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1 Ú ó

�%���«~��Ô�2��3ug,.
Ú�«ó§A^¥. éu�%3í-��.¡�C
/Ú£Ä¯K, �uÙ­��A^d�, ��±5
Ñ´<�'5�9:. XË�9þ¬Ñy���%
ÊNuË�9þ, ,�ew�£Ë¥, /¤�^�
,� [1]; ��L¡þ��%u)�þ�$Ä, �­
å��
1 [2]; �%d�9¡¿�9¡�m/¤�
½��>�, ¿�ØÓ��N9ØÓ�L¡o÷§
Ý¬/¤ØÓ��>���. ù
y��/¤Ñ�
�N��­��5�EE�', =�N�L¡Üå.

éu�9�N3í-��.¡C/£Ä¯K�
L¡Üå�{, IS	Æö?1
NõïÄ. 3�
�{¥, Brackbill � [3] JÑ
ëYL¡Üå (con-
tinuum surface force, {P� CSF) �., òü�L¡
Üå=z�ü�NÈå?1O�, JÑ9¡NXå

>.^�?n�{¿?1
�X��~�y. Liu
� [4] JÑ�«��{�âf{·Ü��{, (Ü
9¡NXå>.^�?n�{, �[
ØÓ�>�
Ý�%�9¡�d��¹. ��ÚÛ¶ [5] |^Y
²8{ (level set) O�
�+�ü«�N�.¡G
�, �[
²�þ���%3ØÓ>³�^e?u
ØÓ�d�/�. Liu � [6] |^ÑÑâfÄåÆ [7]

�{ (dissipative particle dynamics, {P� DPD) é
L¡Üå�^eü²�mõ�6Ä�d�1�?
1
ê��[. Ü²n� [8] �|^ DPD é�]ø
��Ï�¥��%$Ä?1
ê��[. 31w
âf6NÄåÆ (smoothed particle hydrodynamics,
{P� SPH) �{¥, Fang � [9] Ú Bao � [10] $
^ Morris[11] ��{©OéL¡Üå�^e�/�
%�g,CzL§Ú�%é7áL¡��í�z
�$t¯K?1
�[ïÄ, ��é�N3í-�
�.¡L¡ÜåO�?1?�, ØUéÐ�[�N
é9¡�d��J. Liu � [12,13] /� Brackbill �
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�9¡NXå>.^�?n�{, |^¹L¡Üå
�.� SPH õ�6�{é�µJ�µ¿.��+
6ÄL§?1
ê��[, ¼���N6Äc÷�
Ý�nØ)�©ÎÜ, �´�¼��¡�¢SCz
L§. þã SPH �{�3�Ì�¯K´�U`²
3í-��.¡?6Nâf.¡{��O�L§!
�N>.Jâf�?n�ª, ØUéÐ/ò9¡N
Xå>.^�?n�{�Äu CSF �.�L¡Ü
å SPH �{kÅ(Ü, vk�[;.�!äk`Ñ
å��y�~.

�©lröÅ� [14,15] JÑ�?�L¡Üå
�{� SPH �{Ñu, æ^#�>.?n�ªÚ
{�?��{?1U?, ��
¹9¡NXå>.
^��L¡Üå�{. æ^ Monaghan JÑ�<ó
Aå [16] �{�Øâf��Ônà8, )ûO�¥
Ñy�.�Ø­½¯K. |^�©�{éYø�.
¥É9¡NXåK��Y¡�CzL§?1
ê
��[, ¿�6NNÈ¼ê (volome of fluid, {P
� VOF) �{?1é'©Û, �y
T�{��(
5. ��, ÏL�[�%é9¡�d�L§Ú}�
í6°Ä�%3�NL¡C/øáL§, é�©�
�{3ó§þ�·^5?1
�y.

2 SPH �{

2.1 ���������§§§|||ÚÚÚGGG������§§§

éu�©�~, I�Ä6N�Ê5�L¡Üå
�^, 6ÄL§w�f�Ø 6Ä, Ø�Ä9D�,
æ^ Lagrangian �§|��Ù���§|, /ªX
e: 

dρ

dt
= −ρ∇ · v,

dv

dt
= −1

ρ
∇P + ν∇2v + fs,

dx

dt
= v,

(1)

ª¥, ρ, v, P Ú fs ©OL«6N��Ý!�Ý!Ø
åÚL¡Üå, ν �ÄåÊÝXê, t ��m, ν∇2v

�Ê5�, d/dt L«Ô��ê.

�k�O��§ (1) ¥�Øå� P , Ú\f�
Ø G��§ [17]

P = P0

[(
ρ

ρ0

)γ

− 1
]

, (2)

ª¥, ëê P0 �ë�Ør, γ ´~ê, �6N��N

���� γ = 7, γ Ú P0 �Ó^u��O�¥6N
�Ý3Ù~��ÝNC���ÌÝ (���¦��
3 1%�m). ¢SO�¥I�é P0 À�·��, ¦
Y6f�Ø Cq�(� c �6|¥��6� 10
�±þ�, ±�y�[6|�Ø�Ø 5. 3d�
ÏL P0 = 100ρ0v

2
max/γ ¼�, Ù¥ ρ0 ��N�Ð

©�Ý, vmax �6N����Ý.

2.2 õõõ���ÊÊÊ555666 SPH lllÑÑÑ���§§§|||

�é�©¥¹�Ý���¹, DÚ SPH �{3
mä¡?O�Ø­½, �©æ^ Ott Ú Schnetter[18]

JÑ�?� SPH �§|; 3O�Ê5�, du SPH
���ê3O��°ÝØp, ´ÑyO�Ø­½,
E¤âf�S��, Ïd�©æ^ Morris � [19] �
[$XìêØ�Ø 6Ä¯KA^�k��©{
� SPH ���ê�(Ü��{, d�{°�5Ú°
(5��Ð�
; �k�)ûO�¥Ñy�.�Ø
­½¯K, æ^ Monaghan JÑ�<óAå��{
�Øâf��Ônà8. dd, õ�Ê56 SPH l
Ñ�§|L�ªXe:

dρi

dt
= mi

∑
j

vij · ∇iWij ,

dvi

dt
= −

∑
j

mj

(
Pi + Pj

ρiρj
+ fn

ijRij

)
∇iWij

+
N∑
j

mj
µi + µj

ρiρj
vij

(
1
rij

∂Wij

∂rij

)
+ fs,

dxi

dt
= vi

(3)
ª¥, i, j L«âf?è, mj , ρj ©OL«âf j �
�þÚ�Ý, xi, vi ©OL«âf i � �!�Ý¥
þ, vij = vi − vj , Wij = W (ri − rj , h) �Ø¼ê,
�©À^ng�^Ø¼ê, ∇iWij = ∂Wij/∂xi L
«Ø¼êéâf i � �ê, h ´½ÂØ¼êK�
«��1w�Ý.

fn
ijRij �<óAå� [16,20], ÙÄ�g�´3

ü�C�âfm�\��á§ü½å, ±;�ÙL
u�C$�à8. Ù¥, fij = W (rij)/W (∆p), rij

�âf i Ú j �ål, ∆p ´Ð©âfmå, n > 0.
3 SPH O�¥, 'Ç h/∆p ´~ê, Ïd W (∆p) �
´~þ. 3¢S¥, h �ûu�Ý, ÛÜâfm�´
é h Ú h/∆p �²þ�O¦��.

Rij = Ri + Rj , (4)

Ù¥, Ri, Rj dÑ��§¦Ñ. 3�©¥=é·Y
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Øå?1?�B����¦, =�Øå Pi < 0 �,

Ri = −ε1
Pi

ρ2
i

, (5)

ÄK,

Ri = ε2
Pi

ρ2
i

, (6)

Ón�� Rj . Ï~, ε1 �� 0.2, duØå���¬
E¤âfà8, Ïd�©¥ ε2 Ó���� 0.2.

3 L¡Üå?��{

3.1 CSPM ???������LLL¡¡¡ÜÜÜååå���{{{

CSF L¡Üå�.´d Brackbill � [3] JÑ
�, ÏL�ØÓ�6ND±ØÓ�Ú� (color) 5
«©.¡?�6N�ØÓá5, |^Ú¼ê (color
function) ��L¡{�9­Ç, ¿òü�L¡Üå
=z�ü�NÈå?1O�, �m�±=z�Äþ
Åð. CSF �.3���{¥��
2��A^,
´ Fluent �û^^��L¡ÜåØ%¦)�{.

Morris �â CSF �.g�, JÑ�{�9­Ç
�O�L§Xe:

½ L¡
c̄i =

∑
j

mj

ρj
cjWij , (7)

¦){�

nαi =
∑

j

mj

ρj
(c̄j − c̄i)Wij,α, (8)

¦)­Ç

n̂γ,αi =
N∑

j=1

min(Na, Nb)(n̂γj − n̂γi)Wij,α
mj

ρj
,

(9)

ki = −(∇ · n̂)i = −
(

∂n̂xi

∂x
+

∂n̂yi

∂y

)
= n̂x,xi + n̂y,yi, (10)

ª¥, cj �ÚI, 3½Â�6N«�SÐ©�� 1,
36N«�	�Ð©�� 0, α, β, γ ��� 1 ½ 2,
L«�I��. Na, Nb ��� 0 ½ 1, ^±�O�
l>.�âf{�´Äé­ÇO��)K�. n̂ L
«ü z�{�, nαi L«âf i 3 α ���{�
©þ, n̂γ,αi L« n̂γ 3 α ���©þ.

Morris �{3O�k�9âf©ÙØþ�Ü
 ��3���Ø�, �)ûù�¯K, röÅ

� [14,15] |^ CSPM �{é (8) Ú (9) ª?1
?
�, ��#�{�Ú­Ç©þO�ª©O�

nαi =

 N∑
j=1

(c̄j − c̄i)Wij,β
mj

ρj


×

 N∑
j=1

(xα
j − xα

i )Wij,β

mj

ρj

−1

, (11)

n̂γ,αi =

 N∑
j=1

(n̂γj − n̂γi)Wij,β
mj

ρj


×

 N∑
j=1

(xα
j − xα

i )Wij,β

mj

ρj

−1

. (12)

ò (12) ª�\­ÇO�úª

ki = −(∇ · n̂)i = −
(

∂n̂xi

∂x
+

∂n̂yi

∂y

)
= n̂x,xi + n̂y,yi, (13)

�ª��ü �þL¡Üåúª�

(fs)i = − σ

ρi
(∇ · n̂)in̂i, (14)

ª¥, fs �ü �þL¡Üå, σ �.¡ÜåXê,

��~�.�ü�6N�, ρ =
1
2
(ρi + ρj), ρi, ρj ©

O�.¡ü>6N��Ý.

3.2 999¡¡¡NNNXXXååå>>>...^̂̂���

ÏL©z [3] ��, 3��{¥, �â CSF L
¡Üå�.O��?uí��.¡�6Nâf.
¡{�÷6N�9¡/¤��>��{���, 

nØþ.¡{�A÷í��.¡�{���. Ï
d Brackbill JÑ
9¡NXå>.^�?n�{
éù
âf�.¡{�?1?�, =|^�N�9
¡/¤��>� θ 5?�{�, ?�«¿ãXã 1.
?�úª�

n̂ = n̂w cos θ + n̂t sin θ, (15)

ª¥ n̂ �?��ü z{�, ©ª÷�N�9¡�
>��­½G��í��.¡�{���, n̂t �
3>.²¡S¿÷�>�{����ü z{�,
|^©z [3] ¥úª n̂(x) = ∇c̃(x) ¦), n̂w �R
�u n̂t ¿��9¡S�ü z{�. ��>�?
u$ÄG��, �>��Ä��>�, �´éu�
Ý'����+6Ä, Ä���>��±@�ð½
ØC, =�uÐ©·��>�. ��½>.�²¡
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�, n̂t ©ª3²¡S¿�9¡��, n̂w ©ªR�
u9¡.

éuÄu CSF �.�L¡Üå SPH �{, c �
3½Â�6N«�SÐ©�� 1, 36N«�	�
Ð©�� 0, >.Jâf c �Ú��� 0. ù«?n
�{O�?uí-��.¡�6Nâf� n̂t ¿Ø
÷�>�{���, Xã 2 âf A ¤«, d���
|^ (15) ª?1?�´�Ø�. ¤±I�(ÜÚ¼
êé>.Jâf?1AÏ?n, �y n̂t ÷�>�
{���, ��âUæ^ (15) ª?1?�. �©?
n�{�: Ì6N c ��� 1, �Ì6N�>�Ý�
�S�>.Jâf c ��� 1, Xã 2 ¤« a—b �
��, Ù{�� 0, 3��O�L§¥©ªæ^d?
n�{, ù��±�y n̂t ©ª÷�>�{���.
�ª, SPH �{¥ü z{�?�«¿ãXã 2 â
f B ¤«. du�©�~¥��í^�N�O, Ï
d3�C�N>.�ü«�N�.¡?�6Nâ
f�ü z{�ÑI�^þã�{?�.

ã 1 ��{¥ü z{�?�«¿ã

ã 2 SPH �{¥ü z{�?�«¿ã

d	, du�N>.Jâfë�6Nâf.¡
{�9­Ç�O�, ¤±�I�|^ (15) ªéÜ©
�N>.Jâf�.¡{�?1?�, ���?�
6Nâf°Ý��S�¤k�N>.Jâf. ��

?���ü z{� n �, |^ (12) Ú (13) ª=
�¦�?���­Ç.

þã�{���
?���­Ç�, 3L¡Ü
å�O�¥, =��­Ç�´Ø
�, �I�O�
.¡{��. ,
�cO��.¡{��?���
ü z{�´Ø���, ¤±�I�é.¡{�?
1?�. �©æ^��{�: éuæ^?�úª�
âf, |^ (11) ªO�.¡{���¿�\ (15) ª
=��Ñ����þ?���.¡{�©þ. ��
ò?���.¡{��9­Ç��\ (14) ªâ�
¦�?���L¡Üå.

3.3 ���mmmÈÈÈ©©©

�©æ^ leap-frog[21] �ª��mÈ©�{,
T�{é�m´��°Ý, äk�;þ$!O��
Çp�A:. úª�

φi(t + δt/2) = φi(t − δt/2) + φi(t)δt, (16)

xi(t + δt) = xi(t) + vi(t + δt/2)δt, (17)

ª¥, φ �L«�Ý ρ ½�Ý v, xi ´âf i � �
�I.

�
�±ê�È©�­½5, 3z���m
Ú, �âØÓ�OKé�mÚ�\±��´7�
�. Monaghan[21] �Ñ
©O�ÄäkÊ5ÑÑÚ
	å�^��mÚ�L�ª, Ó� Brackbill � [3]

Ú Morris � [19] ©OJÑ
ÄuL¡Üå�Ôn
Ê5��mÚ�, L�ª�

∆tf = min
(

hi

fi

)1
2

, (18)

∆t = min

(
0.25

(
ρh3

2πσ

)1/2
)

, (19)

∆t = min
(

0.125
ρh2

µ

)
, (20)

ª¥, fi ´�^3âf i þ�ü �þþå��
� (=\�Ý), σ �6N�L¡ÜåXê, µ �6N
�ÄåÊÝXê, �ª� (18), (19), (20) nª¥�
�����ª��mÚ�.

4 �~�y

4.1 YYYøøøÿÿÿÁÁÁ���~~~

�
�y�{��(5, ·�æ^©z [3] ¥
���;.�~ —— Yø�~. ��~b���

204701-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 204701

Ý/Yø, Ù¥�Y3L¡Üå��^e��Y
ø9¡/¤��ØÓu·��>� 90◦ �AÏ�
�>�Ý θ. du SPH �{O�í-���Ý�ü
�6¯K��3�½(J, ÏdY¡þ��í^h
�O, d?n�{���±�y�{��(5,
Ô � ë ê X L 1 ¤ «. � � ~ æ ^ � � . X
ã 3 ¤«: �	���N9¡>., º�� 5 mm×
2.5 mm, > . � � þ Ý � 0.375 mm, â f ê �
1584 �; Y M � â f ê � h M � â f ê � Ó,
� 1600 �. b� θ = 30◦, ã 4 �Ð©��?�

�.¡{�9L¡Üå��«¿ã, �w«

ã 3 ��¤«�ÛÜ. ã 5 �A^ VOF �{�
� © � { � [ L § � A � ; . � � é ', c 4
Ì ã � � © � {, � 4 Ì ã � VOF � {; ã 6
�ØÓ��>�Ýe�¡þ,pÝ��mCz
­�, pÝ���:��þ,pÝ�p�n�h
âf y �I��²þ�; ã 7 �A^ VOF �{�
�©�{�[ØÓ��>�Ý�ª��­½G�
��¡þ,pÝé'. O�¥Ø�9Ô��­å
ÚÊ5å.

L 1 �[¥Ô�ëê�L

Ô� �Ý/kg·m−3 .¡ÜåXê/N·m−1 ÊÝXê/Ns·m−2 âfmå/m h/m H/m

h 819.0 0.050475 3.16×10−3 6.25×10−5 9.375×10−5 1.875×10−4

Y 1000 0.050475 1.002×10−3 6.25×10−5 9.375×10−5 1.875×10−4

ã 3 Ôn�.9Ð©âf©Ù

lã 5 wÑ, �Cüý>.�ü�N�.¡?
âf|^ (15) ª?�.¡{�±�, L¡Üå�
��9����UC, ��M�ÉåØ²ï¿÷9
¡þ,. �X�m�í?, �¡�ç�9¡/¤�
½�>�Ý¿Øä~�, ���9¡��>�Ý÷
v θ ���­½G�, �¡Ø2Cz; lã 5 '�
wÑ, VOF �{��©�{O�(JÎÜ. lã 6
wÑ: 1) �¡þ,pÝ��mCq¥�êO��ª,
���>�Ý±�Åìªu²­, Ø�N��±	,
Ä�Ø2Cz; 2) �X�>�Ý�O\, �ª��
­½G���¡þ,pÝÅì~�; 3) 3Ó��
�, �Ý��, �¡þ,�p; 4) �>�Ý��, �
�­½G�¤I�m��. lã 7 wÑ, �©�{
� VOF �{�', �X�>�Ý�~�, O�(J
�åk¤O\, �´���é ��k 0.56%, ù¿

©�y
�©�{��(5.

4.2 ���%%%���999¡¡¡ddd������~~~

��%·�3þ��Y²�NL¡þ�, b�
§�L¡��>¡��/, �%��NL¡��>
��­�. ù�, �N!�NÚíNn«Ô�G�
��, �%�9¡/¤�>�Ý θ. �%��NL¡
��>�ÏLL¡Üå��^ò�%�L¡È~

ã 4 Ð©��?��.¡{� (a) 9L¡Üå�� (b) «¿ã
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ã 5 θ = 30◦ ��¡CzL§��ê��[ (a) t = 1.8 ms; (b) t = 2.6 ms; (c) t = 3.0 ms; (d) t = 5.0 ms

ã 6 ØÓ�>�Ýe�¡��mCzL§

����, �ª��­½G�. ÏL²ïÙL¡Ü

å�±��
¼'Xª [22]:

cos θ =
γsv − γsl

γlv
, (21)

ª¥, s �L�N (solid), v �LíN (vapor), l �
L�N (liquid). γlv ��%3�í¥�L¡Üå,
γsv Ú γsl ©O�í-�Ú�-��.¡�L¡Üå.
òíN���N½Xd. YM�¥h%d�9¡
�«¿ãXã 8, � θ < 90◦ �, 9¡�h%d�;
� θ > 90◦ �, 9¡��h%d�.

Ï d, � � ~ � ± é Ð / � y � © L ¡ Ü
å ? � � { � � ( 5 9 · ^ 5. O � æ ^ �
� . X ã 9 ¤ «. � 	 � � � N 9 ¡ > .,
º � � 0.515 mm×0.255 mm, > . � � þ Ý
� 0.025 mm, â f ê � 1620 �; ü � h % � »
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� 0.06 mm, â f ê � 424 �; Y M � â f ê
� 4676 �, âfmå� 0.005 mm, 1w�Ý h =
0.0075 mm, H = 0.015 mm, ¤æ^�Ô�Ù¦ëê
ÓL 1. b��>�Ý� 60◦, A^�©�{� VOF
�{�[L§é'�ã 10, �Ý|é'�ã 11.
ã 12 ´ØÓ��>�Ýe�%�9¡�>�Ý�
�mCz­�é'. ã 13 �ØÓ�>�Ýe��
­½G���%�9¡�>�Ý�nØ)!VOF
)9 SPH )�é', Ù¥nØ)´b��ª­½�
��%/G�mé¡, �¡¥�l/, ¡È�Ð©
��¡È��
���. O�¥Ø�9Ô��­å.

ã 7 VOF �{��©�{�[ØÓ�>�Ý�ª��­½G
���¡þ,pÝé'

ã 8 YM�¥h%d�9¡«¿ã

lã 10 ¥wÑ, duÐ©�%¿Ø�, 3L
¡Üå��^e, �%�YM��>Ü©ÄkC
�; Ó�, ?uYM�Ú9¡�.?�6Nâf
du?1
.¡{�?�, L¡Üå��üý, �
��þ¿�Y²��Y�� 30◦, l
���%
Åì�9¡�>¿�üý*Ð, X t = 0.03 ms ¤
«; d�, 3dL¡Üå�Så��Ó�^e, �%
�9¡�>¡È�5��, �%pÝ���ü$,
X t = 0.08 ms Ú t = 0.14 ms ¤«; �ª, ��>�
Ý�� 60◦ �, �%�9¡�>¡ÈØ2O\, �
%pÝü��$, L¡È~���, ��­½G�,

X t = 0.265 ms ¤«. ÏL� VOF �{é'uy:
���Ó�G��©�{¤I�m��; éu�%
�/G!�ª­½G��%�9¡��>�Ý�
A�þ, ü«�{O�(Jk¤�O, Ì��U´
du�.��åE¤�, VOF �{��%�.´5
K��/, 
�©�{��%�.Ð©¿Ø�, �
%�9¡�>�'��, �kA�âf. �´l�
��[L§9�Ý|é'w, ü«�{�[(JÄ
�ÎÜ. lã 12 '�(JwÑ: �X�m�í£,
�%�9¡�>�ÝÅìO\, ����>�Ý±
�Ø2O\, ªu²­; �X�>��O\, �ª
��­½G��%�9¡�>��ÝÅì~�; Ó
���, �>�Ý��, �>�Ý��; � θ < 90◦

�, �>�Ý��, ��­½G�¤I�m��;
θ > 90◦ �, �>�Ý��, ��­½G�¤I�m
��. lã 13 �é'wÑ, � θ > 90◦ �, �©�{
�' VOF �{��CnØ); � θ < 90◦ �, �©
�{Ú VOF �{(JÑ�nØ)�å��, VOF
�{O�(J �, �©�{O�(J �. Ì�
�Ïk±eü:: 1) θ > 90◦ �^þã�{¦)n
Ø)�¢SÔnL§�~�C, (J'�O(; �
´ θ < 90◦ �, d�{b��Ôn�.��%¢S
/G�3�½�å, ��O�(JØO(; 2) A^
�©�{�, ¦+�%�9¡��
ý½�>�Ý,
�´L¡Üå�{¬¦�%þÜ¦þ�±�/, �
��%�9¡��>�Ý� �; A^ VOF �{
�, �%�9¡�>�Øä��, �%Åìd�/
C��l/, �>�Ý���ºÜ$�C², �¢
SÔny�Ø��Î, �ª���%�9¡�>�
Ý� �
�>�Ý'ý½� �.

ã 9 Ôn�.9Ð©âf©Ù
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ã 10 θ = 60◦ �YM�¥h%d�9¡L§��ê��[ (a) �©�{; (b) VOF �{
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ã 11 θ = 60◦ �YM�¥h%d�9¡L§��ê��[��Ý|Cz (a) �©�{; (b) VOF �{
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ã 12 ØÓ�>�Ýe�%�9¡�>�Ý��mCz­�

ã 13 ØÓ�>�Ýe��­½G��%�9¡�>�Ý�
nØ)!VOF )9 SPH )é'

4.3 }}}���ííí666°°°ÄÄÄ���%%%333���NNNLLL¡¡¡CCC///øøø
ááá���~~~

�u��©�{3ó§A^¥��15, À�
²~���y� —— }�í6°Ä�%3�NL
¡C/øá [23] ���©��~. ØÓ�´, ��
~¥íN^YM��O, �%�hM�, Xã 14 ¤

«. Ù¥ θA �c?�>�, θR ��ò�>�, ��
d¢�ÿ�. ü��Ý�� ∆θ = θA − θR ¡��
>�Ý¢�. ��>�Ý÷v θR < θ < θA �, �
%��NL¡�>�/G�±ØC.

éu��~, ïÄ�L§�: YM�¥�/h
%Äk3L¡Üå��^ed�9¡, ��­½G
�, Xã 10 � t = 0.265 ms ��¤«; ��YM�
âfD��½�Ý, h%3}�6°Äe3�NL
¡C/, ��øá, ¿Ø�9øá±��$Ä�¹.

��~��.�ã 9 aq, ØÓ�?�vk
�!m9þ�>.. ��~º�� 1 mm×0.25 mm,
e���9>., >.��þÝ� 0.025 mm, âf
ê� 1000 �; �9>.þ��YM�ÚhM�, ü
�h%�»� 0.06 mm, âfê� 424 �; YM�
âfê� 9576 �. âfmå� 0.005 mm, 1w�
Ý h = 0.0075 mm, H = 0.015 mm, ¤æ^�Ô�Ù
¦ëêÓL 1. }�í6��ÝUXeúªO�:

Vx = Dy(l − y), (22)

ª¥, Vx �}�í6�Ý, D ���í6���ë
ê, �â¢SI�N�, y �âf y ���I�, l �

ã 14 }�í6°Äh%3�NL¡C/«¿ã

ã 15 }�í6°Ä�%3�NL¡C/øáL§��ê��[ (a) t = 0.3 ms; (b) t = 0.34 ms
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6|°Ý. b�·��>�Ý� 60◦, }�í6��
�Ý� 1.32 m/s, �[L§Xã 14 ¤«. O�¥Ø
�9Ô��­å.

��%É�}�í6�)�ö:å�, �%¬
�Ü�p¥]�G¿�ºÜBGâå, c?�>�
ØäO�, �ò�>�Øä~�, Xã 15(a); �X}
�í6�Øä�^, �c?�>�½ö�ò�>�
?Û��Ø÷v θR < θ < θA �, Xã 15(b), �%
¬u)øá. �	åé��, �%��NL¡�>
¡�/Gé¯q��#�²ï, �>��UÐ«Ñ
�é¡/G; �	åv
�, ÃØ�%��>�X
ÛC/ÑÃ{÷v θR < θ < θA, �%Ã{��²
ïG�, �%Òm©ëY$Ä. ��, ê��[�L
§�¢SÔnL§�©ÎÜ.

5 ( Ø

�©lröÅJÑ�?� SPH L¡Üå�{
Ñu, æ^#�>.?n�ªÚ{�?��{?1
U?, =ò>.JâfÚ¼ê��â�¡� �?
1�A�½±�yí-�-�n��.?6Nâf�

.¡{�÷�>�{���, Ú\ Brackbill JÑ
�9¡NXå>.^�?n�{, é3í-�-�n
��.?�6Nâf9Ü©�9>.Jâf�.
¡{�?1?�, ?�c��±{���ØC, �
�
¹9¡NXå>.^��L¡Üå�{. |
^ VOF �{��©�{�[
Yø�~¥É9¡
NXåK���¡�CzL§, é'
�>�Ý
� 60◦ �ü«�{�[L§�A�;.��ÚØ
Ó�>�Ýe��­½G���¡þ,pÝ, üö
(JÄ�ÎÜ, �y
�©�{��(5. ÏL�
%d�9¡��~�y
�©�{��15, �©
�{éÐ/�[
ØÓ�>�Ý�d��¹, ÏL
éØÓ�>�Ýe�%�9¡�>�Ý��m�
Cz?1é'©Û, ¿� VOF �{ÚnØ)?1
é', L²�©�{3?n9¡NXå¯K�°Ý
�p, �´�>�Ý�b��O�(J��3�½
Ø�, �I?�ÚU?Ú�õ, �%d�9¡��
.�I?�ÚïÄ. ��ÏL}�í6°Ä�%3
�NL¡C/øá��~�y
T�{3ó§A
^þ��15, L²�©�{·Ü?nó§¥�%
3í-��.¡þ�C/£Ä¯K.
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Numerical implementation of deformation and
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Abstract

In order to simulate the deformation and motion of droplet at the interface between vapor and solid surface, the smoothed particle

hydrodynamics method with continuum surface force model for surface tension is modified in this paper. A surface tension algorithm

with boundary conditions of wall adhesion is derived using a new treatment of boundary conditions and a corrective algorithm of

particle interface normal. The colours of virtual solid particles are set according to the position of fluid surface to assure that the

interface normal of particles at the junction of vapor, fluid and solid phase is normal to the contact line. By introducing Brackbill’s

treatment of boundary conditions of wall adhesion, the interface normal between fluid particles and some virtual solid particles at the

junction of vapor, fluid and solid phase is corrected. However the module of the interface normal is kept constant. Finally, based on the

new algorithm, the changing process of fluid surface in a tank, wetting process of a droplet and distortion process of a droplet on solid

surface driven by shear flow are simulated. The results are compared with those obtained by volume of fluid method, showing that the

new method has higher accuracy and better stability, and it is adapted to deal with the engineering problems such as the deformation

and motion of droplets at the interface between vapor and solid surface.

Keywords: smoothed particle hydrodynamics, surface tension method, wall adhesion, contact angle
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