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�HjkÅ��Hp����jþ-���l¼ 
 

� ?@

� �
';�opNX (Computational Fluid Dynamics: CFD) ¶7�ABPº ;LAo�'

¡¢mâ�o�sÅT�'E£j !�¤¥rÂð�¹oÉ¶¦x�ð�ÃkÉE-�H�-l¼

o�o§úº¶��w'Z�¨\j©-TCFD 'ª��jE-�Hp��ð�9Ã«t¬nmU

	�-l¼��ð�9¶Aj®p¤¥º'¯û+°'�±ºE-�H+É+²p¹''T)�

9j¶³´ð�öùTZy¯ûµ9A-²p¶·¶¹AkÅT��x�Ã�¸*j#>3Ljº

ÈlA-¹�È+DºÃÄl¼»¼*j��Ã���\»H½»l¾°T��ð� CFD ¶�'

��x�'¿ÀË'ººñDj+läAÃ·ÁËHl¼ä¹opÂº��T��ð�9'Dºm

ö�oþþË�j��t/'µ�û&ÃA��Â�Op�9Ao� Building-Cube Method 
(BCM) Ã}~ËHp [1]¼)�9º¶äHÆºjÄÅaÆj�»lZ[º4
$�+³´ð�ö

ù [2]T���#v@�;#�>jsílZ�Ç�� [3] mÈùop¾�TstwÉÊÅ'¦Ë

�opµÌ [4, 5]TstwÍÎÊÅ'¦¸ÏoµÌ [6, 7]T/>é>IJ>ÐKÑ'ÒÓµÌ [8] 
�' EÃ�PºsÅT�p+ CFD ]ÔAo�'(Õmâ�oþþÄl¼ 
� �.TBCM mE-p���#v@�;#�>'7Öj×í��Ø+�ºT7E�'Âº��

¶>N0;2'ÙKÑÃÚÛºÈ+-Ü�Ao���\oþþÄl¼ÝK6;.Þbj(ßÉ¸

ÏµÌºÄH½ÆÊo¹T¦¸Ï+oHÁ'µÌj¶�àC'á�+0;2ÃâYºÄl¼ãD

½ä�'stwÍÎÊÅ'¦¸ÏoµÌ [7] º¶åæµÌ'p	'�àC0;2Ao�ç 1000
$%�3�'�àC0;2m��o�-l¼)µÌjsílð�º;¶ç 1èººÄÅTéjä

'$%�3�Êí[ûA�N'®�<mêëok¹A»lAT¿¯ûì�º¹ç 1.6 TB A¦Ï

já�+¹'A+²�oÆ¹¼äH�á�+0;2¶¿Àj$��;ém�í»lÊíº+ÉT

#v@�;#�>h'0;2�>Nj��l�/ÃÚÛºÈ+É+läA��T���Çm��

lYîj¹+Å¹l¼>N0;2ÙKÑ'Ü�¶ BCM jï�ðÄÆñÉ#v@�;#�>jò

�oT#v@�;#�>'���\jÄ�O��ómôõ+ÉËHl��ºÄlA-Dl¼ 
� �äº)�º¶0;2ÙKÑ'��j�»läHÆº'�Å��Ao�TBCM '��ð�x

�A����\�9m��Â�Op0;2��9mUV»lAA¹jT�'����jþ-��

�l¼CFD kÅ��HpopµÌ0;2'��9Ao�TäHÆºjåæ;ç���m,²p�

9 [9] öT¶÷��µm,²p�9 [10] Ã}~ËH�-l¼o�o BCM '¶ø' 1 þj÷.

÷/ù��ð�_ú��Lc'ûEÃÄÅT�'ð�¶0é2L���Öjsíl?��L' 3
yü�'ýþA�DläAÃºÈl¼Ë�jT����\�9Ã��'�)�mé¸o�0;2

m��»l�.Top¹Æp�)�m¹²�sÅT�)�jþ-���Aop'��4é;Ãù

�»l¼opÃ²� BCM mE-pop#v@�;#�>jA²�����\�9¶��jrE

Ã�¨ºÄÅTo�¹����j�!p��Ç¹�	ºÈlñ�+�9A-Dl¼�äº)� 
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º¶����\�9Ao�DEËHT�þ CFD �' E
ãm��Éëþ�åæ;ç���

¿ìmh�j0;2��9mxùop¼�o�äHÆº' BCM ' E
ã����Hp���

¦Ë�opµÌ0;2Tskt¦���Ë�opµÌ0;2jrEoT�'��m��op¼ 
 
 

�

� )�9º¶�����pº÷.÷/ù��ð�mûE»läAºT#v@�;#�>jsíl

ä��5;���5ª��'»��'��º��m¿À\»läAmn|o�-l¼Ë�j�q

Í�\mð�º¶+É��H���jrEoTH��'.�<m�+÷�j»läAºT���

BC���'� '��Ë¹�²�-l¼ 
� � 1 j BCM ºE-l��ð�m�»¼oHÁ¶Ä;'�.pH��j�$ËHTäH� 1 þ

1 þm cube A�Pº-l_� 1 �c¼�H�H' cube ¶��.×jð�º;'÷o-��ð�T

»+� ÷.÷/ù��ð�m�!o�sÅTäHm cell A�Pº-l_� 1 "c¼ BCM ¶
��ð�Ãëþ¶·m�'ÆÆ%È#-ºsÅTZ$%ð�'³´öù5Zy¯ûµ9'��+

&�5¿À+��x�A-²pDºmëþ¼ Ë�j BCM º¶ cube x�jkÅ�qÍ�\¹

��j&�ºÈT�þ cube �'.�ü'Ã÷o-äA��Z-BC\�Ç¹�	ºÈl¼+s 
cube jklH���$¶;���óº'(���Êíº¶+ÉT����mr?+)ûº�µ

ºÈlA-¹ººª��js-�¹*+m,Dl¼AÅ�í)�'Í�ºÄl0;2��js-

�¶ä'���$9Ã-Y+.$m�po�sÅTÌÍmy/º��l¼ 
 
 

   
� 1� Building-Cube Method jkl0ÊÅ'ð�öùã_�µcubeT"µcellc 
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� 9��:;A<

� BCDE�FGHIJK& LMN

� �åæ;ç���¿ì¶��-²X�IºDEËH�-l1���]ÔºÄÅT¶j CFD
'�Ijs-�¶ð�Í�\ [11]T234�> [12]T5o'67> [13] +°jDEËH�-l¼

)¿ìjkÅ�N1�¶8Ê4;ù�ºÄl§9ù�ATZÊ4;ù�ºÄlÌÍù�j�µË

Hl¼¿ìjk²���Hp§9ù�j�o�«:*j¿ìm78»läAºT1�mÊ4;j

 !��µ»läAÃºÈl¼ 
� � 2 j 2yüopµÌ0;2j�o��åæ;ç���¿ìm78op��m�»¼ääº

¶÷.÷/ù��ð�mDEop�;ÊÅ'opµÌ0;2_ð�º; 256<256c'¹ Ío

.×[ûmãjAÅ_� 2 �cT¿ìm78o�-l¼��'¿ìº��Hp8Ê4;ù�m§

9ù�A�+»äAºT0;2¶¿ìä' 4 �' 1 'ÙKÑ_ð�º; 128<128c'§9ù�

AT4 �' 3 'ÙKÑ_ð�º; 128<128 ' 3��c'ÌÍù�j�ËHl_� 2 h¦c¼

¿ìª'0;2º¶§9ù�¶¿ìä0;2A¾=(!�>mëþ�.TÌÍù�'ëþ�¶H

ËÉ+²�-l¼ä'äA¶T�?ãjA²poHÁ'/�L@;'¾AP°Ã8Ê4;ù�j

UçËH�sÅTAjZÊ4;ù�'/�L@;ÃHË-äAm�o�-l¼Ë�j§9ù�j

�o�«:*j�åæ;ç���¿ìm78»läAÃºÈT1�¶«t§9ù�AÌÍù�

j�ËHl_� 2 "c¼«:*+¿ìjs-�¹ö¶ÅÌÍù�'ëþ�¶HË-¼)ã��

�ËHlk¹jT�Bj�)�mëþ1�js-�¶¿ìª'§9ù�¶�ÈÉTÌÍù�¶H

ËÉ+l¼ 
� � 2 "º�op¿ìª'ù�¶� 3 j�»k¹jT§9ù�j§-CmDTE-Cm�A»l

dx�A�+»äAÃºÈl¼ä'dx�m Eop����\�9Ã Embedded Zerotree 
Wavelet (EZW) ��\ [14] ºÄl¼F'¿ìãmGÆDlAT�Bj�)�mëþ1�º¶d

x�'Hj§-Ð;Iº¶�Ã�ÈÉ+ÅTAjH��Hl¾°�ÃHËÉ+lTA-¹J×

ÃÄl¼�o� EZW ��\º¶ä'KÅmDE»läAº0;2m��»l¼+s)��\�

9¶¹A¹A��j�o�}~ËHp¹'ºÄÅT2 yü?��L0;2m��Ao�-lÃT

äHm BCM Ã�ÅL¹ 3yüú��L0;2�Aýþ»l'¶��ºÄl¼Æp� 3���Ë

Hlk¹jT�åæ;ç���¿ìº
6>$'AHpdx�mxM»lj¶��.×º(!

;Êí0;2Ã+íH½+�+-A-¹&çÃÄl¼o�o BCM js-�¶»��' cube Ã
��º(;' cell më²�-lp	Tä'&ç¶Ü�j+�+-¼� 4 j BCM mE-��p 2
yü�;ÊÅ'opµÌ0;2_Ío.×[ûcAT�'�åæ;ç���¿ì��m�»¼

BCM '��ð�x�'s��º�åæ;ç���¿ìÃ cube ¿¢º78ºÈlÊíº+ÉT

Ïj
6>$'AHpdx�mxMo�Ç*j��\»läAÃ�¨A+l¼ 
� +s EZW ��\º¶�NAo�N;mAl�.T����'opµÌ0;2¶�Bj7;º

Älp	Tä��Ao�<�\m78o�-l¼<�\¹Ç	p��78�Ojþ-�¶yPº

Ì�»l¼ 
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� 2� 2yüopµÌ0;2_Ío.×[ûcj�»l�åæ;ç���¿ì'rE 

_�µ¿ìäTh¦µ1?¿ìªT"µ2?¿ìªc 
 

 
� 3� §9ù�j�»l«:*+�åæ;ç���¿ìkÅxMËHldx� 

 

  
� 4� 2yü BCMopµÌ0;2_Ío.×[ûcj�»l�åæ;ç���¿ì'rE 

_�µ¿ìäT"µ1?¿ìªc 
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� 9��:;AO

� 0;2��'(K>34�$¶äPºUVop�åæ;ç���¿ìA)É EZW ��\º

ÄÅTä��Ao�<�\Tª��Ao�0;2ÙKÑmË�jQ#»lp	'/>�4?;�

�\mRí�-l¼)� º¶�åæ;ç���¿ìj Cohen-Daubechies-Feauveau 9/7 å
æ;ç��� [15]T/>�4?;��\j�>é=;S; [16] mE-�-l¼Æp<�\¶F

�'bº�ËHlµ 
 

    
q

real
integer

qq round        (1) 

 
�bjs-� qreal ¶�N1�Ao�'7;Tqinteger ¶>NAo�'N;Tround ¶TUV�N

;\'W;ºÄl¼<�\m�!��N0;2¶¦�Aj��ËHTXq Ã<�\ª'0;2Ù

KÑA0;2$%'��;IÝImY¸»l¼Xq ÃHË-¾°<�\ª'0;2$%¶ZëË

HlÃT>NËHlN;'�Ã�ÈÉ+läA��0;2ÙKÑ¶�ÈÉ+l¼AjXq Ã�È

-ÁÂj¶<�\ª'0;2ÙKÑ¶HËÉ+l¹''T�'0;2$%¶8É+²�oÆ¹¼

)�º�»��
ãjs-�¶<�\$%�3ÙKÑm�[oå[¹oÉ¶�[o[ûm(�A

o� Xq = 1.2<10-4 AoTË�j Capizzano [17] '�qÍ�\'|\m]´jo�oHÁ'[

^j !�<�\$%�3ÙKÑj-�îím8+²�-l¼ 
 
 

� 9��:;PQ

� RST"5UVWPQ9��":;

� BCM¦Ë����opµÌ=;I [4] mE-� ONERA M6ÉÊÅ'oHÁm��oT��

HpopµÌ0;2m��op¼��jE-p_ cell;¶ç 2100BººT^`»l0;2ÙK

Ñ¶ 1®�<ÄpÅç 85 MB_¿¯ûì�cºÄl¼êa<ºÄlbûTc´<_3 ù�cT/

�L@;'� 5®�<mêa»lÁÂTÂ�'0;2ÙKÑ¶ 1 $%�3ÄpÅç 430 MB A+

l¼#v@�;#�>jsíld�e;AfDg¶7�hij(ßÈT�H�H 0.84 A 3.06j
AR¸op¼ 
� ��äªº'd�e;�>skt�ó�Nk;�>'lmm�H�H� 5T6 j�»¼��ª

'0;2��¶T��ä'0;2A¾=(!�>Ã��H�-läAÃW��Hl¼Æp� 7 j

65%skt 90%$<>nóº'�Nk;34��m�»¼�H�H'nójs-���ª'0;

2����Hl34��¶T��ä'0;2'34��moÉ«Öo�-l¼äH�'����T

)���9kÅ��Hl��0;2Ã¸�*5¸<*jp`+$%mëþäAmâãop¼�.

º0;2ÙKÑjþ-�¶T��ª'0;2ÙKÑ¶ 5®�<'��ºÂ�ç 15 MB A+ÅT

��ä0;2ÙKÑ_ç 430 MBc'ç 3.5%ÆºHËÉ»läAÃºÈp¼ 
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� 5� ONERA M6Énód�e;�>lm_�µ��äT"µ��ªc 

 
 

   

 
� 6� ONERA M6É�ó�Nk;�>lm_�µ��äT"µ��ªc 

 
 

  
� 7� ONERA M6É�ó�Nk;34��lm_�µ65%$<>nóT"µ90%$<>nóc 
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� G�X�YZ�ST"5UVWPQ9��":;

� BCM Ë�¦���opµÌ=;I [7] mE-� F1 �;#>57;ÊÅ'oHÁm��oT

��HpopµÌ0;2m��op¼��jE-p_ð�º;¶ç 2.4 èººT^`»l0;2

ÙKÑ¶ 1®�<ÄpÅç 970 MB_¿¯ûì�cºÄl¼op'¦���'é¸��bû¶Ï

j�¸AoT[û_3 ù�cA�N'� 4®�<mêa»lÁÂTÂ�'0;2ÙKÑ¶ 1 $%

�3ÄpÅç 3.8 GB jÈ»l¼#v@�;#�>jsíl�KÐLÑ;¶qp·m(�Ao�

1.5<107AR¸op¼)�KÐLÑ;js-�¶®p�ó'¤¥r¶stj5ojuvoTqp

aÆA¹Ä-Æ²�¦ÏjÄÅ+oHÁmaù»l¼ 
� ��äªº'Ío.×[û�>'lmm� 8 j�»¼ÄÅ+oHÁ+Ã�¹��ª'0;2�

���ä'0;2Awx'+-��Ã��H�-läAÃW��Hl¼Æp� 9 j¶TÍo.×

[û�>j6û÷�óm-yop��m�o�-l¼oHÁA([j÷�ó¶¦ÏjÄÅ+x�

º¶Äl¹''T��ª'0;2��¹oÉ«ÖËH�-läAÃ��l¼�.º0;2ÙKÑ

jþ-�T��ª'0;2ÙKÑ¶ 4®�<'��ºÂ�ç 140 MB A+ÅT��ä0;2ÙK

Ñ_ç 3.8 GBc'ç 3.7%ÆºHËÉ»läAÃºÈp¼äP'��
ãº¶¦Ë�opm�Å

L²�-pp	j®�<'¿\¶®p§zjï�H�-pÃT)P'��
ã��¶ªo¹Ç	

pZ�KÐLÑ;¦¸ÏoHjþ-�¹o{+��ÇA��ª0;2$%m�»äAÃºÈp¼ 
� )��
ãjs-�T|}º��pÍÎ'¦¸ÏµÌ
ãj+�²�éj 1000 $%�3�'

0;2m>N»lÁÂT�'0;2ÙKÑ¶Â�ºç 3.8 TB jÆºÈ»l¼äHj�o�)P

º�op��ÇÃop��m�!�êpHlAé¸»l+�½T��jkÅ0;2ÙKÑmç

140 GB Æº~DläAÃºÈl¼äHjkÅTopµÌ0;2'�Å?ojþ-��*+��

Ã�	ºÈl¼ 
 
 

� P[

� BCM '��ð�x�m+Eo�����\�9m Eop0;2���9mxùoT¦Ë�

op+�tjË�op'µÌ0;2jrEop¼�'��T0;2ÙKÑ¶��ä' 4%F�Æ

º��ºÈläAm�»AA¹jT��ª'0;2��¶��ä'0;2Awx'+-d�e;

�>T�Nk;�>T[û�>Ã��HläAmâãop¼�ª¶����'�/��m�lA

A¹jT���'-�îímqr\»läAºË�j�Ç*+��m�ÅT7E*+ ;LAo

�\�ËO�-É·¸ºÄl¼ 
 
 

\]�

� )� ¶lm�XÙK
;ÙK/>$�>2;'$;<;=>?@;2mDE»läAº7Ö

»läAÃºÈp¼Æp� jÄp²�¶(�>2;Wk�¢já|&Aá�Nm-pÊ-p¼

)� ¶¡�G (21226018) '�ùmêíp¹'ºÄl¼�o���m�»¼ 
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� 8�  F1 �;#>57;ÊÅ'Ío.×[û�> 

_�µ��äT"µ��ªc 
 

   

 
� 9�  F1 �;#>57;ÊÅ'Ío.×[û�>A6û÷�ó'-y 

_�µ��äT"µ��ªc 
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