+ÑE£ (No.2014DFG62530) ;ÐC+�+8�¤+>+?+Ñ~£ (@214`�¥�¦+.�§�¨+?�©+I+J+³�ª�« )¬�­�®�¯��±°³²

(1990– ) 6µ´76µ¶�·+I+J�¸76Ð��¹Y@21 Ê�º�»½¼�¾Y��¿+3 Q _Y- t RY[ IYJ7� E-mail:452577867@qq.com �À�Á�¬�­��µÂÄÃ
(1972– ) 6µ´76µÅ�·76µÆ�Ç76 ��¹Y@214Ê½º�»½¼�¾+�½¿+3 Q _+- t RY[ Æ+-Y0+IYJ7� E-mail:zhuifengxu@163.com

ch
in

aX
iv

:2
01

70
3.

00
45

6v
1

ChinaXiv合作期刊



536 DÏEÏFÏGÏHÏ-ÉÈ 38 �
/jÊ i ö$Ë$.$/$Ì i ö$Í$.$/j�

Rajagopalan [1]
1 i ö���Î�Ï p CFD å ç�*�q

r ��Ð�Ñ���Ò�Ó�Ô�Õ�� é�zóê G�Ö�×�Ø � ò���Ù�ÚG í�+ ï ê ð è ñ���Û è N-S ì�J :�; ��Z � å ç �Ü�Ý Ì�Þ�ß�à
[2] á�â i ö���.�/ Þäã�R Garrad Has-

san ï ð ! è ,�å Þæ+ ï ê ð ! è�ç \�/���G�Ö�×�è:$; � ùãúj�&éëê~Ì$ì$í$í [3]
1 i ö$�$.$/ p$î$ï

k-ε ðãèãì$J$q$r Þ á$â ðãè$ñ$ò${ | Þôó$õ ! è$ö� I$÷$ø$ù Þæåãç �$ú ï$ç$T � ïãêãð ! è �
Sørensen JN [4]

Ì
Shen WZ [5]

1 i ö$�$.$/$:; ��ó : Þ<û�ü���i ö���.�/���ý +�þ�ÿ�� Þ�� � �� R���Z � åóç � i ö�Ë ìóí Þ��óìóí�� ��,���.� �ãï$S �	�ãö	
	�j�
�	�	�$Ì$Þ	�	� [6] � � i öË�.�/ Þ ã�R openFOAM
Ô�� +óïóêóð ��� q�� Þ! è$ç \	�	�	� � ]	�$.$�ãùãúj�

Shen
Ì

Dobrev
��k

[7−9] î�i ö�Ë�.�/�� ã��� u�ï � ��i ö�Í�.�/ � QKR������óî����óì! �" ê ��#�$ Þ H�� i ö�Í�.�/ åóç ��� q�%�� b�
� Þ�i ö�Í�.�/ +�&�' � � ò á ! èóè ñ���.���[\ãýãÿ �	�	( ���� i ö�.�/���� 'óåóç ùóú ì! *)óïóêóð��
 ��+�,�-ó÷ Þ � S "�# è ñ � ò á ! è "�# � èñ	-ã÷j� Oãïãêãð$V ! è "$# � åãç$+$Rãï ñ s$u Ê.�/�0�1 ��2�3 ' ��4 ��5�6 Þ87�9 � ' ��� i öÍ�.�/ +�: � Nibe A

/ ïóêóð ��! è ñ�:�;�];�.�� å ç Þ=<�>�ç \jÊ ð è #�$ � ò��$^	- ÷	� Þ=?
p�i ö�Ë�.�/���]���.�� q�% :�; +A@ ,

å ��i ö�Í.$/ ìãí �$�	B ï ñ 0	1	� �	C$;ã÷j�
1 DFEFGFHFI
1.1 J	K	L	M	N	O

i ö�Í�.�/�,�P � ) 1 ïóêóð��� �Q $�>�R�S\���Ô�Í Þ B�Ô�Í ��T b�U�V�W���X ê ä .�� �� 
+ õ è � y � � �� ��Y N X ê ��Z�7 & /óõóö�][ Þ]\ [ BEM n�o å ç � Z �]^ O 1�G�Ö�� é�zãêB è ñ "�#3W ��6�7 N-S ì�J w�x Þ U�C�X�_ N-S

ì$Ja`
∂~V

∂t
+ V · ∇~V = −

1

ρ
∇p + V ∇

2~V + ~f (1)

Ø û ` f �$y �	B	b	� �$ � � é$zãê �c�d
1 ��e Þ�*�+�R��� ��fóõ è�*�+�ç \�C

�$c � 
 ç \$6	g$× û ý$� `
Vrel =

√

V 2
z + (Ωr − Vθ)2 (2)Ø û ` Ω �ãï$S � çah Vz �$*$+	ij ~ç \ h Vθ �	k Kç \ h Vrel ��r�ç \ h Vrel

Ì�b���Ô�Í���l�g
( â

è g )
C$� T Ø$wãý `

φ = tan−1

(

Vz

Ωr − Vθ

)

(3)

m
1 aonop+_ �+º

Fig. 1 The velocity and force in blade element
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Fig. 2 Diagram of computational domain
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Fig. 4 Grid identification of ASM
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