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Wen-Jaur Chang and Junn-Fu Hsieh *

Abstract

Waterdrop impact on soil surfaces is one of the magjor factors affecting soil erosion. Many
researches have utilized high-speed photography to study waterdrop impact and splash. However, the
price of high-speed photography equipment was too expensive for a general soil erosion laboratory to
afford. In this research a low cost strobe—photography system was developed to satisfy the needs of
droplet impact research. The entire system consists of a close-up equipped single lens camera, a set of
phototransistors, and a low power laser system. The study was conducted in a dark room. The main
function of phototransistors was to trigger a function generator as the incoming laser source being
blocked by a waterdrop. A preset delay square wave was sent to excite strobe flashlight so that images
of waterdrop impact could be clearly registered anytime during the impact process as desired. This
system was first applied in the study of droplet impact on water pond surface with different depths of
water. Then, the phenomenon of droplet impact on leaf surface was studied as well. The results of these
studies showed that it was possible to calculate the shear stress during droplet impact from sequential
pictures taken with this technique. Also, the pictures of droplet impact on leaf surface revealed that
most of droplet mass was splashed into air immediately after impact then transformed into smaller
droplets and fell outside the leaf edge. This result suggested that kinetic energy of droplets dripping
from leaf surface might have been overestimated in the past. These results enhance the possibility of
low cost droplet visualization as well as better understanding in qualitative correlation between droplet
impact and soil erosion.

Keywords. Soail erosion, Waterdrop impact, Strobe-photography.
Introduction
Waterdrop impact on soil surface, causing soil aggregate detachment, is one of the major factors

affecting soil erosion. In general, direct measurement (Nearing et al, 1986), computer simulation
(Chang and Hills, 1993) and high—speed photography (Ghadiri and Payne, 1986) are the three
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categories of methods that have been successfully applied in waterdrop impact researches. In this
research the images of waterdrop impact and splash were emphasized. Duration of waterdrop impact is
very short. It is impossible to observe the progress of waterdrop impact by bare eyes. High—speed
photography eguipment with photographic rate above 1,000 frames per second have been used widely
by researchers to study waterdrop impact and splash (Mutchler, 1967; Ghadiri and Payne, 1981,1986;
Fukada and Fujiwara, 1989.) However, the price of high-speed photography equipment was too
expensive for a general soil erosion laboratory to afford, hence a low cost strobe-photography system

was developed to emulate quasi-high-speed photography.

Strobe-photography System

Concepts and Hardware

Pictures of waterdrop impact were taken in a dark room with close-up equipped single lens camera
(Nikon F4). The instant of exposure was controlled by stroboscope. In order to freeze the image of
waterdrop impact at any instant during the impact process as desired, a low power red light laser beam
and a set of accompanied phototransistors were set at position of 35cm above impact surface to detect
the moment when waterdrop falling through this certain location. As soon as phototransistors sensed
the falling waterdrop blocking laser beam, the circuit latched this signal and triggered a function
generator (HP 33120A). A preset delay sguare wave is then sent out from function generator to excite
stroboscopes. In this research 6 stroboscopes were used and divided evenly into two groups. The preset
delay square wave consisted of delay part and duty cycle. The delay part of square wave was kept at
low level voltage to provide sufficient delay time for waterdrop falling close to impact surface. Rising
edge of square wave then excited the first group of stroboscopes to freeze the image of waterdrop close
to impact surface. Following duty cycle, the falling edge of square wave excited the second group of
stroboscopes to freeze the image of waterdrop splash at impact surface. Each frame consisted of double
exposure. Refering to the waterdrop position of the first image and duty cycle of square wave, the
occurrence instant of second image could be estimated more accurately. By adjusting duty cycle of
preset square wave in each picture shooting, the image of waterdrop impact and splash at any instant
during the impact process could be captured (Plate 1).

M easurement

Slide films were used in this research to take waterdrop impact pictures. The pictures were then
projected on to a screen for measurement. The scale ruler used for splash parameter measurement was a
picture of straight ruler that kept in the same magnified scale as the impact pictures. Figure. 1 showed
the evolution of splash crown width and height of waterdrop impact on water pond. Based on the
principle of momentum equation, it is possible to calculate vertical impact force and shear stress from
Figure. 1 with reasonable assumptions. Other than pictures of waterdrop impact on water pond, pictures
of waterdrop impact on leaf surface were taken with the same technique also. Qualitative observation
on these pictures showed that most of droplet mass was splashed into air immediately after impact then
transformed into smaller droplets and fell outside the leaf edge. This result suggested that kinetic
energy of droplets dripping from leaf surface might have been overestimated in the past.

Limitations and Advantages



Unlike high-speed photography that takes sequential pictures during impact progress of a single
waterdrop, this quasi-high-speed photography or strobe-photography only takes one picture at a certain
instant during the impact progress. With different setting on duty cycle of delay square wave, one may
be able to take sequentia pictures of waterdrop impact (Plate 1). But one waterdrop has dightly
different characters than others, even if they all dripped from same waterdrop generator. So, scattered
data points in Figure. 1 is unavoidable. The major advantages of this strobe-photography are low cost
and convenience. All hardware applied in this photography is rather common equipment in general
laboratory. Comparing with a professional high-speed photography, the purchase cost of this
photography system is relatively low. Besides, the operation fee of this system is only limited to
general photo picture development fee. Therefore, the photographic technique developed in this paper
is a rather economical and convenient strobe-photography for studying the correlation between

waterdrop impact and soil erosion.

Summary

Photography that preserved images of waterdrop impact progress is the most direct method
revealing the parameters that related to soil erosion. Related research papers have shown that high-
speed photography equipment were applied extensively to waterdrop impact and splash study by
researchers. However, the price of high-speed photographic equipment together with operation fee
might be too high for a general soil erosion laboratory to afford. In this paper a general photo camera
was used with the dark room photography. A phototransistor was utilized as a laser beam sensor to
detect the moment when the waterdrop passing through certain location. A latch circuit then actuated
function generator to send out a preset delay signal to excite flash light for taking pictures of waterdrop
splash. The technique was mature enough for taking high quality pictures of waterdrop splash at any
impact instant. Pictures taken with this technique may provide sufficient information for soil erosion

research.
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Fig.1 Evolution of splash crown width and height for a 6mm waterdrop impact on a 7mm depth
water pond with impact velocity of 6m/sec.
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Plate 1 Sequent pictures of a 6mm waterdrop impact on a 7mm depth pond
with impact velocity of 6m/sec.



