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1 Ú ó

�%��NL¡�EÂy�ÏÙ�r�9�
�Ú���
�2�A^�zó!�7!Ê�Ê
U!á��ÆÚ�E��óà�Ü�, ´�«;.
�gdL¡6Ä¯K. ïÄ�%��NL¡�EÂ
y�Ø=U�Ð/
)gdL¡6Ä¯K���,


�éu¢S)�Úy�p�EA^Ñäk�~
È4�¿Â.

é�%EÂ�NL¡�C/L§�ïÄ, õ
æ^p�êèì�Åûì�¢��{. Mao � [1]

ÏL¢�u�
�EÂëêé��ÁÐ�»Ú�
��K�, o(Ñ���ÁÐ�»� Re ê!We

ê±9·��>��'Xª, Ó�JÑ
�%E
Â����., �%EÂ�N9¡�L§¥, �>
�´���~­��ëê. S̆ikalo � [2−4] ÏL¢
�éØÓ�ó�±ØÓ�ÝEÂ�0ÚÀæ�¡
�, �%��¡��p�^?1
ïÄ, �Ñ
Ø
Ó�%EÂØÓ�N²¡�Ä��>�. f½V
� [5] |^p��KÅ9�¡ã�©Û, XÚ/ï
Ä
�»� 4 mm, EÂ�Ý� 3.8 m/s �Y%E
Â1w�N²99ç¸G�N²9��ÄåA5.

EÂ²�, Ñy�o±�p��6, �Ý�pu�
��>c��Ý, 
EÂç¸/L¡vku)²
9@��p�ý��6. (J©ÛL², �%EÂ
�NL¡��)�EÂå9Ø Å�DÂ¬Úå
E,�6NÄåy�, 
o÷L¡�âåÜ©/
GÚ�Ý¬é6NÄåA5�)­�K�. o�
®� [6] |^p��KC�é�%EÂY²�N
L¡L§?1
*ÿ, 8B
�%EÂL§¥�
%�ÁÐ�»Ú�>����m�Cz5Æ, ±
9�N�L¡á�!�%���ÚÔ5ëêéE
ÂL§�K�5Æ. ¢�(JL²: �NL¡�d
�5ÚL¡o÷Ýé�%ÁÐL§��¡�ãk
é��K�, �%���éEÂL§ëê�K�
'��. Hung � [7] ^¢��{ïÄ
Y�%E
Â
ÀæL¡Ú�0L¡�ÁÐ�Ý3ØÓ�ã
���9ÙK�Ï�. Wang � [8] ^¢��{*ÿ

Y�%EÂ�Y5L¡ÚÕY5L¡�6ÄL
§, ¿©Û
�%EÂØÓ9¡�, 3Ð©ÁÐL
§¥z�g����mmå!�%�ÁÐ�»!
pÝ±9�>��Cz5Æ. Zhang � [9] �¦/
ïÄ
L¡¹5Jé�%�ÁÐÚ���K�,

\\¹5J�, ��¡, �XßÝ�O\, �%�
L¡ÜåÅì~�
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¡, du¹5J3�%L¡�Øþ!©Ù, Úåê
={ZØå?
³��%�ÁÐ. H\÷� [10] ^
¢�w«
�%EÂÔNL¡����6ÄG�,

¿&?
�%ÀÂ�Ý!�NÅ5!L¡Üå!
�%�»Ú��þÝ�é�%ÀÂ��)�6Ä
y�. Wang � [11] |^n«ØÓ�¢�ÿþ�{
ïÄ
�Ï�é�%Ð©ÁÐ�ã�ÁÐÏfÚ
ÃþjpÝ�K�, (JL², L¡d�5!Ð©
EÂ�ÝÚL¡¹5JéÁÐÏf�K��g~
�; L¡d�5ÚÐ©EÂ�Ýé�%ÃþjpÝ
�K��C, �ÑpuL¡¹5J�K�. Bolled-

dula � [12] ïÄ
pÅÝÚî6NÚ^�æ��
E,6N3õ«^�eEÂZH�NL¡�6Ä
G�.

3D9D�L§¥�9��õê9¡þ�7
á9¡, X°Y�z��¥î+ü��uì¥�
%EÂ�N9¡Ò�7áá�, �öÁã&?Ø
Ó�%Ô5±ØÓ�ÝEÂ¾L¡��%ÄåÆ
ëêé�%EÂ��%/�Ú$ÄL§�K�, ï
á
�Àz¢�²�. �©0�|^p�$Ä©
Û¤é�%EÂY²�NL¡L§�*ÿ(J,

©Û
ØÓ�%EÂ�NL¡�ÄåÆA5, ±
9�%Ô5!EÂ�Ý!L¡Üå�Ï�éL§
�K�.

2 ¢�C�9�{

¢�XÚXã 1 ¤«. TXÚÌ��)�)�
%��^5�ì!N!|e!�%EÂ��NL
¡, û�ã�� phantom V12 p�$Ä©Û¤, �
µ1
Úã�êâæ8O�Å. �%�§Ý!�
¸Ú�NL¡�§Ýd§ÝP¹¤ (YOKOGAWA,

HR2300) gÄP¹. ÏLN!wÄ|e� �5N
!�%%á�pÝ, ¼�ØÓ�EÂ�Ý. ¢�´
3~§�í�¸e?1�, 
�¢�9¡´ZH�.

�
ü$L¡�ÝéEÂL§�K�, 3zg¢�
c^9YÀWL¡, ¦�3§Ý 80 ◦C ��¸eZ
H 0.5 h, ,�3e�í¥ü§�~§.

ã 1 ¢�XÚ«¿ã

¢�ó�©Oæ^�2Y!ÃY¯UÚ[h,

ó�ëê�L 1. ¢�¥�%d�^5�ìÃÄ�
), �%��»�ûu5�ì�Þ��». �%�
Ð©�»|^3û�«����®��»�f5
�¥��%�»�'~'X?1I½. �%lý¾
�pÝ$á, pÝØÓ, �ÝKØÓ.

p��K¤�û��ÝÀ�� 3000 f/s ã��
�� 1280 pixel × 740 pixel. æ^üÚpØ?��
��µ1
, 3�µ1
�¢��NL¡�m\�
ÉÚ�È1¡. û��ã�ÏLêâæ8kDÑ�
O�ÅÑ�, ¿�±¢�w«.

L 1 ¢�ó�ëê

�%¶¡ §Ý t0/◦C L¡Üå σ/10−3 N · m−1 ÅÝ ηs/10−3 Pa·s−1 �Ý ρ/kg · m−3 �» D/mm

�2Y 24 72.75 1.005 998 3.88 ± 0.05

ÃY¯U 24 22.32 1.2 789.3 2.91 ± 0.05

[h 24 63.15 116 1220 3.26 ± 0.05

3 ¢�(J�©Û

� % � � N L ¡ � E Â L § ¥, Ù g d L

¡ (� - � - í�>¡) � ���mØäCz.

Ïd, �%�ÁÐ�»´¢�©Û¥­:�	�
��ëê. 3�©¥, ½ÂÃþj��%ÁÐÏ
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f β(β = D(t)/D0), ª¥, D(t) �-E��]��
», D0 ��%�Ð©�».

3.1 ���%%%ÔÔÔ555���KKK���

¢��N9¡á��¾§ã 2 �l¢�êâ
¥��Ñ5��ãëY�ã�§(1), (2) Ú (3) ©
O�ÃY¯U!�2YÚ[h�%±�Ó�Ð�
Ý v = 1.78 m/s EÂ¾L¡�L§. �%��NL
¡-E�ÐÏ, �%�9¡u)�>��, þ¡�
±Cq¥/; �X�m�O\, �%m©ÁÐ, ØÓ
�%�ÁÐ�Ç¥y���ØÓ. ÃY¯U�%Á
Ð��¯, �2Y�%g�, [hÁÐ�Ç�$; Á
Ð�¯��N, ÙÁÐÌÝ���. �����Á

Ð�»�, �2Y�%m©£ , /¤
lf/G,

��Øä������²ïG�, �2Y�%��
²ï�/�¥¥)G. dã 2 ��, ÃY¯U�%
¿vk²w�£ y�, ²ï���»���ÁÐ
�»��; �%��²ï����»��%���
ÁÐ�»�éõ, `²�2Y�%EÂ¾L¡��
)���£ ; [h3EÂ9¡�ÁÐ�»é�,

�%�´3L¡þ�)��. L¡Üå��
ÅÝ
���6N, �%ÁÐ��½§Ý�, 3���L
¡Üå�^e�)²w£�, �²L�õ���±
Ï���²ï; 6NÅÝ��6N, Å5å��

�%�ÁÐ, £������A~f. ã 3 �Ñ

n«ØÓ�%3 v = 1.78 m/s �ÁÐÏf�Ãþj
�m�Cz­�, éþã5Æ�Ñ
�Ð�Ð«.

ã 2 ÃY¯U (1)!�2Y (2) Ú[h (3) �%�¾L¡EÂ1���Àã (v = 1.78 m/s)

3.2 EEEÂÂÂ���ÝÝÝ���KKK���

�%�EÂ�Ý��û½
�%EÂ��Ä
U. w,, �%EÂ�Ý��, EÂL§�Uþ�^

��r. �%���ÁÐ�»�XEÂ�Ý�O\

O�, �%£ �Uþ�¬O\. 9¡� - ��>
«�Ï}�Aå
�)�Å5ÑÑ�O\. ùü�
¡Ï��²ïû½
EÂ�Ýé�%£ �K�.
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ã 3 Ø Ó � % E Â ¾ L ¡ � � Á Ð Ï f � � m C
z (v = 1.78 m/s)

ã 4 �n«ØÓ�%±ØÓEÂ�ÝEÂY
²¾L¡�ÁÐÏf�Ãþj�m�Cz5Æ. é
uÓ«�%
ó, ÙEÂ�Ý��, Ð©�ãÁÐ
��Ý�¯, ÁÐ�ÌÝ��, �����ÁÐ�
»���, �é A�²ï �Á ÐÏf���. 3�
¢�¥, ÃY¯U�%3EÂ�Ý����¹eÑ
y
Ü©�í�y�, Xã 5 ¤«. �â¢�ÿ�,

ÃY¯U�%u)� í� �. �Ý� 2.28 m/s, l

ã 4 ÃY¯U (a)!�2Y (b) Ú[h (c) �%3ØÓE
Â�ÝeÁÐÏf�(Jé'

ã�±wÑ, d���%.Ü�9¡�>�>�k
����íy�, �X�Ý�O\ v = 2.698 m/s,

�íy���²w, Xã 6 ¤«.

ã 5 ÃY¯U�%EÂ�N9¡Ü©�íy���.G�

ã 6 ÃY¯U�%EÂ�N9¡Ü©�íy�

éuØÓ«�%
ó, 3�Ó�Ý�¹e, Ù
�����ÁÐÏf9����ÁÐÏf��m
�Ø�Ó. L 2 �Ñn«�%3ØÓEÂ�ÝeE
Â¾L¡������ÁÐÏf9����m. l
L¥��, �X�Ý�O�, n«�%���ÁÐ
Ïfþ��O�, �2Y�%Ú[h�%����
ÁÐÏf��m��~�, 
ÃY¯U�%���
�ÁÐÏf��m%��O�. ù´Ï�ÃY¯U
�L¡Üå�, �%�EÂÄ�Ø�)£�, EÂ
�Ý��, ÁÐ�§Ý��, ÁÐ��Ï�Ýü$,

¦���ÁÐ�mO\; L¡Üå���6N, E
Â�ÝJp, �%C/\¯, L¡Üåu����
^��mJc.

3.3 LLL¡¡¡ÜÜÜååå���KKK���

ã 7 ´l¢�êâ¥�À��ã�%EÂ¾
L¡�:Àã, ¢�ó�©O�ÃY¯UÚ�2Y.

d�ö�Ô5ëê��, ÙÅÝÚ�Ý��É�L
¡ÜåXê��É�éõ, ¤±lã 7 �±wÑL
¡Üåé�%EÂ�N9¡9ÁÐL§�K�.
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L 2 n«ØÓ�%�����ÁÐÏf9éA��m

EÂ�Ý v δmax Y tmax Y/ms δmax ¯U tmax ¯U/ms δmax [h tmax [h/ms

v1 = 1.78 m/s 3.41 6.75 3.83 6.50 1.41 4.62

v2 = 2.28 m/s 3.53 5.75 3.94 7.26 1.55 2.97

v3 = 2.29 m/s 4.18 5.25 4.21 9.24 1.61 2.31

ã 7 ÃY¯U (a)!�2Y (b) �%EÂ¾L¡�:À¢�(J (v = 1.78 m/s)

dã 7 ��§ÃY¯U�%�¾L¡�>�
L§¥, Ù>��é1wÚ²�, vk�2Y�%
�¾L¡�>>��½º. ù´Ï�, �%±�½
�Ð�ÝEÂ��NL¡, ���%m©�e�	
�ÁÐ, �duL¡Üå��^, ¦�%�)£à
���, �2Y�%'ÃY¯U�%�L¡Üå�
éõ, �Ò´�2Y�%�ù«£à�Uþ'ÃY
¯U�%�éõ, ¤±Ñyþã�¹. 2ö, ÃY¯
U�%3��ÁÐL§¥, A�wØ�£ y�,


�2Y�%k²w�£ y�.

é'n«ØÓ«�%�6ÄL§��, [h3
ØÓ�ÝeEÂ¾L¡, Ñvku)�í, �vk
u)£ , ��%��ÁÐÏfé�, `²ÅÝ3
$ÄL§¥åXÌ��^, é�2YÚÃY¯U5
`, �ö�ÅÝ�ÉØ�, 3ÐÏ�ÁÐ�ã, ÁÐ
�Ñéì��×�, �����ÁÐÏf��, d
uL¡ÜåØÓ, �2Yk²w�£ y�, 
Ã
Y¯Uvk, �ÃY¯U3EÂ�Ý����¹u
)
�í, 
�2Yvk, `²3£ �ã, L¡Ü
ååXÌ��^. nþ��, 3�%EÂ�NL¡
�L§¥, Å5��XÁÐL§, L¡Üåû½X
�%£ A5Ú�í�.:.

4 ( Ø

�©æ^ÃY¯U!�2Y![hn«6N,

é�%EÂY²�NL¡�y�?1
�Àz¢
�ïÄ, ��±e(Ø.

1) 3�½�EÂ�Ýe, 6N�ÅÝé�%Á
ÐL§�)­�K�. ÅÝ�$, ÁÐ�ÝÚÁÐ
Ïf��; 3�%ÁÐ��Ï, L¡Üåòé�%
£�å�û½5�^.

2) ÅÝ�L¡ÜåÑé�ÚÅÝ�L¡Üå
Ñé���N, Ù�%EÂ�Ñvk²w��L§,

�Ù�ÏØÓ: cö´Ï�ÁÐr
£�yå, �
ö´Ï�ÁÐf
×�Â ; ÅÝ��L¡Üå�
��N, Ù�%EÂ9¡�k²w���L§.

3) �%�EÂ�Ý��, Ù�����ÁÐÏ
f��, �����ÁÐ��mCz5ÆÉ�L¡
Üå���: L¡Üå��6N, �X�%EÂ�
ÝJp, ����ÁÐ��m á; L¡Üå��
6N, �X�%EÂ�ÝJp, ����ÁÐ��
mò�.

4) ÃY¯UEÂ¾¡�)�í��.�Ý
´ 2.28 m/s.
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Experimental study of spread characteristics of
droplet impacting solid surface∗

Bi Fei-Fei Guo Ya-Li Shen Sheng-Qiang† Chen Jue-Xian Li Yi-Qiao

( Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education, School of Energy and Power Engineering, Dalian

University of Technology, Dalian 116024, China )
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Abstract

The processes of different droplets impacting the solid surface are recorded using a high-speed digital came and the effects

of the impact parameters on the droplet impact are studied. The results show that the viscosity of droplet plays a decisive role in

spreading process, and surface tension has a leading influence on recoiling process. These two factors jointly determine the oscillation

characteristics. The maximum spread factor increases with impact velocity increasing, however, the time from the beginning to achieve

the maximum spreading factor shows different variation rules due to surface tension.

Keywords: droplet, impact, spread, surface tension
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