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Impact  of  a  Liquid  Drop  Against  a  Flat  Surface 

Lagrangian methods  are  used  with an assumedflowJield and a  truncated sphere model to analyze the dynamical process 
of a liquid drop impacting aflat ,  rigid surface. The resulting differential  equation for  drop height as a function of time 
during contact is solved numerically for several  values of the three parameters:  Weber number of the incoming drop, 
ratio of the surface tension in air to that at the contact  surface, and the viscosity  parameter. The drop contact radius as a 
function of time is also calculated  and  compared  with some experimental results in the literature. 

lntroductlon 
Liquid drop impact  with a solid surface has been a topic 
of interest in  many different  engineering applications. At 
present the main interests are in connection with  nuclear 
reactor cooling  and  ink-jet  printing.  In the former applica- 
tion  heat transfer is  affected by the drop dynamics  upon 
impact  of the drop with a hot surface. In the latter the 
eventual spot size  produced  is  affected by the drop 
dynamics  upon  impact  with the paper. Our concern is 
with  ink drop spot size. 

We can separate the process of producing  an  ink spot 
into  two  distinct parts. First is the drop shape resulting 
from the dynamics of impact.  Second  is the final spot size 
after penetration of the liquid into the paper and subse- 
quent  drying.  The latter part has been  considered by 
Cantow  and  Nebenzahl [I]. Here we are concerned with 
the  impact  dynamics,  and  we  assume that the dynamical 
process  is  completed  before the penetration is  begun. We 
therefore  idealize the dynamical process by assuming that 
the  target  surface  is flat, rigid,  and impenetrable. 

Early studies of drop impact  were concerned with 
cavitation  damage  on steam turbine blades  and later with 
rain  damage  on aircraft surfaces. Engel [2] presents high 
speed  photographs  and  schlieren patterns of water drops 
impacting a glass surface. These photographs show the 
spherical drop initially  deforming to a shape similar to a 
truncated sphere and later spreading to a circular disk 

shape. No recovery and  bounce-off  phenomenon  was 
indicated  from these experiments. An energy  balance 
type  analysis  was  used to predict the impact pressure as a 
function of time. 

Wachters  and  Westerling [31 presented experimental 
results  for drop impact  on a 400°C polished  gold surface. 
Since  vaporization occurs between the drop and the 
surface, wetting does not occur and the drops bounce 
away after a period of near contact during  which there is a 
flattening  and  then a recovery of the drop. They observed 
that  the drops tend to splatter if the Weber  number W = 
paU21a is greater than 80, where p and u are fluid density 
and surface tension, respectively, a is the drop diameter, 
and U is the drop velocity. Similar observations were 
made  by Pederson [4] and  by  Styricovich et al. [5 ] .  

A recent study by  Kendall  and  Rohsenow [61 was 
concerned  with  heat transfer to dispersed  flows  and 
sprays.  They  showed that low heat transfer rates are 
associated  with the rebounding of drops after impact  from 
very  hot  surfaces.  They  developed  an analytical model  of 
the drop impact  dynamics  based  on  Lagrangian  methods. 
Two drop models-cylindrical and truncated sphere- 
were  considered. Drop height  and radius were calculated 
based  on the cylindrical  model. These results were  com- 
pared  with experiments and  were  found to be in reason- 
able  agreement. 
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