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Á �

Äuõ8I`z�CÌ�uÄÅ5U�`zïÄéýÿÚ�äCÌ�uÄÅXÚ

äk�©­��nØ¿ÂÚA^d�"�©Ì�æ^��5�§|�.!õ8I5y�

.!�5��{!Úî-.ÅÜ{Ú�5Iþz�{�éCÌ�uÄÅ¥6þ�Ø'¼

ê��Cz§º÷ÚCDFS�Ñ�o§!oØ96þ§uÄÅ�Óó�­��.§uÄ

Å5U�`z§uÄÅ3üº��ªe�'A5êâCz5Æ�¯K?1
ïÄ"

éu¯K�¥�1¤̄ §Äk|^K8N�4¥º÷A5êâL¥¤�Ñ�k'êâ§

�âØ'¼ê�zz�OØ'pr�'X(�úª(1))��éAu��=�ncorÚOØ'pr�

Ø'¼ê�zz(�L1)"ÏLMatlabR2010b^�!L19N�4¥¤�Ñ�éAu��=

�ncor ÚOØ'pr�º÷6þWfs��'êâ§[ÜÑ6þ�Ø'¼ê��Cz­�(�

ã1)"�±wÑµ���=�ncor�½�§Wfs�XØ'¼ê�zz �O�
~�¶��

�=�ncorO��§Wfs�CzÌÝC�§Ø�Ø'¼ê�zz �)���ÅÄ"
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éu¯K�¥�2)¯§3º÷�Ñ�o§!oØ�uCDFS�?�o§!oØ�b

�^�e§Äkéº÷ÚCDFSÑ�o§!oØÚ6þ�O�úª(�úª(2)-(14))?

1©Û§��O��Ao§!oØÚ6þ�äNÚ½(�(A)Ú(B))",�§æ^�5

��{¿^MatlabR2010b^�?§£�N¹1§S2¤O�Ñº÷�Ñ�o§!oØ

Ú6þ�©O�µ379.4859!1.3804!19.0456§CDFS�Ñ�o§!oØÚ6þ�©O

�µ420.5204!1.8009!17.1606"��é¯K2)¥�ëênLÚnH ?1
ÐÚ�(¯Ý©

Û"

éu¯K�§Äk�âK8N¹¥¤�Ñ��'úªòuÄÅ7�²ï�§(16)-

(22)=z��§(16)′-(21)′"?
�âù
�§ïá
CÌ�uÄÅ�Óó�²ï�§�

­�êÆ�.(��§|(23)!(27)!(28)!(28)′!(28)′′)§¿|^Úî-.ÅÜ{(Newton−

Raphson)éT�.?1¦)§äN(J�L3"3Newton−Raphson{O�L§¥§Ï

LÀ�Ü·�Ðß�9Âñí�§�¦T�.�S�Âñgê��(≤ 100)��{äk

��Âñ�Ý"

éu¯Kn¥�1)¯§3��+©ª?u�.½��.G��b�^�e§Äké

uÄÅ�5Uëê?1©Û§��uÄÅ5Uëê�äNO�úª(�úª(31)-(50))"

,�ïá
±uÄÅíå4�z!ü íå4�zÚÑhÇ4�z�8I�õ8I`

z�.(��.I)"��ÏL�5Iþz�{¿|^MatlabR2010b?§é(�.I)?1


¦)§(J�L4"

éu¯Kn¥�2)¯§3�yuÄÅA5�`�^�e§ïÄ
$ØµÓÚCDFS�

���!��+ú�¡È'u�1êâêMa�Cz5Æ"(JL²µ3�½��S§$

ØµÓÚCDFS������1êâê�O\
~�¶��+ú�¡È��1êâê

�O\
O\"��|^MatlabR2010b ^��ÑÙäN�Czª³ã(�ã2!3!4)"

'�c: CÌ�uÄÅ§��5�§|�.§õ8I5y�.§�5��§Úî-.

ÅÜ{§�5Iþz�{§(¯Ý©Û
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1 ¯K­ã

d�Å/uÄÅ�O�n��§éu±Ypêâê�1?Ö§I�pü íå�µ

�Ì�§��§XJ?ÖrN$êâêÚ�Ê§§ÒI�$ÑhÇ�µ÷Ì�"Vº�

CÌ�uÄÅ�±Ó�ä�p����íå�$���$hÑ"CÌ�uÄÅ�S3

5U`³§É�
�Ê�rI�­À§́ 8cÊ�uÄÅ�­�ïÄ��"

Vº�CÌ�uÄÅ�E�Ì�Ü�kµ?í�!º÷!B	º�!CDFSº�!Ø

%°Äº÷?£CDFS¤!Ì	º�!c·Üì!pØØíÅ!Ì-�¿!pØµÓ!$Ø

µÓ!�·Üì!\å-�¿!��+"Vº��ªe§ÀJ¹�Ú�·Üì£�V ABI¤

�Ü�m:üº��ªe§ÀJ¹�'4§�·Üì'���½ �"Vº�CÌ�u

ÄÅ�Ü��mkX;��éX§CÌ�uÄÅ�V=fuÄÅ§º÷�$ØµÓ�

ë§CDFS!pØØíÅ�pØµÓ�ë"CÌ�uÄÅkü«ó��ª§©O�µ�

�ªÚµ÷�ª"uÄÅ�Ü���ó��§ò�É�ÃX$Ø¶õÇ²ï!pØ¶õ

Ç²ï�7�²ï�§��"

-íµÓuÄÅ�A5�±^¢��{ÚO��{¼�"�¢���{I�ï�

E,���!Ý\ã��]7Ú�Ñã��U
§Ïd¢���{Ø�U²~æ^"�

XO�Uå�ØäJp§uÄÅêÆ�.ïÄ�Øä�\§O�Å�ý°Ý�3Øä

Jp§�½§Ýþ�Ö
¢��{�Øv,cÙ´3uÄÅ.Òï�L§¥§-íµÓ

uÄÅO�Å�ýEâu�
Ø�O���^"-íµÓuÄÅ´d?í�!ØíÅ!

Ì-�¿!µÓ!�+�Ü�|¤�X"JO�ÅU
éù
Ü��5U?1O(��

[§@o�ÒUO(/�[��uÄÅ�5U"ù«ïá3O(�[uÄÅ�Ü�5U

Ä:þ�uÄÅ5UO��{§¡�Ü�{"T�{´ïá3uÄÅ�Ü�A5®��

Ä:þ�§Ïd´O�°Ý�p��«�{"N�1©OéCÌ�uÄÅz�Ü��O

�úª?1
Å�0�"

Á�âþ¡�Ñ�k'�£§ïá�A�êÆ�.©ÛïÄe¡�¯K:

(1) xÑN¹4¥º÷A5êâL¥6þ�Ø'¼ê�Cz�ã/"

(2) �3uÄÅ�1pÝH = 11km§�1êâêMa = 0.8�æÑ�ÑÊ:§�
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��Ýþ���0◦§º÷ÚCDFS�Ôn=�Ñ�0.95§º÷ÚCDFS�Ø'¼ê�Ñ

�0.5§¦º÷ÚCDFS �Ñ�o§!oØÚ6þ"

(3)�3uÄÅ�1pÝH = 11km§�1êâêMa = 0.8�æÑ�ÑÊ:§æ^V

º��ª§���Ýþ���0◦§ÀJ¹����m§B	º�¡È��1.8395e+003§�

·ÜìÑ�o¡È���2.8518e+004§��+ú�¡ÈA8 = 9.5544e+003§nL = 0.85"

$^½�O·���{¦)duÄÅ7�²ï�§|¤���5�§|"�¦�ã�{

�'�Ú½9Ù)º§¦�U?Ø�{�k�5"

(4) �3uÄÅ�1pÝH = 11km§�1êâêMa = 1.5��Ñ�ÑÊ:,uÄÅ

æ^üº��ª§òÀJ¹�¡È���0§º÷���Ý!pØØíÅ���Ý!p

ØµÓ���Ýþ���0◦§�·Üì¡È���2.8518e+ 004"�¯uÄÅCDFS�

��Ý!$ØµÓ���ÝÚ�+ú�¡È3�þ�õ��§uÄÅ�5U�`?

(5) ÁïÄuÄÅ�1pÝH = 11km§�1êâêlMa = 1.1Cz�Ma = 1.6§

uÄÅA5�`�§CDFS���Ý!$ØµÓ���Ý§��+ú�¡È��1ê

âê�Cz5Æ"d�uÄÅæ^üº��ª§òÀJ¹�¡È���0§º÷���

Ý!pØØíÅ���Ý!pØµÓ���Ýþ���0◦§�·ÜìÑ�o¡È��

�2.8518e+ 004§�·ÜìS!	º�¡È�N(=ØÉ�·Üì�½�S!	º�¡È

���å)"

2 ¯K©Û

éu¯K(1)§Äk�±¿©|^N¹4¥º÷A5êâL¥¤�Ñ�k'êâ§é

ØíÅOØ'pr �Ø'¼ê�zz�'X?1©Û§��OØ'pr�Ø'¼ê�zz�¼

ê'Xª",�|^d¼ê'Xª§�����=�ncorÚØíÅOØ'pr����Ø

'¼ê�zz§XJ#N�{�±^L�Ð«Ñ5"��§ÏL�'�êÆ^�!Ø'

¼ê�zzL�¥�êâ9N¹4¥¤�Ñ��Au��=�ncorÚØíÅOØ'pr�6

þWfs�êâ§£:�ã{3MatlabêÆ^�¥xÑº÷A5êâL¥6þ�Ø'¼

ê�Cz�ã/§¿âd©Û
6þWfs �Ø'¼ê�zz �Czª³"

éu¯K(2)§uÄÅ�1pÝH = 11km§�1êâêMa = 0.8�æÑ�ÑÊA
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áµ÷�ªó�G�§¤±��Ä3µ÷�ªeéØíÅº÷ÚCDFSÑ�o§!oØ

Ú6þ�ïÄ"�±kéº÷ÚCDFSÑ�o§!oØÚ6þ�O�?1©Û§�Ñä

N�O�úª"���A�O�úª���±?�Ú��ÑO��äNO�Ú½",�

æ^�5��{¿|^Matlab^�?§��O�úª¥�k'êâ"��§ÏLäN

�O�úª9O�Ú½��O�ÑØíÅº÷ÚCDFSÑ�o§!oØÚ6þ�"

éu¯K(3)§Ê�uÄÅ�Óó��§^�|�N�þ6þ²ïÚUþ²ï��

�5�§5£ã"3�½Õáß�CþÚ��þ�§­��.�¦)Ò¤���5�§

|¦)�¯K"�©�±ÏL©ÛuÄÅ�Ü���ó��§É���k'²ï�§ï

á
CÌ�uÄÅ�Óó�²ï�§�­���5�§|êÆ�."��5�§|¦

)���{kÚî-.ÅÜ{(Newton−Raphson)!N + 1:íþ{![Úî{(ÙÛ�

{broyden)!��eü{(FÝ{)!¢D�{�. Newton − Raphson{ÚN + 1:íþ

{´A^��2��ü«�{"�©�±æ^Newton− RaphsonS"�{5¦)��

5�§|.3|^Newton−Raphson{O��L§¥§�±ÏLÀ�Ü·�Ðß�9Â

ñí�§ÿÁT�.´ÄU
3k�gSS�Âñ§ýÿÚ�O�{Âñ�Ý

éu¯K(4)§3��+©ª?u�.½��.G��b�^�e§�±éuÄÅ

�5U�íåëêF!ü íåëêFs9ÑhÇëêsfc�O�úª¥�Cþ?1[�

�?1©Û§����Cþ�äNO��{Úúª§ù�?�Ú�±��uÄÅ�n�

5Uëê�O�úª"�âéuÄÅ5U�`z��¦©Û�ÑI��Äé�A�í

åF!ü íåFs ±9ÑhÇsfc?1�`z§ù´õ�8I��`z¯K§¤±�©

Òdïá
uÄÅ5U�`zõ8IêÆ�.")ûõ8I5ykNõ²;�êÆ�

{§'X`�5\�Ú{!Ì�8I{!n�:{!4�4�{!S�{!µd¼ê{!

©�üS{!©|üS{!�1��{!�p5y{!¥%{!­:8I{��"�©

�±A^��2���5�5Iþz�{éTõ8IêÆ�.�)?1¦)"

éu¯K(5)§3�1êâêMaCÄ±9�yuÄÅA5�`��¹e§�©�±

kéCDFS!$ØµÓ����±9��+ú�¡È�Cz5Æ?1ïÄ?1c[�

ïÄ©Û§?
�Ñ$ØµÓ���!CDFS ���±9��+ú�¡È��1êâ
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ê�äNCz5Æ§�
�\/��*�L«Ñ$ØµÓ���!CDFS ���±9

��+ú�¡È��1êâê�Cz5Æ§�±|^MatlabR2010b^�xÑnö��

1êâ�Czã/?1`²©Û"

3 �.b�

(1)�Ñ-h3-�¿¥-�ò´�K�"

(2)í63��Ü��6ÄÑUO��6Ä?n§=���¡í6ëê�²þ?n"

(3)�ÑÏLp!$ØµÓA5êâ�5�����pØµÓ6þ¥e%��í6þ"

(4)b�3.��(Âñ-*Ü)��+¥§?¿�¡o§!oØ!6þþØC"

(5)b�3�½�^�e��+©ª?u�.½��.G�§=�ÝXêλ8 = 1"

(6)pØØíÅ�Ø²Ì-�¿�©6í6�e%í6§·��±�ÑØO"

(7)b�uÄÅ3ØÓ�ªe�O:ëêÚ��Ü��A5þ®�"

(8)b�º÷�Ñ�o§!oØÚCDFS?��o§oØCq��"

4 ÎÒ`²

5ºL

ÎÒ `² ÎÒ `²

A ¡È§m2 pr OØ'½áØ'

c í6�Ý§m/s R íN~ê

Cp ½Ø'9§J/(kg ∗K) sfc ü ÑhÇ

d �Ý T §Ý§K

f hí' V �1�Ý§m/s

F íå W 6þ§kg/s

Fs ü íå Wf Ì-�¿�-hhþ

h ó§J/kg zz½Z Ø'¼ê�
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H �1pÝ§km α ���

Hu -h$9�§J/kg γ íNý9�ê

km 6þXê η Å��Ç

Ma êâê λ �ÝXê

n =f=�§rpm ξb -h�Ç

N õÇ§W σ oØ¡EXê

p ·Ø§bar ψ �§J/K

uÄÅ���¡êieI`²

��¡êieI `² ��¡êieI `²

0 ?í�?� 1 ?í�Ñ�

2 º÷Ñ� 21 B	º

3 Ì-�¿?� 4 Ì-�¿Ñ�

6 �·ÜìÑ�½\å-�¿ 7 \å-�¿Ñ�

8 ��+úÜ 9 ��+Ñ�

13 CDFSº�?� 15 c·ÜìÑ�

41 pØµÓ?� 45 $ØµÓ?�

61 �·ÜìSºÑ� 62 �·Üì	ºÑ�

125 CDFSº�Ñ� 225 B	º�Ñ�

eI

eI `²

air �í
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CH pØØíÅ

cor ��ëê

ei n�

fs½CL º÷

in ?�

map A5ã

mH p�¶

mL ¥m¶

out Ñ�

st X-í

TH pØµÓ

TL $ØµÓ

 Ñc

 Ñc =©�¡

CDFS Core Drive Fan Stage

V CE V ariable Cycle Engine

V ABI V ariable Area Bypass Injector

V ATN V ariable Area Turbine Nozzle

5 �.�ïá�¦)

5.1 CÌ�uÄÅº÷êâL¥6þ�Ø'¼ê�Czã/�ïÄ

�ØíÅ,��=�¤éA�ØíÅOØ'êâ(�N�4)�����prmax§��
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��prmin§K½ÂT��=�éA�ØíÅOØ'pr�Ø'¼ê�zz�:

zz =
pr − prmin

prmax − prmin
, (1)

=ØíÅOØ'�IOzCþ.Ïd§dúª(1)9N�4¥º÷A5êâL¥¤�Ñ�

�'êâ§�±O�ÑCÌ�uÄÅ�Ø'¼ê�zz§XeL1¤«µ

L1: Ø'¼ê�zz

0.4 0.5 0.6 0.7 0.81 0.9 0.95 1 1.075

0.5 0.117736 0.119572 0.11908 0.107614 0.111511 0.104765 0.093383 0.065917

0.5 0.230252 0.230852 0.230352 0.211084 0.221189 0.208261 0.186786 0.131834

0.5 0.338476 0.335622 0.336563 0.310506 0.327264 0.310228 0.280189 0.197751

0.5 0.434868 0.432011 0.432651 0.404723 0.427935 0.410562 0.373572 0.263669

0.5 0.522561 0.525011 0.52086 0.494024 0.522646 0.508357 0.466975 0.329598

0.5 0.605730 0.613107 0.6002456 0.577928 0.612969 0.601073 0.560378 0.395515

0.5 0.675792 0.691841 0.673126 0.655904 0.694744 0.688321 0.653761 0.461433

0.5 0.740865 0.758181 0.736678 0.72641 0.768495 0.767718 0.743448 0.52735

0.5 0.792367 0.814356 0.792857 0.78906 0.83478 0.837138 0.827128 0.593267

0.5 0.834358 0.859296 0.84137 0.843614 0.895431 0.894976 0.89709 0.6567397

0.5 0.86916 0.891485 0.882293 0.891518 0.943147 0.939856 0.957745 0.714963

0.5 0.89746 0.918145 0.917215 0.929976 0.978975 0.972532 0.993854 0.765964

0.5 0.921007 0.940348 0.946208 0.95865 0.99738 0.991423 1 0.81086

0.5 0.939914 0.958181 0.96544 0.979904 1 1 0.987094 0.850185

0.5 0.956502 0.971823 0.97925 0.993205 0.99476 0.999326 0.966679 0.88596

0.5 0.968797 0.983504 0.989082 0.998169 0.983724 0.98787 0.942508 0.917752
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0.5 0.979237 0.991262 0.995011 0.999855 0.969117 0.973025 0.915175 0.947845

0.5 0.990140 0.997414 0.999277 1 0.953201 0.956389 0.884719 0.975033

0.5 1 1 1 0.997446 0.938235 0.936151 0.851279 1

þL(L1)¥1�1�ê�(0.4,0.5,0.6,0.7,0.81,0.9,0.95,1,1.075)éAuN¹4¥��

�=�ncor��§z���©OéAuN¹4¥�A���=�ncorÚ�AØíÅOØ

'pr�e¤O����Ø'¼ê�zz.

e¡ÏLMatlabR2010b^�!L19N¹4¥¤�Ñ��A���=�ncorÚ�A

ØíÅOØ'pr�6þWfs�êâ§xÑº÷A5êâL¥6þ�Ø'¼ê�Cz�ã

/(�N¹1¥§S1)§Xã1¤«"

ã 1: º÷A5êâL¥6þ�Ø'¼ê�Cz�ã/

þã(ã1)¥§©O^Ê¥ØÓ�ôÚ£±Ñ
º÷A5êâL¥6þWfs�Ø'

¼ê�zzCz�ã/"lã1¥§U
�Ù�wÑ3Ø'¼ê�zz���Ó��¹e§

6þWfs�X��=�ncor�O�
O�¶3��=�ncor�½��¹e§Wfs�XØ'

¼ê�zz���O�
~�¶3��=�ncor������¹e§Wfs�Czªu­½§

Ø�XØ'¼ê�zz���O�½~��)�����ÅÄ"
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CÌ�uÄÅ�S35U`³§É�
�Ê�rI�­À§́ 8cÊ�uÄÅ�­

�ïÄ��§Ïd§6þ�Ø'¼ê�Cz©ÛïÄ�nØ(JéÜn�½CÌ�uÄ

Å)��Y+nJø¢����êâ|±"

5.2 CÌ�uÄÅº÷ÚCDFS�Ñ�o§!oØÚ6þO�9(¯Ý©Û

ù�Ü©§3uÄÅ�1pÝH = 11km§�1êâêMa = 0.8�æÑ�ÑÊ

:(=µ÷�ª)§ØíÅ����Ýα = 0◦§º÷ÚCDFS�Ôn=�Ñ�0.95§º÷

ÚCDFS�Ø'¼ê�Ñ�0.5�ù
®�cJ^�e§�Äº÷ÚCDFS �Ñ�o

§!oØÚ6þ�"

3®�uÄÅ�1pÝH = 11km!�1êâêMa = 0.8cJeO�CÌ�uÄ

Åº÷ÚCDFS�Ñ�o§!oØÚ6þ"�d§Äk?í�Ñ�o§!oØ�O�"

1)?í�Ñ�o§!oØ�O�"ÙäNO���{Ú½Xeµ

O�Ú½(A)

step1: |^Xeúª(2)§O�IO�í^�e�¸Øåp0(·Ø)Ú�¸§ÝT0(·

§)µ p0 = 1.01325× (1− H
44.308

)5.2553

T0 = 288.15− 6.5×H
(2)

Ù¥§pÝH�ü �km§§Ý�ü �K§Øå�ü �bar. ÏL��O���µp0 =

0.2262§T0 = 216.6500.

step2: |^Xeúª(3)§O�?í�?��o§!oØµT ∗0 = T0(1 + γ−1
2
Ma2)

p∗0 = p0(1 + γ−1
2
Ma2)

γ
γ−1

(3)

Ù¥§γ�íNý9�ê§X�íγ = 1.4§-íγ = 1.33. 3X�í^�e§ÏL��O

���µT ∗0 = 244.3812§p∗0 = 0.3447.

step3: |^Xeúª(4)§O�?í�oØ¡EXêµσi = 1.0,Ma ≤ 1

σi = 1.0− 0.075(Ma− 1)1.35,Ma > 1
(4)
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3�1êâê�Ma = 0.8�æÑ�ÑÊ:(=µ÷�ª)e§ÏL��O���µσi =

1.0.

step4: |^Xeúª(5)§O�?í�Ñ�o§!oØµT ∗1 = T ∗0

p∗1 = p∗0 · σi
(5)

ÏL��O���µT ∗1 = 244.3812§p∗1 = 0.3447.

�d§ØíÅ?�o§T ∗in!oØP
∗
in!ØíÅ�Ø'¼ê�zz!Ôn=�n!ØíÅ

���Ýαþ®²��. duVº�CÌ�uÄÅ�º÷ÚCDFS Ü�Ñæ^Ó�«

O��{§Ïde¡Ó���ÑéCÌ�uÄÅº÷ÚCDFS�Ñ�o§!oØÚ6þ

O���{Ú½"

2)CÌ�uÄÅº÷ÚCDFS�Ñ�o§!oØÚ6þO���{Ú½µ

O�Ú½(B)

step1: |^Xeúª(6)§O�ØíÅÜ�(º÷!CDFS)��=�µ

ncor = n

√
T ∗in,d
T ∗in

(6)

Ù¥§º÷µT ∗in,d = 288.15§CDFSµT ∗in,d = 428.56862609. T ∗in�ØíÅ?�o§"

step2: |^Xeúª(7)§O�ØíÅÜ�(º÷!CDFS)OØ'!�ÇÚ��6

þµ

5¿�§ØíÅÜ�(º÷!CDFS)�OØ'prc!�ÇηcÚ��6þWc©O´Ù�

�=�ncorÚØ'¼ê�zz9���α�¼ê"
prc = prc(ncor, zz, α)

ηc = η(ncor, zz, α)

Wc = W (ncor, zz, α)

(7)

Ù¥ØíÅÜ�(º÷!CDFS)�OØ'prc!�ÇηcÚ��6þWc�¦{Xeµ

step2(a): N�4©O�Ñ
º÷!CDFS�A5êâ"|^�5��{O�ÑØí

ÅÜ�(º÷!CDFS)���=��ncor!Ø'¼ê��zz��A5ãþ�OØ'prc,map!

�Çηc,mapÚ��6þWc,map.
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step2(b): òstep2(a)¦�A5ãþ�OØ'prc,map!�Çηc,mapÚ��6þWc,map�

\e¡�úª(8)§?����ØíÅÜ�(º÷!CDFS)�OØ'!�ÇÚ��6þµ
prc = Cpr(prc,map − 1)(1 + kpr

100
α) + 1

ηc = Cηηc,map(1 +
k2η
100
α)

Wc = CWWc,map(1 + kw
100
α)

(8)

Ù¥§kpr!kw!kη©OL«OØ'!�ÇÚ��6þ�?�Xê"º÷!CDFS �n�

�kpr!kw!kηþ©O�1§1,0.01¶CDFS���Cz��µ−5◦ ≤ α ≤ 35◦§º÷���

�Cz��µ−5◦ ≤ α ≤ 15◦§�º÷!CDFS�Cpr!Cη!CW ©O�µ
Cpr = 2.3894

Cη = 1.0684

CW = 0.4950

,


Cpr = 0.3059

Cη = 1.0999

CW = 0.1500

step3: O�ØíÅÜ�(º÷!CDFS)Ñ�ëêµ

step3(a): O�ØíÅÜ�(º÷!CDFS)Ñ�oØµp∗out = p∗in · prc¶

step3(b): O�ØíÅÜ�(º÷!CDFS)?��µψin = ψ(T ∗in)§?�óhin =

h(T ∗in)¶

step3(c): O�ØíÅÜ�(º÷!CDFS)Ñ�n��µψout,ei = ψin + R
M
lnprc§ù

pM = 1§R´íN~ê¶

step3(d): dØíÅÜ�(º÷!CDFS)Ñ�n��ψout,ei = ψ(T ∗out,ei)§O�ØíÅ

ÑÜ�(º÷!CDFS)�n�o§µT ∗out,ei¶

step3(e): O�ØíÅÜ�(º÷!CDFS)Ñ�n�óµhout,ei = h(T ∗out,ei)¶

step3(f): de¡�úª(9)§O�ØíÅÜ�(º÷!CDFS)Ñ�ó¶

ηc =
hout,ei − hin
hout − hin

(9)

step3(g): dØíÅÜ�(º÷!CDFS)Ñ�n�óµhout = h(T ∗out)¦ØíÅÜ�(º

÷!CDFS)Ñ�o§µT ∗out¶
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step3(h): de¡�úª(10)§O�ØíÅÜ�(º÷!CDFS)6þµ

Wa = Wc ·

√
T ∗in,d
T ∗in
· p
∗
in

p∗in,d
(10)

�
Qã��B§e¡©ü��¬5éCÌ�uÄÅº÷ÚCDFS�Ñ�o§!o

ØÚ6þO�(J?1`²"

5.2.1 CÌ�uÄÅº÷Ñ�o§!oØÚ6þO�(J

step1: |^O�úª(6)§O���º÷��=�nfs,cor = 1.0316.

step2: Äk?1step2(a)§|^N¹4¥�Ñ�º÷�A5êâ"|^�5��{(�

N¹¥§S2)§O�ÑØíÅº÷���=��nfs,cor = 1.0316!Ø'¼ê��zzfs =

0.5��A5ãþ�º÷�OØ'prfs,c,map = 2.1702!�Çηfs,c,map = 0.7866Ú��6

þWfs,c,map = 104.1600.

,�?1step2(b)§òstep2(a) ¦�A5ãþ�OØ'µprfs,c,map = 2.1702!�

Çηfs,c,map = 0.7866Ú��6þWfs,c,map = 104.1600�\úª(8)§?����º÷�

OØ'prfs,c = 3.7961!�Çηfs,c = 0.8404Ú��6þWfs,c = 139.5745.

step3: Ï�º÷?í��oØpfs,inCq�u?í�Ñ�oØp
∗
1 = 0.3447§=pfs,in =

0.3447.

dstep3(a)§O�º÷Ñ�oØµ

p∗fs,out = p∗fs,in · prfs,c = 1.3084

qº÷�?�o§T ∗fs,inCq�u?í�Ñ�o§T
∗
1 = 244.3812§=T ∗fs,in = T ∗1 =

244.3812.

dstep3(b)§�O�Ñº÷?��ψfs,inÚ?�óhfs,inµψfs,in = ψ(T ∗fs,in) = 6.4990e+

003§hfs,in = h(T ∗fs,in) = −5.3808e+ 004.

dstep3(c)§�O�Ñº÷Ñ��n��µψfs,out,ei = ψfs,in + R
M
lnprc = 6.8818e +

003§ùpM = 1§R = 287.

2dstep3(d)9e¡��§

ψfs,out,ei = T ∗fs,out,ei
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)�º÷Ñ�n�o§µT ∗fs,out,ei = 358.0404.

dstep3(e)§�±O�Ñº÷Ñ�n�óµ

hfs,out,ei = h(T ∗fs,out,ei)

dstep3(f)¥úª(9)§��e¡���úª(11)µ

ηfs,c =
hfs,out,ei − hfs,in
hfs,out − hfs,in

(11)

)Ñº÷Ñ�óµ

hfs,out = 8.1787e+ 004

dstep3(g)9e¡��§µ

hfs,out = h(T ∗fs,out)

º÷Ñ�o§µT ∗fs,out = 379.4859.

��§dstep3(h)¥úª(10)§��O�º÷Ñ�6þ�O�úª(12)µ

Wfs,out = Wfs,c ·

√
T ∗fs,in,d
T ∗fs,in

·
p∗fs,in
p∗fs,in,d

(12)

�\ê�§)�µWfs,out = 19.0456.

�d§���ª�O�(Jµ

º÷Ñ��o§: T ∗fs,out = 379.4859.

º÷Ñ��oØ: p∗fs,out = 1.3084.

º÷Ñ��6þ: Wfs,out = 19.0456.

5.2.2 CÌ�uÄÅCDFSÑ�o§!oØÚ6þO�(J

step1: |^O�úª(6)§O���CDFS��=�nCDFS,cor = 1.0096.

step2: Äk?1step2(a)§|^N¹4¥¤�Ñ�CDFS�A5êâ9�5��{(�

N¹¥§S3)§O�ÑØíÅCDFS���=�nCDFS,cor�1.0096!Ø'¼ê�zzCDFS�

0.5��A5ãþ�CDFS�OØ'prCDFS,c,map = 2.2304!�ÇηCDFS,c,map = 0.7964Ú

��6þWCDFS,c,map = 291.7935.
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,�?1step2(b)§òstep2(a)¦�A5ãþ�OØ'µprCDFS,c,map = 2.2304!�

ÇηCDFS,c,map = 0.7964Ú��6þWCDFS,c,map = 291.7935�\úª(8)§?���CDFS

�OØ'prCDFS,c = 1.3764!�ÇηCDFS,c = 0.8759Ú��6þWCDFS,c = 43.7690.

step3: Ï�CDFS?í��oØpCDFS,inCq�uº÷Ñ�oØp
∗
fs,out = 1.3084§

=pCDFS,in = 1.3084.

dstep3(a)§O�CDFSÑ�oØµ

p∗CDFS,out = p∗CDFS,in · prCDFS,c = 1.8009

qCDFS�?�o§T ∗CDFS,inCq�uº÷Ñ�o§T
∗
fs,out = 379.4859§=T ∗CDFS,in =

379.4859.

dstep3(b)§�O�ÑCDFS?��ψCDFS,in Ú?�óhCDFS,inµ

ψCDFS,in = ψ(T ∗CDFS,in) = 6.9405e+ 003, hCDFS,in = h(T ∗CDFS,in) = 8.1787e+ 004

dstep3(c)§�O�ÑCDFSÑ��n��µψCDFS,out,ei = ψCDFS,in + R
M
lnprc =

7.0322e+ 003§ùpM = 1§R = 287.

2dstep3(d)9e¡��§

ψCDFS,out,ei = T ∗CDFS,out,ei

)�CDFSÑ�n�o§µT ∗CDFS,out,ei = 415.4430.

dstep3(e)§�±O�ÑCDFSÑ�n�óµhCDFS,out,ei = h(T ∗CDFS,out,ei).

dstep3(f)¥úª(9)§��e¡���úª(13)µ

ηCDFS,c =
hCDFS,out,ei − hCDFS,in
hCDFS,out − hCDFS,in

(13)

)ÑCDFSÑ�óµhCDFS,out = 1.2336e+ 005.

dstep3(g)9¡��§µ

hCDFS,out = h(T ∗CDFS,out)

CDFSÑ�o§µT ∗CDFS,out = 420.5204.
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��§dstep3(h)¥úª(10)§��O�CDFSÑ�6þ�O�úª(14)µ

WCDFS,out = WCDFS,c ·

√
T ∗CDFS,in,d
T ∗CDFS,in

·
p∗CDFS,in
p∗CDFS,in,d

(14)

�\ê�§)�µWCDFS,out = 17.1606.

�d§���ª�O�(Jµ

CDFSÑ��o§: T ∗CDFS,out = 420.5204.

CDFSÑ��oØ: p∗CDFS,out = 1.8009.

CDFSÑ��6þ: WCDFS,out = 17.1606.

5.2.3 éëênLÚnH�(¯Ý©Û

3¯K(2)¥§3º÷�Ôn=�nLÚCDFS�Ôn=�nHÑ�½�~ê0.95§¦�


º÷ÚCDFS�Ñ�o§!oØÚ6þ�(��©5.2.1Ú5.2.2).�´¢S¥nLÚnH 

 ´�O�Úýÿ�§X�í�Ý!�íØå!�í§Ý�^��C§nLÚnH���¬

�A�UC.ÏdJÑù��ü�¯Kµ

¯K1µ�nLÚnHùü�êk��½ö�Üu)Cz�§®¦��¯K(2)¥�º

÷ÚCDFS�Ñ�o§!oØÚ6þ�¬k�oCz?

¯K2µ�nLÚnH3�o��SCz�§̄ K(2)¥�º÷ÚCDFS�Ñ�o§!o

ØÚ6þ�ØC?

3�©¥§=�Äþ¡�¯K1�/�(¯Ý©Û.���/§3¯K(2)¥�nL§nH

ùü�êk��½ö�Üu)Cz�§®¦��¯K(2)¥�º÷ÚCDFS�Ñ�o§!

oØÚ6þ���¬u)Cz"

e¡ÒnLÚnHùü�êÑÓ�u)Cz��¹�?Ø"

�nLÚnHÑu)Cz§=n′L = nL + ∆nL§n′H = nH + ∆nH§Ù¥µnLÚnHL«

Ð©�§∆nLÚ∆nHL«Czþ§n′LÚn′HL«Cz����"�©�ïÄ
nLÚnHÑ

u)Cz�Cz��l0 ∼ 1§Cz��0.05.ù��)
21|Ð�nL ÚnH :

0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45,

0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1.00 (15)
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|^¯K(2)¥�®�^�§�IònLÚnH����g�¤(15)¥�Ð�§,�|^N

¹�¥���§S2?1O����Au¯K(2)�º÷ÚCDFS�Ñ�o§!oØÚ6

þ�§�e¡�L2µ

L2: ØÓÐ�nLÚnHéAu¯K(2)�º÷ÚCDFS�Ñ�o§!oØÚ6þ�

nLÚnH T ∗fs,out p∗fs,out Wfs,out T ∗CDFS,out p∗CDFS,out WCDFS,out.

0.00 376.060575 1.045240 19.045574 412.246472 1.587105 17.161271

0.05 376.453622 1.072930 19.045574 413.049758 1.608517 17.161271

0.10 376.669435 1.098257 19.045574 413.854371 1.629930 17.161271

0.15 376.651484 1.121457 19.045574 414.662028 1.651343 17.161271

0.20 377.270917 1.151271 19.045574 415.502047 1.672756 17.161271

0.25 377.520556 1.176838 19.045574 416.330440 1.694106 17.161271

0.30 377.919177 1.204285 19.045574 417.154777 1.715363 17.161271

0.35 377.909513 1.225366 19.045574 417.975647 1.736633 17.161271

0.40 378.358762 1.253056 19.045574 418.816755 1.758046 17.161271

0.45 378.618939 1.277130 19.045574 419.662002 1.779459 17.161271

0.50 379.485855 1.308437 19.045574 420.520352 1.800872 17.160584

0.55 379.569978 1.330144 19.045574 421.414091 1.822283 17.157862

0.60 380.151268 1.356964 19.045574 422.339685 1.843638 17.151159

0.65 380.794697 1.383161 19.040992 423.346645 1.864932 17.133079

0.70 381.815902 1.411290 19.019466 424.435386 1.886249 17.104682

0.75 382.712783 1.436707 18.986721 425.623984 1.907595 17.061873

0.80 383.141290 1.458267 18.961750 426.912798 1.928974 17.000535
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0.85 395.074551 1.487860 17.313166 428.277714 1.950387 16.918389

0.90 386.985562 1.514292 18.721513 429.733623 1.971836 16.810708

0.95 392.465789 1.539687 18.197587 431.324515 1.993136 16.659957

1.00 396.518251 1.565947 18.145378 433.017005 2.014430 16.483407

lL2¥�±�wÑ§nLÚnHÑu)Cz�Cz��l0 ∼ 1§ÅgO\��0.05�§

T ∗fs,out!p∗fs,out !Wfs,out !T ∗CDFS,out !p∗CDFS,out !WCDFS,out���©O3

376.060575 ∼ 396.518251

1.045240 ∼ 1.565947

18.145378 ∼ 19.045574

412.246472 ∼ 433.017005

1.587105 ∼ 2.014430

16.483407 ∼ 17.161271

��SÅÄ"�XnLÚnH���ÅìO��A�T
∗
fs,out!p

∗
fs,out!T

∗
CDFS,out!p

∗
CDFS,out�

��Ñ´¥Ø~�(O\½�±ØC)¶�XnLÚnH���ÅìO��A�º÷ÚCDFS

�Ñ�6þWfs,out!WCDFS,out ���Ñ´¥ØO�(~�½�±ØC)"

*	�L2¥��ê��ÅÄ��Ø²w§=nLÚnHùü�êk��½ö�Üu)

Cz�§®¦��¯K(2)¥�º÷ÚCDFS�Ñ�o§!oØÚ6þ�Ø¬�)��

CÄ§O�(J�~Ð"

5.3 CÌ�uÄÅ�Óó�²ï�§�­�êÆ�.

5.3.1 ­�êÆ�.

À^�Á^ëê�µpØ=f=�nH!º÷Ø'¼ê�ZCL!Ø%°Äº÷?Ø'

¼ê�ZCDFS!pØØíÅØ¼ê�'CCH!Ì-�¿Ñ�§ÝT
∗
4!pØµÓØ'¼ê

�ZTH!$ØµÓØ'¼ê�ZTL. éùÔ���þAïáÔ�Õá�§5¦)"
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ü�­�Uþ²ï�§µ

(a) $Ø¶õÇ²ï�§

NCL −NTLηmL = 0 (16)

Ù¥NCL´º÷�ÑõÇ§NTL´$ØµÓuÑõÇ§ηmL = 0.99�¥m¶Å��Ç"

e¡éù�úª?1�[�Lã"

NCL = Nfs,CL = Wfs,a · lfs,c

= Wfs,c ·

√
T ∗fs,in,d
T ∗fs,in

·
p∗fs,in
p∗fs,in,d

(hfs,out − hfs,in)

= 0.495Wfs,c,map ·
√

288.15

T ∗fs,in
·
p∗fs,in

1.01325

(hfs,out,ei − hfs,in)

ηfs,c

= 0.495Wfs,c,map ·
√

288.15

T ∗fs,in
·
p∗fs,in

1.01325

h(T ∗fs,out,ei)− h(T ∗fs,in)

1.0684ηfs,c,map

0.99NTL = 0.992Wg,TL · lTL,T

= 0.992Wc,TL ·

√
T ∗TL,in,d
T ∗TL,in

·
p∗TL,in
p∗TL,in,d

= 0.992 × 0.3881 ·Wc,TL,map ·
√

1.5405e+ 003

T ∗TL,in
·
p∗TL,in

11.3371

=
0.992 × 0.3881

11.3371
·Wc,TL,map ·

√
1.5405e+ 003

T ∗TL,out
· p∗TL,out

=
0.992 × 0.3881

11.3371
·Wc,TL,map ·

√
1.5405e+ 003

T ∗TL,out
·
p∗TL,in
prTL,c

=
0.992 × 0.3881

11.3371
·Wc,TL,map ·

√
1.5405e+ 003

T ∗TL,out
· p∗4

1 + 1.5342[prTL,c,map − 1]

Ïd§úª(16)C/�e¡��§(16)′:

0.495Wfs,c,map ·
√

288.15

T ∗fs,in
·
p∗fs,in

1.01325

h(T ∗fs,out,ei)− h(T ∗fs,in)

1.0684ηfs,c,map

=
0.992 × 0.3881

11.3371
·Wc,TL,map ·

√
1.5405e+ 003

T ∗TL,out
· p∗4

1 + 1.5342[prTL,c,map − 1]
(16)′

(b) pØ¶õÇ²ï�§

NCH +NCDFS −NTHηmH = 0 (17)
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Ù¥NCHÚNCDFS©O´pØØíÅÚCDFS��ÑõÇ§NTH´pØµÓuÑõÇ§

ηmH = 0.99´p�¶�Å��Ç"e¡éù�úª?1�[�Lã"

NCH = WCH,a · lCH,c

= WCH,c ·

√
T ∗CH,in,d
T ∗CH,in

·
p∗CH,in
4.8860

(hCH,out − hCH,in)

= WCH,c ·
√

473.60391

T ∗CH,in
·
p∗CH,in
4.8860

(hCH,out − hCH,in)

= 0.38462WCH,c,map ·
√

473.60391

T ∗CDFS,out
·
p∗CH,in
4.8860

(hCH,out,ei − hCH,in)

ηCH,c

= 0.38462WCH,c,map ·
√

473.60391

T ∗CDFS,out
·
p∗CH,in
4.8860

·
h(T ∗CH,out,ei)− h(T ∗CH,in)

1.0719 · ηCH,c,map

Ù¥§T ∗CH,in = T ∗CDFS,out.

NCDFS = WCDFS,a · lCDFS,c

= WCDFS,c ·

√
T ∗CDFS,in,d
T ∗CDFS,in

·
p∗CDFS,in
p∗CDFS,in,d

(hCDFS,out − hCDFS,in)

= 0.15WCDFS,c,map ·
√

4228.56862609

T ∗CDFS,in
·
p∗CDFS,in
3.5464

(hCDFS,out,ei − hCDFS,in)

ηCDFS,c

= 0.15WCDFS,c,map ·
√

4228.56862609

T ∗fs,out
·
p∗fs,out
3.5464

h(T ∗CDFS,out,ei)− h(T ∗CDFS,in)

1.0999ηCDFS,c,map

= 0.15WCDFS,c,map ·
√

4228.56862609

T ∗fs,out
·
p∗fs,out
3.5464

h(T ∗CDFS,out,ei)− h(T ∗fs,out)

1.0999ηCDFS,c,map

0.99NTH = 0.992 ·WTH,g · lTH,T

= 0.992 ·WTH,g · (hTH,in − hTH,out)

= 0.992WTH,c ·

√
T ∗TH,in,d
T ∗TH,in

·
p∗TH,in
p∗TH,in,d

(hTH,in − hTH,out)

= 0.992 · 13.2121 ·WTH,c,map ·
√

1850

T ∗TH,in
·
p∗TH,in

28.7297
[h(T ∗TH,in, fb)− h(T ∗TH,out, fb)]

= 0.992 · 13.2121 ·WTH,c,map ·

√
1850

T ∗4
· p∗4

28.7297
[h(T ∗4 , 0.0291)− h(T ∗TH,out, 0.0291)]
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Ïd§úª(17)C/�e¡��§(17)′:

0.38462WCH,c,map ·
√

473.60391

T ∗CDFS,out
·
p∗CH,in
4.8860

·
h(T ∗CH,out,ei)− h(T ∗CH,in)

1.0719 · ηCH,c,map

+0.15WCDFS,c,map ·
√

4228.56862609

T ∗fs,out
·
p∗fs,out
3.5464

h(T ∗CDFS,out,ei)− h(T ∗fs,out)

1.0999ηCDFS,c,map

= 0.992 · 13.2121 ·WTH,c,map ·

√
1850

T ∗4
· p∗4

28.7297
[h(T ∗4 , 0.0291)− h(T ∗TH,out, 0.0291)] (17)′

Ù¥§T ∗TH,outde¡��§(½µ

prTH,c = [1− (1−
T ∗TH,out
T ∗4

)/ηc]
−CP

R

prTH,c = 1.5342 · (prTH,c,map − 1) + 1, ηTH,c = 1.0121 · ηTH,c,map

­��Óó��§¥�Ê��þ6þ²ï�§�µ

(c) pØµÓ?��¡6þ²ï�§

Wg41 −W ′
g41 = 0 (18)

Ù¥Wg41´pØµÓ?��¡íN6þ§=Ì-�¿Ñ�íN6þÚe%�í6þ§

W ′
g41´ÏLpØµÓA5êâ�5�����pØµÓ6þ§ùp�Ñe%��í6

þ"e¡éù�úª?1�[�Lã"

Wg41 = WTH,g,in = WTH,c ·

√
T ∗TH,in,d
T ∗TH,in

·
p∗TH,in
p∗TH,in,d

= 13.2121WTH,c,map ·
√

1850

T ∗TH,in
·
p∗TH,in

28.7297

= 13.2121WTH,c,map ·

√
1850

T ∗4
· p∗4

28.7297

= 13.2121WTH,c,map ·

√
1850

T ∗4
· 0.98p∗3in

28.7297

=
13.2121× 0.98

28.7297
·WTH,c,map ·

√
1850

T ∗4
· p∗CH,in · prCH,c

=
13.2121× 0.98

28.7297
·WTH,c,map ·

√
1850

T ∗4
·
p∗TH,in
prTH,c

=
13.2121× 0.98

28.7297
·WTH,c,map ·

√
1850

T ∗4
· p∗CH,in[0.9119(prCH,c,map − 1) + 1]
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Ïd§úª(18)C/�e¡��§(18)′:

W ′
g41 =

13.2121× 0.98

28.7297
·WTH,c,map ·

√
1850

T ∗4
· p∗CH,in[0.9119(prCH,c,map − 1) + 1] (18)′

(d) $ØµÓ?��¡6þ²ï�§

Wg45 −W ′
g45 = 0 (19)

Ù¥Wg41´$ØµÓ?��¡6þ§dÌ-�¿Ñ�íN6þÚe%�í6þO��

�§W ′
g41´ÏL$ØµÓA5êâ�5�����$ØµÓ6þ§ùp�Ñe%��í

6þ"e¡éù�úª?1�[�Lã"

Wg45 = WTL,g,in = WTH,g41,in

= WTL,c ·

√
T ∗TL,in,d
T ∗TL,in

·
p∗TL,in
p∗TL,in,d

= 0.3881WTL,c,map ·
√

1.5405e+ 003

T ∗TL,in
·
p∗TL,in

11.3371

=
0.3881

11.3371
·WTL,c,map ·

√
1.5405e+ 003

T ∗TH,out
· p∗TH,out

=
0.3881

11.3371
·WTL,c,map ·

√
1.5405e+ 003

T ∗TH,out
·
p∗TH,in
prTH,c

=
0.3881

11.3371
·WTL,c,map ·

√
1.5405e+ 003

T ∗TH,out
· p∗4
prTH,c

=
0.3881

11.3371
·WTL,c,map ·

√
1.5405e+ 003

T ∗TH,out
·

0.98p∗3,in
1.5342(prTH,c,map−1)+1

Ïd§úª(19)C/�e¡��§(19)′:

W ′
g45 =

0.3881

11.3371
·WTL,c,map ·

√
1.5405e+ 003

T ∗TH,out
·

0.98p∗3,in
1.5342(prTH,c,map−1)+1

(19)′

(e) �·Üì·Ø²ï�§

p61 − p62 = 0 (20)

Ù¥p61Úp62©O´�·ÜìS!	º�£Ì	º�¤�·Ø§�öA²ï.e¡éù�
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úª?1�[�Lã"d

p61 = π(λ61)p∗out,TL

= π(λ61)
p∗in,TL
prc,TL

= π(λ61)
p∗out,TH
prc,TL

= π(λ61)
p∗in,TH

prc,TLprc,TH

= π(λ61)
p∗4

prc,TLprc,TH

Úúª(20)p61 = p62��µ

π(λ61)
p∗4

prc,DWprc,TH
= π(λ62)p∗15 (20)′

(f) º÷Ñ�6þ²ï�§

Wa2 −Wa21 −Wa13 = 0 (21)

Ù¥º÷Ñ��6þWa2©6�B	º6þWa1ÚCDFS?�6þWa13§nö�mA�

3²ï'X"B	º6þWa13´UN�1¥c·Üì�k'úªO�Ñ�"e¡éù�

úª?1�[�Lã"

Äk§w,kµWa13 = Wg225!Wa21 = Wg125 +WCH .Ù¥µ

Wg125 = km
p∗125√
T ∗125

A125q(λ125)

= km
0.98P ∗out,CDFS√

T ∗out,CDFS
A125q(λ125)

WCH = Cw,CHCw,map,CH

√
T ∗in,d,CH
T ∗in,CH

P ∗in,CH
P ∗in,d,CH

= Cw,CHCw,map,CH

√
T ∗in,d,CH
T ∗out,CDFS

P ∗out,CDFS
P ∗in,d,CH

Wa2 = Wfs,c

√
T ∗fs,in,d
T ∗in

·
p∗fs,in
p∗fs,in,d

= Cfs,WWfs,c,map(1 +
kw
100

α) ·

√
T ∗fs,in,d
T ∗in

·
p∗fs,in
p∗fs,in,d

= 0.4950Wfs,c,map

√
T ∗fs,in,d
T ∗in

·
p∗fs,in
p∗fs,in,d
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Wa13 = Wg225 = km
p∗225√
T ∗225

A225q(λ225)

= km
p∗225√
T ∗225

· (1.8395e+ 003) · q(λ225)

= km
p225

π(λ225)
√
T ∗225

· (1.8395e+ 003) · q(λ225)

= km
p125

π(λ225)
√
T ∗225

· (1.8395e+ 003) · q(λ225)

= km
p∗125π(λ125)

π(λ225)
√
T ∗225

· (1.8395e+ 003) · q(λ225)

=
Wa21

A125q(λ125)
·
√
T ∗125π(λ125)

π(λ225)
√
T ∗225

· A225 · q(λ225)

= 0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464

·A225

A125

π(λ125)q(λ225)

π(λ225)q(λ125)
·
√
T ∗CDFS,out√
T ∗225,out

= 0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464

·A225

A125

π(λ125)q(λ225)

π(λ225)q(λ125)
·
√
T ∗CDFS,out√
T ∗225,in

= 0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464

·A225

A125

π(λ125)q(λ225)

π(λ225)q(λ125)
·
√
T ∗CDFS,out√
T ∗fs,out

Wa21 = Wa2,in = WCDFS,c

√
T ∗CDFS,in,d
T ∗CDFS,in

·
p∗CDFS,in
p∗CDFS,in,d

= WCDFS,c

√
428.56862609

T ∗CDFS,in
·
p∗CDFS,in
3.5464

= 0.15WCDFS,c,map

√
428.56862609

T ∗CDFS,in
·
p∗CDFS,in
3.5464

= 0.15WCDFS,c,map(ncor,zz)

√
428.56862609

T ∗CDFS,in
·
p∗CDFS,in
3.5464

= 0.15WCDFS,c,map(ncor,zz)

√
428.56862609

T ∗fs,out
·
p∗fs,out
3.5464

= 0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464
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Ïd§úª(21)C/�e¡��§(21)′:

0.4950Wfs,c,map

√
T ∗fs,in,d
T ∗in

·
p∗fs,in
p∗fs,in,d

= 0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464

+0.15WCDFS,c,map

√
428.56862609

T ∗fs,out
·
p∗fs,out · prfs,c

3.5464

·A225

A125

π(λ125)q(λ225)

π(λ225)q(λ125)
·
√
T ∗CDFS,out√
T ∗fs,out

(21)′

(g) ��+¡È²ï�§

A8 − A′8 = 0 (22)

Ù¥A′8��½���+8�¡�¡È§ùpA′8 = 9.5544e+ 003�UN¹1��+�k'

úªO�Ñ���+8�¡�¡È§�öA��"¢Sþ§3¯K(2) �®�^�¥§®

�A8 = 9.5544e+ 003§¤±þ¡��§(22)´ð�ª§3ùpÒØ�ÄTúª��dC

/"

uÄÅ��¡6þW§·Øp§�¡¡ÈA§̂ =Ü�õÇN��nH!ZCL!ZCDFS!

ZCH!T
∗
4!ZTH!ZTL���5¼ê§äN��5'XduÄÅÜ�O�êÆ�.Ú

Ü�A5û½"ù�uÄÅ­��.�L«���dù
²ï'X(½���5�§

|(23)µ

fi(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = 0 i = 1, 2, 3, 4, 5, 6, 7 (23)

ÏL­��Óó��§��åÚéX§3øhþ�½�éuÄÅ­�ó�G�:�(

½Ò=z�)�|±nH!ZCL!ZCDFS!ZCH!T
∗
4!ZTH!ZTL�ÕáCþ���5�§

|¦)�¯K"

þã��5�§|Ú�A�Ü�A5�N
uÄÅS3íÄ9å��A5§´é

uÄÅù�E,íÄ9åé��Ä�êÆ£ã§Ó�qäk²(�Ôn¹Â"e�ÏL

êÆ£ã¼�uÄÅ�9åëê§̄ KÒ=z¤¦)êÆ'Xª§ùÒ´uÄÅÜ�?

�.ï����¤3"

5.3.2 ­��Óó��§�¦)
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Ê�uÄÅ�Óó��§^�|�N�þ6þ²ïÚUþ²ï���5�§5£

ã"3�½Õáß�CþÚ��þ�§­��.�¦)Ò¤���5�§|¦)�¯

K"

��5�§|¦)���{kÚî¨.ÅÜ{(Newton − Raphson§{P�N −

R)!N+1:íþ{![Úî{(ÙÛ�{broyden)!��eü{(FÝ{)!¢D�{"N−

R{ÚN + 1:íþ{´A^��2��ü«�{"�©æ^N −R S�{5¦)��

5�§|§§±S��ª¦)��5�§|§Äk�Ñ�|Ðß��\�§|O�§�

Ñ�|Ø��§,�^Ø���?�Ðß�§2O�§2?�§��Ø��ýé�÷v

�½�°Ý�¦§=¦�
�§|�)"

5.3.2.1 Úî-.ÅÜ{(Newton−Raphson)©Û

Úî�.ÅÜ{�Ä�g�´ò��5¼êU�V(Taylor)?êÐm§���Cq

/¤gCþ�S�Ïª"

���5�§|F (X) = 0

Ù¥: X = (x1, x2, · · · , xn)T F (X) = [f1(X), f2(X), · · · , fn(X)]T ,

¼êF (X)3Xk:?��V(Taylor)Ðm:

F (Xk+1) = F (Xk) +
∂F (Xk)

∂X
(Xk+1 −Xk) +

1

2

∂2F (Xk)

∂X2
(Xk+1 −Xk)

2 + · · ·

���Cq F (Xk+1) = F (Xk) + ∂F (Xk)
∂X

(Xk+1 −Xk)

êÆC�� Xk+1 = Xk − [∂F (Xk)
∂X

]−1[F (Xk+1)− F (Xk)]

-F (Xk+1) = 0§�Úî-.ÅÜ{�S�Ïª:

Xk+1 = Xk − [DF (Xk)]
−1 × Ek (24)

Ù¥

Xk = (xk1, x
k
2, · · · , xkn)T

Ek = (ek1, e
k
2, · · · , ekn)T = [f1(Xk), f2(Xk), · · · , fn(Xk)]

T
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DF (Xk) =



∂f1
∂x1

∂f1
∂x2
· · · · · · ∂f1

∂xn

∂f2
∂x1

∂f2
∂x2
· · · · · · ∂f2

∂xn

· · · · · · · · · · · · · · ·
∂fn
∂x1

∂fn
∂x2
· · · · · · ∂fn

∂xn


(25)

DF (Xk) �êÝ
¡�ä�'(Jacobi)Ý
§Ek = F (Xk)´Ø�Ý
(íþ)"

¦)��5�§|�§�½,�Ð©�X0§�\��5�§|§��Ø�Ý
E0§

UþãS�Ïª§B�¦�#�gCþX1§rX1w�#Ð©�§2�\��5�§|§

��Ø�Ý
E1§US�ÏªO�#�gCþX2§�daí§Ì�S�§��Ø�Cþ

÷v�½�°Ý�¦§Ê�S�"

uÄÅ�.O�¥§Ã{¼� �êÝ
�)Ûª§O��~±�©O��©"�

æ^c��©�Oä�'Ý
��©��§S�L�ª�:

(−e1, · · · ,−en)T =


∆f1
∆x1
· · · ∆f1

∆xn

...
...

∆fn
∆x1
· · · ∆fn

∆xn

 (∆x1, · · · ,∆xn)T (26)

þª�S�Oþ∆X��5�ê�§|§lT�5�§|¦)ÑS�Oþ∆X§=��

âXk+1 = Xk + ∆X§(½N���gCþXk+1.

5.3.2.2 uÄÅ²ï�§�Úî-.ÅÜ{(Newton−Raphson)�{¦)

�uÄÅ�.Ûª/ª�(�w¼ê)��5�§|�µ

f1(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = ηmLNTL/NCL − 1 = 0

f2(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = (NCH +NCDFS)/(NTHηmH)− 1 = 0

f3(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = Wg41/W

′
g41 − 1 = 0

f4(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = Wg45/W

′
g45 − 1 = 0

f5(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = p61/p62 − 1 = 0

f6(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = (Wa21 +Wa13)/Wa2 − 1 = 0

f7(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = A8/A

′
8 − 1 = 0

(27)
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3¯K(3)¥§®���+ú�¡ÈA8 = 9.5544e+ 003§¤±A8 = A′8§l
uÄÅ

�.��5�§|(27)¥������§µ

f7(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = A8/A

′
8 − 1 = 0

ð¤á§Ï
uÄÅ�.��5�§|(27)�±�d�=z���5�§|�§|(28)§

Xe¤«µ

f1(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = ηmLNTL/NCL − 1 = 0

f2(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = (NCH +NCDFS)/(NTHηmH)− 1 = 0

f3(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = Wg41/W

′
g41 − 1 = 0

f4(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = Wg45/W

′
g45 − 1 = 0

f5(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = p61/p62 − 1 = 0

f6(nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL) = (Wa21 +Wa13)/Wa2 − 1 = 0

(28)

òc©¥í��ØíÅ�Óó��§|��dúª(16)′ − (21)′�\þ¡��§|(28)§

��w«�§|(28)′§Xeµ

0.495Wfs,c,map ·
√

288.15
T ∗
fs,in
· p∗fs,in

1.01325

h(T ∗
fs,out,ei)−h(T ∗

fs,in)

1.0684ηfs,c,map

= 0.992×0.3881
11.3371

·Wc,TL,map ·
√

1.5405e+003
T ∗
TL,out

· p∗4
1+1.5342[prTL,c,map−1]

0.38462WCH,c,map ·
√

473.60391
T ∗
CDFS,out

· p
∗
CH,in

4.8860
· h(T ∗

CH,out,ei)−h(T ∗
CH,in)

1.0719·ηCH,c,map

+0.15WCDFS,c,map ·
√

4228.56862609
T ∗
fs,out

· p
∗
fs,out

3.5464

h(T ∗
CDFS,out,ei)−h(T ∗

fs,out)

1.0999ηCDFS,c,map

= 0.992 · 13.2121 ·WTH,c,map ·
√

1850
T ∗
4
· p∗4

28.7297
[h(T ∗4 , 0.0291)− h(T ∗TH,out, 0.0291)]

W ′
g41 = 13.2121×0.98

28.7297
·WTH,c,map ·

√
1850
T ∗
4
· p∗CH,in[0.9119(prCH,c,map − 1) + 1]

W ′
g45 = 0.3881

11.3371
·WTL,c,map ·

√
1.5405e+003
T ∗
TH,out

· 0.98p∗3,in
1.5342(prTH,c,map−1)+1

π(λ61)
p∗4

prc,DW prc,TH
= π(λ62)p∗15

0.4950Wfs,c,map

√
T ∗
fs,in,d

T ∗
in
· p∗fs,in
p∗fs,in,d

= 0.15WCDFS,c,map

√
428.56862609
T

∗fs,out · p
∗
fs,out·prfs,c

3.5464

+0.15WCDFS,c,map

√
428.56862609
T

∗fs,out · p
∗
fs,out·prfs,c

3.5464
· A225

A125

π(λ125)q(λ225)
π(λ225)q(λ125)

·
√
T ∗
CDFS,out√
T ∗
fs,out

(28)′

29



þ¡��§|(28)′¥�,
Cþ�O�ò÷ve¡��§|(28)′′.

Wg225 +Wg125 = Wg15

Wg225h225 +Wg125h125 = Wg15h15

p∗225f(λ225)A225 + p∗125f(λ125)A125 = p∗15f(λ15)A15

A15 = A225 + A125

Wg15 = km
p∗15√
T ∗
15

A15q(λ15)

Wg61 +Wg62 = Wg6

Wg61h61 +Wg62h62 = Wg6h6

p∗61f(λ61)A61 + p∗62f(λ62)A62 = p∗6f(λ6)A6

A6 = A61 + A62

Wg6 = km
p∗6√
T ∗
6

A6q(λ6)

ψin = ψ(T ∗in)

ψout,ei = ψin + R
M
lnprc

ψout,ei = ψ(T ∗out,ei)

hout,ei = h(T ∗out,ei)

(28)′′

Ù¥µf(λ), q(λ)�íÄ¼ê§Ù½Âë�N¹3.

-F (x) = [f1, f2, f3, f4, f5, f6]T , x = (nH , ZCL, ZCDFS, ZCH , T
∗
4 , ZTH , ZTL)T§̂ N −

R{¦)þãuÄÅ�.��5�§|(28)�S�ª�µ

x(k+1) = x(k) − J−1F (x(k)) (29)

Ù¥§x(k)�þ�Ú�Ðß)�þ§x(k+1)�S��g��?��þ§J�ä�'Ý
§Ù

¦)�{�µ

J(i, j) =
fi(k)|

xj=x
(k)
j +∆x

(k)
j
− fi(k)|

xj=x
(k)
j

∆x
(k)
j

(30)

=æ^c��©{§éÐßCþ?1�þ6Ä¦Ù �ê|¤ä�'Ý
"ä�'Ý


�1j�´3éxj?16ÄO�xj = x
(k)
j + ∆x

(k)
j §$1�g�.���|Ø��

fi(k)|
xj=x

(k)
j +∆x

(k)
j
§éu7�Ðß�§�$17g�."d	§��$1�g�.¦)
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fi(k)|
xj=x

(k)
j

. ¤±§��ä�'Ý
�I$1�.8g"3e¡�L3¥§�Ñ
^N −

R{¦)uÄÅ�Óó��§�­�êÆ�.��`)"

L3: uÄÅ�Óó��§�­��.�)

nH ZCL ZCDFS ZCH T ∗4 ZTH ZTL

0.90 0.5562 0.4835 0.5429 1545 0.5023 0.4745

�©3A^N − R{¦)CÌ�uÄÅ�­�ó���5�§|êÆ�.(28)�§

Äk
�Ñ�|ß�Cþx(0)�\�§|O�§�Ñ�|Ø��§,�^Ø���?�ß

�Cþ§2O�§2?�§��Ø��ýé�÷v�½�°Ý�¦§=���§|(28)�

)"��5¿�´§ÏLÀ�Ü·�Ðß�9Âñí�§�±�yuÄÅ­��.3�

��gêS(≤ 100) S�Âñ"

ä�'Ý
J�¦�´N−R{�'�§
§�¦)'�Ñ�"z¦)��ä�'Ý


§I�$1uÄÅ�.8g�",$�þé�§¦)�Ýú§�´êÆ©Û@�N−R�

Âñ�Ý�´�¯�§äk��Âñ�Ý"

5.4 CÌ�uÄÅ5U�`zõ8I5y�.

�©ù�Ü©§®�uÄÅ�1pÝH = 11km§�1êâêMa = 1.5§uÄÅæ

^üº��ª§ÀJ¹�¡È�A225 = 0§º÷���ÝαL = 0◦!pØØíÅ���

ÝαH = 0◦!pØµÓ���ÝαTH = 0◦§�·Üì¡ÈA6 = 2.8518e+ 004.

I��ïÄ)��¯KµuÄÅCDFS���ÝαCDFS!$ØµÓ���ÝαCH Ú

�+ú�¡ÈA8��õ��§�¦�uÄÅ�5U�`? �)ûd¯KI5¿�$Ø

=�ÚpØ=�����Ñ´1§Ì-�¿Ñ�§ÝØ�L2000.

5.4.1 CÌ�uÄÅ5Uëê©Û

5.4.1.1 íåëêF©Û

íåëêúªµF = Wgc9 −WaV + (p9 − p0)A9.
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íåëêúª¥kÔ�ëêµWg´uÄÅo-í6þ§�)?��í6þÚ-h

6þ�Ú§c9´��+Ñ�í6�Ý§Wa�o��í6þ, V´�1�Ý§p9 ´��+

Ñ�·Ø§p0 ´�í�¸·Ø§A9 ´��+Ñ�¡È"

e¡·�éíåëêúª¥�ëê�äNúª?1í�µ

1) ëêWg�í�µ

Ï�Wg´uÄÅo-í6þ§�)?��í6þÚ-h6þ�Ú§���Wg�µ

Wg = W0 +Wf (31)

Ù¥W0�?��í6þ§Wf�o��í6þ-h6þ"�
O�ÑWg§e¡·�©O

O�WfÚW0�L�ª"

(i) W0�O�L�ª:

W0 = km
p∗0√
T ∗0
A0q(λ) (32)

Ù¥km�6þXê§�

km =

√
γ

R
(

2

γ + 1
)
γ+1
γ−1 (33)

{zO�¥γ,R~~�½�.�í¥γ = 1.4, R = 287, km = 0.0404¶-í¥γ = 1.33, R =

287.31, km = 0.0397.p∗0�?í��íoØ§T
∗
0�?í��ío§§A0�?í��¡¡

È§q(λ)�íÄ¼êÙL�ª�

q(λ) = (
γ + 1

2
)

1
γ−1λ(1− γ − 1

γ + 1
λ2)

1
γ−1 (34)

Ù¥§λL«�ÝXê§λ > 0��êâMa÷v'Xªµ

λ2 =
γ+1

2
Ma2

1 + γ−1
2
Ma2

(35)

=

λ =

√
γ+1

2
Ma2

1 + γ−1
2
Ma2

(36)

òúª(33)!(34)!(35)!(36)�\úª(32)��W0��ªO�L�ª�µ

W0 =

√
γ

R
(

2

γ + 1
)
γ+1
γ−1 (

γ + 1

2
)

1
γ−1

√
γ+1

2
Ma2

1 + γ−1
2
Ma2

(1− (γ − 1)Ma2

2 + (γ − 1)Ma2
)

1
γ−1

p∗0A0√
T ∗0

(37)
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(ii) Wf�O�L�ªµ

Wf = Wa3 · fb (38)

Ù¥§Wa3�Ì-�¿?��í6þ§fb�âe¡�O�úª(½µ

fb =
h4 − h3

ξbHu + h3

(39)

Ù¥§h3Úh4©O�Ì-�¿?Ñ�ó§-��Çξb = 0.99§-h9�Hu = 42900000.

òúª(39)�\úª(38)��Wf��ªO�L�ª�µ

Wf = Wa3 ·
h4 − h3

ξbHu + h3

(40)

òúª(37)!(40)�\úª(31)��Wg��ªO�L�ª�µ

Wg =

√
γ

R
(

2

γ + 1
)
γ+1
γ−1 (

γ + 1

2
)

1
γ−1

√
γ+1

2
Ma2

1 + γ−1
2
Ma2

(1− (γ − 1)Ma2

2 + (γ − 1)Ma2
)

1
γ−1

p∗0A0√
T ∗0

+Wa3 ·
h4 − h3

ξbHu + h3

(41)

Ù¥§γ,R,Ma, ξb, Huþ�®�~ê§p
∗
0, T

∗
0 , A0, h3, h4þ�±L«�n�CþαCDFS§

αCH , A8�¼êê'Xª"

2) ëêc9�í�µ

c9 = ϕnz
√

2(h∗9 − h9) (42)

Ù¥µϕnz = 0.98§óh∗9Úóh9©Od��+Ñ�o§T
∗
9Ú·§T9¦Ñ§=µ

h9 = hair +
f

1 + f
hst, h

∗
9 = h∗air +

f

1 + f
h∗st (43)

Ù¥§f�hí'§hair, h
∗
air, hst, h

∗
st�±ÏLe¡(44)¥�o�ªfO���µ

hair = −0.30183674× 106 + 0.10489652× 104 × T9 − 0.23284057× T 2
9

+0.45288431× 10−3 × T 3
9 − 0.31308477× 10−6 × T 4

9

+0.11341362× 10−9 × T 5
9 − 0.21298087× 10−13 × T 6

9

+0.16363600× 10−17 × T 7
9
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h∗air = −0.30183674× 106 + 0.10489652× 104 × T ∗9 − 0.23284057× (T ∗9 )2

+0.45288431× 10−3 × (T ∗9 )3 − 0.31308477× 10−6 × (T ∗9 )4

+0.11341362× 10−9 × (T ∗9 )5 − 0.21298087× 10−13 × (T ∗9 )6

+0.16363600× 10−17 × (T ∗9 )7

hst = −0.11152575× 106 − 0.31020206× 103 × T9 + 2.9961197× T 2
9

−0.27934788× 10−2 × T 3
9 + 0.18746407× 10−5 × T 4

9

−0.73499597× 10−9 × T 5
9 + 0.15062602× 10−12 × T 6

9

−0.12510984× 10−16 × T 7
9

h∗st = −0.11152575× 106 − 0.31020206× 103 × T ∗9 + 2.9961197× (T ∗9 )2

−0.27934788× 10−2 × (T ∗9 )3 + 0.18746407× 10−5 × (T ∗9 )4

−0.73499597× 10−9 × (T ∗9 )5 + 0.15062602× 10−12 × (T ∗9 )6

−0.12510984× 10−16 × (T ∗9 )7 (44)

òúª(43)�\úª(42)��c9��ªO�L�ª�µ

c9 = ϕnz

√
2h∗air − 2hair +

2f

1 + f
(h∗st − hst) (45)

Ù¥µϕnz = 0.98§hair, h
∗
air, hst, h

∗
st÷vúª(44).

3) ëêWa�í�µ

duo��í6þWa�±Cq�w�Ú?��í6þW0��§¤±Wa�±ÏL

e¡�ªf?1CqO�µ

Wa ≈ W0 (46)

4) ëêV�í�µ

�1�ÝV§�±�âe¡�úªO�µ

V = Ma
√
γRT0 (47)
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Ù¥§Ma´�1êâê§γ�íNý9�ê(X�íγ = 1.4§γ = 1.33-í)§T0��í

·§Uúª(2)§O�R�íN~ê.RÚhí'k'§��^e¡��{O��-í�R:

bm = 28.9644(1− 0.0308764f);

mg =
1 + f + d

1+f
bm

+ d
18.01534

;

R =
8314.298

mg
;

Ù¥§f��-í�hí'§d��Ý"

��/§��Ý�0§hí'f�-í¥-h6þÚ�í6þ�'�"{zO�µ3

?í�!º÷!ØíÅ!CDFSÚ��º�¥§f = 0§Ïd3ùA�Ü�¥§R��

�287J/(kg ·K)¶3-�¿���Ü�¥§R�±�287.31J/(kg ·K).

5) ëêp9, p0�í�µ

p0��í�¸�·Ø§§�±Uìúª(2)?1O�.d®�^��1êâêMa =

1.5 > 1§¤±ùp�±b���+©ª?u�.½��.G�§=�ÝXêλ8 = 1.d

�p9 = p0.

6) ëêA9�í�µ

b���+©ª?u�.½��.G�§kdp9 = p0O�Ñπ(λ9) = p9
p∗9
§¿¦

Ñλ9.2d6þúª

Wg9 = km
p∗9√
T ∗9
A9q(λ9) (48)

O�ÑA9.Ù¥q(λ)d(34)ª�Ñ§π(λ)�íÄ¼êde¡�úª�Ñµ

π(λ) = (1− γ − 1

γ + 1
λ2)

γ
γ−1 (49)

Ù¥§λÓ�÷vúª(35)½úª(36).

5.4.1.2 ü íåëêFs©Û

ü íåëêúªµFs = F
Wa

.

3ü íå�úª¥kü�ëêµíåëêFÚ6þëêWa§Ù¥íåëêF�O

�35.4.2.1¥®²�[��Ñ"6þëêWa�O��±÷^c¡�úª(46)!(37)?1
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{ü�����

Wa =

√
γ

R
(

2

γ + 1
)
γ+1
γ−1 (

γ + 1

2
)

1
γ−1

√
γ+1

2
Ma2

1 + γ−1
2
Ma2

(1− (γ − 1)Ma2

2 + (γ − 1)Ma2
)

1
γ−1

p∗0A0√
T ∗0

(50)

Ù¥§γ,R,Maþ�®�~ê§p∗0, T
∗
0 , A0þ�±L«�n�CþαCDFS, αCH , A8�¼ê

ê'Xª"

5.4.1.3 ÑhÇëêsfc©Û

ÑhÇëêúªµsfc =
3600Wf

F
.

3ÑhÇ�úª�O�úª¥kü�ëêµíåëêFÚ6þëêWf§Ó��í

åëêF�O�35.4.2.1¥®²�[��Ñ.6þëêWf�±÷^c¡�úª(40)?1

�O�§Xe�Ñµ

Wf = Wa3 ·
h4 − h3

ξbHu + h3

Ù¥§Wa3�Ì-�¿?��í6þ§h3Úh4©O�Ì-�¿?Ñ�ó§-��Çξb =

0.99§-h9�Hu = 42900000.

5.4.2 CÌ�uÄÅ5U�`z�õ8I5y�.

3c¡�®�^�e§�
¦�uÄÅ�5U�`§�©nÜ�Äe¡n��¡�

¯K5¦�uÄÅ�5U���`µ

¯K�µ�¦�uÄÅ�5U���`§7L�ÄuÄÅíå¦þ����"l


¦�uÄÅ�5U���`ÒÚ�Ñ#�¯K1§XÛT��À�uÄÅCDFS���

ÝαCDFS!$ØµÓ���ÝαCHÚ�+ú�¡ÈA8��¦�uÄÅíå¦�U���

�z"

¯K�µ�¦�uÄÅ�5U���`§7L�ÄuÄÅü íå¦þ����"

l
¦�uÄÅ�5U���`ÒÚ�Ñ#�¯K2§XÛT��À�uÄÅCDFS�

��ÝαCDFS!$ØµÓ���ÝαCHÚ�+ú�¡ÈA8��¦�uÄÅ�ü íå¦

�U����z"

¯Knµ�¦�uÄÅ�5U���`§7L�ÄuÄÅÑhÇ¦þ����"l


¦�uÄÅ�5U���`ÒÚ�Ñ#�¯K3§XÛT��À�uÄÅCDFS��
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�ÝαCDFS!$ØµÓ���ÝαCHÚ�+ú�¡ÈA8��¦�uÄÅÑhÇ¦�U�

���z"

lþ¡�©Û§�±éN´����¦�uÄÅ�5U���`§7L�ÄXÛT

��À�uÄÅCDFS���ÝαCDFS!$ØµÓ���ÝαCHÚ�+ú�¡ÈA8��

¦�uÄÅíåÚü íå¦�U����z!uÄÅ�ÑhÇ¦�U��4�z.�

�§XJU
À�T��uÄÅCDFS���ÝαCDFS!$ØµÓ���ÝαCHÚ�+

ú�¡ÈA8��¦�uÄÅíåÚü íå¦�U����z!uÄÅ�ÑhÇ¦�

U��4�z§@où��αCDFS!αCHÚA8Ò�±Cq�À�uÄÅ5U�`��¹

e�CDFS���Ý!$ØµÓ���ÝÚ�+ú�¡È���"

nÜþ¡�©Û§¦�uÄÅ�5U���`�¯KÒ=z�uÄÅ�íå!ü 

íåÚÑhÇ��`z¯K"ù´��õ8I�¯K§�©ÒdïáuÄÅ5U�`z

�õ8I5y�.§�e¡�(�.I)"

e¡©OP:

f1(x) = −F (αCDFS, αCH , A8)

f2(x) = −Fs(αCDFS, αCH , A8)

f3(x) = sfc(αCDFS, αCH , A8)

Ù¥µx = (αCDFS, αCH , A8)T .

ÏLþ¡�©Û§��ò�ïá�CÌ�uÄÅ�5U�`zõ8I�.ºX


e¡n�¯Kµ

¯K1µ max f1(x) = F (αCDFS, αCH , A8) = Wgc9 −WaV + (p9 − p0)A9

¯K2µ max f2(x) = Fs(αCDFS, αCH , A8) = Wgc9−WaV+(p9−p0)A9

Wa

¯K3µ min f3(x) = sfc(αCDFS, αCH , A8) =
3600Wf

Wgc9−WaV+(p9−p0)A9

e¡§�©nÜ�Ä¯K1!¯K29¯K3n��¡�Ï�§ïáCÌ�uÄÅ5

U�`z�õ8I5y�.§=(�.I)"
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(�.I)

max f1(x) = F (αCDFS, αCH , A8) = Wgc9 −WaV + (p9 − p0)A9

max f2(x) = Fs(αCDFS, αCH , A8) =
Wgc9 −WaV + (p9 − p0)A9

Wa

min f3(x) = sfc(αCDFS, αCH , A8) =
3600Wf

Wgc9 −WaV + (p9 − p0)A9

s.t.



π(λ9)− p9
p∗9

= 0

bm = 28.9644(1− 0.0308764f)

mg = 1+f+d
1+f
bm

+ d
18.01534

R = 8314.298
mg

V −Ma
√
γRT0 = 0

p9 − p0 = 0

Wa −W0 = 0

Wf = Wa3 · h4−h3
ξbHu+h3

λ =

√
γ+1
2
Ma2

1+ γ−1
2
Ma2

Wg9 − km p∗9√
T ∗
9

A9q(λ9) = 0

(1− γ−1
γ+1

λ2)
γ
γ−1 − π(λ) = 0

(γ+1
2

)
1

γ−1λ(1− γ−1
γ+1

λ2)
1

γ−1 − q(λ) = 0

c9 − ϕnz
√

2h∗air − 2hair + 2f
1+f

(h∗st − hst) = 0√
γ
R

( 2
γ+1

)
γ+1
γ−1 (γ+1

2
)

1
γ−1

√
γ+1
2
Ma2

1+ γ−1
2
Ma2

(1− (γ−1)Ma2

2+(γ−1)Ma2
)

1
γ−1

p∗0A0√
T ∗
0

−W0 = 0

Wg =
√

γ
R

( 2
γ+1

)
γ+1
γ−1 (γ+1

2
)

1
γ−1

√
γ+1
2
Ma2

1+ γ−1
2
Ma2

(1− (γ−1)Ma2

2+(γ−1)Ma2
)

1
γ−1

p∗0A0√
T ∗
0

+Wa3 · h4−h3
ξbHu+h3

αCDFS ≥ 0, αCH ≥ 0, A8 ≥ 0

Ù¥§γ,R,Ma, ξb, Hu, f, dþ�®�~ê§Wa3, p
∗
0, p0, p

∗
9, p9, T

∗
0 , A0, h3, h4þ�±L«�

n�CþαCDFS, αCH , A8 �¼êê'Xª"

5.4.3 õ8I5y(�.I)��5Iþz¦)

¤¢�5\�Ú{Ò´Uì(�.I�n�8I¼ê)fj(x) (j = 1, 2, 3)�­�§Ý§
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©O¦±�|�Xêλj (j = 1, 2, 3)§,��\��#�8I¼ê§2éd8I¼ê3(�

.I)��å8Ü(ùp��S)þ¦�`)§=�EXe�ü8I5y¯K(�.II)(SP )λµ

(�.II)

(SP )λ minx∈S U(x) =
3∑
j=1

λjfj(x) = λTf(x)

¦dü8I¯K��`)§r§��(�.I)3�5\�Ú¿Âe��`).ùpf(x) =

(f1(x), f2(x), f3(x))T ,λ = (λ1, λ2, λ3)T ∈ ∧+ ½∧++§Ù¥

∧+ = {λ = (λ1, λ2, λ3)T |λj ≥ 0,
3∑
j=1

λj = 1},∧++ = {λ = (λ1, λ2, λ3)T |λj > 0,
3∑
j=1

λj = 1}

λ¡�Rn¥�����þ§½λ1, λ2, λ3¡��|�Xê.�5\�Ú{´��~^��

{§3nØþäk­��¿Â"

ÏLþ¡�©Û��§y3�'�3uXÛ(½�A��Xêλ1, λ2, λ3¦�õ8I

5yêÆ�.(�.I)U
¤õ�=z�ü8IêÆ5y�.(�.II)5¦)"du�X

ê´���A8I¼ê­�§Ý�§��`5§8I¼ê­��§�A��XêÒ��

���
(�,���ØU�L1)§
Øé­��8I¼ê§Ù�A��XêÒ���

��
($���0)"

�Xê�(½�{Ï~kα−�{!üS{!PÃ{!²þ\�{.du�©�	é�

´uÄÅ5U�`z�¯K§
K�uÄÅ5U�Ì�ëêkuÄÅ�íå!ü íå

±9ÑhÇ§ùnö3�ÄK�uÄÅ�5U�`�AÓ�é�Ú?n§Ùå���^

��5`�´Ó��"Ïd�©¤À�ùn�ëê��Xê��§=λ1 = λ2 = λ3 = 1
3
§

Ï
(�.II) Ò�±{z�e¡�/ª(�.II′)µ

(�.II′)

(SP )λ minx∈S U(x) =
3∑
j=1

1

3
fj(x) =

1

3
f1(x) +

1

3
f2(x) +

1

3
f3(x)

ùpf(x) = (f1(x), f2(x), f3(x))T .w,§(�.II′)´��ü8I���55y¯K§A

^¦)ü8I�å¯K�²;�{-W¿¼ê{?1¦)(�.II′)��{z���.�

�`)§e¡�L4¥�[��Ñ
¦��(�.II′)��`)x = (αCDFS, αCH , A8)T½

Cq�`)���"
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L4: (�.II′)��`)

αCH αCDFS A8

5 2 9.4575e+003

L4¥��`)=�ü8I5y�.II′§�=�(�.II)��`)"duõ8I�

`z�Ä�nØ�§éz��½�λ̄ ∈ ∧++(½∧+)§K�Auü8I(SP )λ�.§=�

.II′�)7´õ8I�.I��`).�d§·�®²���αCDFS, αCH , A8©O�L4¥

�ê��§uÄÅ�íå!ü íåÚÑhÇþ���`§l
dc¡�©Û��§d

�uÄÅ�5U���`z"

5.5 CÌ�uÄÅ3üº��ªe�'A5êâCz5ÆïÄ

®�uÄÅ�1pÝH = 11km§uÄÅæ^üº��ª§�·ÜìS!	º�¡È

�N(=ØÉ�·Üì�½�S!	º�¡È���å)§ÀJ¹�¡È�0§º÷���

Ý!pØØíÅ���Ý!pØµÓ���Ýþ�0◦§�·ÜìÑ�o¡È�2.8518e+

004"�ïÄ¯Kµ��1êâêlMa = 1.1Cz�Ma = 1.6§�uÄÅA5�`

�§CDFS���Ý!$ØµÓ���Ý§��+ú�¡È��1êâê�Cz5Æ"

Ï�3uÄÅ�1pÝH = 11km�½�§�1êâêÚuÄÅA5��`5��

K��CDFS���Ý!$ØµÓ���Ý§��+ú�¡È�Cz"�
éCDFS�

��Ý!$ØµÓ���Ý§��+ú�¡È�Cz?1ïÄ§ùpæ^��g���

{§ïÄ3�1pÝ���½�H = 11km�§�CDFS���ÝαCDFS!$ØµÓ�

��ÝαCH§��+ú�¡ÈA8Cz�§�1êâêMa�Cz5Æ.,�ÏL�1êâ

êMa�Cz5Æ§í�ÑαCDFS!αCH±9A8�Cz5Æ"

üºCÌ�uÄÅ�NAÛÜ�Ì��)µº÷?��6�¡�ÝαL!Ø%°Äº

÷??����αCDFS!ØíÅ?��6�¡�ÝαComp!$ØµÓ��ì���αCH!

��Nº�Ú�ìA163!��+ú�¡ÈA8.�©Ì�ïÄ�´þã,
�NÜ�±

9A8)üÕN!éuÄÅ�SC5U�)�K�§©Û�=±e¡ü«G¹�~µ

1) �Ñ�ÑÊµH = 11km,Ma = 1.1§N!$Ø=f�éÔn=�nL = const¶

2) �Ñ�ÑÊµH = 11km,Ma = 1.5§N!µÓc§ÝT4 = const¶
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5.5.1 N!A8éuÄÅ5UK�9�1êâMaê�CzÚåA8Cz�©Û

��+ú�¡ÈA8´uÄÅÌ����­���z�§§�N!éuÄÅ5Uë

êK��L5.

L5: N!��+ú�¡ÈA8éuÄÅ5U�K�

N!þA8 nL nH Wa T4 F sfc bpr SMfs SMCDFS SMc

0.078 12662 23272 27.24 1700 16.63 0.120 0.123 0.12 0.12 0.24

0.090 13562 21850 30.62 1700 17.65 0.116 0.210 0.14 0.24 0.26

éuüº�ª�(��1§N���+ú�¡ÈA8§dupØµÓ��ìú�?

u�.½��.G�§ÏdpØµÓáØ'A�ØC§$ØµÓáØ',p§3�±

µÓc§ÝT4ØC�§$ØµÓÑ\õC�§$Ø=f=�,p§uÄÅ�í6þO

\¶Ø%°Äº÷?KÖO\§pØ=f=�eü§?\ØíÅ�í6þ~�§º

�'bprO\§íåO\§
ÑhÇeü§º÷!Ø%°Äº÷?±9ØíÅF�ü

Ý(SMfs, SMCDFS, SMc)Ñk¤Jp"e¡�ã2£±Ñ
A8�Ma�Czª³"lã2�

�§3�½��SA8 ��1êâMaê�O\
O\"

ã 2: A8��1êâMaê�Czª³ã
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5.5.2 N!αCDFSéuÄÅ5UK�9�1êâMaê�CzÚåαCDFSCz�©Û

AÛ�NØ%°Äº÷?��´ÏLN!?��6�¡�Ý5UCÙ6þ!�Ç

A5.L6�Ñ
N!Ø%°Äº÷??��6�¡�ÝéuÄÅ5UK���ý(J"

L6: Ø%°Äº÷?���ÝαCDFSN!éuÄÅ5UK�

N!þαCDFS nL nH Wa T4 F sfc bpr SMfs SMCDFS SMc

2 12662 23272 27.24 1700 16.63 0.120 0.123 0.124 0.121 0.245

6 12208 22509 25.90 1700 15.64 0.120 0.156 0.138 0.030 0.226

éuüº�ª�(��1§dup!$ØµÓ��ì±9��+úÜÑ?u�.

½��.G�§Ï
p!$ØµÓ�áØ'A�ØC¶3µÓc§Ý�±ØC�§pØ

µÓÑ\õA�ØC§�N�αCDFS§pØ=fKÖO\§pØ=f=�eü§?\p

ØØíÅ��í6þeü§$ØµÓÑ\õü$§$Ø=f=�eü§uÄÅ�í6þ

eü§�eüÌÝ�Sº�í6þ�§��º�'O\§íåeü§Ø%°Äº÷?F

�üÝÓ��Ìeü§4N´?\F�>..e¡�ã3/��£±Ñ
αCDFS��1ê

âMaê�Czª³§�dã2��§3�½��S�MaO\αCDFSÅì~�"

ã 3: αCDFS��1êâMaê�Czª³ã
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5.5.3 N!αCHéuÄÅ5UK�9�1êâMaê�CzÚåαCHCz�©Û

$ØµÓ�����´ÏLN!$ØµÓ���Ý5UCÙ6þ!�ÇA5.L7�

Ñ
N!$ØµÓ����ÝéuÄÅ5UK���ý(J"

L7: $ØµÓ���αCHN!éuÄÅ5UK�

N!þαCH nL nH Wa T4 F sfc bpr SMfs SMCDFS SMc

-5 12662 23272 27.24 1700 16.63 0.120 0.123 0.124 0.121 0.245

5 12026 23311 26.03 1700 15.79 0.121 0.120 0.070 0.119 0.245

éuüº�ª�(��1§dup!$ØµÓ��ì±9��+úÜÑ?u�.½

��.G�§p!$ØµÓáØ'A�ØC§
µÓc§ÝØC§p!$ØµÓ�ÑÑõ

Ä�ØC§Ù(J´$ØµÓ�Ñ\õ�Ä�ØC¶�N�αCH�§$ØµÓ?�6þ

O\§KÖO\§��$Ø=f=�eü§�²ï�uÄÅo�í6þ�´eü
§p

Ø=fKÖ~�§pØ=f,p§?\pØØíÅ�í6þO\§º�'eü§íåe

ü§cãº÷F�üÝ�Ìeü§́ ?\F�>."e¡�ã4/��£±Ñ
αCH��

1êâMa ê�Czª³§�dã4��§3�½��SαCH�êâMa�O\
~�"

ã 4: αCH��1êâMaê�Czª³ã
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6 �.µd

�©|©/$^
��5�§|�.!õ8I5y�.!�5���{!Úî-.

ÅÜ{(Newton − Raphson)!\�4�z�{��{éCÌ�uÄÅ?1ïÄ"¯

K(1)¥§E|5A^MatlabêÆ^�±ã©Û
6þ�Ø'¼ê�Cz�¹"̄ K(2)¥§

(¹�A^�5��{é�½^�eº÷ÚCDFS�Ñ�o§!oØÚ6þ?1
O

�§¿�3ù�Ü©���Ü©|©�éëênLÚnH?1(¯Ý©Û"̄ K(3) ¥§|

^uÄÅ²ï�§ïá
CÌ�uÄÅ�Óó�²ï�§�­���5�§êÆ�.§

¿^Úî- .ÅÜ{(Newton − Raphson) éT­��.�O�?1
|©�©Û"̄

K(4) ¥§(¹A^õ8I5y�.ïá
uÄÅ5U�`z�õ8I5yêÆ�.¿

(¹�A^\�4�z�{éT�.?1¦)O�"̄ K(5) ¥§|©/A^_�g�

��{éuÄÅ3üº��ªe�'A5êâCz5Æ�¯K?1ïÄ"

7 �.U?

7.1 éuÄÅ5U�`zõ8I�.�U?

éu¯K(4)§3CÌ�uÄÅ�5U�`�b�^�e§5ïÄëêαCH!αCDFSÚ

A8XÛ��"�©ÒT¯Kïá
Äuõ8I`z�uÄÅ5U�`�.§=(�.I)"

éu(�.I)§�©æ^
�5Iþz�{¿?1²þ\�é(�.I)��`)?1¦)"

�Ä�3À��Xê¬�) �§ù�ò��)�(J�ò�) �"Ó��Ä

¢S^��K�§ù�¦)���(J�U�¢Sn���)�O§Ï
k7�é(�

.I)?1U?§®¼��C¢Sn����`)"

e¡æ^�1��{éc¡��.?1U?.ùpE��.I��å8S�

S = {x ∈ Rn|gj(x) ≥ 0, j = 1, 2, · · · , 18}.

Ù¥µx½ÂÚc¡��§gj(x) ≥ 0, j = 1, 2, · · · , 18�(�.I)¥�18��å^�"¿�

½n�#NØ�εi > 0(i = 1, 2, 3)"

Ú1 ?���Ð©�1)x◦ ∈ S§¿�½�å8Ü�Ð©#NØ�δ◦ > 0"
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Ú2 (½�Aux◦Úδ◦�eI8

E0 = {j|0 ≤ gj(x) ≤ δ◦, j = 1, 2, · · · , 18}

Ú3 �ä

(i) eE0 = ∅§��3,�i§¦

‖∇fi(x◦)‖ = [
18∑
j=1

(
∂fi(x

◦)

∂xi
)]

1
2 ≤ ε1

K�x◦�(�.I)�Cq�`)§O�Ê�¶

(ii) eE0 = ∅§�éz�i = 1, 2, 3Ñk

‖∇fi(x◦)‖ > ε2

K�EXe�ü8I¯K§¿¦Ù�`)µ

(SP )0


max ξ

s.t. zT∇fi(x◦) + ξ ≤ 0, i = 1, 2, 3

‖zk‖ 5 1, k = 1, 2, 3.

(51)

�Ù�`)�(ξ◦, z◦)§=Ú4¶

(iii) eE0 6= ∅§K�EXe�ü8I¯K§¿¦Ù�`)µ

(SP )′0



max ξ

s.t. zT∇fi(x◦) + ξ 5 0, i = 1, 2, 3

zT∇gj(x◦) + ξ = 0, j ∈ E0

‖zk‖ 5 1, k = 1, 2, 3.

(52)

�Ù�`)�(ξ◦, z◦)§=Ú4¶

Ú3 �ä

(i) eξ◦ = 0§Kx◦��`)§O�Ê�¶

(ii) e0 < ξ◦ 5 ε2§Kδ◦ 5 ε3§K��x
◦��`)�Cq�¶

(iii) ξ◦ > ε2§Kδ◦ > ε3§K�Xe/ª�#��åØ�¶=Ú5¶

δ′ =

δ◦, eξ◦ = δ◦,

1
2
δ◦,eξ◦ < δ◦
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Ú5 �EXe�ü8I¯K§¿¦Ù�`)µ�Ù�`)�t◦§=Ú6¶

(SP )′′0



min
∑3

i=1 fi(x
◦ + tz◦)

s.t. fi(x
◦ + tz◦) 5 fi(x

◦), i = 1, 2, 3

gj(x
◦ + tz◦) = 0, j = 1, 2, · · · , 18

t 5 0, k = 1, 2, 3.

(53)

Ú6 -�x′ = x◦ + tz◦#��1)§=Ú7¶

Ú7 é#�x′Úδ′­EÚ2�Ú7.

UþãÚ½�E?1e�§�U3k�ÚÊ�O�§���`)½ÙCq�¶��

UÃ��O�e�§ù��U�����1)S�{xk}§3�½�^�e§{xk}7�3

4�:§
�?¿4�:Ñ´(�.I)��`)"

7.2 éuÄÅ�Óó�­��.){�U?

éu¯K(3)§̂ Úî-.ÅÜ{éuÄÅ²ï�§�.���5�§|){©Û¦

)§Úî- .ÅÜ{�Ì�`:´äkûÐ�ÛÜÂñ5§�)��þ�Âñ�ÝéÐ

�X0�À���¯a§�kS�Ð�¿©�Cý¢)âU�yÂñ§¿�z�ÚS�

Ñ�­#O�ä�'Ý
§±9¦)�5�ê�§|"

¢SA^¥k�þU?ïÄ§�±ò^Úî-.ÅÜ{¦)uÄÅ�.��5�§

|(28)�S�ª?1±eA«�ª?Uµ

1. �
UõéS�Ð���¦§Ú\t¶Ïfωk

Xk+1 = Xk − ωk[DF (Xk)]
−1F (Xk)

2. �
�ÑÝ
DF (Xk)�ÛÉ5§~f¾�5§Ú\{ZÏfµk

Xk+1 = Xk − [DF (Xk) + µkI]−1F (Xk)

3. Ó��ktµÏfωkÚ{ZÏfµk

Xk+1 = Xk − ωk[DF (Xk) + µkI]−1F (Xk)

þãn«U?�{�½§ÝþUõ
�.�Âñ5!Jp
�.�Âñ��"
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N¹

N¹1µ§S

§S1 º÷êâL¥6þ�Ø'¼ê�Czã

x1=xlsread(’data.xls’,’A4:A23’); y1=xlsread(’data.xls’,’B4:B23’);

x2=xlsread(’data.xls’,’D4:D23’); y2=xlsread(’data.xls’,’E4:E23’);

x3=xlsread(’data.xls’,’G4:G23’); y3=xlsread(’data.xls’,’H4:H23’);

x4=xlsread(’data.xls’,’J4:J23’); y4=xlsread(’data.xls’,’K4:K23’);

x5=xlsread(’data.xls’,’M4:M23’); y5=xlsread(’data.xls’,’N4:N23’);

x6=xlsread(’data.xls’,’P4:P23’); y6=xlsread(’data.xls’,’Q4:Q23’);

x7=xlsread(’data.xls’,’S4:S23’); y7=xlsread(’data.xls’,’T4:T23’);

x8=xlsread(’data.xls’,’V4:V23’); y8=xlsread(’data.xls’,’W4:W23’);

x9=xlsread(’data.xls’,’Y4:Y23’); y9=xlsread(’data.xls’,’Z4:Z23’);

x=[x1,x2,x3,x4,x5,x6,x7,x8,x9]; y=[y1,y2,y3,y4,y5,y6,y7,y8,y9];

[a1,b1]=size(x);zz=zeros(a1,b1);

for i=1:9

x0=x(:,i);a0=x0(1,1);b0=x0(1,1);

for j=1:20

if a0>=x0(j,1)

a0=x0(j,1);

end

if b0<=x0(j,1)

b0=x0(j,1);

end
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end

for j=1:20

zz(j,i)=(x(j,i)-a0)/(b0-a0);

end

end

for i=1:9

axis([0.7 1.02 20 115]);

plot(zz(:,i),y(:,i));

hold on

end

§S2 ��

��1

x1=xlsread(’data.xls’,’A4:A23’); y1=xlsread(’data.xls’,’B4:B23’);

x2=xlsread(’data.xls’,’D4:D23’); y2=xlsread(’data.xls’,’E4:E23’);

x3=xlsread(’data.xls’,’G4:G23’); y3=xlsread(’data.xls’,’H4:H23’);

x4=xlsread(’data.xls’,’J4:J23’); y4=xlsread(’data.xls’,’K4:K23’);

x5=xlsread(’data.xls’,’M4:M23’); y5=xlsread(’data.xls’,’N4:N23’);

x6=xlsread(’data.xls’,’P4:P23’); y6=xlsread(’data.xls’,’Q4:Q23’);

x7=xlsread(’data.xls’,’S4:S23’); y7=xlsread(’data.xls’,’T4:T23’);

x8=xlsread(’data.xls’,’V4:V23’); y8=xlsread(’data.xls’,’W4:W23’);

x9=xlsread(’data.xls’,’Y4:Y23’); y9=xlsread(’data.xls’,’Z4:Z23’);

x=[x1,x2,x3,x4,x5,x6,x7,x8,x9]; y=[y1,y2,y3,y4,y5,y6,y7,y8,y9];

[a1,b1]=size(x);zz=zeros(a1,b1);

for i=1:9
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x0=x(:,i);a0=x0(1,1);b0=x0(1,1);

for j=1:20

if a0>=x0(j,1)

a0=x0(j,1);

end

if b0<=x0(j,1)

b0=x0(j,1);

end

end

for j=1:20

zz(j,i)=(x(j,i)-a0)/(b0-a0);

end

end

x11=xlsread(’data.xls’,’C4:C23’); x12=xlsread(’data.xls’,’F4:F23’);

x13=xlsread(’data.xls’,’I4:I23’); x14=xlsread(’data.xls’,’L4:L23’);

x15=xlsread(’data.xls’,’O4:O23’); x16=xlsread(’data.xls’,’R4:R23’);

x17=xlsread(’data.xls’,’U4:U23’); x18=xlsread(’data.xls’,’X4:X23’);

x19=xlsread(’data.xls’,’AA4:AA23’); x111=[x11,x12,x13,x14,x15,x16,x17,x18,x19];

z=[0.4 0.5 0.6 0.7 0.81 0.9 0.95 1 1.075]; z=z’;

for i=0:8

zzzz((20*i+1):(20*(i+1)),1)=z(i+1,1)*ones(20,1);

end

xx=reshape(x,180,1); yy=reshape(y,180,1);

zzz=reshape(zz,180,1); xx1111=reshape(x111,180,1);
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pin=0.3447;tin=244.3812;

tid=288.15;cp=2.3894;cw=0.4950;cn=1.0684;pid=1.01325;

b=0.95*sqrt(tid/tin);

[aa,bb]=meshgrid(0.5,b);

f0=TriScatteredInterp(zzz,zzzz,xx); xxx=f0(aa,bb);

g0=TriScatteredInterp(zzz,zzzz,xx1111); xx11=g0(aa,bb);

h0=TriScatteredInterp(zzz,zzzz,yy); yyy=h0(aa,bb);

pr=(xxx-1)*cp+1;

nc=cn*xx11;

wc=yyy*cw;

pout=pin*pr

shangin=sair(tin);hanin=hair(tin);

shangol=shangin+287*log(pr);

syms t;

s=shangol-sair(t);

tol=Secant(s,100,390,0.0000001);

hout=(hair(tol)-hair(tin))/nc+hair(tin);

syms t0;

s0=hout-hair(t0);

tout=Secant(s0,100,390,0.000001)

wa=wc*sqrt(tid/tin)*pin/pid

��2 x1=xlsread(’CDFS.xls’,’A4:A23’); y1=xlsread(’CDFS.xls’,’B4:B23’);

x2=xlsread(’CDFS.xls’,’D4:D23’); y2=xlsread(’CDFS.xls’,’E4:E23’);

x3=xlsread(’CDFS.xls’,’G4:G23’); y3=xlsread(’CDFS.xls’,’H4:H23’);
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x4=xlsread(’CDFS.xls’,’J4:J23’); y4=xlsread(’CDFS.xls’,’K4:K23’);

x5=xlsread(’CDFS.xls’,’M4:M23’); y5=xlsread(’CDFS.xls’,’N4:N23’);

x6=xlsread(’CDFS.xls’,’P4:P23’); y6=xlsread(’CDFS.xls’,’Q4:Q23’);

x7=xlsread(’CDFS.xls’,’S4:S23’); y7=xlsread(’CDFS.xls’,’T4:T23’);

x8=xlsread(’CDFS.xls’,’V4:V23’); y8=xlsread(’CDFS.xls’,’W4:W23’);

x9=xlsread(’CDFS.xls’,’Y4:Y23’); y9=xlsread(’CDFS.xls’,’Z4:Z23’);

x11=xlsread(’CDFS.xls’,’C4:C23’); x12=xlsread(’CDFS.xls’,’F4:F23’);

x13=xlsread(’CDFS.xls’,’I4:I23’); x14=xlsread(’CDFS.xls’,’L4:L23’);

x15=xlsread(’CDFS.xls’,’O4:O23’); x16=xlsread(’CDFS.xls’,’R4:R23’);

x17=xlsread(’CDFS.xls’,’U4:U23’); x18=xlsread(’CDFS.xls’,’X4:X23’);

x19=xlsread(’CDFS.xls’,’AA4:AA23’); x=[x1,x2,x3,x4,x5,x6,x7,x8,x9];

z=[0.359,0.528,0.661,0.791,0.88,0.952,1,1.028,1.144]; y=[y1,y2,y3,y4,y5,y6,y7,y8,y9];

[a1,b1]=size(x);zz=zeros(a1,b1);

for i=1:9

x0=x(:,i);a0=x0(1,1);b0=x0(1,1);

for j=1:20

if a0>=x0(j,1)

a0=x0(j,1);

end

if b0<=x0(j,1)

b0=x0(j,1);

end

end

for j=1:20
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zz(j,i)=(x(j,i)-a0)/(b0-a0);

end

end

z=z’;

for i=0:8

zzzz((20*i+1):(20*(i+1)),1)=z(i+1,1)*ones(20,1);

end

x111=[x11,x12,x13,x14,x15,x16,x17,x18,x19];

xx=zeros(180,1); xx=reshape(x,180,1);

yy=zeros(180,1); yy=reshape(y,180,1);

zzz=zeros(180,1); zzz=reshape(zz,180,1);

xx111=zeros(180,1); xx1111=reshape(x111,180,1);

pin=1.3084;tin=379.4859;

tid=428.56862609;cp=0.3059;cw=0.1500;cn=1.0999;pid=3.5464;

b=0.95*sqrt(tid/tin); [aa,bb]=meshgrid(0.5,b);

xxx=griddata(zzz,zzzz,xx,aa,bb,’linear’);

xx111=griddata(zzz,zzzz,xx1111,aa,bb,’linear’);

yyy=griddata(zzz,zzzz,yy,aa,bb,’linear’);

pr=(xxx-1)*cp+1;

nc=cn*xx111;

wc=yyy*cw;

pout=pin*pr

shangin=sair(tin);hanin=hair(tin);

shangol=shangin+287*log(pr);
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syms t s;

s=shangol-sair(t);

tol=NewtonRoot(s,100,500,0.000001);

hout=(hair(tol)-hair(tin))/nc+hair(tin);

syms t0 s0;

s0=hout-hair(t0);

tout=NewtonRoot(s0,100,500,0.000001)

wa=wc*sqrt(tid/tin)*pin/pid

§S3 ��5�§��¦)

function root=NewtonRoot(f,a,b,eps)

f1=subs(sym(f),findsym(sym(f)),a); f2=subs(sym(f),findsym(sym(f)),b);

if(f1==0)

root=a;

end

if(f2==0)

root=b;

end

if(f1*f2>0)

disp(’üà:¼ê�¦È�u0!’);

return;

else

tol=1;

fun=diff(sym(f));

fa=subs(sym(f),findsym(sym(f)),a); fb=subs(sym(f),findsym(sym(f)),b);
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dfa=subs(sym(fun),findsym(sym(fun)),a); dfb=subs(sym(fun),findsym(sym(fun)),b);

if(dfa>dfb)

root=a-fa/dfa;

else

root=b-fb/dfb;

end

while(tol>eps)

r1=root;

fx=subs(sym(f),findsym(sym(f)),r1);

dfx=subs(sym(fun),findsym(sym(fun)),r1);

root=r1-fx/dfx;

tol=abs(root-r1);

end

end
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