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Termination Criteria

Initial Design Variables βo

Grid Generation χ (     )βo

Flow Analysis Q(            )χ (     )βn

Function Evaluation F(                    )Q(            )χ (     )βn

Calculation of Design Space Gradient

β F(                    )Q(            )χ (     )β

Determination of New Design Variables β n+1

n

Grid Generation χ (           )β n+1

Flow Prediction Q(                  )χ (           )β n+1
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Black 
Box

Design Variables
&

Grid Parameters
Grid

FH45I&01+�7 !�" ��"%$&" �b)�+�7K?@VWL54E'173/n��+�4E/���7K'173+,?N)�4E-&'n��+.-�237KA�A "

��)�L57Y?@A�)�)�61+�737�/14���73+�7K'*)�?@L5)�7K+�'1?N),4%f&7KA�7�
�45A.)SPR-@+�A�),+�7K?@V}LE4E'#4E'1I9),6#4EASJ#+�-b2K7KA.A�U=4E'*),73I&+,?�U

),45-&'}-@P~?@'W7�
�4EA�),45'1IyI&+.4E/}I&7K'#7K+,?�),4E-@'W23-�/17
;
45)�614E't),6#7S-&J#)�4EV}4EXK?N),45-&'�2K-b/17N[�/17ef&73LE-&J145'1I�?N'1/

7K'#2K-b/14E'1IG?QA�7e)9-@P
+�0#LE7KAp_:?@A.7K/�-&'�)�617l/173A�45I&'�fN?@+�4E?@_1L57KAp?@'1/�I&+.4E/�J1?@+,?@V}73)�7K+.AK[�?@'#/�4E'�U

J10#).),45'1It?@'1/nV}-�/14%P Ob4E'1Iy?@'n7�
�4EA�),4E'#I9I&+�45/l_:?@A.7K/k-&'g),617�/173A�45I&'gf@?N+�4r?N_1LE73A " �Q?N'dOl7�
�4EA�),4E'#I

I&+.4E/�I&73'17K+�?N),45-&'�23-�/173A9?@L5LE-<;v),617x01A�73+y),-�A�?<f@7l),617xA.),73J1A9)>?��N7K'�)�-�I&7K'173+,?N)�7g?G2K-b/17g?NA

?nA�2K+.4EJ#)B),61?N)B2Y?@'Z_a7}VW-b/14%|:7K/Z?@'1/D+�7 U(7�
�732K0#)�7K/�;
45)�6D)�617}I&+�45/ZI&73'17K+�?N),-@+ " ��6d01A3[H-&'1237

),6#7}+.7KA.7Y?@+.2>617K+p6:?@A�/173f@7KL5-&Ja73/Z)�617W45'145)�4r?@L]I&+.4E/GPR-&+�),6#7}/#7KA�45I&'DJ1+�-&_#LE7KVk[~617t2Y?N'�V}-�/14%P O

),6#7�A�23+�4EJ�)�),-t?@232K-&0#'d)�PR-@+='17e;{A.73),A�-@+�Ja73+.)�01+�_^7K/gA.73),A�-NP`/#7KA�45I&'lfN?@+�4E?@_1L57KA " ��614EA�V}73)�61-b/

+�73cd014E+.7KAt?GLE-<;�LE7ef&73L�-@P�2K-&0#J1LE45'1IG_^73)(;z7K7K'�),6#7n?@':?@L%O�A.4EA�23-�/#7g?@'1/�),6#7lI&+�45/�I&7K'#7K+,?�),4E-@'

2K-b/17x?@'1/�)�6b0#A�2Y?@'�_a7W+,?@J145/1L5OT45'12K-@+�J^-&+,?N)�7K/Z4E'*),-k),617W-&J#),45VW45XY?N)�4E-&'TJ1+.-�237KA.A���61-<;=7ef&73+K[



���

),6#7B73'*),4E+.7�I&+�45/gV�01A.)�_^7�+�7eU I&7K'#7K+,?�),7K/nPR-&+�7K?@2>6�A.73)�-@P`/17KA.4EI&'gfN?@+�4E?@_1L57KA "

��617}I&+.4E/DI&7K'173+,?N)�4E-&'DV}73),6#-�/D7KV}J1LE-<O@7K/�45'D)�614EA�+.7KA�7K?@+�2>6�4E'*f&-&L%f&73Ap/17ef&73LE-&J145'1IG?N'1/

7K'#2K-b/14E'1Ik?nA�7e)p-NP=+.01LE73A�)�-nI&7K'173+,?N)�7})�617tI&+�45/T_:?@A�73/Z-@'Z45'1J10#).),7K/D/173A�4EI@'TfN?@+.4r?@_#LE7KA�?N'1/

I&+.4E/xJ1?@+,?@V}73)�7K+.A " �Q?N'dOW-@P~)�617S/173A�45I&'xfN?@+�4E?@_1L57KA�?@'1/lI@+�4E/WJ:?@+�?@VW7e),73+�A=23-&'*),+.-&L^)�617SA.6:?@J^7

-@P�),6#7�_a-&0#'1/:?@+�O&[�?NAx;=73LEL�?NAl),617�I&+.4E/�A.J:?@234E'1I " ��'12K7G)�617�_a-@01'1/:?@+�O�45Al/173)�7K+.VW45'17K/\[

?QA�),+�0#23),0#+�7K/�[�V�01L5)�4%U _1LE-b2�GI&+.4E/�45AyI&73'17K+�?N),73/ " ��617x+�01L57KA�?N+�7x/#4 �a7K+�73'*)yPR-&+p7Y?@2>6�/173A�45I&'

J1+.-&_1LE73V�[�+.7Kcd0145+�4E'#I�?�Lr?N+�I&7�?@V}-&01'*)l-@PB/17ef&73LE-&J1V}7K'*)l)�4EV}7kPR-@+xA�7e)�)�4E'1I�01J�)�617G/173A�45I&'

J1+.-&_1LE73V " ��-<;=7ef&73+K[o-&'1237�),617�+.01LE73A�?@+�7S7K'123-�/173/\[o?y),+.7KV}7K'1/#-&01A
?@V}-&01'*)�-@P 8:7 
�4E_145LE45)(O}45'

+�73I*?@+./1A�),-9),617�I&+.4E/nI&73'17K+�?N),45-&'n4EA
?YfN?@4ELE?@_1LE7�),-9),6#7B+.7KA.7Y?@+.2>617K+ "

� )�614E+./�A�),+.7Y?@V}LE45'17K/�I&+.4E/�I&73'17K+�?N),45-&'�J1+�-b2K73A�A}4E'1J10�),A}?DI@+�4E/�?NAW/17ef&73LE-&J^7K/�_*O�?@'

7�
�45A.),45'1IgI&+.4E/GI&73'17K+�?N),45-&'�2K-b/17N[~?@A�;z7KLELM?@A�/145+�7K2e),45-&'1ASPR-&+�),6179I&+.4E/�� AS/#7KJ^7K'1/173'12K7}-&'�),6#7

/173A�4EI@'WfN?@+�4E?@_1L57KA " ��4E'#2K7�/17KA.4EI&'}f@?N+�4r?N_1LE73A�)(ObJ1452Y?@L5L5O923-&'*),+.-&L:),617�A�6:?NJa7�-@P\),6#7�_^-&01'1/1?@+�457KAK[

),6#7p?NVW-&0#'d)
-NPHJ^7K+�),01+._:?N),45-&'n?@L5-&'1I�),6#7B_^-&01'#/:?@+�457KA�-@P]),6#7B-@+�4EI@4E':?@L^I&+.4E/k?@+�7�/#73),73+�V}4E'173/

PR+�-@V )�617y/#7KA�45I&'GfN?@+�4E?@_1L57KA�_dO�01A.4E'1I}),6173A�79/145+�7K2e),45-&'1A " ��'12K7p),6173A�79_^-&01'1/:?N+.OkJa73+.)�01+�_:?CU

),45-&'1Az?@+�7�7KA�)>?@_#LE4EA.617K/�[�),6#73O}2Y?@'x_a7�J1+�-&J1?@I*?N)�7K/x45'*),-p)�617SI@+�4E/tfb4r?p?�� ?@J1LE?@2K7�A�-&L%f&73+ " ��6145A

J1+.-�237KA�A�4EA�A.61-<;
'Q45'�F`4EI&01+.7 !#"���"�� PR-@+
?t2>61?@'1'173L]23-&'*),+�?@23)�4E-&' "



���

Influence for Design
Variables

Showing Domain of 
Base (Initial) Grid

Perturbed Boundary

Perturbed Grid
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