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Oïá6NÚ�N��Åð�§, Ó��Ä9�Ñ
Ú9Ë�, �ª?1ÍÜ¦). �©nãÌ��é
��«�¹, e¡lõ�0��'6!é6�9!
9�ÑÚ9Ë�A��¡\±�ã.

2 õ�0��'6ïÄ?Ð

2.1 nnnØØØ���...

g,õ�0�SÜ(��~E,, Ù�â�e
Ú�Y���9�m©Ù´ÃSÚ�Å�, �6N
�m�ÍÜ�^´��5�, Ïd�Xë6��,

�ïáî�½öO(�ÔnÚêÆ�.5£ã§
8cA�´Ø�U�. �õ�0�'6nØ�.E
,´ïá3 1856 c�Ü�.Ä:þ¿²LØä?

����²�nØ�., �L 1.

L 1 ¥�±wÑõ�0�nØ�.�uÐ{
§, �@��Ü�.@�'6L§�Ý�Øå�
l�5'X, ùU
¤õ?nXìê����'6
$Ä, �Ü�./ª{ü´un), ¦+ké��
Û�5, <��´�¿<§��õ�0�nØ�
f�1�¬<; 3dÄ:þ, Forchheimer (1901 c)

?�Ú¢�ïÄuy�Ü�.�3 Rep < 10 �
·^, ÄKØå��ÝA�Å�Ô�'X, u´�
�Ý²��'�.5��V\?�Ü�., ùB
´ Darcy-Forchheimer ?��.. ¢Sþ�5 (1997

c) kïÄö [1] ÏL¢��Ñ, �6Ä?\ë6G
�� (Rep > 100), ��5{å�6�¥ 3 g�'
X, ¤±?�Ú�?�´k7��.

L 1 õ�0�'6�.�uÐ9Ì�A:

c° êÆ�. Ì�A:

1856 �Ü�. (Rep < 10) �ÄÅ5{å

1901 Darcy-Forchheimer ?� (Rep > 10) �Ä.5å

1947 Darcy-Brinkman ?�(�YÇ���æ^) �Äk�Å5Xê, ��uë6Å5Xê

1957 Darcy-Wooding ?��. (Rep > 1) �Ä
.5�AÚ\�Ý?�

1981/1998 Darcy-Brinkman-Forchheimer �Ä.5å!Å5{å!k�ÅÝ!\�ÝÚ.5�A

1947 c, Brinkman �Ulë6�.¥¼�(
a, 3 �Ü� . ¥ \ \ 
 k � Å 5 Ñ Ñ � ��

 Darcy-Brinkman ?��., éõ¢�L²T�
.3�YÇ�p�â�( [2], 
�kê��[ [3−5]

L², Ùk�Å5Xê�©fÄåÆÅÝ��¢�
(JÎÜ�éÐ. Ïd, ´Ä�±ù�ßÿ, Darcy-

Brinkman ?��.m©´�æ^k�ÅÝXê�
Äõ�0�é'6L§�aë6rz, �(J3�
�YÇ�Ùrz�J�©f*Ñ�C, \þ��.
�é��YÇ·^, @où�?�´Ø´vk7�
Q, ù��?�Ú�ïÄ.

XJ`þã Forchheimer Ú Brinkman �´é
�Ü�.{ü�²�?��{, @o 1957 c Wood-

ing Ò?1
���ÿ�ÞÄ, r N-S �§�/ª
Ú\
õ�0�'6�., �Ä
\�Ý!.5�
AÚØåFÝ�, �,�Ü{å´7L�. �´Ä
ud, Vaifai � [6] Ú Alkam � [7] â3éõ�0�
�*6Ä N-S �§ Rev ²þÄ:þïá
 Darcy-

Brinkman-Forchheimer �., T�.·^uE,õ
�0�6Ä, ØLo�`5ù���.�Î�k�

²�5�.

���Ñ�´Cc5�
ïÄö [8−13] }Á
ÏL�fÀ�[ù�{ (LBM) l�*ÚO��a
q Darcy-Brinkman-Forchheimer ù���.�¢S
(JÎÜ�Ð, ´�kcµ�õ�0�'6nØï
Ä#´f. ,
ég,�Åõ�0�
ó, Ù;.
���5A��U�·uæ^©/!·b���
5nØ£ã, ù
�¡®k�
-Ä<%�ïÄ¤
J, 'Xõ��0���ï [14−17], 6ÄA��©
/£ã±9'6©/'éª�¼�� [18−25]. ØL,

õ�0�'6¯K��ª)û7,�6uë6J
K�»), �,Ù���ïÄ�Ur?ë6nØ�
�õ�uÐ.

2.2 ²²²���'''éééªªªÚÚÚ)))ÛÛÛ)))

�éõ�0�'6, ��1���Æ�+�
ÏL¢�¼�
�þ'6²�'éª, Ù¥'�
~^��3L 2 ¥. �±wÑ, �@��Ü�5'
éª�·u$Xìê, Forchheimer[26] JÑ
�Ô
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�'éªk
�Ð�°Ý. Kozeny-Carman[27] 'é
ª3zó1�¥kX2�A^, 'XLÈ�. Fair-

Hatch[28] úª´�âþj©ÛíÑ5�, ª¥ β �
tÑõ�0���ÝÏf, d¢�(½� 5; α�ß
â/GXê, ¥/�â� 6, kc��â� 7.7; Pm

��33���ç�ßâz©'; dm ���ç�
�AÛ²þ�. Cc5, ©/nØ3õ�0�'6
L§�A^NyÑ
���`�5, �Ëµ [29] �
â6NåÆÄ��nÚ©/nØí���
'6
©/)Û), úª¥Ø¹?Û²�~ê, =ÏLõ
�0��©/�ê!s­Ý�êÚ�»½â»�

ëê=�¦Ñ. T'éª�,��
�
¢���
y, UÄ���í2�I�?�ÚïÄ. �,, 8c
A^�2��´ Ergun .�§ [30], �T�§�¦
^Äk��âXìêò6Ä©� Forchheimer «Ú
ë6« (�L 3), ,�3ØÓ«� a Ú b �ØÓ�
ê� (�L 4). dL 4 wÑ, ØÓïÄö��ØÓ,

`²~ê���ÏäN�¹
É, ù�¯K���
I�?�Ú&¢,�=Å� [31] rÑ
ék¿Â�
�Ú, r Ergun �§�Xê��â/GXê?1

'é, ØL Ergun �§�XêAT���âm��
 !ìàÚ¤É�^å�Ñk'X.

L 2 õ�0�~^'6'éª

�ö '6'éª A:

Darcy Q = KA
H1 − H2

L
A^2, ·u Rep < 10

Forchheimer[26] J = a + bv2 ��[Ü (Rep > 10)

Kozeny-Carman[27] k = c0
ε3

(1 − ε)2M2
s

~^, ·^��2, k�þ�y

Fair-Hatch[28] k =
1

β

[
(1 − n)2

n3

( Φ

100

∑
m

Pm

dm

)2
]−1

tÑõ�0�, k�y

�Ëµ [29] K =
µL0Q

∆PA
= π

128

L
1−dT
0

A

df

3 + dT − df
λ
3+dT
max ·^���2, k�y

Ergun � [30] ∆P = a
(1 − ε)2

ε3

µgνg

d2
+ b

(1 − ε)

ε3

ρgν2
g

d
·^2, �2��y

Bear[32] k =
nd2

32
(�Y),

nb2

12
(�Y) ñ�, k�y

�²ð [33] K = Br

2(ds − da)

da
p d2 (Dd

max − Dd+1
min )2

(d + 1)2
[1 + (cXda−2)]3/2

(1 − cXda−2)3
è19�â0�,��¢���

L 3 ��Ü66Ä©«

¤3«� Ifiyenia Fand Macdonald Ergun o�+� [34]

Forchheimer « (Rep) [0.34—2.3] [0.57, 9]
[0.03, 32.7] [0.08, 196]

[0.95, 15]

ë6« (Rep) > 3.4 > 13.5 > 15

L 4 Ergun .�§~Xê a, b ��

�ö Forchheimer « ë6«

Ergun[30] a = 150, b = 1.75

�=Å� [31] a = 411Φs − 145, b = 2.8Φs + 0.00698

o�+� [34] a = 160, b = 1.35 a = 193, b = 1.22

Ifiyenia[35] a = 180, b = 9.4 (3 6 Rep 6 20) a = 342, b = 2.95 (Rep >30)

Fand[36] a = 182, b = 1.92 (5 6 Rep 6 80) a = 225, b = 1.61 (Rep >120)

Irmay[37] a = 180, b = 0.6

Macdonald[38] a = 180, b = 1.8

3 õ�0�SÜé6�9ïÄyG

õ�0�SÜD9L§���±©�ü«�

¹: 1�, XJõ�0�Svk6Ä½ö�k�ú
6Ä, �6��m§���, ½ö6Ä�r�, 6�
mA�Ã§�, ù
�¹e, ��rõ�0�U�
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N?n, $^Û�9²ï�., ^��9�Ç5£
ãÙ9D4��N1�K�; 1�, XJ6Ä�r,

6�mk�½§�, KI�$^Û��9²ï�.,

=õ�0�A�ü�SÜ6N��Nm���9
²ï, Ì��Äé6�9. Û�9²ï�.3è1
D9D�!ïÓææ!Ô�ZH!zó�Aì!
)ÔNSD9D�ÚÊUì9+¥þkX2�A
^, äN�±ë�4��?Í�5õ�0�D9D
�nØ�A^6�Ö. Cc5, Û��9²ï�.
�A^�32�mÐ, 'Xp§ÑNe% [39−42]!
rzD9 [43−45]!õ�0�-�Eâ [46,47]!õ�
0�S�9²ïzÆ�A [48]!��Uu> [49]!
Úõ��&7áD9D� [50] �, ù
A^�¡�
�[o(ò(Üõ�0�ê��[,>©�ã, ù
pÌ�énØ�.Ú¢�ïÄ, cÙ´Ì�é6�
9Xê'éª?1nã.

é6�9´õ�0�SÜ6ÄL§9D4�
Ì��ª��, 3r�6Ä�¹e  ÓâÌ��
^, ØL, õ�0�SÜé6�9L§K�Ï�¯
õ, �).5�^!.¡�A!Å5ÑÑ!2,
å!CÔ5!C�YÇ!�â/GÚ�ââ»�,

ù�é6�9Xê�(½�5é��(J, 8cÌ
��²�úª½ö²L�þ{z�����
n
Ø(J.

3.1 IIISSSïïïÄÄÄ???ÐÐÐ

�u�Æñ�Æ�@Ï (1999 c)[51] 3ïÄ
»�uÄÅe%L§�^��ø�¥�ÛÜé6
�9Xê?nõ�0�SÜé6�9. �5 (2006

c)[52], 3ïÄ�[õ�0� (�â�» 0.2 mm �
m) SÜé6�9�JÑÛÜNÈ²þ{Ú8oë
ê{ü«?n�{, �¢�(JÎÜ�Ð. �C [53],

Â`AÚñ�Æ�3é6�9¢�ïÄ�Ä:þ
[Ü
ü� Nu ê¢�'éª (�L 5 õ�0�Ì
�é6�9Xê'éª), ��·^uâ»3 20 µm

±þ�âæÈK, ��·^u 20 µm ±e, ��Ä

ºÝ�A�?�, Ì��Ä�Ýw£Ú§Ýa�.

,
, Ù�ö@�d[Ü'éª�I��õ�¢�
�y.

3.2 III			ïïïÄÄÄ???ÐÐÐ

d u õ � 0 � � � � E , 5, � m © @�

õ � 0 � � m v k§Ý � O, ÷ v Û � 9 ²
ï, Slattery (1981 c)[54] A^²þnØ��
Û
� N È ² þ U þ�© � § (ü§Ý � §). �
X Carbonell Ú Whitaker(1984 c)[55] �âþ?©
Û, � � 
 õ � 0 � Û � 9 ² ï b � ¤ á � �
m Ú � Ý I O, � 5 Zanotti Ú Carbonell (1984

c)[56], Levec Ú Carbonell(1985 c)[57], Quintard

Ú Whitaker (1993 c)[58], 9 Quintard (1997 c)[59]

q3dÄ:þJÑ
Û��²ïb�¿í���
�NÚ6N��V§Ý�§. w,, 3V§Ý�§
¥6��m�é6�9Xê�(½w��~­�,

�8cNõïÄöÏL�þ¢���
NõØÓ
�¹e�é6�9Xê'éª, nØïÄ���'
éª��, ~^'éª�L 5.

L 5 ¥ Whitaker 'éª´ÏLé�ÅW¿K
ÚØ¢�ü+å��9êâ©Û��, õc5�
�kX2��A^, é�õê�OO�Ñk÷¿�
(J. ù«/ª�5� Kreith, Frank, Bohn Ú Mark

(2001 c) Ñ\?U��
,�'éª, U
·u
���YÇ��Úõ«/G�W�. ,	, Wakao

Ú Kaguei (1978 c) a'D�'éª��,�«A
^�2�é6�9Xê'éª, Xìê��3 15—

105 �m, � Saito qéd/ª�Xê?1
N�¿
Ú\
#ëê Φ, Ò�±·A�p�Xìê��.

�k, Kuwahara �Q²í��Ñ��'ué6�
9Xê�nØ)Ûª, úªvk?Û²�~ê, �
Á��y·Üu2���YÇ!XìêÚÊKA
ê, �¢Ã�´T)Ûª�·Üuõ�0��66
Ä. Pallares Ú Grau (2010 c) qÏL�þ¢�êâ
é Kuwahara úª?1
?�, �u�úª¦± 2.

��, é6�9'éªÌ�ÏL¢�Úê��
[�{��, ØÓ�/'éª/ªØ�, XêkO,

À^�I�5¿. nØ)Û)�3�6��ïÄ,

ë6nØ'éªéJ��, ùE´T+�ïÄ�J
:, �UI�/Ï#�óäÚïÄ�{. ,	�±
wÑ, �u 20 µm ��âW¿KI��ÄºÝ�A,

=�Ä�Ýw£Ú§Ýa�.

4 9�ÑÅn

é�Ñ�ïÄm© [68] ´lD�m©�, @�
õ�0�SÜD�Ø
é6D�	��)©f*
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ÑÚÅ�*Ñ. 
Å�*ÑÒ´¤¢��Ñ, ´d
n«�¹Úå: 1) 6NÏLz����Ý©ÙØ
Ó; 2) 6NÏL��Yº�Cz���ÝCz; 3)

6NÏ��s­. 
��±ßÿ9�Ñ�Å���

d�q. du�Ñ�Å��~E,, ¤±é�Ñ�
ïÄ�9�Nõ�¡!�{Ú�., ù
�.V)
å5�±©�AÛ�.!�Å�ä�.!ÚOA
Û�.ÚÚO�.oa.

L 5 õ�0�Ì�é6�9Xê'éª

�ö é6�9Xê ·^��

ñ�Æ
Â`A
2008 c

Nu = (0.86 − 4.93ε + 7.08ε2)Re1.15
d Pr1/3 â» 200—40 µm

Nu =
0.86 − 4.93ε + 7.08ε2

1 + 48Kn
Re1.15/1+24KnPr1/3 â» < 20 µm

Whitaker[60]

1972 c
Nu = 2 + (aNRe1/2 + bNRe2/3 )NPr1/3

(µb

µ0

)0.14
Re > 50

Zukauskas[61]

1972 c
Nu =

hd

kf
= 0.022Re0.84

d Pr0.36 ë6

Wakao, Kaguei

1978 c [62]

hd

kf
= 2 + 1.1Pr1/3

(ρf |〈u〉|d
µf

)0.6
Re(15—105)

Nagata K[63]

1998 c
hap = 3.30 × 103F 0.7G0.68 (G < Gld)

hap = 6.50 × 103F 1.17G2.27 (Gld < G < Gfl)

·u�[õ�0�,

_6£ÄK

Kreith, Frank,

Bohn, Mark[64]

2001 c

hd

kf
=

1 − ε

ε
(0.5Re

1/2
d + 0.2Re

2/3
d )Pr1/3 Re(20—104)

ε (0.34—0.78)

Kuwahara[65]

2001 c

hd

kf
=

(
1 +

4(1 − ε)

ε

)
+

1

2
(1 − ε)1/2Re0.6

d Pr1/3 �6
ε (0.2—0.9)

Saito[66]

2006 c

hd

kf
= 0.08

(Red

ε

)0.8
Pr1/3; 1.0 × 104 <

Red

ε
< 2.0 × 107 ë6

Pallares[67]

2010 c

hd

kf
= 2

(
1 +

4(1 − ε)

ε

)
+ (1 − ε)1/2Re0.6

d Pr1/3 �6

4.1 999���ÑÑÑ���ïïïÄÄÄ���777���555

9�Ñ3/eY9��¥��^´ÄI��
Äq���3�
�Æ [69−78], Ù¦+�Ä�@�
3õ�0�é6�9L§I��Ä9�Ñ�, �X
Û°(O�I�?�ÚïÄ. Murthy(1997 c)[79,80]

ïÄ
�Úõ�0�¥��Ñ�A9Å5ÑÑé
� Darcy ·Üé6�9�K�, �Ñ9�Ñ�A
¬rzD9, ��X�Ñëê��O\, Å5ÑÑ
�K��òO�, 
Å5ÑÑ¬�fD9. Úï
u (2001 c)[81] @�du�Ñ�AÚåÄþÚUþ
D4�O\, ¦�9�Ñ�A¤�õ�0�6Ä�
D9ïÄ�­�SN��. Testu (2007 c)[82] ¡õ
�0�¥�9�Ñ´6N!�NÚé6�m�n
Ü�^, 3Uþ�§{ü�V\é6�ØUÜn�

ÄYÄåÆ�A, 7L\\�Ñ�.

4.2 999���ÑÑÑXXXêêê���²²²���'''éééªªª

9�Ñ�D��Ñ��kX�~E,�Ån,

ÙnØïÄ�~(J, 8c�õæ^¢�²�ú
ª, e¡�Ñ�
Ì�ïÄ(J. Yagi (1960 c)[83]

�@ÿþ�½K�k�p�9�ÑXê. Bauer

� (1978 c)[84] �
�Äî�9�Ñ, é��9Ñ
$�.?1
þj©Û��
9�Ñ�., T�
.�~2�/^3zÆó§+�, ´ÏL�Gé
�·�Aì¥��þ�Ña'í����. Levec

Ú Carbonell (1985 c)[85] �é·��¹æ^Û�
9²ï�{(½
î�9�ÑXê, T�{´Ä
uV��.. Koch Ú Brady (1985 c)[86] JÑ¶�
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Ú»�9�Ñ�A�nØ5�²�'Xª. Cheng

Ú Hsu (1986 c)[87] /�ë6·Ü�ÝnØéW
¿+SÉ½é6�9�ÑÚ9¡�A?1
ïÄ.

Hunt Ú Tien (1988 c)[88] |^ÚO²þ��{Ú
·Ü�ÝnØJÑ
�l9¡«ÚC9«9�Ñ
�A�L�ª, ¿�â¦�gC�¢�êâ(½

Ù¥�²�~ê. Chou (1992 c)[89] í��Ñ
#
�9�Ñ�., T�.äk����N²�ëê.

$^T�.ýÿ� Nu ê� Re ê�'X�Á�
(J��. ñ�Æ� (1996 c)[90] �â¦<ÚgC
�¢�êâ�ê��[(J�é', JÑ
9�Ñ
�A�?�ª. Nakayama (1996 c [91],1999 c [92])

ÁãÏLéA½AÛ/G�õ�(�S6ÄÚD
9����[, 5ïÄõ�0�S��Ñ�AÚë
6�.. Metzger � (2004 c)[93] �O
Y6LÀ
æ¥æÈK�pî�9�ÑXê, �du(¯Ý�
�Ïvkv
p�°Ý. Testu (2007 c)[82] |^�
�üÑ, �O¢�C�ÿÁ
p�Úî�9�Ñ,

nØ©Û��
9�Ñ²�'éª, ·^u�âX
ìê 12—130. Úïu� [81] rõ�0�p�ü�
6Äw6ÄóÄ, í��Ñ
õ�0�p6Ä�9
�ÑXê. Kuwahara � [91,94] éu±Ï(��õ
�0�, ê��[��
9�ÑXê. ¤±, dþ
ãé9�ÑXê�²�'éªïÄ�±wÑ: é9
�Ñ'éª�¼��{õ�, k�ÏL�þ�Ña
'?1ïÄ, k�æ^·Ü�ÝnØ?1í�, �
k�æ^Äþ©ÛÚ�¯K�{, �,Ì��´

æ^nØ©ÛÚ¢��(Ü?1ïÄ; ,	, 9�
ÑXê'éªÏØÓ+�!ØÓé�!ØÓXì
ê��
É.

5 éË��9�ïÄ

Ë��9IØI��Ä, I��o�ÿÚN
� � Ä 8 c � v k�� Ú � � ` {. 1996 c,

ADUDA[95] '�
n«;.��9�Çúª, @
�õ�0�3§Ý�u 573 K �I��ÄË��
9. Ü°� (2004 c)[96]!Ü�y (2005 c)[14] Ú�
] (2007 c)[15] 3©OïÄp§ÑNõ�0�Ú
�9á��k��9Xê��Ä
Ë��9, ¢S
þ´�â ADUDA �ïÄ(J. ØL, id9 (2008

c)[39] 3é�(L§9D4ïÄ�@�Ë��9
�´3�N�â�m§���!�Y�ý�½d
íNÓâ�â'�²w. éw,, lnØ��Ý�
Ä, �õ�0�SÜXJ§Ý��é$
�§�é
��, Ë��9é�´�±�Ñ�, �´XJép
§ÑNõ�0�q¬N�Q, e¡���{z��
5���
5ÆÚ(Ø.

ã 1 p§õ�0�é6ÚË��9{z�.

L 6 p§õ�0�Ë�96Úé6�996é'

p§�â $§�â íN§Ý é6�99þ Ë��99þ Ë�9þ'

§Ý T1/K §Ý T2/K Tg/K /W·m−2 · S−1 /W·m−2 · S−1 é69þ /%

1000 999 995 1350 151.0 11.2

1000 999 998 450 151.0 33.5

1000 999 999 150 181.2 120.8

900 899 898 450 132.0 29.3

500 499 499 150 18.8 12.6

471 470 470 150 15.7 10.5

464 463 463 150 15.1 10.0

Xã 1, ép§õ�0��e%�ídeÜN
\e%��¹ (äNA^X�(¶!YYÙ�!Z
K��e%�), À�p§õ�0����A�ü
�, �Úo±��â, õ�0�äkù��±Ï(

�. ÏL{z@�§Cquü¬l�éC��²�,

�âL¡�Ý Gr � 0.8, íNr�é67L�â,

�õ�0�é6rzXê 1.5, T1 L«p§�âÜ
©, T2 L«$§�âÜ©, Tg L«¥míN, @o
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�±�âÃ��²�mË��.O�Ë��99
6 (qWr = 5.67×10−8×(T 4

1 −T 4
2 )/(2/Gr−1)), é6

96�âÚîe%½ÆO� (qWC = 1.5 h(T1T2)),

é 6 � 9 X ê � � í r � é 6 � 9 X ê � þ
� 100[86], �Äõ�0�rzD9�J2¦± 1.5

�rzXê, ¦±�9¡È�±��Ë��99þ
Úé6�99þ�'�, XL 6.

dL 6 ¥��, �NL¡§�ØC, �Xí�
m§��O�, é6�9�r�, Ë��99þÓ
é6�99þ�z©'��, 1000 K �, �NL¡
§�� 1 K, í�m§�� 5 K �Ë��99þÓ
é6�99þ� 13.4%±þ, XJí�m§�ÚË
��NL¡m§�þ�� 1 K �, Ë��996$
�rué6�996; 3 470 K �§��þ� 1 K,

�Ë��9þÓé6�9þ� 10.5%, d�, X�N
§Ýü� 463 K 9±e�, '~eü� 10%±e.

¤±lÐÚ����, éíNÚ�Nm±9�
NL¡m�§�� 1 K �, p§õ�0�3 464 K

±þ�I�Ó��Äé6�9ÚË��9, ¤±é
p§õ�0�e%L§
ó, þÜÚ¥þÜ«��
U÷vd^�, I��ÄË��9; XJ�NL¡
m§�ØC, �Xí�m§��O\é6�9�5
�r, p§õ�0���U^ØX�ÄË��9,

ù�ûuË��99þ�é6�99þ�'.

6 o (

1) õ�0�'6nØ�.²{
�Ü�.9
NõïÄö�?�, �Ä.5å!Å5{å!k
�ÅÝ!\�ÝÚ.5�A, ��uÐ� Darcy-

Brinkman-Forchhemier �.. ØL�±wÑ, ù��
�.åïáXÚ�õ�õ�0�nØq��ké
��´�r, Ïdõ�0�'6uÐ�¹���
´{ü¢^�²�'éª. '�k¶�X Darcy,

Forchhemier, Bear, Kozeny-Carman Ú Ergun 'éª
�, 
��X 20 ­V 70 c��©/nØ�uÐ,

ïÄöm©}ÁA^©/nØ¦)õ�0�'6
)Û'éª. Ù¥, u¥�E�Æ�Ëµ�Ç�©
/)Û'éªØ¹?Û²�~ê, ��¢��y,

w«Ñ
©/nØ3?nE,�Å¯K�`�5.

�,, 3ù
'6'éª¥, A^�2��´ Ergun

�§, õc5�Nõ¢�Úó§A^�E�yL,

ØL Ergun �§(¢��3�
Øv, ÙXê3N
õ�¹e´Ø(½�.

2) õ�0�D9¯K�±��©�üa5�
Ä. �a´SÜÃ6Ä½ö�~�ú, ½ö6��
m§�é���D9, ù�aD9�±U�95?
n, æ^Û�9²ï�., ^��9�Ç��÷*
�9Xê, k�«�¹�'éª�±|^. ,�a
´SÜu)r�é6
�6�m�3�½�§�,

TaD9I�æ^Û��9²ï�., Ø%´¼�
�(�é6�9Xê. 8c, é6�9'éªÌ�
ÏL¢�Úê��[�{��, ë6nØ'éªE
´T+�ïÄ�J:, �UI�/Ï#�óäÚï
Ä�{. ,	, �u 20 µm ��âW¿KI��Ä
ºÝ�A, =�Ä�Ýw£Ú§Ýa�.

3) é9�Ñ8c®²muÑNõnØ�., �
duÙ���E,5��2�/Ï¢�ïÄ, �þ
²�'éª�ïÄÒ´²w�~y. ØL�±w
Ñ, 9�Ñ²�'éªÏØÓ+�!ØÓé�!Ø
ÓXìê��
É. é9Ë���Ä8c��kÚ
�`{, k�ïÄöÚ�B\��9�Ç¥, k�
%���Ä, k�@�Ø7��Ä. �â���±
��, éíNÚ�Nm±9�NL¡m�§��
� 1 K �, õ�0�3 464 K ±þ�I�Ó��Ä
é6�9ÚË��9, ¤±ép§õ�0�e%L
§
ó, þÜÚ¥þÜ«��U÷vd^�, I�
�ÄË��9. XJ�NL¡m§�ØC, �Xí
�m§�O\é6�9�5�r, p§õ�0��
�U^ØX�ÄË��9, ù�ûuË��99þ
�é6�9þ�', �,�O(�(Ø�I���
�\�ïÄ.
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N ¹

L 7 ©¥â�L9ü 

ÎÒ Ônþ ü 

k 'ßÇ m2

Ms �â�'L¡È m−1

c0 ²�~ê Carman ïÆ��� 1/5

a, b, c ¢�(½�²�~ê

J Yå·Ý

v '6�Ý m·s−1

q '6��Ý m·s−1

K '6Xê m·s−1

A LY�ä¡¡È m2

P Ør Pa

Q 6þ m3·s−1

Z  �pÝ m

γ �NN­ kg·m−2·s−2

ρw Y��Ý kg·m−3

ε Ù�K��YÇ

ρg íN�Ý kg·m−3

ρf 6N�Ý kg. m−3

vg íN��Ý m−1·s

dp Ù�²þâ» m

H ��ü�pÝ m

MP Øü Pa

µg íNÄåÅÝ Pa·s

µf �N�ÄåÅ5Xê Pa·s

df ¡È©/�Ýê

dT �­Ý�Ýê

λmax ���Y�» m

ε �YÇ

da �Y©/�ê

dp �â©/�ê

ds Ì�ê

Dmax è1¥���â�» m

Dmin è1¥���â�» m

β tÑõ�0���ÝÏf, d¢�(½� 5

Φ ßâ/GXê, ¥/�â� 6, kc��â� 7.7

Pm �33���ç�ßâz©'

dm ��ç��AÛ²þ� m

Nu ã��Oê

Re Xìê

Pr ÊKAê

h é6�9Xê w·m−2·K−1

d �â�» m

u 6N6� m·s−1

kf 6N�9Ç w·m−1·K−1
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Abstract

Forced convection heat transfer in porous medium is involved mainly with the seepage, convection heat transfer, thermal disper-

sion and thermal radiation. Their research statuses and development trends are reviewed in this paper. The primary theoretical models,

experimental research and empirical correlations were systemized and their features, application range and limitation were summarized

too. Furthermore, the future research area and the difficulty are presented on the convection heat transfer of porous medium according

to the comparative analysis of the past research results. In addition, when the radiation heat transfer can be considered in the cooling

process of high temperature porous medium is determined by the simplifing calculation. All of these will be helpful to the theoretic

research and engineering application of the porous medium.

Keywords: porous media, convection heat transfer, seepage flow, thermal dispersion
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