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EVALUATION  OF THE TEMPERATURE
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`jf l �Je l mx_\[\fCS�h ¢ � h"[pf§b P S¦g s S��N[\e4]Ch�bdS�hkb*nu`chdS ¯ b P S�g s S�hdhk] s S�[ph"n�e sks S�n�bk_\m§g s S l [\n�bkS l �Nmxb P S���`jf l `j]N�O S�_\_\S s S� N]�`cbd[\e4f§[pf l S�gJS�f l S�fNbd_pm§ec��b P S s S�_a`cqC`cbd[pe�fxT�e l S(_ ¢*O�P S�g s S��N[\e4]oh�e4�ChdS s �4`jbk[\e4foh ` s S�n�e4f ® s T2S l
�Nm�b P S s S�_a`cbk[\��S l S�fohk[\b�m3`j_pe�fC��b P S�hdbi`j�4f�`jbk[\e4f2_p[\fCS ¯ �Ge s _\S��4S�_���bde k � ®���] s S � }C� �d��¢+ [\�4] s S�h � }�}�� � � ¢p¢\¢ � +7� h P ec�%b P S·g�e�gC]C_a`cbd[pe�f,`jb l [¤£«S s S(fLb2_\eLn�`cbk[\e�fCh�`c_\e4fo�xb P S·hkbi`j�4f�`jbk[\e4f _\[pfoS ¢ * f
®���] s S � }�}�� � �·� b P S©gJe4[\fNb�[\h�[\f,b P S§hkb s Su`cT ­�ec� ��¯ b P S l [\hdb s [\�C]obk[\e4f�e4�obi`c[\fCS l ��[\b P ¬ _a`cn�&NT3`jf,`jf l
v�[\_\_\[�&4`cfN� ��P [\bkS s S�_a`cqC`cbd[\e4f�n�e4[\fCn([ l S ¢
O�P S l [\hkb s [\�C]Cbk[\e�fChª`jn s e�hkh�b P S�h P eNn &x` s S���[p��S�f�[\f�®J�4] s S � }4} � ¬���¢
O�P S"n�e�fChk[ l S s `c�o_pS l [¤£«S s S(fCn�S"��S(b���S�S(fxb P S ¬ e4_\bk�(T3`cfof l [\hdb s [\�C]obk[\e4f�`cf l b P S l [\hkb s [\�C]Cbk[\e�f�g s S l [\n�bkS l �Nm
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b P S�T3`jhkbdS s S( L]J`cbk[\e�fCh�[\h l ]CS"bke�`*�4S s m�hkb s e4fC�^foe4fCS� N]C[\_\[\� s [\]CT ¢ � h�h P ec��f�[\f^®���] s S � }�}�� i � ¢\¢\¢ � +��(¯ b P [\h
fCe�fCS� N]C[\_\[\� s [\]CT l S�n s Su`jhkS�h�bkec��` s l h�b P S��Je l m ¯ �C]Cb^b P S s Su`c_ l [phdb s [p�o]Cbk[\e4f fCS���S s^P `ch^b P S ¬ e�_\bk��T�`cfCf
h P `cgJS ¢5+os e�TX®���] s S�h � }4} � � � ¢\¢\¢ � +�� ��S"nu`cf�n�e�fCn�_\] l S"b P `cb���S l e¦fCe�b P `��4S-S� N]C[\_\[p� s [\]CT{`c_\e4fo�¦b P S"��e l m
_\[\fCS ¢+ e s b P [\h�bkS(hkb�n�`chkS ¯ b P SªT�`cn s e4g�` s `jT�S�bdS s h ¯ S�qNn�S(gCb�b P S�g s S�hkhd] s S ¯ ` s S"fCe4b�n(e sks S�n�bd_pm�g s S l [\n�bdS l �Nm^b P S
�6`cf l `j]N� O S(_p_\S s T�e l S(_ ¢6O�P S"]Ch�`c�4S"ej��T�`chdbkS s S� N]�`cbd[\e4fCh P S s S�[\h�b P S s S��De s S�t�]Chkbd[¤®�S l ¢

� � �)���������7	(�^�* f�b P [ph�g�`jg�S s ��S P `��4S l S�hdn s [\�JS l b���e `jgCg s eN`cn P S�h^bde©T2e l S�_��L[\� s `cbd[pe�f�`c_Ág s eNn�S�hdhkS�h�[\f,`·�L`jh¦ej� � j
T2e4_\S�n�]C_\S�h ¢K+ e s _\ec� vx`cn P fN]CT^�JS s h ¯ b P S ¬ e�_\bk��T�`cfCf2��S P `��L[\e s ej��b P S��N[\� s `jbk[\e4fJ`c_Jg�e�gC]C_a`cbd[pe�f�S�fJ`c�C_\S�h
]ChÁbke�]ChdS�b P S"��`jf l `c] � O S�_\_\S s T�e l S�_N��[\b P�¬ _ `jn�&LT�`cf s S�_a`cqC`cbd[\e4f ¢�* f^b P S�e�b P S sÁP `cf l ¯ `jh�vx`cn P fN]CT^�JS s
[\fCn s Su`chdS�h ¯ hkb s e4fC�2fCe4foS� N]C[\_p[\� s [\]CT{S�£«S�n�bdhªT�`�&�S�e4foS�]ChkS*b P S�T3`jhkbkS s S� N]�`cbd[pe�fCh�bke2g s S l [\n�b�b P S�n�e sks S(n�b
�N[\� s `jbk[\e4fJ`c_ l [\hkb s [\�C]Cbk[\e�f!g�e�gC]C_a`cbd[pe�f ¢N+ ] s b P S s T2e s S ¯ ��S P `���S l S�hkn s [\��S l ��l `jT�ec�N[\n P T2e l S�_
�De s�¥�O
`jf l ¥-¥As `cbdS�h�n�eNS�¸�n�[\S�fNbdh ¢
O�P S�hkS�n(eLS ¸�n�[\S�fNbkh�` s S"[pf2�4S s m^�4eNe l `j� s S(S�T�S�fNb���[\b P�¬ [\_\_p[\fC�j� + [\h P S s
s `jbkS�h ¢* f�`-�Ge s b P n�e4T2[\fC��g�`jg�S su¯ ��S���[p_\_Cg s e4gJe4hdS�hde4T�S�e4b P S s bkS�hdb�n�`chkS(h��Ge s S(qLbdS s fJ`c_J­�ec��h�` s e�]Cf l^l [¤£«S s S�fNb
��S�e4T2S�b s [pS(h ¢ + ] s b P S s T2e s S ¯ ��S���[\_p_6b s m3bde�[pfNb s e l ]Cn�S l [¤£«]Chk[\e4f·S�£RS(n�bkh�[\fxb P S�T3`chdbkS s S� N]�`cbd[\e4fCh"bke2��S
`j�C_\Sªbde^n�e4T2gC]CbdS�T�e s S-n�e4T2gC_\[pn�`cbkS l ­�ec��h�`cf l�l S(bkS s T�[\fCS"b P S"[\fN­�]oS�fCn�S�ej�7b P [\h�T�e l S�_\[\fC��e�f3b P S"� `j_\_
n�eNS�¸�n([pS(fLbdh ¢
�2�1� "7µo´ �D´ ¶ �J± �!±�"6� �
O�P Sx`j]Cb P e s ��`cfNbdh¦bde©S�qNg s S�hkh P [\h¦� s `jbk[\bk] l S�bke r�s�¢ �"[\e s l `cfCe2�Ge s¦P [ph P S�_\gN�D]C_ s S�T3` s &Nh^`cf l bke r�su¢�-l `cT2ec�L[\n P �Ge s2P [\h P S�_\g�bke�n�e�T�gC]obkS P [\h s `jbkS§n�eNS�¸�n�[\S�fNbxT2e l S�_ ¢ O�P S§��e s &���`ch l e�fCS l ] s [\fC��`
gJe4hdb l eNn�bde s `j_�hkb�`�m©ej� b P S3`j]Cb P e s `cb*b P S * fChdbk[\bk]obkS�ej� O�P S�e s S�bd[pn�`c_�`cf l�� gCgC_\[\S l v�S�n P `jfC[\n�h ¯
z ]Chkhd[ `jf� n�nu` l S�T^m�ec��YNn�[\S�fCn(S�h ¯ y-ec�4e�hk[\�C[ s h�& ¯ `cf l [ph�gJ` s b-ec��`�t e4[\fCS l z S(hkSu` s n P r�s eut�S(n�b"��S�b���S�S�f * y zy* � `jf l*�O � v hd]CgCgJe s bdS l �Nm�b P S��«[a`cgo]CfCec� * fChdbk[\bk]CbdS ¢
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� �)���-�+p� , *�¢�¥¦¢ �-l `cT2ec�L[\n P�¯ Y ¢$*¦¢ vx`jn P S s S(b ¯ � ¢�� ¢uz [\n P6¯zi"¢ ¡ ¢�O�s S�`cfCe su¯ (dy�e4fog�S s bk] s ��`cbd[\�4S�`cf�`j_pmNbd[pn�b P S�e s m

ec� ¥-O `jf l ¥-¥ s `cbkS(h�[pf l [a`jbke4T2[\n��N`chkS(h ¯ [\fCn�_\] l [\fC��T^]o_pbd[¤�  N]�`jfLbd]CT b s `jfChk[\bk[\e�fCh ¢+ } , � ¢ (�¢ � f l S s hde4f ¯ ( � mLgJS s hke4fo[pn�`jf l P [\� P bdS�T�gJS s `jbk] s S^�L`jh l mLfJ`cT�[\n�h�� ¯������D���	��
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 �4¯ �u� # � ¢+ w ,���] ¢ Y ¢ � &N[\h P S�� ¢ � ¢6¥¦¢�( S(T � mL`jfCec� ¯h*�¢6¥¦¢
� eNn P S�bkec� ¯ S(b `j_ ¢\¯6O S�gC_\ec®�� ¢�¥ mLh ¢�O S�T2g ¢\¯ } `o¯ y�e ¢ k ¯�u� # } ¢+ U , � ¢�(�¢N¬ [\_p_\[\fC� ¯ ¡ ¢Cz�¢H+ [\h P S su¯ ( ¥�¥ `cf l ¥-O�s `jbkS"n�eNS�¸�n�[\S�fNbdh�[\f l [a`jbke4T2[\n�fC[\b s e4��S�f��Nm�`� N]�`jfLbd]CT
n�_a`chkhd[\nu`c_«T2e l S�_�� ¯����H���o"������� " ¯ ULw ¯ w4� k ¯ �u�4��� ¢+ k , � ¢�(�¢o¬ [\_\_\[pfo� ¯���������"������� " ¯ k ¯ ���4�jU ¢+ ~ , � ¢�(�¢o¬ [\_\_\[pfo� ¯ ¡ ¢Jz�¢H+ [\h P S su¯���������"���� �� �"a¯ � #o¯ �u�4��~ ¢+ � , � ¢�(�¢o¬ [\_\_\[pfo� ¯���������"������� " ¯ } `C¯ ���4��� ¢+ # , ¥¦¢N¬ _ `jn�&LT�`cf ¯ ( ¥ [\� s `jbk[\e4f�`j_ s S�_a`cqC`cbd[\e4f�[\f2ecqLmN��S�fx`cf l fC[\b s e��4S�f�� ¯�!U" � �"�U��� � �#�#�H"a¯ � ¯ ~C� ¯ �u� k ~ ¢+ � ,¦v ¢Ri `cgC[\bkS(_p_\[ ¯hi"¢ �"e s hdS ¯ � ¢ (�¢J¬ [\_\_\[pfo� ¯ ( ¥ � ¥ gC]oT�gC[\fC�^]Cg§[\fxfCe�fCS� N]C[\_\[p� s [\]CT%fC[\b s e��4S�f6��S�£«S�n�bdh
e4f�b P S l [\hdhkeNn�[a`cbd[pe�f s `cbkS$� ¯���������"���� �� �"a¯ k } ¯ }4�4� ¯ ��� #�`C¢+\� ` , r�¢Hi e4_\_\S�_a` ¯��¦¢ v ¢ �"_a`j� ¯�!U"%�K�
�&�'�U	�"'�(� �� �"a¯ k � ¯ ��� # k ¢
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2.978e-01
5.905e-01
8.831e-01
1.176e+00
1.468e+00
1.761e+00
2.054e+00
2.346e+00
2.639e+00
2.932e+00
3.224e+00
3.517e+00
3.810e+00
4.102e+00
4.395e+00
4.687e+00
4.980e+00
5.273e+00
5.565e+00
5.858e+00
6.151e+00
6.443e+00
6.736e+00
7.029e+00

MESH MACH NUMBER

+ [\�4] s S k � O�P S^T�S�h P ]ohkS l �Ge s b P S�­�ec�X`cb�T�`cn P fN]CT^�JS s ~ ¢ k � _\S��Gb � `cf l b P S�vx`jn P fN]CT^�JS s [\hke�_p[\fCS(h� s [\� P b �(¢

1.216e+00
1.435e+00
1.655e+00
1.875e+00
2.094e+00
2.314e+00
2.533e+00
2.753e+00
2.973e+00
3.192e+00
3.412e+00
3.632e+00
3.851e+00
4.071e+00
4.290e+00
4.510e+00
4.730e+00
4.949e+00
5.169e+00
5.388e+00
5.608e+00
5.828e+00
6.047e+00
6.267e+00

5.281e-02
8.879e-02
1.248e-01
1.607e-01
1.967e-01
2.327e-01
2.686e-01
3.046e-01
3.406e-01
3.766e-01
4.125e-01
4.485e-01
4.845e-01
5.204e-01
5.564e-01
5.924e-01
6.284e-01
6.643e-01
7.003e-01
7.363e-01
7.723e-01
8.082e-01
8.442e-01
8.802e-01

DENSITY PRESSURE

+ [p��] s S�~o� ( S(fChk[\b�m � _\S��Gb � `jf l g s S(hkhk] s S �as [\� P b � [\hde4_\[\fCS�h ¢
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3.954e+02
4.907e+02
5.861e+02
6.815e+02
7.769e+02
8.722e+02
9.676e+02
1.063e+03
1.158e+03
1.254e+03
1.349e+03
1.444e+03
1.540e+03
1.635e+03
1.731e+03
1.826e+03
1.921e+03
2.017e+03
2.112e+03
2.207e+03
2.303e+03
2.398e+03
2.494e+03
2.589e+03

3.826e+02
4.651e+02
5.477e+02
6.303e+02
7.129e+02
7.955e+02
8.781e+02
9.607e+02
1.043e+03
1.126e+03
1.208e+03
1.291e+03
1.374e+03
1.456e+03
1.539e+03
1.621e+03
1.704e+03
1.787e+03
1.869e+03
1.952e+03
2.034e+03
2.117e+03
2.199e+03
2.282e+03

TRANSLATIONAL TEMPERATURE VIBRATIONAL TEMPERATURE

+ [\�4] s S��C� O S�T2g�S s `cbd] s S�h�[\hde4_\[\fCS�h ¢
+\�4� , � ¢ � � ¢#( �S�hk[ l �S s [ ¯ y ¢ �"_\[\fCh�&Lm ¯ ¡ ¢H� S�bkbdS�f�` ¯ ( � mNg�S s hke�fC[\n s Su`cn(bk[\�4S"­Jec��h�n�e4T2gC]Cbi`jbk[\e4f�� ¯��K�
�&�'�U	����� �

H� � ���U���� !U���U��
H�'�p¯N¥ e�_ ¢ � #C¯ y�e�} ¯ �u��� `C¢+\�u} , ¥¦¢ v ¢ ( e s e�h P S�f�&4e ¯ y ¢ y ¢$� ] l s mL`jbkhkS(� ¯ Y ¢ Y ¢ y-ec�L[�&�ec� ¯�¥�¢4¥�¢ YNT�S(bi`cfo[pf ¯ (�¡6£«S�n�b�ec�«b P S��Ge s T�`cbk[\e�f

ec�7�N[\� s `cbk[\e�f�`c_\_\m�S�qNn�[\bkS l fC[\b s e4�4S(f�T�e�_\S�n�]C_\S�h�[\f3`^`cbde4T2[pn s S�n�e�T^�C[\f�`cbd[pe�f¦[\fx`*��e�]Cf l ` s m�_a`�m�S s e�f
b P S P Su`jb�b s `cfCh �GS s � ¯ ��� � ���]���&� "������ ���
	j¯ } #C¯!# } ¯ ���4� `C¢+\�uw , (¦¢ �"[\e s l `cfoe ¯�¥¦¢�¬ S�_\_\]Cn�[ ¯ � ¢ui e4_\e4fCfJ` ¯ v ¢Ki `jgC[\bkS�_\_\[ ¯u*�¢ � s T2S�fC[\hkS ¯5i"¢�¬�s ]CfCe ¯ ( ¥ [\� s `cbd[pe�f�`c_\_\ms S�_a`cqN[\fC�2­�ec�Vec� � j g�`jhkb¦`jf![\fN®�fC[\bkS^n(mL_\[\f l S s `cn�n(e s l [pfo�3bdexhkb�`cbdS�bke·hkbi`jbkS^�N[\� s `jbk[\e4fJ`c_u&N[pfoS�bk[\n�h
`cf l bke P ` s T�e�fC[\n�e4hdn�[\_p_a`jbke s T�e l S(_"� ¯���
���� � � 
���� ���L¯ �u��� k ¢+\��U , ¬ª¢�z�¢ � e s l [pS(bkh ¯ � ¢�*�¢1* hk[\g�ec� ¯ � ¢ � ¢ Y P S�_\S�gC[\f ¯ ( � [\fCS�bk[\n
g s eNn�S�hdhkS�h
[\f"�L`jhkS�h
`jf l T�e4_\S�n(]C_a` s _ `jhkS�S s h � ¯
� ������� � �9�' ���	�
¯ �u� #
`C¢+\� k ,¦¡ ¢U�¦¢ � S s fCS s�¯ �K�

H"�!U"������� " ¯C¥ e�_ ¢ w4~ ¯ w4�o� ¯ �u� k #C¢+\�u~ ,¦¡ ¢ ¡ ¢ y-[�&L[\bd[pf ¯ ( O�P S�e s m�ej��`cbde4T2[pn � T2e4_ S(n�]C_a` s g s eNn�S�hdhkS�h"[\f��N`chkS(h � ¯ �"P [\T�[\mL` ¯ v�e4hdn�ec� ¯ ���4� `C¢+\�u� ,¦¡ ¢ ¡ ¢ y-[�&L[\bd[pf ¯ � ¢�*�¢�* hk[\gJec� ¯ ( ¥ [p� s `cbd[\e4f�`j_ s S�_a`cqC`cbd[\e4f�[\f��L`chdS�h � ¯h��
�����
H��	����� D�

H� �K�
	������� ��� 5 ��������� �¯
¥ e4_ ¢ U ¯N¥;* y *�OD*�¯ v�e�hkn�ec� ¯ ���4��� ¢+\� # , z�¢�i"¢ v [p_\_\[�&4`cf ¯&(�¢4z�¢c� P [\bkS ¯ (iYNmNhdbkS�T�`cbk[\n�h�ej�R�N[\� s `jbk[\e4fJ`c_ s S�_a`cqC`cbd[pe�f � ¯ !U"���������" ������ " ¯4¥ e�_ ¢ w4� ¯
w4} ` � ¯ �u��~4w+\�u� , i"¢ ¡ ¢NO�s Su`jfCe s�¯�!U" ���H���o"��(� �� �"a¯N¥ e�_ ¢ UNw ¯ k w4} ¯ �u��~4w ¢+ } ` , r�¢ � ¢�z eNS ¯ ( � gCg s ecqL[\T�`cbk[\e�f z [pS(T3`cfof¨hke�_\�4S s h ¯ g�` s `jT�S�bdS s h^��S�n�bke s hx`cf l�l [¤£RS s S�fCn(S©hdn P S�T�S�h�� ¯
!S�	�U��
H������� �K�
�&�'�U	�"������� ���� �¯C¥ e4_ ¢ UNw ¯ ��� # � ¢
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+ [\��] s S # � O�s `jfChk_a`cbd[\e4f�`j_R`jf l �L[\� s `cbd[pe�f�`c_JbkS(T�gJS s `jbk] s S�hª`j_pe�fC��b P S"hkb�`c��f�`cbd[pe�f�_p[\fCS ¢
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+ [\�4] s S��C� O�s `cfohk_a`cbd[pe�f�`c_C`jf l �N[p� s `cbd[\e4f�`j_LbdS�T�gJS s `cbk] s S�h�`c_\e4fo��b P S�hkb�`c��f�`cbd[pe�f¦_\[\fCS � _\S��Gb � `cf l `c_\e4fC�-b P S
�Je l m�_\[\fCS �as [p� P b ��¢
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