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J�%K,J�� m�$�� � W$e?�$��6 $*�
�5 4)�56 CD$�� 

?�$��6 �'$�: Lp/Lfθ (deg) X/LfLe/B dSP/Y dS1/Y dS2/Y dS3/Y RSD1 
(%) 

RSD2 
(%) 

RSD3 
(%) 

RAV 
(%) 

�*$: ?�$��6 �����1.873 0.520 0.687 ����

10.2 4510.035 0.753 1.580 0.253 0.567 15.7 51.3 17.5 28.1 
20.2 451.5 0.035 0.787 1.347 0.107 0.540 28.1 79.5 21.4 43.0 
30.2 4520.035 0.553 1.233 0.093 0.520 34.2 82.1 24.3 46.8 
40.2 452.5 0.035 0.627 1.340 0.120 0.460 28.5 76.9 33.0 46.1 
50.2 9010.05 0.847 1.653 0.260 0.640 11.7 50.0 6.8 22.8 
60.2 901.5 0.05 0.693 1.207 0.040 0.427 35.6 92.3 37.9 55.3 
70.2 9020.05 0.627 1.180 0.133 0.553 37.0 74.4 19.4 43.6 
80.2 902.5 0.05 0.740 1.267 0.040 0.473 32.4 92.3 31.1 51.9 
90.2 135 10.035 0.967 1.627 0.307 0.640 13.2 41.0 6.8 20.3 

10 0.2 135 1.5 0.035 0.773 1.373 0.127 0.620 26.7 75.6 9.7 37.3 
11 0.2 135 20.035 0.507 1.247 0.100 0.567 33.5 80.8 17.5 43.9 
12 0.2 135 2.5 0.035 0.447 1.247 0.153 0.560 33.5 70.5 18.4 40.8 
13 0.4 4510.071 1.040 1.207 0.113 0.453 35.6 78.2 34.0 49.3 
14 0.4 451.5 0.071 0.973 1.113 0.040 0.420 40.6 92.3 38.8 57.2 
15 0.4 4520.071 1.100 1.207 0.020 0.380 35.6 96.2 44.7 58.8 
16 0.4 452.5 0.071 1.107 1.340 0.000 0.327 28.5 100.0 52.4 60.3 
17 0.4 9010.1 1.180 1.173 0.153 0.527 37.4 70.5 23.3 43.7 
18 0.4 901.5 0.1 1.233 1.280 0.187 0.447 31.7 64.1 35.0 43.6 
19 0.4 9020.1 1.213 1.160 0.113 0.313 38.1 78.2 54.4 56.9 
20 0.4 902.5 0.1 1.067 0.887 0.000 0.380 52.7 100.0 44.7 65.8 
21 0.4 135 10.071 0.873 1.433 0.227 0.640 23.5 56.4 6.8 28.9 
22 0.4 135 1.5 0.071 0.873 1.200 0.187 0.613 35.9 64.1 10.7 36.9 
23 0.4 135 20.071 0.927 1.293 0.127 0.440 31.0 75.6 35.9 47.5 
24 0.4 135 2.5 0.071 0.860 1.147 0.013 0.460 38.8 97.4 33.0 56.4 
25 0.6 4510.106 1.220 1.027 0.100 0.340 45.2 80.8 50.5 58.8 
26 0.6 451.5 0.106 1.387 1.240 0.153 0.293 33.8 70.5 57.3 53.9 
27 0.6 4520.106 1.280 0.927 0.000 0.227 50.5 100.0 67.0 72.5 
28 0.6 452.5 0.106 1.287 1.040 0.000 0.293 44.5 100.0 57.3 67.3 
29 0.6 9010.15 1.313 0.973 0.207 0.393 48.0 60.3 42.7 50.3 
30 0.6 901.5 0.15 1.407 0.967 0.220 0.280 48.4 57.7 59.2 55.1 
31 0.6 9020.15 1.420 0.900 0.180 0.293 52.0 65.4 57.3 58.2 
32 0.6 902.5 0.15 1.307 0.647 0.053 0.207 65.5 89.7 69.9 75.0 
33 0.6 135 10.106 1.020 1.413 0.320 0.653 24.6 38.5 4.9 22.6 
34 0.6 135 1.5 0.106 1.153 1.373 0.260 0.513 26.7 50.0 25.2 34.0 
35 0.6 135 20.106 1.140 1.400 0.200 0.387 25.3 61.5 43.7 43.5 
36 0.6 135 2.5 0.106 0.967 1.007 0.013 0.287 46.3 97.4 58.3 67.3 
37 0.8 4510.141 1.447 0.860 0.113 0.207 54.1 78.2 69.9 67.4 
38 0.8 451.5 0.141 1.527 0.880 0.113 0.167 53.0 78.2 75.7 69.0 
39 0.8 4520.141 1.447 0.607 0.000 0.260 67.6 100.0 62.1 76.6 
40 0.8 452.5 0.141 1.533 0.773 0.000 0.280 58.7 100.0 59.2 72.6 
41 0.8 9010.2 1.460 0.747 0.360 0.213 60.1 30.8 68.9 53.3 
42 0.8 901.5 0.2 1.520 0.627 0.393 0.247 66.5 24.4 64.1 51.7 
43 0.8 9020.2 1.527 0.493 0.380 0.240 73.7 26.9 65.0 55.2 
44 0.8 902.5 0.2 1.620 0.473 0.293 0.253 74.7 43.6 63.1 60.5 
45 0.8 135 10.141 1.173 1.560 0.327 0.613 16.7 37.2 10.7 21.5 
46 0.8 135 1.5 0.141 1.280 1.287 0.327 0.420 31.3 37.2 38.8 35.8 
47 0.8 135 20.141 1.273 1.273 0.260 0.347 32.0 50.0 49.5 43.8 
48 0.8 135 2.5 0.141 1.280 1.040 0.133 0.267 44.5 74.4 61.2 60.0 
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L����= ����� Lp/Lfθ (deg) X/LfLe (mm) RSD1 
(%) RAV (%) 

44 0.8 902.5 200 74.7 60.5 
43 0.8 902200 73.7 55.2 
39 0.8 452141 67.6 76.6 
42 0.8 901.5 200 66.5 51.7 

���?��

32 0.6 902.5 150 65.5 75
39 0.8 452141 67.6 76.6 
32 0.6 902.5 150 65.5 75
40 0.8 452.5 141 58.7 72.6 
27 0.6 452106 50.5 72.5 

���?��

38 0.8 451.5 141 5369
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� �' 

�-
.?�$��6 '�  I#
�9�
�. �v̂<5 ���� ?�$��6 

�-
 <�D$� ?*$� �*$: .<q$�� $G � CD$�� 4)�56 �
 �!5

[�� 4)�56����� �� �jW�$@�� v̂�'
� �	K�:�.$� '� u

 Ia
�������� �
�'
� �	K� <� �6 '� v̂0� '$��5��	5 

�$�� ��"*�j�.$� u4)�56 4�5  �a�L �$��K �-
 $* .

<�.$� '�  I#
 �$��K fZ
� '� <� �
 v̂�'g5 ��-
 

�$
�
 ��	:.

5 $5<�.$� v�� �CD$�� 4)�56 ���5 '$�u'�  `�:
�K 



7%� �8 9:�;� <1
8= >&�*8 ��?8( <��?+ . . .��)A B�C�(��1�� �

./ 

q$��u � ?*$� M�
 4)�56 �����5 v�� 4�
 �5$"5 ��5$�

 <�D�` '
�Z  I#
 �$��K '$��a
 '� [	ID �
�
c= �58�/

 ��$��K  %�-	�, �	�$Zv̂$��6 '� ?� I#
<52�=�

��`'g5 <5 ���� ��$��K v�� ��: v̂�*$: ?�$��6 '�

 � ?*$� �5$�.

2): '� �$��K �	Xa ��$��K �	%=
 ��15 �'� �
�5R�

�0�-�G�-
 ��: .5< �  I� '	/ '� 
' �$��K �
	G

����j4)�56 $*)�*$: ?�$��6 (0��>G <�.$� <- <5���:

�.$�u�<�<>X"� �
 � ��: fZ
� �6 '�  I#
 �$��K 


' [	ID 25$>� '
	�� $G M�
 4)�56 �	� '� �$��K  �
�K

 � 2�$: �	: .�.$�u&<�.$� �<� �-
 �
 �$��K  �
�K

M�
 4)�56 �
 �!5<5
��` �<=$��� �$* '
��<�.$� 4�
 '�

 � fZ
� �	:.�.$� u(�.$� �u�� 4�5  ��`�5 �$��K 

M�
 4)�56 ��[��-
 .?�$��6 '� v�� ��*$: 

�$��K  `�:
�K '����. SQ ��$- ����-
 .4�
 '�

 2):  ��`�5 �$��K '� p}�$� M�
 4)�56 �-�B$5

 �-
 �	1�� �o� [�� � M�
 4)�56 4�5 4�"\�*

 <� �'
� �	K� '
��$, t
��`'���%��$- �1K 

 � a�L�.� �*$: ?�$��6 '� �$��K �	Xa <��$>�

#
 ?�$��6 � �$��  I <� �*�CD$�� 4)�56��"�$� 

'�  
�'�G 2���G�	�
� �-�B$5u4)�56 $*2�� ����

 �$��K W$�#	ea  �$1`$� ���sG �
 �7
�/
 '� 4)�56 

 � ���`	IK M�
 �"� .4)�56 4�5  I#
 ?�$��6 '�

 � ��*$�� '
��$, t
��` o� M�
 4)�56 � CD$�� 	:�

4�"\�* �CD$�� 4)�56 �.$� v�� �u `�:
�K 
''�

�����5 v�� � ��
� ?*$� M�
 4)�56 �	� 
' '�

�-
 ��
� '
�Z  I#
 �$��K '$��a
 .����
 W
���sG

 ���  %�@:6  ��"K)K̂(7
�/
 '�4)�56 $*'�

2):R��-
 ��: ��
� �$�� �.�*$: ?�$��6 '�

 
4. Wake Vortices 

������ �
'�<� �'
� �	K� M�
 4)�56 7
�/
 �6 '� 

K̂�$�� � <�D$� ?�
gD
 �"*�j<5
��` ���. <� �-
 �


 <�=�
 t
��`�'
� [$� fZ
� '� �'$���$-  %���56  I#
 

 � 2): <5
��` 4�
 �-	G ���` .5 CD$�� 4)�56< 5	a

<���
	G '����. UQ�#'� �
 %�@:6  ��"K ����


 M�
 4)�56 �	�
��,5
��` W'�Z �� ?*$� 
' <�*.�`


?�$-�D [	ID H� � '$r��
 ��:$5 ��c, ��' <� '�

������ <�  �$* bτ̂�:$5 o� �
 ����5 � %���56 ����, 

��*$��	:�.2):  -'�5R�[ � �$�� <� �*� '�

 �*$: ?�$��64)�56 ��
� '
�Z $5 �[	ID '� $*bτ̂'� 

4��$, ��- <5 M�
 4)�56 7
�/
 ?�
gD
 �-�<�D$� �

?�$-�D ���5 '� 4�
�5$"5 ��-
 ��: o� �
 ����5 ��c,

���,j %���56 ��' �*
	a �
� .��$>�uf��	G bτ̂'� 

?�$��6 I#
 f��	G $5 bτ̂'� �$�� �*$: ?�$��6 

 � <5 CD$�� 4)�56 <� �*� ?"G  5	a ���5  :�5 �$*

�-
 ��
� ?*$� 
'.'
�>� 4�����5 bτ̂?�$��6 '�  I#
 

�5
�5 U/U'
�>� 4�����5 <5 ���� <� ��: <�-$�� bτ̂'� 

�*$: ?�$��6 '� ���._S�#'� �-
 <�D$� ?*$� .

}�4�
�5 �������� '� �CD$�� 4)�56 j4)�56 �$*

 I#
��.$� v�� u>1bτ̂�-
 ��
� ?*$� g�� 
' .'�

?�$��6 I#
 ���. v�� $G RQ ��$- �����bτ̂����5 

 � ���� o� �
 �	:� =$. '� $G �*$: ?�$��6 '� <�

���.UU ��$- �����bτ̂�'
� �	K� o� �
 ����5 .

��}� CD$�� 4)�56 4�
�5$"5 4�
 �5 8�� <��$*

 ?*$� 
'  %���56 ������� v�� ��*j
'  %���56 

0� g���-
 ���� .'� ��: �$
�
  %���56 �	%=
  -'�5

  I#
 � �*$: ?�$��6)2):(( � �$�� <� �*�

2�I�G $*�:
��5 �
 2#$. �?"G f��	G � ���- �$*

<5 �]I# ���5 '� H�  :�5 
' CD$�� 4)�56 ��EFG  5	a

?�, �'
c%5	-' �  %���56 �	%=
 �5  "�5�����-
 .



E�F��%�� ���� .������ ������� ������� �� ! 

.# 

x (cm)

y
(c
m
)

0 20 40 60 80 100 120
0

20

40

60

80

100

1.5
1
0.5
0

-0.4

x (cm)

y
(c
m
)

0 20 40 60 80 100 120
0

20

40

60

80

100

1.5
1
0.5
0

-0.5 )OF((û
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