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°�±!²�³\´�µ"²j¶�·�¸�¹\²�³�º�·�±!¸}»9»"·7¼3½�¾¿¸�»�·�³�¸ÁÀ^¹\²j»"·7¸ÁÂ�Ã�·7²�·�±!²�¸ÁÀ!Ä3¼!²�ÀJ¶a²
³�º�·7±!²¬Å�¸�Æ�¼!¸}½n¸ÁÀ�µ"²j¶�·7¸Á³�ÀLÃ�·ª·7±!²¬À!³�»�²Ç³\º�ÃÈ»�¼!É ²�Ê@»�³�À!¸�¶ÇÃ\¸ÁÊ�Ë
¶aÊ@Ã�º�·D³�À�·7±!²�À!²kÃ\Ê�ÌJ²�Å}½fÃ\À3½¯Â\Ê7³\¼!À3½�É!Ê7²k»7»�¼!Ê7²�»�¸�Â\À3Ã�·�¼!Ê7²\Í�Î�À
²aÏ�É ²�Ê7¸ÁÐ¿²kÀ�·@Ã�Å,»�·�¼3½!¾p¸}»�ÉJ²kÊ�º£³�Ê�Ð¿²k½Ñ¸�À<ÃP»�¼!É ²�Ê@»�³�À!¸�¶¯·7¼!À!À!²kÅ
Ã�·MÒ¬Ã�¶@±ÑÓq¼3»�¸�À!ÂÇÃ�Â\²�À3²�Ê7¸�¶�Ðf³�½�²kÅ,Ã�¸�Ê7¶�Ê7Ã�º�·�Ô�¸Á·�±<Ã�½!³\¼!´!Å�²
»�Ô:²k²�ÉÕ½�²kÅ�·@ÃpÔ�¸�À!ÂJÍ<°�±3²qÉ!Ê7²k»7»�¼3Ê�²�Ðf²jÃ\»�¼!Ê7²�Ð¿²�À�·7»�É!Ê7³�¹�¸}½�²
·�±3²�À!²jÃ�Ê:Ì3²�Å}½q»�¸�Â\À3Ã�·�¼!Ê7²�Ã\Ê�³�¼!À3½f·�±3²�Ã\¸ÁÊ@¶aÊ@Ã�º�·9³\ÀqÃ¯¶a¾^ÅÁ¸�À3½�²kÊ
Ã�·¿Ãp½�¸}»�·7Ã�ÀJ¶a²pÖ�Í Ó\×5Ô�±!²kÊ�²q×Ø¸�»�·�±3²�Å�²�À!Â\·�±&³\º�·�±!²eÐ¿³�½�²�ÅbÍ
°�±!²kÀ2Ù�Ã�À^¼!Ð¿²kÊ�¸}¶�Ã\Å!¶a³�½�²�¸}»,¼3»�²k½¯·�³M¶�³\Ð¿É!Å�²a·7²�²aÏ�ÉJ²kÊ�¸�Ð¿²�À�·7Ã\Å
½!Ã�·7Ã!Í,Ú%¸�À3Ã�Å�Å�¾\Ù!À!³�À�ËIÅÁ¸�À!²kÃ\Ê�Ã\¶a³�¼3»�·�¸}¶�É3Ê�³�É3Ã�Â�Ã�·�¸�³\Àª·�±!²k³\Ê7¾pÛ�Ö�Ü
Â\¸�¹\²j»D·7±!²�¶�³\Ê7Ê�²j»�É ³\ÀJ½�¸ÁÀ3Â0Â\Ê7³\¼!À3½h»�¸�Â\À3Ã�·�¼!Ê7²\Í6°�±!²�¶�³\Ð¯´!¸ÁÀJÃ�Ë
·�¸�³\ÀÝ³�º�À^¼!Ð¿²�Ê7¸}¶�Ã�Å�Ã�ÀJ½È²aÏ�É ²�Ê7¸ÁÐ¿²�À�·@Ã�Å�Ã�É!É!Ê7³�Ã�¶@±!²k»M²�À3Ã\´!ÅÁ²j»
·�±3²�»"·7¼3½�¾¯³�º ·�±!²�¸�À�Ä3¼!²kÀ3¶a²�³�º�¸ÁÀ�µ"²j¶�·7¸Á³�Àf³�À¿Â\Ê7³\¼!À3½¯É!Ê7²k»7»�¼3Ê�²
»�¸ÁÂ�À3Ã�·7¼!Ê�²j»�Í

ÞØßeàâá §,®�ã á ¥f¦%äMånæ á ¦6« à
°�±!²¿²aÏ�É ²�Ê7¸ÁÐ¿²kÀ�·@»�Ã�Ê7²¯É ²�Ê�º£³\Ê7Ð¿²k½¬¸�À<Ã�Ò¬Ã�¶@±âÓe»�¼!ÉJ²kÊ7»�³\À3¸�¶
Ô�¸�À3½.·7¼!À!À!²kÅ�Ô�¸Á·�±$Ã)·�²j»"·ç»�²j¶�·7¸Á³�Àè³�º&ÖBé�ê�ëÕÖjé�ê�ìeìeí8Í
Î�À&î:ï�ð�ñBò�ó\ó�Ð¿ÐôÅ�³\À!ÂPÐ¿³�½�²�Å9½�²k»�¸�Â\À!²j½p´^¾¬·7±!²ªõ�Ã�·�¸�³\À3Ã\Å
Î�²kÊ�³�»�ÉJÃ\¶a²:×	Ã�´ ³\Ê@Ã�·7³\Ê7¾�¸�À¯ö�Ã�É3Ã\À0¸�»�É!Å}Ã\¶a²j½�¸ÁÀ�·�±!²:Ô�¸ÁÀJ½0·�¼3À�Ë
À!²kÅ3Ã\»D»�±!³�Ô�Àf¸ÁÀfÌ3Â�¼!Ê�²0÷�Öjø9ÍD°�±!²�Ã�¸�Ê@¶aÊ@Ã�º�·6Ðf³�½�²kÅ!±3Ã�»DÃ�ÀhÃ�Ï^Ë
¸}»�¾^Ð¿Ð¿²a·�Ê7¸}¶�Ã�Å ´ ³^½!¾ªÔ�¸�·7±�Ãf»�Å�²�ÀJ½�²�Ê9À!³�»�²�Ô�±3²�Ê7²kÃ\»�·�±3²�Ô�¸�À!Â
É!Å}Ã�À�º£³\Ê7Ðè¸}»�Ð¿Ã�½�²�³�º�·"Ô:³¿É3Ã\Ê�·@»�ù%·�±3²�ÌJÊ7»�·�É3Ã�Ê�·�±3Ã\»�Ã¿»�¼3´�Ë
»�³\À!¸}¶�ÅÁ²jÃ\½�¸�À!Â¿²k½�Â�²0Ã�À3½�·�±3²M»�²j¶a³\ÀJ½q³�À!²�¸�»�»�¼!É ²�Ê@»�³�À!¸�¶\Í
Î8»�·�Ê7¸�³�»7¶a³\É3¸�¶0´ ²�ÀJ¶@±pÃ�Å�ÅÁ³�Ô�»�·�±!²¯³\´3»�Ê7²�¹�Ã�·7¸Á³�ÀÇ³�ºD·�±3²�Â\Å�³\´JÃ�Å
»�±!³�¶@úâÔ�ÃB¹\²qÉ3Ã�·�·�²�Ê7ÀÝÃ\À3½È·7³Ñ¶@±!²j¶@úâ·�±3Ã�·f·7±!²eÐf³�½�²kÅ�¸�»fÅ�³�Ë
¶�Ã�·�²j½¯»�³�·�±3Ã�·D·�±!²kÊ�²�¸}»6À!³�¸ÁÀ�·�²kÊ�º£²kÊ�²kÀ3¶a²9´ ²a·"Ô9²�²�Àf·7±!²�»"·7¼3½�¸�²k½
Ä3³�ÔûÃ�À3½Ñ·�±3²hÔ9Ã\ÅÁÅDÊ7²aÄ3²j¶�·7²k½Ñ²aü�²k¶�·@»�Íqý�Àâ³�Ê7½!²�Ê�·�³ÇÐ¿²kÃ�»�¼3Ê�²

Model translation

Free Stream

M=2

Reference

static pressure sensor

Model rotation
around body axis

Head shock wave

Model rotation
      to body axis

Lateral measurement system
Static pressure
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¸�À3½�¼3¶�²k½L´^¾ç·7±!²ÑÐ¿³�½�²kÅ�Ã�·PÃÝ½�¸�»�·7Ã\À3¶a²nÖ\Í Ó�× ³�ºM·7±!²ÑÐhÃ\¸ÁÀ
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Ë.-�À!Å�¾�É!Ê�²j»�»�¼!Ê7²�½�¸Áü ²kÊ�²kÀ3¶a²j»	Ô9²�Ê7²�Ê7²k¶�³\Ê@½�²k½�´ ²a·"Ô9²�²kÀ�Ã�Ê7²aº£²kÊ�Ë
²kÀ3¶a²�»�·7Ã�·7¸�¶:É!Ê7²k»7»�¼3Ê�²:³\À0·7±!²9·�¼!À!À3²�Å^Ô9Ã\ÅÁÅ^¸�ÀM·7±!²:¼3À3½�¸}»"·7¼!Ê�´ ²k½
ÌJ²�Å}½UÍ�Î »�²j¶a³�À3½¬»�·7Ã�·7¸�¶¯É!Ê7²k»7»�¼3Ê�²f»�²kÀ3»�³�Ê�¸}»�ÅÁ³�¶kÃ�·�²j½pÃ�·fÖ�Í Ó\×
¼3À3½�²�Ê9·7±!²�Ð¿³�½�²kÅU¸ÁÀq·�±!²�Ä3³�ÔLÃ�ÀJ½ª³\¼!·7»�¸�½�²�·�±3²�Ô�Ã�Å�Å�´J³�¼!À3½^Ë
Ã\Ê�¾qÅ�ÃB¾�²�ÊjÍ
Ë%ý�Àh³\Ê@½�²�Ê,·�³MÊ7²k½�¼J¶a²�Ã�»6º{Ã�Ê9Ã\»,É ³�»7»�¸Á´!Å�²�·�±3²�¸�À�Ä3¼!²kÀ3¶a²�³\ºU·�±!²
¼3À3ÃB¹\³�¸�½!Ã\´!Å�²�»�ÐhÃ\ÅÁÅD½�²�º£²k¶�·@»�¸ÁÀÇ·7±!²fº£Ê�²k²¯»�·�Ê7²kÃ\Ð$¼3À!¸�º£³�Ê�Ð¿¸Á·"¾\Ù
·7±!²0Ð¿³�½�²�Å2Ô�Ã\»9Ð¿³�¹\²j½qú�²�²kÉ!¸ÁÀ3Â¯·7±!²M»�·7Ã�·7¸�¶�É!Ê7³\´ ²k»9Ì3Ï^²j½UÍ
Ë,°�±!²�¸�À�·7²�Ê@Ã\¶a·�¸�³\Àª³\º2·�±!²0»�·7Ã�·�¸}¶�É!Ê7²k»7»�¼!Ê�²�É!Ê�³�´J²�Ô�¸Á·�±P»�±!³�¶@ú
³�Ê0²aÏ�É3Ã\À3»�¸�³\ÀÑÔ9ÃB¹�²k»�Ô9Ã�»�Ð¿¸ÁÀ!¸�Ð¿¸0/k²k½â´^¾¬¼3»�¸ÁÀ3Âq·"Ô9³PÅ�Ã�·�²�Ê@Ã�Å
É3Ê�²j»�»�¼!Ê7²�·@Ã�É3»�³�Àq·7±!²0É!Ê7³\´ ²\Í

1 ¥PäMå32h¦D®a­�äMå á�ß ¦%§Dä à ¨fåaä�¦6®�¨¯¥ à §D¨ª­ á ©¬«P§ á
°�±3²0²aÏ�ÉJ²kÊ�¸�Ð¿²�À�·7Ã\Å	½!Ã�·7Ã¿Ã�Ê7²0¶a³\Ð¯´!¸�À!²k½eÔ�¸Á·�±ÇÃ�ÀP²aÏ^·7Ê7Ã\ÉJ³�Å�Ã�Ë
·7¸Á³�ÀªÉ!Ê7³�¶a²k½!¼!Ê�²�¼J»�¸�À!Â0·7±!²�À!³�À�ËIÅÁ¸�À!²kÃ\Ê�Ã\¶�³\¼3»�·�¸}¶�É!Ê7³\É3Ã\Â�Ã�·�¸�³\À
·7±!²�³�Ê�¾�Í54�²�Ê7²\Ùk·�±!²9½�¸�ü�Ê@Ã\¶�·7¸Á³�À0²aü�²k¶a·7»�´J²�·"Ô:²k²�À�·�±3²�À!²jÃ�Ê2ÌJ²�Å}½
Ã\À3½¯·�±!²�º{Ã\ÊDÌ3²kÅ�½¿Ã�Ê7²�À!²�Â�ÅÁ²j¶�·7²k½UÍ6°�±!²�Ê7²aº£³�Ê�²�Ù�À!³0ÐhÃ�·@¶@±!¸�À!Â�¸�»
Ã\É!É!Å�¸Á²j½¿´J²�·"Ô:²k²�À¿À!²jÃ�Ê,Ã�ÀJ½fº{Ã�ÊDÌ3²kÅ�½2Í%Î5ÉJÃ�Ê@Ã�Ð¿²a·7Ê�¸}¶�Ã\Å!»"·7¼3½�¾
¼J»�¸�À!Ââ·�²j»"·q»�¸ÁÂ�À3Ã�Å}»¿±3Ã�»h»�±!³�Ô�ÀÕ·�±3Ã�·ªÐhÃ�µ"³\Ê¿²�ü ²j¶�·7»ª³\Àn·�±!²
Â�Ê�³�¼!À3½ç»�¸ÁÂ�À3Ã�·7¼!Ê�²Ç¶kÃ�Àç´J²p³\´�·@Ã�¸�À!²k½n´^¾ÕÐ¿³�¹^¸ÁÀ3Â<·�±!²¬À3³�»�²
»�±!³�¶@úqÃBÔ�ÃB¾¿º£Ê�³�Ðè·7±!²0±!²kÃ�½eÔ�¸ÁÀ!Âª»�±!³�¶@úqÃ\À3½e´�¾q¸ÁÀ3¶�Ê�²jÃ\»�¸ÁÀ3Â
·7±!²0Ê7²�Å}Ã�Ï!Ã�·7¸Á³�Àq´ ²�±!¸�À3½e·�±3²0À!³�»�²�»�±!³�¶@ú�Í
°�±3²L»�¸�Â\À3Ã\Å�»<³�´�·7Ã\¸ÁÀ3²k½ûÃ�·LÖ\Í Ó�× ÃBÔ�ÃB¾�º£Ê�³�Ð ·�±3²LÃ�¸�Ê7¶�Ê7Ã�º�·
Ã\Ê�²�É!Ê7³\É3Ã\Â�Ã�·7²k½â·7±!Ê�³�¼!Â\±ÝÃp¼!À3¸�º£³�Ê�Ð Ã�·�Ð¿³�»�É!±!²kÊ�²ªÔ�¸Á·�±3³\¼�·
Ô�¸�À3½!»kÍD°�±!¸}»:»�¸ÁÐ¿É!Å�¸ÁÌ3²k½ª¶�³\À�ÌJÂ\¼!Ê@Ã�·7¸Á³�Àf¸}»9¶@±!³�»�²�À¿·7³M¸�½!²�À�·�¸Áº£¾
¶�ÅÁ²jÃ�Ê7ÅÁ¾â·7±!²�¸�À�Ä3¼3²�À3¶�²�³\º�ÅÁ¸}Æ�¼!¸�½Õ¸ÁÀ�µ"²k¶�·7¸Á³�À2Í&°�±!²eÀ!²kÃ\Ê�ÌJ²�Å}½
½3Ã�·7ÃÇÃ\Ê�²f·7Ê7Ã\À3»�É ³�»�²k½p·�³P·7±!²hÄ3¸�Â\±�·M³\º�ÃâÖkêPÐôÅÁ³�À!ÂÇ»�¼3ÉJ²kÊ�Ë
»�³\À3¸�¶�Ã�¸�Ê@¶aÊ@Ã�º�·kÍ%°�±!²�Ã�¸�Ê@¶aÊ@Ã�º�·D¸�»�»�¼!É3ÉJ³�»�²j½M·7³0±3ÃB¹\²�Ã�»"·7Ê7Ã\¸ÁÂ�±�·
»�·�²jÃ\½�¾�Ä3¸�Â\±�·�Ã�·�Ã�ÀÑÃ�ÅÁ·�¸Á·�¼3½�²¯³�º�Ó�êªú�Ð$Ë�Ã�·�Ð¿³�»�É!±3²�Ê7¸�¶M¶�³\À�Ë
½!¸�·7¸Á³�À3»�Ì!Ï�²k½q·�³6/�ò�Ó�ê¯ú^Ð ¹�Ã�Å�¼!²k»kÍ
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·7¸Á³�ÀP¸ÁÀP³\Ê@½�²kÊ:·7³h¹�Ã�Å�¸�½!Ã�·�²�·�±3²MÐ¿²kÃ\»�¼!Ê7²�Ð¿²�À�·�»�¾�»�·�²kÐeÍ:9�Ê�²j»"Ë
»�¼!Ê7²�¸�»%Ð¿²kÃ�»�¼!Ê7²k½¯²�¹�²�Ê7¾MÓ�;�Ökê�<
=:»kÙ�·7±!²�Ð¿³^½!²�Å�Ð¿³�¹\²j»�Ã�·6Ô�¸Á·�±
ÃP»�ÉJ²k²k½Ñ³�º?>3Í @qÐ¿ÐPÍ A�<CB�Ã\À3½ÑÐf²jÃ\»�¼!Ê7²�Ð¿²�À�·7»�Ã\Ê�²fÐhÃ\½�²¯º£³\Ê
Ó�ÓÇÃD/k¸ÁÐ¯¼�·�±JÃ�Å�Ã�À!Â�ÅÁ²j»�Íp°�±3²k»�²�½!Ã�·7ÃÇÔ�¸�ÅÁÅ9´ ²�¼3»�²k½ÕÃ\»MÊ7²aº£²kÊ�Ë
²kÀ3¶a²ª½3Ã�·7Ãe·7³Ç´J²ª¶�³\Ð¿É3Ã\Ê�²j½pÔ�¸Á·�±<·7±!²h¸ÁÀ�µ"²k¶�·7¸Á³�À&¶a³�À�Ì3Â\¼3Ê7Ã�Ë
·7¸Á³�ÀØ½!Ã�·7Ã!Í)Ú3³\¼!Ê�¸ÁÐ¿É ³\Ê�·7Ã�À�·q³�¹�²�Ê7É!Ê7²k»7»�¼!Ê7²k»¿¶kÃ�À5´ ²¬±!¸�Â\±�Ë
Å�¸�Â\±�·�²j½¬³\Àp·�±!²¿À!²jÃ�Ê�Ì3²�Å}½Ñ¼!À3½�²kÊ�·7Ê7Ã�¶@úP»�¸�Â\À3Ã�·�¼!Ê7²MË�Ú%¸ÁÂ<÷RÓ�ø�Í
°�±3²�Ì3Ê@»"·:³\À!²�¶a³\Ê7Ê7²k»�ÉJ³�À3½!»6·7³0·�±!²�À!³�»�²�»�±!³�¶@ú�Ù�Ô�±!¸}¶@±ª¸}»Dº£³�Å�Ë
Å�³�Ô9²k½¬´^¾¬Ã\Àp¸�ÐfÉ ³\Ê�·7Ã\À�·�Ê7²�Å}Ã�Ï!Ã�·�¸�³\À2ÍM°�±!²kÀ2ÙU·7±!²fÌ3Ê7»�·�Ô�¸ÁÀ!Â
»�±!³�¶@úªÔ�ÃB¹\²0Ã�É3ÉJ²jÃ�Ê@»�Ù^º£³�ÅÁÅ�³�Ô:²j½q´^¾eÃh»"·7Ê�³�À!Â\²kÊ9³�¹�²�Ê7É!Ê7²k»7»�¼!Ê7²
½!¼!²�·�³�·�±3²�»�²k¶�³\À3½¯É3Ã\Ê�·6³�º ·�±!²�Ô�¸�À!Â3Í6°�±!²�Å}Ã\»�·6³�¹�²�Ê7É!Ê7²k»7»�¼!Ê7²
¸}»%½�¼!²:·�³�Ð¿²kÊ�Â�¸ÁÀ!Â�³�º3Ô�¸�À!Â�·7Ê7Ã\¸ÁÅ�¸�À!Â�²k½!Â\²:»�±!³�¶@ú�Ô�¸�·7±¯Ã�»�±!³�¶@ú
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Ô�ÃB¹\²h½�¼!²¿·7³Ç·�±!²�»"·7¸ÁÀ!Â¬»�¾�»"·7²�ÐPÍ�Î.»�¸�Ðf¸�Å}Ã�ÊMÉ3Ã�·�·7²�Ê7Àâ¸}»M³�´�Ë
»�²�Ê7¹\²k½�º£³�Ê�·�±3²�³�·7±!²�Ê�ÃD/k¸ÁÐ¯¼�·�±3Ã\Å�Ã\À!Â\Å�²k»�Ô�¸�·7±Ç·�±!²¯¸ÁÀ!Ä3¼!²�ÀJ¶a²
³�º�·�±!²�Ì3Ê@»�·9É3Ã\Ê�·�³�º	·�±!²�Ô�¸�À!Â¿´J²j¶a³\Ð¿¸�À!ÂfÔ:²jÃ�ú\²kÊ�Ô�±!²kÀFEf¸�À�Ë
¶aÊ7²kÃ�»�²j»�Í�°�±!²f²aÏ^·�Ê@Ã�É ³\Å}Ã�·7²k½Ç»�¸ÁÂ�À3Ã�·7¼!Ê�²�É!Ê�³�¶�²k½�¼!Ê7²�¸}»�±!¸ÁÂ�±!Å�¾
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