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aerodinámica, diseño de turbinas eólicas.

RESUMEN
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generar bordes de salida con espesor ha probado que 

es posible obtener buen rendimiento aerodinámico 

sin comprometer los requerimientos estructurales. 

Dos diferentes métodos son analizados: el método de 

recorte y el método de adición de espesor. Simulaciones 

bidimensionales fueron realizadas usando Ansys CFX® 

para valores del número de Reynolds de 3.2 millones. Se 

presenta un estudio basado en los métodos de Taguchi 
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4421 para distintos espesores de borde de salida es 

presentado. Los resultados obtenidos muestran que el 
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mientras que se probó que en el método de recorte 
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de sustentación debida a las alteraciones geométricas 

causadas. En general, el método de adición de 
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crítico de ataque.
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design.
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shown that a compromise between aerodynamic 
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off method and the added thickness method. Two-

dimensional simulations were obtained in Ansys CFX® 

for a typical Reynolds number of 3.2 million. A Taguchi 

Method experiment is conducted for the study of 

the four-digit NACA airfoil family with the proposed 
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values was completed. The results obtained show that 
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curve displacement to higher angles of attack is caused 

by the loss of camber. Finally, it was proved that the 

added thickness method produces larger maximum lift 
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cutting off method.
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This occurs despite the square-cube law that states 
that the output power is proportional to the square of  
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airfoil geometry in order to fulfill the aerodynamic 
requirements along with obtaining a larger sectional 
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Several research studies have shown that blunt trai-
ling edge (flatback) airfoils have a larger moment of  
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airfoils with cut trailing edge under Mach numbers 
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A two-dimensional solution was obtained by mode-
ling the airfoil using two symmetry boundary condi-
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Edge Thickness of 0.12 (2) Using Adding Thickness Method

Figure 2. Validation Cases Results

NACA 0015 - NACA 2212
(Re = 3.2 M, Ma = 0.1)
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M O D I F I C A T I O N  M E T H O D S

Two different airfoil modification methods were 
considered: the cutting off  method and the added 
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thickness along the baseline airfoil starting from a 
�����
_
�������
���
9&$
��	
6&$
���1�
�! 
���
����	

.?�����
;7)
8���
�����
��
���	��	
��
��	������	
���
���-
ses that will be introduced if  a series of  experimen-
tal probes are manufactured with a removable trailing 
�	��)

8��
�		�	
����1����
��
������	
���
��
	������
�


growing exponential function that has a zero value at 
_
��	
����
������
���
��\������
�! 
���
	�����	
��������

�	��
����1����)
8��
����
�	�������
�! 
�����
�����	�

�! 
 ���!���
 ��	��������
 ��
 ����
 ����
 ��������
 �����-
tant geometric aspects of  the airfoil such as airfoil 
����1����+
 ������
 ����+
 ����	
 ����
�����������
��	

P����
��������Q
'#&()

T A G U C H I  M E T H O D

A signal to noise ratio experiment as described by Ta-
�����
'"L(
���
	������	
��
���	�
���
!���<	����
��>�

���!���
 !�����
 ��	��
 	�!!�����
 ��	��������
 �����	�)

This family was selected because its airfoils can be pa-
��������,�	
�����
�����
������3
����
������
.����
	�-
���7+
������
��������
.�����	
	����7
��	
���!���
����1����

.����	
 ��	
 !�����
 	�����7)
 �
 �����
 �! 
 ��@����
 ��	���	

airfoils were studied (L"L
�����@7+
����
��	��
�����
	�-
!!�����
�����
������)
8��
!������
����
	�������
����
��-
	���	
���!���
��	
�����
������
���3
��	��������
�����	

(�������� 	

 � ��
�� ������ ��������������� ��������� ������������
�� �� ���7+
 ��������
 �	��
 ����1����
 .��� ��� ���� ��7+
 ����

camber (��� ��� ���  7+
������
��������
.��������� ) and 
airfoil thickness (��������������) .97
'"=()
8����
"
�����
���

���!����
���	��	)
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Figure 3. Cutting off Method

Figure 4. Added Thickness Methods Table 1. Airfoils Studied
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This experiment allows us to recognize the way the 
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A complete detailed analysis of  a single airfoil is re-
quired in order to quantify the effect of  the modifi-
cation and to fully understand its effects on aerody-
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( F I G U R E S  5 ,  6 )

The airfoil modification effect on stall region is 
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N A C A  4 4 2 1  R E S U L T S  ( F I G U R E  7 - 1 0 )

The trailing edge thickness effect on the Cl curve for 
each method of  modification is depicted in Figure 
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The trailing edge thickness effect on the lift to drag 
ratio appears to be independent from the airfoil mo-
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Figure 7. Trailing Edge Thickness Effect on Lift Curve Linear Region

Figure 8. Trailing Edge Thickness Effect on Stall
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D I S C U S S I O N

For all the airfoil modification methods studied the 
trailing edge thickness produces a larger maximum 
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appear as the trailing edge thickness has an overall 
opposite effect to mean camber and airfoil thick-
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The lift coefficient curve is larger for the added 
thickness method over the entire angle of  attack 
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The drag coefficient increase is smaller for the 
cutting off  method than for the added thickness 
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C O N C L U S I O N S

Two different blunt trailing edge airfoil modifica-
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cutting off  method was typically considered in the 
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added thickness method has been formerly pointed 
out as a method that allows the full differentiation 
between the effects of  airfoil geometric parameters 
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The added thickness method proved to have better 
lift enhancement than the cutting off  method becau-
se it does not reduce the mean camber and does not 
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A computational statistical study of  the four-digit 
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These improvements in the overall behavior near 
the stall point have implications on the wind turbine 
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Drag increase and acoustic emissions could be consi-
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