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Abstract 
 In this paper, added mass coefficients of an underwater vehicle were calculate using boundary element method. Fluid flow 

was solve using boundary element method on triangular meshes created by GAMBIT. For verification purposes, added mass 

coefficient of typical ellipsoid and sphere in various aspect ratios were considerd. The results for typical ellipsoid and sphere 

were compared with analytical results. As an applicable research, Suboff submarine was investigated. Added mass 

coefficients of Suboff submarine which was determine by boundary element method was compare with experimental results 

then. The results show good consistency in comparison with experimental one. 

Keywords: Added Mass, Underwater Vehicle, Boundary Element Method.  
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 .���O e��4� ���E ����4� �l 	F.  

 � ���2�.� ��� hE��� �E r�E�� JE��G���  6��E  6>�� 1�F��

: >� �����;  

)12( { } ( ) ( , ) ( )k k qL p G p q q dSζ ζ
Γ Γ

≡ ∫  

)13( { } ( ) ( , ) ( )k
k q

q

G
M p p q q dS

n
ζ ζΓ Γ

∂≡
∂∫

 

)14( { } ( ) ( , ) ( )t
k k q

p

M p G p q q dS
u

ζ ζ
Γ Γ

∂≡
∂ ∫  

)15(  { } ( ; ) ( , ) ( )k
k p q

p q

G
N p u p q q dS

u n
ζ ζ

Γ Γ

∂ ∂≡
∂ ∂∫

 

 ��Γ ���<� 1�0� �� >�� >� �0SE �� >�� 6  .�,�Eqn ��� ���E  6

 �E G����Γ �ZV� �  6q ��  ��,�E( )qζ �ZV� � hE�� 6 q  

��  e��wF< .�,�E( , )kG p q ��O hE���� e  hE�� e��wF< .�,�E

����4� 6��E � 6�4E �. 	��C 6��E e��O  >� 	.� \��; �_�` 6
1

( , )
4kG p q

rπ
= .  ������ A���� e��EL  ��, ��?7� ��> \�3 �E

:	.�  

)16( 
{ } { }

{ }

( )
1

1

( ) ( , ) ( )

( ) ( )

j

j

n

k k k j qp
j

n

j k
j

L p L G p q p dS

p L e p

ζ ζ ζ

ζ

Γ Γ ∆Γ
=

∆Γ
=

≈ ≈ ≈

 
  

∑∫

∑

ɶ ɶ

ɶ ɶ

ɶ ɶ

 

 � ��, ��,�� 1�F�� �< 6� �E ��, ��

O \�3 �E �/���5��� ���.

 � �� � � ���� 	.�E ����5��� ����V� y�  JE�� >� ���2�.� �E 	��/�

�.��< 6� �E 1���@ 6��; NC a���5�� .	.� �����O G�F;�  6

 N�, � �P� ���1 .	.� ��, ����  

 

3 - I��0�  

 �m�� R:�S� 6�< 	��C 6��E 6>�� 1�F�� NC U���� �@ e�� �

 .	.� ��,  

3 -1- �)> �/.�3, 4)� J��6E  

�9�� >� ���2�.� �E ��� -� �7���   �? �GAMBIT  6��E ���,

 6��E ���, .��� ��Q \�n�S� ���� 6� �E ��� e�� ?��� .	.� ��,

�� }S0� \�I23 �E �K:K� 6��E ���, -� �P� ���  .�,�E

.	.� ��, G�F;� uZ. 6� �E e���� 6>�� J���, e��wF<  uZ.

 ~�4, �E ��� -�1 �, 6��E ���, ������, .	.� �  6��� 	,� 6

 ���4�80  �E��E ?�� uZ. 6� r�V� ���4� � 1�F��42 �� �ZV�  .�,�E  

1�F�� >� L�  J���, .	.� ��, G�F;� 6>�� J���, �a
@ uZ. 6��E

��c
� 6��E 6>��  	��C 	;�. � 	.� e���� 6>�� r�, �B�C 6

��� m/s1 �� .�,�E 6��E ���? � 9�@ A���B �1���@ NC >� L�  ���

	.� ���� 	.�E.  
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 G	1-  '()� *��+, �> G9 @0��DF+,  

  

 	�
� �� �E 1�5�T�E 6��E LM. ���� 6� �E 6>�� 1�F�� NC ���E�

 6�P��1�E2  �1 �E5  .	.� �����O �
��V� �:�:I� NC �E � 	.� ��, 9�7��

 �:�.� 6��E U���� LM. �E���>SUBOFF  �
��V� �<�50���>� U���� �E

.	.� ��,  

)� >� ���2�.� �E �� ���? � 9�@ A���B ��V� �:�:I� 6�<  6��E

�� 	.�E ��� G�C 1���@  >� 	.� \��; ���32

3virtm aπ=  �

32
1 2.094

3virtm π= × × =  ����V� ��A11,A22,A33  �E�W ��
E YE�Z�

:I� ��V� �E�� 	.�E �23 ?�� ����V� ���. .��� �:�  NC �E �� ���

�� �PC_� 1� �E ��_; .��� �E�W ��
E YE�Z� �:�:I�  �E �� ��,

���, 1�V� 9�; �E �@��  ���� 	.�E ��V� ��, G�F;� �K:K� 6

 6��EA11,A22,A33 ���� X_�W� �F� ��V�.  

 ��� �4E 9�O  � ���, �E �P� ��� 6 E J.��� 6 � .	.� ��, �.�

1�F�� ���4� 	��C e��  1�F�� NC 6��E ��� uZ. � ��  ��E 6�<

 6>��166  �E��E ?�� ��� 6� �E r�V� ���4� � ���E ��;85  ��;

��  .�,�E 

 �E X_�W� � ���� �E�W ��
E 	Q� 6�ZQ ����V� a< 	��C e�� �

�ZQ ��^ ����V� eFB � .	.� �� �� D<�� �:�:I� ��V� ����� 6

�� �23 N�Q 	��C  b�W ��
E �:�:I� NC �E NC YE�Z� � ��,�E

�� ���, -� >� �4E 9�O � .�,�E  ��, ���2�.� N�:I� 6��E ?� 6

 N�, � �� �Z��F< .	.�2  ���4� 	��C e�� � ��, �� �PC_�

F�� �E 	.� �E��E �/��304  ?�� uZ. 6� �E ��, ��7�� r�V� ���4� �

154 �� �ZV�  N�,) �,�E2 �E ���? � 9�@ A���B ?�� 	��C e�� � .(

 �. 6� �
��V� U���� � 	.� ���� 	.�E 6>�� 1�F�� )� >� ���2�.�

 G��@ � ���, ~��1 ..	.� ��, ����  

 
 G	2- *��+,  �K	 �1 �)> '��1 ��� '��1 

 

 L.��1-  �)> �/.�3, 4)� M�,)8 

A��B  BEM 

	,� ���,  
BEM  
 ���,

J.���  

BEM 

?� 

���,  

�:�:I�  �ZW �3�

 ?� ���,

% 

A11 872/1 941/1  994/1 094/2 7/4  

A12 0  0  0  0  0  

A13 0  0  0  0  0  

A21 0  0  0  0  0  

A22 874/1  943/1 989/1 094/2 9/4  

A23 0  0  0  0  0  

A31 0  0  0  0  0  

A32 0  0  0  0  0  

A33 868/1  963/1  994/1 094/2 3/4  

  

 A���B ��V� �< 1�F�� ���4� D��? � �E ���5�� �PC_� �� ���5��F<

	.� ��, -��?� �:�:I� ��V� �E ��
E ���� 	.�E 6�ZQ.  

   

3 -2- *DF�N�1 �/.�3, 4)� J��6E  

�T�E �� �7��� � �O �ZQ �E �?E �ZQ 	�
� �� �E R:�S� 1

 �?E �ZQ 	�
� G�� 	��C � .	.� �� �O ��Q �.�E ��� -l��

 -l�� �ZQ �Ea/b=2  �E r�E�� 9�� 	��C � ���Ea/b=5 ��  .�,�E

9�� >� ���2�.� �E  e�� ?��� � 	.� 9�7�� ��, 6��E ���, 	��FO �? �

�T�E � .��� ��Q \�n�S� ���� 6� �E 1�O ���, R:�S� 6�/��F�

�� }S0� \�I23 �E �K:K� 6��E ���, -� �P� ��� 6��E  .�,�E

 6>�� r�, \�3 �E ��Z. e�� 6� �E ?�� 6>�� J���, e��wF<

 6��E ���? � 9�@ A���B 6��E �:�:I� U���� .	.� ��, G�F;� e����

�T�E  G��@ � 1�O2  9�@ L����� �E r�E�� U���� �	.� ��, ����

��? ��E 	:; .	.� ��, ���� 1�0� �4E 1��E \�3 �E �  6>�. �4E

a7C 6��E � U���� 1���E �� 	.� 1� U���� .��E ��E R:�S� 6�<  

�T�E ��� �  �23 k���F� 6�ZQ ��^ A���B �1�V� 	:; �E 1�O

��  A��B e��wF< � ��,�EA44 �� �23 ?��  U���� e��wF< .�,�E

��7�� �.��<6 A.��� � 

��7�� ���, �E 6� uZ. 

a
@

 e��4� ���E G���� �E uZ. 

�E 6� �< -� >� 1�F���< 

��; NC6 G��5���  �E �<

 -� �< 6� � �/��F�� >�

G��5��� A���B e��4�  ) �<

 hE���G  �H( 

 A.��� 6>�� r�, G�F;�

 -� �< 6��E uZ. 6� �E

1�F�� >��<  

 hE�� ��V� e��4�φ  �E

1�F�� >� -� �< 6� �<  

����4� N��0� 6��@ 6  

 

��.�I�  9�@ L����� 6

���? � 
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�� 1�0� �:�:I� e�� � �� �<�  A���BA22=A33 �A55=A66 

�� �E �P�� �E eFB � .�,�E  A���B �6>�. �4EA11,A22,A33  �E

24

3
ab

π   A���B �A55,A66  A��B >� ���2�.� �E2 2 24
( )

15
ab a b

π +  

�E :	,�� a�<��W �7��� � .	.� ��, �4E  

2
11 11

4

3
A K ab

π= × 
)17( 

2
22 33 22

4

3
A A K ab

π= = × 
)18( 

2 2 2
55 66 55

4
( )

15
A A K ab a b

π= = × + 
)19( 

 A���Bk11,k22,k33   �E \�3 �E  N�, ���F� � �4E3  ���� 1�0�

 � 	.� ��, �m�� R:�S� 6�<�ZQ 	�
� 6��E ��> ���F� .	.� ��,

�� � R:�S� \`�C A���� e��E  A��V� ���F� e�� >� ���2�.� �E 1���

.�>  

  

  
 G	3-  M�,)8k11,k22,k33 ] *DF�N�1 ',)114[  

  

�N�1 (L., R+�9  �:D> �1 S��1 )TU RKV� �1 *DWa/b=2  

 
�T�E G�� 	��C �  ���4� �E �P� ��� 1�O210  ?�� � �ZV�416 

 �E��E �?E �ZQ .	.� ��, ��7�� 1�F��2  �E �E��E -l�� �ZQ � ���1 

� 	.� ��, �� �O �P� � ���) ��4 a=1,b=0.5�� (  	��C � .�,�E

���, 6��E ���2�.� ��� 6�/��F�� ���4� 6�4E  D��? � 1�5�T�E 6��E

�T�E 	��C e�� � .	.� �� ��  ���4� �E �P� ��� 1�O595  � �ZV�

 ?��1186 .	.� ��, ��7�� 1�F��  

���, >� e��wF< �T�E 6� �E ?� 6��E  � .	.� ��, ���2�.� 1�O

	��C e�� ���,  ���4� �E �P� ��� ����.�I� 61187  ?�� � �ZV�

2370  N�, .	.� ��, ��7�� 1�F��4 ���, ��B� �E   ��� ?� 6

�� 1�0� � 6>�� 1�F�� NC � ���2�.� �<�.  

���, >� N3�C U���� ���, 6� �E 6>�.   � �K:K� R:�S� 6�<

 G��@3 �2�.� �E 6��; NC 	Q� ��B� �E � 	.� ��, �m�� >� ��

�� 1�0� � 6>�� 1�F�� )�  6�ZW �K���C ?� ���. 	��C � .�<�

 ���C NC4 �� �3� .�,�E  

  

  

 

  
  

 L.��2-  �N�1 �/.�3, 4)� M�,)8 *DW  �1 C�D0� '�< *��+, �1

'()� *��+, -.�  

A��B BEM  �:�:I� % �ZW �3�  

A11  202/0 195/0 8/3 

A22 706/0 73/0 2/3 

A33 707/0 73/0 08/3 

A44 0  0 0 

A55 234/0 24/0 39/2 

A66 234/0 24/0 38/2 

  

  

 G	4 - �K	 �1 *DF�N�1 ��� �E�K��!� '  

  

� L.�3-  �N�1 �/.�3, 4)� M�,)8 *DW  -.� �1 ��� '�< *��+, �1

'()� *��+, 

A��B BEM 
 ���,

	,�  

BEM 
 ���,

J.���  

BEM 
?� ���,  

�:�:I�  �ZW �3�

%?� ���,  

A11  214/0  202/0  2018/0 195/0 5/3 

A22 671/0  706/0  755/0 73/0 4/3 

A33 671/0 707/0 755/0 73/0 44/3 

A44 0  0 10×1/1-5  0  0  

A55 225/0  234/0 245/0 24/0 31/2 

A66 225/0 234/0 245/0 24/0 31/2 

  

(4./ R+�9  �N�1 �:D> �1 S��1 )TU RKV� �1 *DW a/b=5  

�T�E 6��E G�� 	��C �  6�P�� 	�
� �E 1�O5  �E1  ���4� �E

130  ?�� � �ZV�256  �E��E �?E �ZQ .	.� ��, ��7�� 1�F��2  � ���

 �E �E��E -l�� �ZQ4/0 ) ��4�  ��� a=1,b=0.2�� ( ���, .�,�E  6

���, -� G�� 	��C � ��, ��7�� �����E� 6 �� 	,�  .�,�E 

���, 	��C � �T�E ��� J.��� 6  ���4� �E �P� ��� 1�O241 

 ?�� � �ZV�478 ���, ����� � .	.� ��, ��7�� 1�F��  6� �E ?� 6

�T�E � 	.� ��, G�F;� 1�5�T�E  ���4� �E �P� ��� 1�O456  �ZV�

 ?�� �908  N�,) 	.� ��, ��7�� 1�F��5.( 
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 G	5- � �1 *DF�N�1 ')H�� RKV5  �11 �K	 . ��� '  

  

 G��@4  ?�� � ���? � 9�@ A���B 6��E ���� 	.�E ����V�

�� 1�0� � �:�:I� NC �E �
��V� � 6>�� 1�F�� NC 6�ZW  .�<�

�� �PC_� �w���l  ��`�E ��
E 	Q� >� 6>�� 1�F�� NC ���,

1�F�� ���4� D��? � �E � ���E ���W�E  D��? � NC 	Q� ?�� �< �� ��

.	.�  

  

 L.��4-   ')H�� RKV� �1 *DF�N�1 �/.�3, 4)� M�,)85  �11  

X�0Y� '�< �K	 ',)1  

A��B 
BEM 
 ���,

	,�  

BEM 
 ���,

J.���  

BEM 
?� ���,  

�:�:I� 

 �ZW �3�

 ?� ���,

%  

A11  055/0  052/0  0515/0 05/0 3 

A22 825/0 859/0 873/0 895/0 37/2 

A33 821/0 857/0 874/0 895/0 34/2 

A44 72/4× 

10-4  

9/1× 10-4  67/9 × 

10-5  

0 0 

A55 627/0 651/0 672/0 72/0 65/6 

A66 631/0 657/0 6719/0 72/0 7/6 

  

�� �PC_� �� ���5��F<  ��
E 	Q� >� 6�ZQ 6�/��F�� ��,

�� 1�
�� �:�:I� NC �E ����V� � ���
< ���W�E ��`�E .��,�E  

   

3-3- ZD1�� �12)�( ����. ',)1 �/.�3, 4)� J��6E  

 �������> ���? � 9�@ L����� ��B�C D<�=� 1��F� 6��E�� �P�� �E

X�E�. ���E �/�� G�� 	��C � .	.� ��, ��.�I� 	��C �� �   ��Q �P� ��

 N� 9�� 	��C � .	.� ��0� ��I� G���� ��Z. � -@�E \�VI:� � �� �O

��, N��� �ZE �.��<�  Nn�� ���E �E \�Q�I�� ���F� � 	.� ��, 6>�.

��  >� ���2�.� �E a
@ ���? � 9�@ A���B e��4� �P�� �E ?�� �7��� � .��,�E

 	��C e�� � �P� ��� 6��E ���, .	.� ��, 6��E ���, 	��FO �? � 9��

�� a
@ �@�W uZ. N� � �K:K� 6��E ���, ?�� ��C�� N� .�,�E  NC 6

Z. -� \�3�:K� >� ��
E u  ���? � 9�@ A���B .	.� ��, 6��E ���, �<

�E R:�S� 6�/��F� � �<���� �E �@�� �E -� �< ?�� ���? � 9�@ L����� �  �4E

 A���B 6>�. �4E �E 6��E �P�� e��E .	.� �����OA22,A33 A11,  A���B

 �E
3

1
1
2

Lρ
 ��, a�
V�   A���B e��wF< .���A44,A55,A66  �E

5

1
1
2

Lρ
 

��, a�
V�  N�, .���6 ���E  6X�E�.   � ������ R:�S� ��Z. ��@� 1��E

.�<� �� 1�0�  

 
 G	5- �K	  ���1 '��1  �,�3, 4)� �/ A�U�!+, *.�1 �12)�( ����. '

GAMBIT  

 
�.��<  � �P� ��� 6GAMBIT .	.� ��, 6��E ���, N�,)6  (

 >� k����C 	��C e�� �2000  ��, ���2�.� 6>�. ���, 6��E 1�F��

�.��< 1� >� L� .	.�  	��FO �? � 9�� � �E���> �:�.� �:3� 6

N�, � .	.� ��, ��7�� 7  �.��< .	.� ��, ���� 1�0� �:3� 6 

���, �P�� �E ?�� �7��� � 9�� � a
@ uZ. 6��; 6>�.  �? �

GAMBIT E ���, ��7�� �P�� �E 	��C e�� � .	.� ��, 6��

�.��<  ���4� >� A.��� 62200  6��E ���, 6��E �K:K� 1�F��

.� ��, ���2�.��E �P�� �E �� �E���> �:�.� G�d .	  6>�. �4E

  �E �E��E 	.� ��, ���2�.�L=4.3561 m  �4E �E >� L� .�,�E ��

��E ���? � 9�@ A���B U���� 1��� 	.�E � 6>�.���E 	��C �� 6  6

 G��@ � U���� G���� ��Z. ���F< �E ���E � �/��5 .	.� ��, ����  

 
 G	6-  '.� )1 ��	 /���, �[�[� �K	 (, ��> '���ZD1�� 

 
 G	8-  '��0�, '.� )1 �K	ZD1��  L)0�> \DT� .  
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 G	7-  ',�01, '.� )1 �K	�ZD1�  ��)1 .  

  

L.�� 5-  �N�1 �/.�3, 4)� M�,)8 *DWC�D0� '�< *��+, �1  
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A33 53/1  × 10  -2 64/1 × 10  -2 

A44 59/2 × 10  -8 93/9 × 10  -6 

A55 57/7 × 10  -4 29/9 × 10  -4 

A66 64/7 × 10  -4 01/1 × 10  -3 
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A11 4/8 × 4 -10   - -  

A22 76/1× 2-10  016186/0 9/8 

A33 64 /1 ×2 -10  014529/0 05/13 

A44 93/9× 6-10 - - 

A55 29 /9  × 4-10  00086/0 99/7  

A66 01/1 × 2 -10  000897/0 52/12  
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