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GHSHQG�RQ�WKH�³L´�WK�KDUPRQLF¶V�QXPEHU��ZKLFK� LV�QRW�DOZD\V�PDUNHG� LQ� WKH�DERYHIRUPXODH��,W�LV�VHHQ�WKDW�D�FRQWULEXWLRQ�LQWR�WKH�]RQH�ZLGWK�RI�WKH�KDUPRQLF�ZLWK�WKHQXPEHU� �QL GHFUHDVHV� WKH� IDVWHU� WKH�KLJKHU� WKH�QXPEHU�QL� ,I� WKH� VSHFWUXP�RI� LQLWLDO
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LZ W H� � ,I� WKH� LQLWLDO� SHUWXUEDWLRQV
FRUUHVSRQG� WR� WKH� ODZ� � FRQVWLD  � WKHQ� � �
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DVVXPSWLRQV�� ZH� KDYH� SHUIRUPHG� FDOFXODWLRQV� RI� WKH� PL[LQJ� ]RQH� ZLGWK� E\� XVLQJ(T������� ZKHUH� WKH� ZHLJKWV� � ZL�W�� ZHUH� GHWHUPLQHG� LQ� DFFRUGDQFH� ZLWK� WKH� DERYHPRGHO��,Q�WKH�RWKHU�YDULDQW��WKH�ZHLJKWV�ZL�W��ZHUH�FKRVHQ�E\�D�EHWWHU�FRLQFLGHQFH�RI/�W��ZLWK�WKH�'16�UHVXOWV�,W�ZDV�IRXQG�WKDW�DW�WKH�ODWHU�VWDJHV�WKH�FRQWULEXWLRQ�RI�KLJKHU�KDUPRQLFV�ZDV�QRWRI�D�]HUR�YDOXH��DQG�LW�LV�GHVLUDEOH�WR�WDNH�LW�LQWR�DFFRXQW��$V�LW�WXUQHG�RXW��WKH�KLJK�IUHTXHQF\� PRGHV� PDNH� D� FRQWULEXWLRQ� LQWR� WKH� PL[LQJ� ]RQH� ZLGWK� HTXDO� WR
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]RQH�ZLGWK�GDWD�ZLWK�WKH�/�[� FDOFXODWLRQV�DQG�WKH�EHKDYLRU�RI�WKH�FRHIILFLHQWV�ZL DUHUHSUHVHQWHG�LQ�)LJV���DQG�����,W�VHHPV�SRVVLEOH�WKDW�RQH�FDQ�UHSURGXFH��ZLWK�D�JRRGDFFXUDF\��WKH�'16�UHVXOWV�ZLWK�WKH�KHOS�RI�WKH�UHODWLRQ�RI�WKH�W\SH�RI�(T������$�PRUHLPSRUWDQW� FRQFOXVLRQ� LV� WKDW� WKH� ORQJ�ZDYH� SHUWXUEDWLRQV� EHLQJ� GHYHORSHG� E\� WKDWPRPHQW� JLYH� WKH� JUHDWHVW� FRQWULEXWLRQ� WR� WKH� PL[LQJ� ]RQH� ZLGWK�� � ,W� LV� HDV\� WRFDOFXODWH�WKH�HYROXWLRQ�RI�WKH�SHUWXUEDWLRQV�E\�PHDQV�RI�'16�RU�HVWLPDWH�WKHP�E\�WKH
DQDO\WLFDO� PRGHOV� GHVFULEHG�� IRU� H[DPSOH�� LQ� >�@�� EHFDXVH� �J57�LW DFKLHYHV� VPDOOHUYDOXHV�IRU�WKRVH�SHUWXUEDWLRQV�
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J ��  � ZKHUH� OL LV� WKH� ILWWLQJ� SDUDPHWHU�� KDG� EHHQ� WLPH� OLPLWHG�� 7KLVOLPLWDWLRQ�PHDQV�WKDW�WKH�SHUWXUEDWLRQ�RFFXUULQJ�DIWHU�WKH�GHVWUXFWLRQ��DFKLHYHPHQW�RI

)LJ������/�W�� GHSHQGHQFLHV�IRUWZR�YDULDQWV�RI�ZL�W��FRHIILFLHQWV�VHH�)LJ������³�´�FRUUHVSRQGV�WRWKH�'16�UHVXOWV

)LJ����D��7KH�FRHIILFLHQWV�Z��W�� Z��W�HYROXWLRQ�IRU�WKH�FXUYHV���DQG���RI�)LJ��
)LJ����E��7KH�FRHIILFLHQWV�Z��W��Z��W��HYROXWLRQ�IRU�WKH�FXUYHV��DQG���RI�)LJ��
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WKH�³FULWLFDO�DJH´��VWLOO�DIIHFWV�WKH�]RQH�ZLGWK���)LJXUH���LOOXVWUDWHV�WZR�WKHRUHWLFDO�WKH
)LJ������:DYHOHW�'��DQG�WKH�GHQVLW\�ILHOG�GHFRPSRVLWLRQ
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WKH� ³FULWLFDO� DJH´�� VWLOO� DIIHFWV� WKH� ]RQH�ZLGWK�� � )LJXUH� �� LOOXVWUDWHV� WZR� WKHRUHWLFDOFXUYHV�/�W���DV�FRPSDUHG�WR�WKH�5D\OHLJK�7D\ORU�LQVWDELOLW\�FDOFXODWLRQ��$U�;H�SDLU�RIJDVHV��VL[�KDUPRQLFV�ZLWK�WKH�FRQVWDQW�LQLWLDO�DJH��DR ������ �&XUYH���FRUUHVSRQGV�WRWKH� XQUHVWULFWHG� GHFUHDVLQJ� RI� WKH� ZHLJKWV� DQG� FXUYH� �� LOOXVWUDWHV� WXUQLQJ� RI� WKHH[SRQHQWLDO� WHUP� WR� WKH� FRQVWDQW�YDOXH�RI�����L�� ZKHUH� L LV� WKH�KDUPRQLF¶V�QXPEHU�7KH�EHKDYLRU�RI�ZHLJKWV�LV�LOOXVWUDWHG�LQ�)LJ���D��IRU�WKH�ILUVW�DQG�VHFRQG�KDUPRQLFV�DQG� LQ�)LJ���E� �IRU� WKH� ILIWK� DQG� VL[WK�KDUPRQLFV��� �7KH� FXUYHV� IRU� WKH� XQUHVWULFWHGGHFUHDVLQJ�RI�WKH�ZHLJKWV�DUH�PDUNHG�
���:DYHOHW�DQDO\VLV

�7KH�'16�UHVXOWV�RQ�WKH�57�DQG�50�GHYHORSPHQW�DW�D�VWDJH�RI�WKH�PL[LQJ�OD\HUIRUPDWLRQ�DUH�UHSRUWHG�LQ�VHFWLRQ����7KH�QXPEHU�RI�WKH�FDOFXODWLRQV�FRQQHFWHG�ZLWK�DYDULHW\� RI� SUREOHPV� �JHRPHWU\�� W\SH� RI� LQVWDELOLW\�� $WZRRG� QXPEHU�� SHUWXUEDWLRQVSHFWUXP��LQLWLDO�FRQGLWLRQV��GLIIHUHQW�VWDWLVWLFDO�UHDOL]DWLRQV��DQG�GLIIHUHQW�FRGHV��DOVRLQFUHDVHV�EHFDXVH� HYHU\� FDOFXODWLRQ� FRQWDLQV� D� VXFFHVVLRQ�RI� WKH� UHVXOWV� IRU� �������PRPHQWV�� � ,I� RQH� FKRRVHV� RQO\� ���PRPHQWV� IRU� HDFK� FDOFXODWLRQ� WKHQ�RQH� JHWV� WKHGDWD�EDVH�RI����� ��a��� LPDJHV�FRQWDLQLQJ�LQIRUPDWLRQ�DERXW�WKH�VWXGLHG�SURFHVVHV�7R�DQDO\]H�WKH�LQIRUPDWLRQ�ZH�KDYH�DSSOLHG�WKH�QHXUR�FRPSXWHU�PHWKRGV��ZKLFKGR�QRW�XVH�WKH�D�SULRUL�GDWD�DERXW�WKH�VWXGLHG�SURFHVVHV�>���@�7KH�IROORZLQJ�VFKHPH�KDV�EHHQ�GHYHORSHG�DQG�UHDOL]HG�
��� $ GLVWULEXWLRQ� RI� KHDY\� DQG� OLJKW� OLTXLG� GHQVLW\� LQ� WKH� [�]� �� U�[�]�7L� VSDFH� �DGHQVLW\� ILHOG�� ZDV� FKRVHQ� LQ� HDFK� FDOFXODWLRQ� RI� LQVWDELOLW\� DQG� PL[LQJ� ZLWKGHILQLWH�LQLWLDO�FRQGLWLRQV�IRU����PRPHQWV�RI�WLPH�� �� �« ������� 7KH�GHQVLW\�ILHOG�ZDV�VXEMHFWHG�WR�D�ZDYHOHW�WUDQVIRUP��L�H��WKH�ZDYHOHW�H[SDQVLRQFRHIILFLHQWV�ZHUH�IRXQG�E\�D�VWDQGDUG�SURFHGXUH�
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$V�D� UHVXOW�� WKH�JLYHQ�GHQVLW\� ILHOG� LV�GHWHUPLQHG�E\� D� VHW� �PXOWLWXGH��RI� WKH

FRHIILFLHQWV� L7
PQP Q& c c �%HFDXVH� WKHUH� LV� D� YDULHW\� RI� WKH� ZDYHOHW� WUDQVIRUPV�� LQ� WKH� GHVFULEHG� DERYHVFKHPH�� ZH� KDYH� WHVWHG� GLIIHUHQW� YDULDQWV�� $� SURFHGXUH� ZDV� GHYHORSHG� IRU� DFDOFXODWLRQ� RI� WKH� LPDJH� HQWURS\� >��@�� ZKLFK� GHWHUPLQHV� D� ³VSUHDG´� RI� WKHFDOFXODWLRQV�IURP�LQLWLDO�VWDWH��³WKH�ODUJHU�WKH�HQWURS\��WKH�OHVV�WKH�LQIRUPDWLYH�WKHLPDJH´���$V� LW� WXUQHG�RXW�� WKH�EHVW� LPDJLQJ� LV�\LHOGHG�E\� WKH�'DXEHFKLHV�� �'��
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ZDYHOHWV��,Q�WKH�'��ZDYHOHWV��WKH�PRVW�³ORFDO´�GHVFULSWLRQ�RI� WKH�REMHFW� LV�XVHG�3HUKDSV� WKLV� D� QRQUDQGRP� PHDVXUH� EHFDXVH� SRWHQWLDOLW\� RI� WKH� IORZ� OHDGV� WR
³GDPSLQJ´�RI� WKH� LQIRUPDWLRQ� FRPLQJ� IURP�D� ³IDU´� GLVWDQFH�'U�� � LQ� DFFRUGDQFH
ZLWK�WKH�ODZ�� a N UH� �' � �N S

O �
��� ,Q� WKH�VSDFH�RI� WKH�FRHIILFLHQWV� L7

PQP Q& c c � WKH�JLYHQ�PRPHQW�RI�DQ\�FDOFXODWLRQ� LVVKRZQ�E\� D� SRLQW�� DQG� WKH�ZKROH� FDOFXODWLRQ� FRUUHVSRQGV� WR� D� WUDMHFWRU\� LQ� WKDWVSDFH��7KH�VSDFH�GLPHQVLRQDOLW\�LV�KLJK��LW�LV�GHWHUPLQHG�E\�D�VL]H�RI�WKH�VPDOOHVWFHOO�LQ�D�FDOFXODWLRQ�QHW��ZKHUH�LQ�RXU�FDVH�WKH�QXPEHU�RI�WKH�FHOOV�ZDV���� ����7KHQ�WKH�SURFHGXUHV�RI�WKH�VSDFH�GLPHQVLRQDOLW\�UHGXFWLRQ�ZHUH�XVHG�>��@��DPRQJZKLFK�WKH�PDLQ�FRPSRQHQW�PHWKRG�SURYHV�WR�EH�WKH�PRVW�FRPSUHKHQVLYH�RQH��7KHPDLQ� LQIRUPDWLRQ�ZDV� VDYHG�� DV� WKH�GLPHQVLRQDOLW\�ZDV�GHFUHDVHG�GRZQ� WR�����DQG�HYHQ�WR����DQG�����³7KH�LQIRUPDWLRQ�LV�VDYHG´�PHDQV�WKDW�RQH�FDQ�UHSURGXFHLQLWLDO�SLFWXUH�RI�GHQVLW\�E\�XVLQJ�WKH�ZDYHOHW�FRHIILFLHQWV��ZLWKRXW�DQ\�VXEVWDQWLDOORVV�RI�LQIRUPDWLRQ��3HUKDSV�LQ�WKH�RWKHU�SUREOHPV��IRU�H[DPSOH��GHWHUPLQDWLRQ�RIWKH� VSHFWUDO� WXUEXOHQFH��� LW� KDSSHQV� WR� EH� LQHIILFLHQW� WR� QHJOHFW� KLJK�IUHTXHQF\FRPSRQHQWV�DQG�UHGXFH�GLPHQVLRQDOLW\�RI�VSDFH���� ,W�LV�FRQYHQLHQW�WR�UHSUHVHQW�WKH�SURFHVVHV��WKH�LQVWDELOLW\�FDOFXODWLRQ�UHVXOWV��RQ�DWZR�GLPHQVLRQDO�.RKRQHQ�PDS�>��@��ZKRVH�FRRUGLQDWHV�SURYH� WR�EH�FORVH� WR� WKHSULPDU\�DQG�VHFRQG�PDLQ�FRPSRQHQWV��30&�DQG�60&����� ,W� LV� SRVVLEOH� WR� EXLOG� D� SURJUDP� EORFN�� ZKLFK� FDQ� SUHGLFW� WKH� PL[LQJ� ]RQHSDUDPHWHUV� RQ� D� EDVLV� RI� LQLWLDO� GDWD�� 7KH� WUDMHFWRULHV� WKDW� DUH� RXWJRLQJ�� DW� ILUVW�IURP�RQH�UHJLRQ��FOXVWHU��RQ�WKH�.RKRQHQ�PDS��UHPDLQ�FORVH�DW�WKH�ODWHU�VWDJHV���� )LJXUHV�������LOOXVWUDWH�VRPH�RI�WKH�UHVXOWV��)LJXUH����GHPRQVWUDWHV�D�'��ZDYHOHWVWUXFWXUH�DQG�D�VFKHPH�RI�WKH�GHQVLW\�ILHOG�H[SDQVLRQ�RYHU�WKH�ZDYHOHW�IXQFWLRQV�)LJXUH����LOOXVWUDWHV�WKH�H[DPSOHV�RI�UHSURGXFWLRQ�RI�WKH�GHQVLW\�ILHOG�IRU�GLIIHUHQWQXPEHUV� RI� FRPSRQHQWV�� )LJXUHV� ������ GHPRQVWUDWH� WKH� UHVXOWV� RI� WKH�.RKRQHQPDS�XWLOL]DWLRQ�LQ�WKH�'��LPDJLQJ�
�,Q� )LJ���� WKH� PDS� LV� DUUDQJHG� VR� WKDW�� IURP� WRS� WR� ERWWRP�� WKH� SULPDU\� PDLQFRPSRQHQW��30&��LV�LQFUHDVHG��DQG�IURP�ULJKW�WR�OHIW��WKH�VHFRQG�RQH��60&��LV��7KHEDVLF� WHQGHQF\� RI� WKH� FDOFXODWLRQV� LV� WKH� IROORZLQJ��$V� WKH� WLPH� RI�PL[LQJ� DQG� WKHPL[LQJ�]RQH�ZLGWK�JURZ��WKH�YDOXH�RI�WKH�30&�PRQRWRQRXVO\�LQFUHDVHV��7R�WKH�VWDUWRI�WKH�SURFHVV�WKHUH�FRUUHVSRQGV�D�FHUWDLQ�YDOXH�RI�WKH�60&��DQG�DV�WLPH�HODSVHV�WKDWYDOXH�RI�WKH�60&�UHPDLQV�DSSUR[LPDWHO\�WKH�VDPH��)LJXUH����LOOXVWUDWHV�ILQDO�VWDWHVRI�WKH�FDOFXODWLRQV��ZKRVH�WUDMHFWRULHV�DUH�SORWWHG� LQ� WKH�OHIW��PLGGOH��DQG�ULJKW�KDQGSDUWV�RI�WKH�.RKRQHQ�PDS��L�H��DW�GLIIHUHQW�YDOXHV�RI�60&��2QH�FDQ�REVHUYH�VLPLODUVWUXFWXUHV�RI�WKH�FRPSXWHU�FKRVHQ�SDLUV��)RU�GHILQLWHQHVV�VDNH��ZH�VKDOO�VD\�WKDW�WKRVHFDOFXODWLRQV�KDYH�EHHQ�PDGH�E\�WKH�187�FRGH��7KH\�UHSUHVHQW�D�GHYHORSPHQW�RI���PRGH� SHUWXUEDWLRQV� RI� D� SDLU� RI� ;H�+H� JDVHV� DW�  ���� DQG� GLIIHUHQW� UDQGRPO\FKRVHQ�LQLWLDO�SKDVHV�RI� WKH�SHUWXUEDWLRQV��)LJXUH����LOOXVWUDWHV� WKH�.RKRQHQ�PDS� LQWKH�'��SUHVHQWDWLRQ��ZKLFK�LV�EXLOW�E\�WKH�FDOFXODWLRQV�RI�ILYH�NLQGV�

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

)LJ����� 7KH� GHQVLW\� GLVWULEXWLRQ� ILHOG� UHFRQVWUXFWLRQ� IRU� GLIIHUHQW� QXPEHUV� RI� NHSWPDLQ�FRPSRQHQWV

)LJ�����7KH�.RKRQHQ�PDS�LQWHUSUHWDWLRQ
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)LJ�����.RKRQHQ�PDS�±�SURFHVVHV�VLPLODULW\
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(DFK� FHOO� RQ� D� PDS� �D� FOXVWHU�� FRQWDLQV� LQIRUPDWLRQ� DERXW� HDFK� W\SH� RI� WKHFDOFXODWLRQV� LQ� WKH� IRUP� RI� D� FLUFXODU� KLVWRJUDP�� � 6HFWRUV� LQ� WKH� KLVWRJUDPV� DUHQXPEHUHG� FORFNZLVH� LQ� WKH� RUGHU� RI� ���������� VWDUWLQJ� IURP� D� IRXU� R¶FORFN� VHFWRU�)LOOLQJ�RI�WKH�KLVWRJUDP�VHFWRU�LV�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�WKH�FDOFXODWLRQV�RI�WKHJLYHQ�W\SH�LQ�WKH�JLYHQ�FOXVWHU��$�FRPSDULVRQ�RI�WKH�FDOFXODWLRQV����DQG����WKH�187DQG�0$;�FRGHV��VKRZV�WKDW�WKH\�OLH�LQ�RQ�RQH�VLWH�RI�WKH�PDS��7KLV�VXJJHVWV�WKDW�WKHUHVXOWV� REWDLQHG� E\� GLIIHUHQW� FRGHV� DUH� LGHQWLFDO�� $FWXDOO\�� DV� VRRQ� DV� WKH� WHVWFDOFXODWLRQV�KDG�EHHQ�PDGH�ZH�REWDLQHG� WKDW� WKH�XVHG�FRGHV�SURGXFHG� WKH� LGHQWLFDOUHVXOWV�� $� FRPSDULVRQ� RI� WKH� FDOFXODWLRQV� ����� DQG� ��� �  FRQVW� DQG�  FRQVW�VKRZV�WKDW�WKH�FDOFXODWLRQV����RFFXS\�D�VSHFLILF�SDUW�RI�WKH�PDS��DQG�WKH\�DUH�LVRODWHGIURP�RWKHU� W\SHV� RI� WKH� FDOFXODWLRQV� LQ� WKH� VSDFH� RI�ZDYHOHW� LPDJHV�� 7KDW� SURSHUW\FRXOG�EH�XVHG�WR�UHFRJQL]H�WKH�SURFHVVHV�ZLWK�KLJKHU�KDUPRQLFV��7KH�FDOFXODWLRQV���DQG����  �������  FRQVW��DQG�  FRQVW��RFFXS\�WKHLU�RZQ�SDUW�RI�WKH�PDS��ZKLFK�LVGLIIHUHQW� IURP�  ������� DQG� WKH� FDVHV� ZLWK�  FRQVW� DQG�  FRQVW� DUH� VHSDUDWHGIURP�HDFK�RWKHU� DV�ZHOO�� �7KH� FDOFXODWLRQV�ZLWK� GLIIHUHQW� � ������� DQG�������� DUHVHSDUDWHG�E\�D�EODQN�RQ�WKH�PDS��QR�FDOFXODWLRQV���,W�ZRXOG�KDYH�EHHQ�RI�LQWHUHVW�WRFODULI\� ZKHWKHU� WKDW� SDUW� PLJKW� EH� ILOOHG� ZLWK� WKH� FDOFXODWLRQV� �SURFHVVHV�� ZLWK������ ������� FRUUHVSRQGLQJ� WR� WKH� SDLUV� RI� JDVHV� ZLWK� DQRWKHU� UDWLR� RI� GHQVLW\�GLIIHUHQW�IURP�$U�;H�RU�+H�;H��

)LJ������.RKRQHQ�PDS�LQ�'�UHSUHVHQWDWLRQ��(DFK�FHOOFRQWDLQV���VHFWRUV�IRU�UHVXOWV�RI� FDOFXODWLRQV�
��� 7KH� 187� SURJUDP�� WKHLQLWLDO� SHUWXUEDWLRQV� GHFUH�DVH�E\�WKH�ODZ�  �����DQGWKH� FDOFXODWLRQV� KDYH� EHHQSHUIRUPHG� IRU� WKH� SDLU� RIJDVHV�+H�;H�DW��$ ������
��� 7KH� 0$;� SURJUDP�� �����+H�;H��$ ������
��� 7KH� 0$;� SURJUDP� FRQVW��+H�;H��$ ������
��� 7KH� 0$;� SURJUDP� �����$U�;H��$ ������
��� 7KH� 0$;� SURJUDP� FRQVW��$U�;H��$ ������
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$V� VHHQ� IURP� WKH� VHOHFWHG� FDOFXODWLRQV� LW� LV� SRVVLEOH� WR� FRPSDUH� GLIIHUHQWPDWKHPDWLFDO�FRGHV�RQ�D�EDVLV�RI�FDOFXODWLRQV�RI�WKH�VDPH�W\SH��WR�QRWH�WKH�LQIOXHQFHRI�WKH�$WZRRG�QXPEHU��DQG�WR�HYDOXDWH�DQ� LQFUHDVHG�FRQWULEXWLRQ�RI�KLJK�IUHTXHQF\KDUPRQLFV�LQ�WKH�SUREOHPV�ZLWK�  FRQVW�(VSHFLDOO\� LQWHUHVWLQJ� LV� WKH� TXHVWLRQ� DERXW� D� SK\VLFDO� LQWHUSUHWDWLRQ� RI� WKHPDLQ�FRPSRQHQWV��$�GLUHFW�LQWHUSUHWDWLRQ�RI�WKH�PDLQ�FRPSRQHQWV�SURYHV�WR�EH�UDWKHUGLIILFXOW�GXH�WR�D�KLJK�GLPHQVLRQDOLW\�RI�WKH�ZDYHOHW�VSDFH��+RZHYHU��LW�LV�SRVVLEOH�WRSHUIRUP�VXFK�LQWHUSUHWDWLRQ�E\�PHDQV�RI�GHULYLQJ�VSHFLDO�IXQFWLRQV��$�FRQYROXWLRQ�RI
VXFK� IXQFWLRQV�ZLWK� GHQVLW\� GLVWULEXWLRQ� IRU� WKH� JLYHQ�PRPHQW� M� U�[�]�7M� �UM�[�]�\LHOGV�D�YDOXH�RI�WKH�PDLQ�FRPSRQHQW��RI�WKH�ILUVW�RQH��VHFRQG��DQG�VR�RQ���DQG�WKH\PD\�EH�FDOOHG�WKH�ILOWHU�IXQFWLRQV�)L� 9DOXH�³L´ RI�WKH�PDLQ�FRPSRQHQW�LV�REWDLQHG�E\PHDQV� RI� WKRVH� IXQFWLRQV� VWDUWLQJ� IURP� WKH�PRPHQW� ³M´ M

L3& LQ� DFFRUGDQFH�ZLWK� WKH
IRUPXOD�
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0DWUL[�8NL�LV�WKH�URWDWLRQ�PDWUL[��ZKLFK�GLDJRQDOL]HV�WKH�GLVSHUVLRQ�PDWUL[�6LM� DQGZLWK�WKH�KHOS�RI�8LM� RQH�FDQ�REWDLQ�WKH�IXQFWLRQ�)L IRU�WKH�ILOWHU��
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)LJXUHV����DQG����LOOXVWUDWH�WKH�ILOWHUV�)L�[�]���IRU�WKH�ILUVW�IRXU�PDLQ�FRPSRQHQWVLQ�WKH�'��UHSUHVHQWDWLRQ�DQG�WZR�FRPSRQHQWV�IRU�'���'DXEHFKLHV�����LPDJHV��)URPWKH�)LJXUHV�LW�LV�VHHQ�WKDW�WKH�ILOWHU�)� RI�WKH�'��LPDJH�DQG�WKH�OLQHDU�FRPELQDWLRQ�RIWKH�ILOWHUV�)� DQG�)� RI�WKH�'��LPDJH�DUH�UHVSRQVLEOH�PDLQO\�IRU�WKH�PRWLRQ�RI�JDVHVIURP�WRS�WR�ERWWRP��LQ�WKH�GLUHFWLRQ�RI�DFFHOHUDWLRQ�J���1RWH�WKDW�)��)� LV�VLPLODU�WRWKH� IXQFWLRQ�)� IRU� '��� � 7KH� UHVW� RI� WKH� ILOWHUV� �WKH� ILOWHUV� RI� Ld��� DQG� Ld���ZHUHDQDO\]HG��DUH�UHVSRQVLEOH��PDLQO\��IRU�WKH�GHVFULSWLRQ�RI�WKH�OLTXLG�RYHUIORZLQJ�LQ�WKH[�GLUHFWLRQ��ZKHUH� WKH� JUHDWHU� WKH� ³L´� WKH� OHVVHU� WKH� VFDOH� RI� WKH� RYHUIORZLQJ�� � 7KH60&�FRUUHVSRQGV�WR�WKH�DEVHQFH�RI�OLTXLG�RYHUIORZLQJ�LQ�WKH�[�GLUHFWLRQ���)LJXUH���GHPRQVWUDWHV� WKH� GHSHQGHQFH� RI� WKH� ILUVW�PDLQ� FRPSRQHQWV� RQ� WLPH� � ��M WRJHWKHUZLWK� WKH� ]RQH� ZLGWK� DQG� WKH� PDVV� LQ� WKH� PL[LQJ� ]RQH�� )LJXUH� ��� IRU� WKH� WLPHGHSHQGHQFH��� ��M GHPRQVWUDWHV�D�SUR[LPLW\�RI�WKH�QRWLRQV�³]RQH�ZLGWK´��³LQWUXGHGPDVV´��DQG�³WKH�ILUVW�PDLQ�FRPSRQHQW´�

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

)LJ� ����)LOWHU )L�[�]�� IRU�WKH�ILUVW�IRXU�PDLQ�FRPSRQHQWV�'DXEHFKLHV��

)LJ������)LOWHU�)L�[�]��IRU�PDLQ�FRPSRQHQWV���DQG�����'DXEHFKLHV����'��DQG�WKHLU�OLQHDU�FRPELQDWLRQ�)� � )�

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

�,W�VHHPV�LQWHUHVWLQJ�DQG�SHUVSHFWLYH�WR�VWXG\�KHQFHIRUWK�WKH�LQWHUSUHWDWLRQ�RI�WKHPDLQ�FRPSRQHQWV�,W�SURYHV�SRVVLEOH�WR�SUHGLFW�ILQLWH�UHVXOWV�E\�WKH�SULPDU\�GDWD�WKDQNV�WR�WKH�DELOLW\RI� WKH� .RKRQHQ� PDS� WR� GLVWLQJXLVK� ³IDU´� DQG� ³FORVH´� �VLPLODU� DQG� QRQ�VLPLODU�FDOFXODWLRQV��7KLV�TXHVWLRQ�LV�FRQVLGHUHG�LQ�PRUH�GHWDLO�LQ�D�VHSDUDWH�SDSHU�>�@�,I�WKH�LQLWLDO�GDWD�DUH�VR�WKDW�D�VLPXODWLRQ�VWDUWV�DW�D�FHUWDLQ�SRLQW�RI�WKH�.RKRQHQPDS� �LQ�D�FOXVWHU��� LW�PLJKW�EH�SUREDEO\� IRXQG��DV�D� UHVXOW�RI� HYROXWLRQ�� LQ� WKH�QH[WFOXVWHUV��DQG�ILQDOO\�LQ�VHYHUDO�FOXVWHUV�ZLWKLQ�D�FHUWDLQ�DUHD�RI�WKH�.RKRQHQ�PDS��2QWKLV�EDVLV��)LJ�����LOOXVWUDWHV�WKH�SUHGLFWHG�WXUEXOHQW�PL[LQJ�
��� &RQFOXVLRQ

1XPHURXV� �'� DQG� �'� VLPXODWLRQV� RI� 57� DQG� 50� LQVWDELOLWLHV� DQG� WXUEXOHQWPL[LQJ�ZHUH�SHUIRUPHG�IRU�GLIIHUHQW�LQLWLDO�FRQGLWLRQV�RI�WKH�LQLWLDO�SHUWXUEDWLRQ�PRGHFRPSRVLWLRQV��DPSOLWXGHV��WKH�JDVHV�SDUWLFLSDWLQJ�LQ�WKH�PL[LQJ�SURFHVV��DQG�GLIIHUHQWVWDWLVWLFDO� UHDOL]DWLRQV�RI�HTXLW\SH� VLPXODWLRQV��7KH�'16�GDWD�� WKHLU�SURFHVVLQJ��DQGWKH� GHULYHG� GHSHQGHQFLHV� DOORZ� RQH� WR� DQVZHU� DQ� LPSRUWDQW�� H�J�� IRU� WKH� /7)�TXHVWLRQ� DERXW� WKH� GHSHQGHQFH� RI� WKH� PL[LQJ� FKDUDFWHULVWLFV� �DW� WKH� WKHUPRQXFOHDUWDUJHW�FRPSUHVVLRQ��RQ�WKH�LQLWLDO�FRQGLWLRQV��1RWH�WKH�IRXQG�ZHDN�GHSHQGHQFH�RI�WKHPL[LQJ�]RQH�ZLGWK�RQ�WKH�GHSRVLWLRQ� IURP�WKH�KLJK�PRGHV� �D� ODUJH�GHSRVLWLRQ� IURPWKH�KLJK�PRGHV�VOLJKWO\�UHGXFHV�WKH�PL[LQJ�]RQH�ZLGWK���7KH�]RQH�ZLGWKV�IRU��'�DQG�'�SUREOHPV� WXUQ� WR�EH�FORVH� IRU� WKH�FORVH� LQLWLDO�FRQGLWLRQV��$Q�DQDO\WLFDO� IRUPXODIRU� WKH�PL[LQJ�]RQH�ZLGWK�/�W�� ZKLFK�VDWLVIDFWRULO\�GHVFULEHV� WKH� UHVXOWV� IRU�D�ZLGHUDQJH�RI�WKH�LQLWLDO�FRQGLWLRQV��ZDV�GHULYHG�

)LJ������7KH�ILUVW�PDLQ�FRPSRQHQW�HYROXWLRQ�LQ�WLPH���DW�WKH�ULJKW�±�IRU�RQH�RI�WKHFDOFXODWLRQV��DW�WKH�ULJKW�±�IRU�DYHUDJH�E\�DOO�WKH�FDOFXODWLRQV�

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

)LJ�� ���� 7KH� LQVWDELOLW\� GHYHORSPHQW� SURJQRVLV�� $W� WKH� WRS� ±� DUURZV� VKRZV� WKHVLPXODWLRQ� SUREDEOH� GHYHORSPHQW� SDWK�� $W� WKH� ERWWRP� DUH� SUHVHQWHG� �� SRVVLEOHYDULDQWV��FKRVHQ�RQ�WKH�EDVH�RI�WKH�LQLWLDO�FRQGLWLRQV�LQIRUPDWLRQ

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

$ ZDYHOHW� DQDO\VLV�RI� WKH�'16�GDWD�ZDV�SHUIRUPHG�� ,W�ZDV� VKRZQ� WKDW� WKH�ZDYHOHWUHSUHVHQWDWLRQ� LV� VWDEOH� DQG� UHFRJQL]HV�ZHOO� WKH� VLPXODWLRQV�ZLWK� GLIIHUHQW� SK\VLFDOFKDUDFWHULVWLFV�� 7KH� EHVW� SURSHUWLHV� KDYH� WKH� ZDYHOHWV� ZLWK� WKH� ORZHU�RUGHUGLPHQVLRQDOLW\�'���+DDU�RU�'DXEHFKLHV���7KH�XVHG�WHFKQLTXH�RI��'�.RKRQHQ�PDSVDOORZHG�RQH�WR�ILQG�WKH�VLPLODULW\�RI�WKH�SURFHVVHV�FORVH�E\�WKHLU�SK\VLFDO�SDUDPHWHUV�7KH�LQWHUSUHWDWLRQ�RI�WKH�PDLQ�FRPSRQHQWV�RI�ZDYHOHW�VSDFH�DIWHU�LWV�FRPSUHVVLRQ
DQG�UHGXFLQJ�RI�GLPHQVLRQDOLW\�IURP�a������ WR�VHYHUDO�WHQV�RU�KXQGUHGV�VHHPV�WR�EHDQ�LQWHUHVWLQJ�DQG�SURPLVLQJ�SUREOHP��7KH�REWDLQHG�ILOWHUV��LQ�VRPH�VHQVH��WKH�HLJHQ�IXQFWLRQV�RI�WKH�SUREOHP��FRQWDLQ�WKH�GDWD�RQ�WKH�JDV�PRWLRQ��DQG�LW�LV�LQWHUHVWLQJ�WRSUHVHQW� WKHVH�GDWD� LQ� WKH�IRUP�RI� ILHOGV�RI�SK\VLFDO�YDOXHV�� ,Q� WKH� UHSUHVHQWDWLRQ�'�WKH� ILUVW�PDLQ�FRPSRQHQW� LV�FRPSDUDEOH� WR�VXFK�SK\VLFDO�TXDQWLWLHV�DV� WLPH��PL[LQJ]RQH�ZLGWK��³LQWUXGHG´�PDVV�%DVLQJ�RQ�WKH�GHYHORSHG�UHSUHVHQWDWLRQV��ZH�SURSRVHG�DQG�UHDOL]HG�DQ�H[DPSOH�RID QHXURQ�QHW��ZKLFK��DIWHU�EHLQJ�OHDUQW�RQ�D�FHUWDLQ�VDPSOLQJ�RI�VLPXODWLRQV��LV�DEOH�WRSUHGLFW�WKH�ILQDO�VWDWH�RI�WKH�PL[HG�JDVHV�XVLQJ�WKH�LQLWLDO�SHUWXUEDWLRQ�GDWD�7KH�ZRUN�ZDV�VXSSRUWHG�E\�WKH�,67&�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�3URMHFW������7KH�DXWKRUV�DUH�JUDWHIXO�WR�'DYLG�<RXQJV��$:(��8.��DQG�6WXDUW�'DO]LHO��%DWFKHORU/DERUDWRU\�� 8QLYHUVLW\� RI� &DPEULGJH�� 8.�� IRU� IUXLWIXO� GLVFXVVLRQV� DQG� FRPPHQWV�DQG�WR�,�'RVNRFK�IRU�WKH�KHOS�LQ�SUHSDUDWLRQ�RI�WKH�DUWLFOH�DQG�LWV�HOHFWURQ�YHUVLRQ�

5HIHUHQFHV
��� $�1�$OHVKLQ�� (�9�/D]DUHYD�� (�,�&KHERWDUHYD�� 6�9�6HUJHHY�� 6�*�=D\WVHY�³,QYHVWLJDWLRQ�RI�5LFKWP\HU�0HVKNRY�LQVWDELOLW\� LQGXFHG�E\�WKH� LQFLGHQW�DQG�WKHUHIOHFWHG� VKRFN� ZDYHV´�� 3URF�� RI� WKH� 6L[WK� ,QWHUQDWLRQDO� RQ� WKH� 3K\VLFV� RI&RPSUHVVLEOH�7XUEXOHQW�0L[LQJ��0DUVHLOOH��������SS�������� 9�)�7LVKNLQ�� 9�9�1LNLVKLQ�� ,�9�3RSRY�� $�3�)DYRUVN\�³'LIIHUHQFH� VFKHPH� RI� WKUHH�GLPHQVLRQDO� JDV� G\QDPLFV� IRU� WKH� VROXWLRQ� RI5LFKWP\HU�0HVKNRY�LQVWDELOLW\�SUREOHPV´��0DWKHPDWLFDO�PRGHOLQJ������������������� 1�1�$QXFKLQD��9�,�9RONRY��1�6�(V¶NRY��³1XPHULFDO�PHWKRG�RI�FDOFXODWLRQ�RI�WKHFRQWDFW� ERXQGDULHV� ZLWK� ODUJH� GHIRUPDWLRQV´�� ,QWHUQDWLRQDO� FRQIHUHQFH³=DEDEDNKLQ¶V�5HDGLQJV´�6QH]KLQVN���������� 1�1�� $QXFKLQD�� 9�,�� 9RONRY�� 9�$�*RUGLFKXN�� 1�6�� (V
NRY�� 2�6�,O\XWLQD�2�0�.R]\UHY�� ³7KH� PHWKRG� DQG� 0$;��� SURJUDP� FRPSOH[� IRU� D� QXPHULFDOVLPXODWLRQ�RI��'�JDV�G\QDPLF�SUREOHPV´��$EVWUDFWV�RI�UHSRUWV�RI�;,,�$OO�5XVVLD&RQIHUHQFH� ³7KHRUHWLFDO� JURXQGV� DQG� GHVLJQLQJ� RI� QXPHULFDO� DOJRULWKPV� RIPDWKHPDWLFDO�SK\VLFV�SUREOHPV´��1RYRURVVLLVN���������� 1�1��$QXFKLQD��9�,��9RONRY��1�6��(V
NRY��³�$�PHWKRG�IRU�QXPHULFDO�VLPXODWLRQ�RIFRQWDFW�VXUIDFH�ZLWK�KLJK�GLVWRUWLRQV� ´�� ,Q��3URFHHGLQJV�RI� WKH��WK� ,:3&70��6W�3HWHUVEXUJ��5XVVLD��-XO\���������� <X�9��<DQLONLQ��³1XPHULFDO�PRGHOLQJ�RI��'�IORZV�ZLWK�DFFRXQW�IRU�FHUWDLQ�VPDOO�VFDOH�SURFHVVHV´��3K\VLFDO�PHVRPHFKDQLFV��Y���� ���SS���������������� 1�9�� =PLWUHQNR�� 1�*�� 3URQFKHYD�� 9�%�� 5R]DQRY�� ³(YROXWLRQDU\� PRGHO� RI� WKHWXUEXOHQW�PL[LQJ�OD\HU´��3UHSULQW�),$1� ���������

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



��

��� '�� /D\]HU� ³$VWURSK\VLFDO� -RXUQDO� 2Q� WKH� VWDELOLW\� RI� VXSHUSRVH� IOXLGV� LQ� DQJUDYLWDWLRQDO�ILHOG�´��Y������� ���S��������������� $�6�� 1X]KQ\� 9�%�� 5R]DQRY�� 5�9�� 6WHSDQRY�� 6�$�� 6KXPVN\� ³6WXG\LQJ� RI5D\OHLJK�7D\ORU�LQVWDELOLW\�LQ�WKH�,&)�SUREOHP�E\�WKH�PHWKRGV�RI�OLQHDU�VWDWLVWLFV´�3UHSULQW�),$1� �������������$�6��1X]KQ\��9�%��5R]DQRY��5�9��6WHSDQRY��6�$��6KXPVN\�³6WXG\�RI�5D\OHLJK�7D\ORU� LQVWDELOLW\� LQ� LQHUWLDO� ODVHU� IXVLRQ� SUREOHP� DQG� FRPSDULVRQ� RI� GLIIHUHQWFDOFXODWLRQ� PHWKRGV� E\� ZDYHOHW� FRGLQJ� RI� WKH� LQLWLDO� SK\VLFDO� ILHOGV� DQG� WKHLUQHXURQHW�SURFHVVLQJ�´��3UHSULQW�RI�3�1��/HEHGHY�3K\VLFDO�,QVWLWXWH�RI�5XVVLD� ������������,��'DXEHFKLHV�³�7HQ�OHFWXUHV�RQ�:DYHOHWV�´��&%06�16)�5HJLRQDO�&RQI��6HULHV�LQ$SSO�� 0DWK��� 9RO�� ���� 6RFLHW\� IRU� ,QGXVWULDO� DQG� $SSOLHG� 0DWKHPDWLFV�3KLODGHOSKLD�����������$�$�� (]KRY�� 6�$�� 6KXPVN\� ³1HXURFRPSXWLQJ� DQG� LWV� DSSOLFDWLRQ� WR� HFRQRPLFVDQG�EXVLQHVV´��0RVFRZ��0(3+,�����������7�� .RKRQHQ� ³6HOI�2UJDQL]HG� IRUPDWLRQ� RI� WRSRORJLFDOO\� FRUUHFW� IHDWXUH� PDSV´�%LRO���&\EHUQHWLFV�����������

Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel


