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£E¤4¥_¦;§ ¨v©l¦2ª¬« \_dh\;ivucqoiv\0�~`lbg\�iajcivnoqwia\;`lbE­v�TiP`lfhqop;`ln��r�=�edr\;f~�hk®jcb~¯�{vqsp�{°`li±\�²v`cp�dhf~`ldr{v\;fh`ldrqsp_`cn�fhj=­v\_n
p_`liaivjld³�P\#�a�e\0­�k®jcb@\;�edrqof~` drj2b@­z\0�eqouci�x´�P\0p_`l�P�e\Eqwdhqo�µ\_qwdr{v\;b@ivjcd³`�� `lqons`l�vno\Ejcb³�ej¶p�jcfh^vno\�²�dg{a` d³q·dh­zj=\;�@ivjld
¸ d¹dr{v\~ia\;p�\0�r�g`lbg��`c�g�r�vfh^zdrqojcia�;ºEyD{=�a�;x%p�ns`c�g�rqop;`ln´`lia`cnw�Tdgqop;`ln�drj=jcns�»k®j2b��.dg�a­z�=qwiau��edg`cia­v`cbg­¼�e�z�edr\;f ^vbgjc^+\_brdrqo\;�
nwqo½c\Ej2�a�r\_bg��`c�vqonwqwd.�cx4¯�{vqsp�{¾qo�@�c\;br�¶qwfh^+jcbrdg`ci2d@qwi¬\0�.dgqwf~`ldrjcb³­z\;�rqoucitx´p_`civivjcdµ�P\�­zqobr\0p�drno�¾`l^v^anwqo\;­�º � \;iv\_b�`lnono�cx
k®jcbN^vbg`2p�dgqop;`lnP¿.\�d»\_ivu2qwiv\³`l^v^anwqsp_`ldrqojcia�;xadg{v\h­z\;�rqwu2iv\_b]kÀ`cp_\;�5d.¯�j�p�noj2�r\_no�#bg\_ns` dg\;­J^abrj2�vnw\;f~�_Á ¸ b��ed;x8ucqo�c\;iÂ`Eivj2i �
f³\0`c�r�vb�`l�vno\�^a`cbg`cf³\_dr\;b;x ¸ ia­�dr{v\³fhqwivqof~`ln´�r\�d»jlk�\;�edrqof~` dgjcbNqwiv^a�zdg�]dr{P` dNkÀ`cp�qonoq·d�` dr\0�]`2p�{vqo\_�=qwiau�`��g` dgqo�ekÀ`cp�drjcbg�
\;�edrqofh`ldrqojci~^+\_brk®jcbgf~`liap_\µÃ®qoiv^v�zdD�e\;nw\0p�dgqwj2iPÄ�Åz�r\;p�j2ia­�x2ucqo�c\_iE`�^vbr\0­z\�dg\_bgfhqwiv\0­~�e\_dGjlktqoiv^v�vdg�;xT­z\;brqo�c\]`li¾Æej2�a�r\_bg� �
`l�vqonwqwd.�zÇhfh\;`c�r�vbg\Ndr{a`ld]p�{a`lb�`cp�dr\;brqoÈ_\0�Gdg{v\#É�Ê�ËQÌ[Í~Î Ë:ÌÀÏ ÐhÑ�É�Î�Ê�ÌÀÒ�Ì[Ó·Ì[ËQÔ�jck�`~�e^+\;p_q ¸ p�ivjci � fh\;`2�e�vb�`l�anw\N^a`lb�`lfh\_dr\_b0ºGÕÖi
dr{vqs�5^P`l^+\_b0xvdr\0p�{vivqs×T�v\;�Dk®j2b]�rjcno�=qwivuhdg{v\;�r\¹d.¯�j~^vbgjc�vno\_f~�5`cbr\�­v\_�c\;nwj2^P\0­�`lia­J`c^v^vnoqw\0­�drjE\0�.dgqwf~` dgjcbN­z\;�rqwu2i�k®jcb
¿.\�d�\_iaucqoiv\»dr{vbg�a�ed;xv�edg`cnwntf~`cbru2qwia�;xz`lia­�`ci#�viaf³\0`c�r�vb�`l�vno\N�edg`ldr\2º
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yD{vbr�P�.d5bg\_u2�vns` drqojci�qs��jlk[dg\_i�dr{a\�^vbgqwf~`lbg�Ej2�z¿.\;p�drqo�c\¹qoih¿.\�d5\;ivucqoiv\�p�j2iTdrbgjcn:Åzdr{vqs�5×T�a`ciTdrqwd.�cxv{vj ¯�\_�2\_b0xvp_`civivjld��+\
f³\0`c�r�vbg\;­�x��ej�dr{v\�­z\;�rqwu2iv\_b%qo�tk®jcb�p�\0­Ndrj�bg\_u2�vno`ldr\Gp_nwjT�e\;nw�]br\;no`ldr\0­»f³\0`c�r�vb�`l�vno\�� `lbgqo`c�vno\;�t�r�ap�{�`c�tdr{v\�brjcdrj2b��e^+\_\0­v�
jcbN^vbr\0�r�r�vbg\µb�` dgqwjT�_º�yD{v\³bg\;�r�vn·dgqwiau�p_jciTdrbgjcn4­z\;�rqoucia�]fµ�a�ed»�P\~p�j2ia�r\_bg��`ldrqo�c\¹dgj�\_ia�r�vbg\@­z\;nwqo�c\;br��jlk�uc�a`cbg`ci2dg\_\0­
dr{vbg�a�ed�no\_�2\_ns��qoiEdr{a\]^vbg\;�r\_iPp�\5jckt\_ivu2qwia\ � drj � \_iaucqoiv\�f~`li=�zkÀ`2p�dr�abrqoivu@­vq·â8\_bg\_iap_\;��`lia­E\_ivu2qwiv\N­z\�dg\_bgqwj2bg`ldrqojcitº4yD{v\
p�jciP�e\;br� ` dgqw�2\Dia` dg�vbr\�jck8dr{v\5p_jciTdrbgjcnP­z\;�rqwu2ihbr\0�e�vnwdg��qwi~j2^P\;bg`ldrqoivu»dr{v\5\_ivu2qwiv\5qwiE`»no\;�g�´\�ãEp_qw\;i2d�fh`civiv\;b5Ã®\2º uPºwx=` d
{vqwu2{v\_b�dr\_fh^+\_b�` dg�vbr\0�´�a�rqwiau¹f³j2br\Dk®�a\_n[Ä�dr{a`ld��r{vjcbrdr\;ia�´qwdg�´noq·k®\2º´��{vqouc{E×T�a`lnoqwd.��dr{abr�a�ed�\;�edrqof~` dgjcbGp;`li~�e\;br�2\�`c��`
Æe�=qwbrdr�P`ln=�e\;ia�ej2bgÇ�k®jcb%dr{vbg�a�ed;xc`cnwnoj ¯�qoivu�k®j2b%fhjcbg\D­zqwbg\;p�d4p_jciTdrbgjcnTj �c\;b�qwdg�4� `lno�v\D`lia­µbr\0�e�an·dgqwivu]qwi³no\;�g�%p_jcia�r\_bg� ` drqo�c\
­z\;�rqwu2ia��dr{P` d5p�j2�vns­�no\_ivucdr{v\;i�\_ivu2qwiv\»noq·k®\�`cia­�qwfh^vbgj �c\Nqwdg��j2^P\;bg`ldrqoivu@\_ãEp�qo\_iap_�cº
��ivjcdr{v\;b�^vbgjc�anw\;fäkÀ`2p�\;­�qwi�¿.\_d#\_iaucqoiv\Âp�j2iTdrbgjcn�qs��{aj ¯�dgjå`��cj2qo­±bgjld�` drqoivu¬�edg`cnwn³æ ��ç º�è�jcdg`ldrqoivué�edg`lnon5qs�

­z\;�gp�bgqw�+\;­hqoi~ê�qwu2�vbr\ � xc¯�{a\_bg\�`»brj ¯åjlkt` ²zqs`lnap_jcfh^vbg\;�g�ej2b��ano`2­z\;�´qs�G�r{vj ¯�itÁ�`»ivjci � �viaq·k®j2brfhqwd.�µqoihdr{v\�qoivno\�d�ëPj ¯
p_`l�P�e\0�5`liÂqwiap_br\0`c�r\¹qwiÂdr{v\³`livu2nw\µjlkG` drdg`2p�½#jck��vno`2­z\ � x8p_br\0` dgqwivuE`#�.d�`lnonQx+q:º \2ºwx�`hëaj ¯ � �vnojzp�½�`cuc\¹�+\�d.¯�\_\;i��vns`c­z\
� `lia­ � º�yD{aqo���anwjzp�½ `lu2\»p;`l�a�r\;��dg{v\¹qoivnw\_d�ëaj ¯Mdrj~�+\µ­zqo�c\_brdr\0­#`cia­�­zqobr\0p�dr\0­�`�¯�`��hk®bgjcfì�ano`2­z\ � `lia­#dgj ¯�`cbg­v�
�vno`2­z\;� � `lia­��vº � j ¯¹x2dg{v\¹`livu2nw\Njlk�` ded�`cp�½~jcktdr{v\»qoivno\�dDëaj ¯�j2i#�vns`c­v\ � qo��qoiap�bg\;`2�e\0­�x=uc\;iv\_b�` dgqwivu³`µia\_¯)�edg`cnwn:º
yD{vqo��^vbrjzp_\;�g�´p�jciTdgqwi=�v\0��`lia­³^vbgjc^P`lu2`ldr\0��dg{v\��edg`lnonzdgj»dr{v\��ano`2­z\;�4jckPdg{v\�\_iTdgqwbg\��vns`c­z\�bgj ¯¹xcp_`c�a�rqwivu¹`¹�rqwu2ivq ¸ p_`ci2d
nwjT�r�µjlkDdr{vbg�a�ed;x4�via­v\;�rqwbg\;­¾�=qo�vb�` drqojciP�¹qwi¬dr{v\E�ano`2­zqwiauéæ � x�� ç x´`liP­¾br\0­z�ap_\;­�^vbg\;�g�e�abr\~bgqo�r\Ejck�dg{v\#p_jcfh^vbg\;�g�ej2b;º
y�j¾`��cj2qo­å�e�Pp�{å^v{a\_ivj2f³\;ia`vxD�r\_�c\;bg`cn��aivfh\;`c�r�vb�`l�vno\°Ær�edg`cnwnDf~`lbgucqoiaÇ¶��`cbrqs`l�anw\0�³`cbr\�u2\_iv\;bg`cnwno�¾qwiTdgbrjz­z�ap_\;­édrj
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Inlet flow

3 1 2
stall next stall

Axial compressor blades
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p�{a`lb�`cp�dr\_bgqoÈ_\�{aj ¯�p�noj2�r\�dg{v\J�e�z�edr\;f qo�³dgj¾`¶�edg`cnwn�p_jcia­zqwdrqojci�ºåyD{v\;itxGdg{v\J­z\;�rqouciv\;bhp_jcia�edrbg�ap�dg�hp�j2i2dgbrj2nDno`�¯��
�ej¶dr{a`ld@dg{v\;�r\���`cbrqs`l�anw\0�@�edg`���¯�qwdr{vqoi±p_\_brdg`cqwiåqwiTdr\;br� `cno�;x´\_�2\_iéqwk5dg{v\_bg\�`lbg\�\_iaucqoiv\ � drj � \;ivucqoiv\�f~`ciT�vkÀ`cp�dg�vbgqwivu
­zq·â8\_bg\_iPp�\;�»`cia­�\;ivucqoiv\h­z\�dg\_bgqwj2bg`ldrqojcitº»ÕÖi¶`ci¶`cia`lnojcu2jc�a�5fh`civiv\;b]dgj�dg{v\hp_`c�r\@k®jcb]dr{vbg�a�ed¹­vqo�gp��a�g�r\;­�`c�Pj �2\cx8q·k
ucj=jz­h\;�edrqofh`ldr\0��jlkt�edg`cnwnPfh`cbru2qwiP��¯�\_bg\�`���`cqwns`l�anw\2xcjcia\5p�j2�vno­hbg\;­v�ap�\�dg{v\]­v\;�rqwu2iE�r`lk®\�d.�³fh`cbru2qwiP�_xlqoiap_br\0`c�rqwivu»dg{v\
j �c\_b�`lnon8\�ãEp�qo\_iPp���`cia­�noqwk®\�jlk%dr{v\¹\;ivucqoiv\cº
ÕÖi±`2­v­zqwdrqojciédrj¼dr{vbg�a�edh`cia­±�.d�`lnon�f~`cbru2qwia�;x4dr{a\_bg\�`cbr\#jldg{v\_bh\_iaucqoiv\#^P`lb�`lfh\�dg\_b���dg{a` dhdrj¼\;�edrqof~` dg\cºéêajcb

qwia�edg`ciap�\2x8dr{v\;br\h`lbg\µqoiTdr\;bria`cn4��`cbrqs`l�anw\0��dr{P` d�p_`civivjldN�P\hfh\;`2�e�abr\0­¬Ã®\2º uPºwx8dg{v\³dr\_fh^+\_b�` dg�vbr\h` dNdr{a\³p_jcfµ�a�a�.dgjcb
qwivno\�d�ÄG`cia­Ep;`li~�+\]�=qo\_¯�\;­~`c���viv½=ivj ¯�iE�edg`ldr\0�_xTjcbD`cp�dr�a`ldrjcb��´¯�{vjT�e\]p�jcfhf~`liP­z\;­~qoiv^v�vd�qs�Gjck[dr\;i�­zqwâ+\;br\;i2d�k®brj2f
dr{v\³`cp�dg�a`ln%jciv\#Ã®\cº uaºoxPdr{v\µk®�v\_n%ëaj ¯ `cp�dr�a`ldrjcb�Ä�º�m��.dgqwf~`ldr\;��jlkG�r�ap�{J� `lbgqo`c�vnw\0��p_`ciJ�P\@�a�r\�k®�vn�qwi¶­z\;�rqwu2ivqoivuEiv\;¯
p�jciTdgbrj2n��gp�{v\_fh\0�]j2b]qofh^vbgj �Tqoivu�dr{v\h^+\_brk®jcbgfh`ciap�\@jlkG\_²zqo�edrqoivu�jciv\0�_º@��no\;`cbrno�cx�\0�.dgqwf~` dgqwiau#\;ivucqoiv\@dr{vbg�a�ed;xt�edg`lnon
fh`cbru2qwiP�_xc`cia­³jldg{v\_b�\;ivucqoiv\�^a`cbg`cfh\�dr\;bg��ÃÀ¯�{vqsp�{³¯�\�¯�qonwnPno`ldr\_b´bg\�k®\;b´drj�`2�¹Æe\;ivucqoiv\��edg` dg\;�gÇ2Ä�qs��`»�c\;br�µqwfh^+jcbrdg`liTd
^vbrj2�vno\_f�º
yD{v\µ^P`lbrdrqsp��vns`lb�\;ivucqoiv\@¯�\µ�edr�P­z��{v\_bg\�qs��dg{v\ � \;iv\_b�`ln�m�no\;p�dgbrqsp¹��qob�p�b�` k[dNmGivucqoiv\�Ã � mG�]m�Ä,+Ny�m�� ¡ ¯�{vqop�{

qo�³`��gp_`lno\;­��aiap�ns`c�g�eq ¸ \0­¾�c\;bg�rqwj2i�jlk � mG�]m.- �µ� `lbgqs`l�vno\Ep��zp�no\�\;ivucqoiv\2º�Õ¢d@qs�@`�Ærp�j2fh^Pj2iv\_iTdµno\_�2\_nGfhjz­z\;noÇÂqwf �
^vnw\;fh\_iTdr\0­M`c�#`ép_jcfh^vno\�²�êvj2bedgbg`ci � �P`c�r\;­°�eqofµ�ano`ldrqojci�jlkµdr{v\¶ivjcivnoqoiv\;`cb�^a`cbedgqo`cn � ­zqwâ+\;br\;i2dgqo`cn5\0×2�P` drqojciP�~dr{P` d
br\;^vbr\0�e\;iTd�dr{v\�\;ivucqoiv\2º�m�â+\0p�dg�5jlk4dr{a\�\_ivu2qwia\ � drj � \_iaucqoiv\¹f~`li=�zkÀ`cp�dr�vbgqoivuE­zqwâ+\;br\;iap�\0��`lia­�\;ivucqoiv\�­z\_dr\;brqojcb�` dgqwj2i
p_`li³�+\5`cp;p�jc�ai2dg\;­�k®jcb�qoiµdg{v\5�rqwf@�vns` drqojci�º%Z]�v\Ddrj»dg{v\�\_ivu2qwia\��eqofµ�vns` dgjcb´p�j2fh^vnw\_²zq·d.�¹dg{v\_bg\�qs�4ivj��eqofh^vno\�\_²z^vnwqsp�qwd
fh`ldr{v\;f~` drqsp_`cn%fhjz­z\;n�ÃÀ\cº uaºox8`ci�`lia`cnw�Tdgqop;`ln�iajcivnoqwia\;`lb]fhj=­v\_n[Ä�dg{a` dNqo�N`�� `lqono`c�vnw\�k®jcb5�P�e\@qwiÂ`c^v^vno�=qwivu��.d�`lia­a`lb�­
^a`lb�`lfh\�dg\_b´\0�.dgqwf~` dgqwj2i@fh\_dr{vjz­v�;º´yD{v\��eqofµ�ano`ldrjcb´p;`litx2{vj ¯�\;�c\;b;x �+\��a�r\;­@drj¹\;��`cnw�P` dr\D\0�.dgqwf~` dgqwj2i~�rp�{v\;fh\;�;xc`lia­
q·d5p;`li�uc\_ia\_b�` dr\»\;ivucqoiv\»qwia^v�zd � jc�vdr^v�zd5­a` dg`³dg{a` d�p;`li��P\¹�P�e\0­�qoi�\;�edrqofh`ldrj2b�p�jciP�.dgbr�ap�drqojcitº
yD{v\�^P`lbrdrqsp��vns`lb¹d.�=^+\�jck�\;�edrqofh`ldrqojci¾^vbgjc�anw\;f ¯�\#�edr�a­v�¼qoi�dr{aqo�@^a`l^+\_b³qs��{vj ¯ drj¶\;�edrqof~` dr\Edr{vbg�a�ed;x��edg`lnon

fh`cbru2qwi�xt`lia­¶`li¼�vivfh\;`2�e�vb�`l�anw\³�.d�` dr\h¯�{vqono\µdg{v\h\_ivu2qwiv\hqs�Nqwi��.dg\;`2­z� � �edg`ldr\³jc^+\_b�` drqojci�º�Õ¢d¹qo�»`c�g�r�vfh\;­Jdg{a` d�`
�e�vqwdg`c�vno\@�edr\;`2­z� � �edg`ldr\µ­v\�dr\0p�dgqwj2i�fh\�dr{aj=­�qo�]qwfh^vno\_fh\;i2dg\;­�`cia­Jj2iap�\³�.dg\;`c­v� � �edg` dg\¹qo�N`cp�{aqw\;�c\;­txvdr{a\@\0�.dgqwf~` dgjcb
qo��u2qw�2\_i#dr{v\¹\;ivucqoiv\�­v`ldg`h`liP­#qwd�^vbgj �=qo­z\0��`li�\;�edrqof~` dr\2ºG��\;iap�\2xzdr{a\¹\;�edrqofh`ldrqojci�^vbgjc�vno\_f�qo�Ddgbg`cia�ek®jcbgf³\0­�qoiTdrj
dr{a`ld5jlk´`l^v^abrj�²zqofh`ldrqoivu~`li��viv½=ivj ¯�i�k®�viPp�drqojciÂ¯�{vqop�{�f~`l^P�Ddr{v\@�.dg\;`c­v�#�edg` dg\¹\_ivu2qwia\�fh\;`c�r�vbg\_fh\_iTd��DqwiTdrjhdg{v\
��`cbrqs`l�anw\0�5dgj#�+\h\;�edrqof~` dr\0­�ºh��\_bg\cx�¯�\h¯�qwnon4�a�r\h`��edg`liP­v`lb�­�iv\;�vb�`ln4iv\�d.¯�jcbg½J`l^v^abrjT`cp�{tx8¯�qwdr{¾­v` d�`�u2\_iv\;bg`ldr\0­
�T��dr{v\¹\;ivucqoiv\¹�rqwf@�vno`ldrj2b;x=dgjE�ej2nw�2\]dg{vqs��^vbgjc�vno\_f�º�|]�vbDk®jzp��P��qo��ivjld�jci�{vj ¯Mdrj~^vqsp�½~dg{v\��+\;�ed�\_ivu2qwiv\Ndgbg`cqwivqoivu
­v` d�`vx dgbg`cqwivqoivu»fh\�dg{vjz­�x2j2b´iv\_�abg`cnziv\�d.¯�jcbg½��.dgbr�Pp�dr�abr\2º�yD{a`ld´qo�;xcj2�vb4k®jzp��a�´qs�4ivjcd�jci³dr{v\�^P`lb�`lfh\�dg\_b4\;�edrqof~` drqojci
f³\_dr{vjz­�x��a�zd¹jci�qs�r�r�v\0�5\;iap�j2�viTdr\_bg\;­�¯�{v\_i¼­z\;�rqwu2ivqoivu#�r�ap�{�\0�.dgqwf~` dgjcb��_º�|]�vbNiv\_�abg`cn%iv\_d.¯�j2br½�\0�.dgqwf~` dgjcbN¯�qwnon
�eqofh^vnw�³�e\;br�2\�drj¹{v\;nw^~�a��qwnonw�P�.dgbg`ldr\�jc�ab4dr\;p�{aivqo×T�v\�k®jcb´\;�edrqof~` dgjcb�qoiv^v�zd��e\;nw\0p�drqojci~`cia­@drj��r{vj ¯é{vj ¯±jc�ab´f³\_dr{vjz­
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