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p�(��1ì�1�¬kî­�íÄ\9,

ÅNcà!Êc��7:«�´'��O �. Ï
d3p�(�^�e�O�1ì�9�o(�w
�4�­� [1,2]. �1ì�e%XÚ [3] �)n«:

�Äe%, ��Äe%ÚÌÄe%. ÌÄe%XÚ
U
3ØUC�1ìíÄ	/�^�e��mó
�, ÷v
p�(��1ìp�ÑÊ^�e�9�
o�¦, Ù�ª�)uÆe%, ��e%Úé6e
%n«. uÆe%Ú��e%Ñ�±Jø�½�e
%�J, �´��5Øp [4]. é6e%´3�1ì
��(�eÙ�e%Ï�Ú+´, ò-� (½e%
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\9¤�)�9þ, ÏL����½m�D�6L
�e%J, ±¢yé�1ì�9�o. Helenbrook

� [5,6] �ó�3êâê 6 ^�e��(�1ì�
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�«b;9¡�r�é6e%(�,

¿éÙe%�J?1
ê�©Û, �yÙäkûÐ
�e%�J. Scotti[7] |^k��©{ïÄ
é6
e%(�¥6Ä�D9ÍÜ±99Aå¯K. Poon

� [8] |^k���{ée%J©O�Y!��Ú
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©Û, Ù¥�?
�e%�J�Ð, ¿òÙA^�aqc���/é
6e%(�, ïÄ56k����Þ�§Ý©Ù.

Rakow � [9] �¢�1�g¢y
7á�&Y%�
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%(�(Ü��Eâ [11] �O
�«Êc���
é6e%(�, |^��Eâ¢ye%Ï����
°', ü$~5Ï�¥�Øå���ée%J6�
��¦, ¿©u�6�ý9¡`¡rzD9��^.

�©$^6�ÍÜ�{©Û
��é6e%(�
3A½ó¹e�e%�J, ¿?Ø
(�ëêÚá
�5U�Ï�ée%�J�K�.

2 Êc���é6e%(�

� � é 6 e % ( � X ã 1 Ú ã 2, Ê . u
� 140 mm, ÞÜ�»� 8 mm, þeÊ¡ò��Y
�� 25◦. ü���e%(�Xã 3, ��þ 6 mm,

e%ø�° 2 mm, ¥mø�p� 5 mm, üÊ¡ý
ø�p 2.5 mm, 	�^þÝ� 4 mm �F9á��
C, ò�X�e%��±*ÑÅ/ë�å5=¤X
ã 1 ��N. ã 4 �ü���e%Ï�Se%��
6Ä��, ùÚ�e%�, 7Ú�9¡.

ã 1 Êc���é6e%(�ã

ã 2 Êc���é6e%(�¿¡ã

ã 3 Êc���é6e%ü�(�ã

ã 4 e%Ï�Se%�6Ä��«¿ã

3 ê��{��~�y

3.1 êêê������{{{

36ÄL§¥, Êc�9¡�§Ý�96©Ù
Ñ��, I�ÏL�íé9¡�r½é6!9¡�
�9!e%��é6ÍÜ¦)��. æ^����
§´é?¿��N�È©�§ [12]∮

ρφν · dA =
∮

Γφ∇φ · dA +
∫

V

SφdV, (1)

ª¥ φ ´�¦�Iþ, ρ ´�Ý, ν ´�Ý�þ,

A ´��NL¡�{�þ, Γφ ´ φ �*ÑXê,

∇φ ´ φ �FÝ, Sφ ´ φ ü NÈ�
�. � φ

� (ρ, u, v, w, e) �, þã�§Ò�±|¤ëY!Ä
þÚUþ�§|O��í6ÄÚe%�6Ä; � φ

�SU e �, þã�§�´Uþ�§, �O�9¡
SÜ��9. 6ÄÚ�9�ÍÜÒu)3í9!�
99¡þ, ÷vÍÜ�.¡^�: §ÝëYÚ96
�ÝëY.

k � N � m l Ñ « u ã 5, ! :   u � �
N � ¥ %, ^ � � i 1 P L «, ¿ U ì � �
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^ E,W,N, S, T,B L«��!:. ò (1) ª3k
�N�mlÑ�� [13]

aP φP =aEφE + aW φW + aNφN

+ aSφS + aT φT + aBφB + b, (2)

aE =DeA(|P∆e|) + [| − Fe, 0|],

aW =DwA(|P∆w|) + [|Fw, 0|],

aN =DnA(|P∆n|) + [| − Fn, 0|],

aS =DsA(|P∆s|) + [|Fs, 0|],

aT =DtA(|P∆t|) + [| − Ft, 0|],

aB =DbA(|P∆b|) + [|Fb, 0|],

b =SC∆x∆y∆z + a0
pφ

0
p,

Sφ =SC + SP φP ,

a0
p =

ρ∆x∆y∆z

∆t
,

aP =aE + aW + aN + aS + aT

+ aB − SP ∆x∆y∆z, (3)

ª¥, P∆i(i = e, w, n, s, t, b) ´.¡þé6�9þ
��9þ�'; Fi, Di(i = e, w, n, s, t, b) ©O�.
¡þ�6þÚ*�Xê.

ã 5 ��NÚlÑ�� (a) ��N; (b) lÑ��

3.2 ���~~~���yyy

� 
 � ¢ � ( J [14] ' �, � © � O � �
. 9 > . ^ � � ¢ � � � �. 6 N � ¥ 5 6 Ø
å 648.1 Pa, §Ý 241.5 K, êâê� 6.47; �N�
��Î, (�á�æ^ 1Cr18Ni9Ti, 	» 38.1 mm,

S»� 25.4 mm, O����Xã 6, 6N�3Ô¡
??1
\�, O��m t = 2 s.

ã 7 � t = 2 s �9¡§Ý©Ù­�, T0 �
9¡7:§Ý, θ ��Î	L¡�é¡¡�Y�.

lã¥�±wÑ�ÎL¡�é7:�§Ý©Ù
�¢�(J [14] ÎÜ��Ð. Ù¥7:§Ý�p
� 452 K Ñ�u¢�(J [14]465K, 7:96�Ý
� 6.47×105 W/m2 �Ñ�u¢�� 6.7×105 W/m2.

ã 6 6NÚ�N�� (a) O����; (b) 6��.¡��

ã 7 9¡§Ý©Ù­�
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4 A½ó¹e�e%�J

4.1 OOO���^̂̂������bbb���

1) Êc�3 25 km �p�, ±êâê 7, "ô�
�1;

2) Ê c � S Ü e % ø � Ú F 9 � æ ^ F
9gá�, �9Xê� 60.5 W/mK, 9)äXê
� 1.2 × 10−5;

3) e%J���Y, \�§Ý� 300 K.

O � L § ¥ b �: a) e % � 6 Ä L § ¥ �
�3é6�9, Ø�3Ë��9; b) �Ñe%�
d9; c) ��é6e%(�Ø�3)ä½Ù¦
/C.

4.2 OOO���(((JJJ

ã 8 �Êc���ü�e%c� (e%J6þ
� 100 g/s) �§Ý©Ù, �p§Ýd 2013 K eü
� 1510 K, üÌ� 25%. dã��e%��Êc�
ÞÜ§Ý©Ù¿Øþ!, ;bSÜe%6��	9
¡§Ý�$, 
e%��>�	9¡§Ý�p. ù
´Ï�e%Ï�ý9å�`¡��^, rz
�
�e%(���9Uå, ¦e%Jl9¡�r�
õ�9. e%c�é'��, ke%�Êc�SÜ
§Ý�$, ��(�å�
éÊ.SÜ�9�o
�^.

3©Ûe%�J�, 9¡§Ý´4�­���
�ë�. Ïd�©é9¡§Ý?1Ãþjz, JÑ
��e%ëê

η = (TW − TCW )/TW , (4)

ª¥, TW �Ãe%�9¡�§Ý, TCW �k
e%��A �9¡�§Ý, ÙÔn¿ÂL�
3
	ÜíÄ\9ÚSÜe%�nÜ�^e9¡§Ý
eü���. �� η < 1, � η ���, e%�J�
Ð. �
©Û��(�e%�J, À�Êc���
ü�	9¡­� Γ1 Ú Γ2 ��ïÄé�, Xã 9. Ù
¥ Γ1 ���e%ü�	9¡¥m­�, Γ2 ���
e%ü�	9¡>.­�.

ã 8 Êc���ü�§Ý©Ù�ã (a) Ãe%�; (b) Ye%�

ã 9 ­� Γ1 Ú Γ2 � �

ã 10 �­� Γ1 Ú Γ2 þ�e%�J η �©
Ù. ü^­�¥c�¥/ÞÜº: η �þ��, ÷
XÞÜ­� η ��5O\�ÞÜ$:?, 
��k
eü, ¿�±­½. ­� Γ1 ÞÜ7:e%�Ç�$
� 0.25, ��:� η �þ�u­� Γ2 éA ��
�, Ïd3�¡©Ûe%�J�, ò­� Γ1 þ η �
��ïÄé�.
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ã 10 ­� Γ1 Ú Γ2 þ� η �

5 ��é6e%(�ëêÚá�5U
ée%�J�K�

5.1 eee%%%øøø������°°°'''éééeee%%%���JJJ���KKK���

3ü���e%ü�þÝØC�^�e, ÏL
UCÏ�ý9�þÝ5UCe%Ï�î�¡�°
Ý, ?
UC�°' γ. 3e%J6þ� 100 g/s �,

ïÄ γ é­� Γ1 ÞÜ7:� η ��K�. Xã 11,

η � γ �O\
O\���­½�, e%�J��
�Ú. ù´duO\e%Ï�`þÝÓ�~�
e
%Ï��°Ý, ù�3O\
9¡`�Ç�Ó��
Jp
Ï�Se%ó��6�, ù´k|u9¡r
zD9�. �Ó��~�
e%Ï�S�é6�9
¡È, ´Ø|urzD9�. m©k|Ï�ruØ
|Ï�, Ïde%�JOr, ��X γ �O\Ø|
Ï�þ,, ��,���KÏ�-��, e%�J
����. e γ UYO�, KØ|Ï��U¬�u
k|Ï�, ��e%�Jeü. Ïd3ó§�O¥,

AU¢S(�Ú\óó²À�Ü·��°', ��
�Ð�e%�J.

5.2 ÊÊÊccc���ÞÞÞÜÜÜ���»»»éééeee%%%���JJJ���KKK���

3ü���e%ü�þÝ!e%ø�(�ë
êÚÊ.�pØC�^�e, UCþeÊ¡Y�
5UCÊc�ÞÜ�». ã 12 �3e%J6þ
� 100 g/s �^�e, ÞÜ�»ée%�J�K�.

�XÊ¡Y²Y� α �O�, c�ÞÜ�»~�,

e%�Jeü, �eüÌÝÅìO\. ù´duc
��kz, ��ÞÜ96�ÝO\ì�, 
SÜe
%Ï�A��C, ¦�c�e%�Jü$.

ã 11 e%ø��°'éA­� Γ1 þÞÜº:� η �

ã 12 c�ÞÜ�»éA­� Γ1 þÞÜº:� η �

5.3 eee%%%JJJ666þþþéééeee%%%���JJJ���KKK���

dã 13 ���Xe%J6þ�O\, ­� Γ1

þ�:� η �O�e%�JOr, �´ η ��O\
ÇÅìü$. �ª, 6þ�O\�U�5é��e
%Oþ, =��\�e%J6þ5Ore%�J¬
��
�½4�. �Xe%J6þ�O\e%ø�
?Ñ�Øå�:ìO\, Xã 14. Ïd, éu(�Ú
á��½�é6e%(�, �
Ore%�J, A
nÜ�Ä6�?Ñ�Ø�Úe%�J�e%J6
þ�'X, ÀJ�Ze%J6þ�.
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ã 13 e%J6þéA­� Γ1 þ� η �©Ù

ã 14 e%J6þéAø�?Ñ��Ø�

5.4 ááá���555UUUéééeee%%%���JJJ���KKK���

��é6e%(��)SÜe%Ï�Ú	Ü
F9�, §��á�5UcÙ´�95ée%�
Jk­��K�. �
ïÄá��95Uée%�
J�K�, �©À�gÚÔá�, Ù�9Xê©O
� 60.5 W/mK Ú 401 W/mK, ©ÛØÓ|Ü�e%
�J, äN�~XL 1.

L 1 ØÓá�|ÜéA��~

S-S S-C C-S C-C

	�F9á� g g Ô Ô

SÜe%Ï�á� g Ô g Ô

dã 15 ��, C-C ÞÜº:§Ý� S-S eü

 37.8%, �Ü²þ§Ý�üÌ� 25.9%; C-S ÞÜ

7:§Ý� S-C eü
 29%, �Ü²þ§Ýeü

 10.8%. Ïd, �e%Ï�á�ÚF9á��Ó
�: æ^�9Xê�p�á�, 9¡§Ý�$, e%
�J�Ð; 
�á�ØÓ�, 	�F9á��9X
ê�p, e%�J�Ð.

ã 15 ­� Γ1 þ�§Ý©Ù

6 ( Ø

1. Êc���é6e%(�U
��§Ý�
ü$c�§Ý, k�/�op�(��1ì�ÞÜ.

2. �e%J6þÚe%ü�þÝØC�, e%
�Ç η �e%ø��°' γ �O\
O\���
��, d�e%�J���Ú, X γ UYO�K�
UÑyØ|ue%�y�, Ïd3�Oe%ø��
�¦þÀ�½�Cù��Z�.

3. ��UCc�ÞÜ�»�, e%�Ç η �c
�ÞÜ�»~�
eü, �üÌÅìO\, =c�
�kz¬¦�ÞÜ9�¸�\�z, ü$e%�J.

4. ���(�Úá�ØC�, e%�Ç η �e
%J6þ�O\
O�, ¿ÅìªC��4�, 

e%ø�?Ñ�Ø�%�6þO�
:ìO�. �

Ore%�J, AnÜ�Ä?Ñ�Ø�Úe%�
J�6þ�'X, ÀJ�Ze%J6þ�.

5. é6e%(��SÜe%Ï�Ú	ÜF9
�ÑAÀ�p�á�, ù�U
Oré6e%(�
��9�J.
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�©ïÄ�Êc���é6e%(�U
3
ØUCc�íÄ	/�^�eJøûÐ
q­½

��9�J, �~·^��m�1�p�(��1
ìc��9�o.
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Research on convective cooling effect of leading
edge platelet of airfoil∗
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( Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha 410073, China )

( Received 6 September 2011; revised manuscript received 30 September 2011 )

Abstract

A convective cooling platelet structure is a considered as a thermal protection system to prevent the leading edge of airfoil from

the serious aerodynamic heating. The cooling effect parameter η is proposed in this paper. By use of fluid structure interaction method,

the cooling effect of convective cooling structure is investigated under given condition. The minimum η that is 0.25 when the coolant

is water occurs on the leading edge of airfoil head. The research shows that the η increases with the increasing of channel aspect radio

(γ) and reaches a stable value which indicates the cooling effect is saturated. Situation unfavorable for cooling may occur if the γ keeps

increasing. And the η decreases with the radio of airfoil’s head decreasing. With coolant flux increasing, the η also increases to a stable

value and the pressure drop between inlet and outlet increases rapidly when the structure and the material of the convective cooling

platelet structure are fixed. Considering the pressure brought to the supply system due to the increase of flux, we should choose the

optimal coolant flux value in order to obtain better cooling effect. Both the inner coolant groove and the external refractory protection

should use high conductivity materials which can strengthen the heat transfer of structure and enhance the cooling effect.

Keywords: convective cooled, leading edge of airfoil, aerodynamic heating, fluid structure interaction

PACS: 47.55.pb, 47.27.nf, 47.40.ki
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