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New Cloud Droplet Probe and Its First Observation Results
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Abstract: Cloud droplet probe plays an important role in activities of weather modification for its high

efficiency and simple structure. In this paper, a new cloud droplet probe in which a single-mode 685 nm

laser with fiber output coupling was used as a transmitter. A pinhole was used to cut the beam of the

laser, so only the central part of the beam which was relatively homogenous illuminated cloud droplets.

An embedded computer with two high speed A/D convert chips (10M/s) was used to acquire and process

the signal from cloud droplets continually. All the raw data from cloud droplets was stored on the solid

disk of embedded computer as well as the calculated size distribution was sent to the master computer in

the carbin. By the calibration using standard particles with known index and sizes, the response curve of

probe was obtained from which the magnitudes of cloud signal can be changed into sizes of droplets. In

the end, the probe was installed on an airplane and field observation experiments were conducted. The

results show that this probe is able to measure cloud droplets.
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. climate changing. The most important parameter of the

0 Introduction . o

cloud droplets is the size distribution spectra, from

The information of cloud droplet is of importance which the water content can be deduced. There are a

in weather modification activities and researches of lot of ways to obtain the size distribution, such as
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inversion from radar data or satellite data. But a lot of
uncertainties will arise in the inverting process, so the
best way to obtain the size distribution is to measure
directly. In 1 970 s, the first cloud droplet probe
(CDP) system was developed in America. With the
development of technology. some progresses have been
made in aspects of precision and automation. But such
problems as inhomogeneous illumination, edge effect
correction and further data analysis, are still attracting
people’s research interests-!. Dye et al. presented a
series of papers to deal with questions of calibration,

23] Emphases were

illumination, coincidence and so on
put on the algorithmic correction in these papers to
improve detection accuracy. C. lance et al. constructed
an evaporation tube and performed calibration of CDP
sample area and droplet sizing using water droplets of
known size and concentration. Calibration with water is
preferred since the ambient cloud droplets and pure

the
behaviors™!. The CDP system used by Lance still had a

water droplets almost have same optical
diode laser as the illuminator without any reshaping of
the laser beam. Furthermore, the prism would also
result in aberration. Bu has designed an optical system
of cloud droplets based on forward scattering,
laboratory experiments showed the system can be used
to develop a probe for routine observation of cloud
droplets®™. In this paper, a new cloud droplet probe
based on forward scattering was developed, and the

field observation verified the ability of the new probe.

1 CDP system

To meet the demands of airborn measurement, the

designed probe has parameters as follows:
measurement range is 2 ~ 50 pm, sampling area is
0.23 mm®, airspeed range is 10 ~ 200 m/s and light
collection angle is 4°~13°. The scheme of the probe is
illustrated in Fig. 1. As particles pass through the laser
beam, light is scattered in all directions (see Fig. 1).
The CDP collects forward-scattered photons within a
to 13°

collected light is then directed onto optical beam

cone that is 4° from the laser beam. The

splitter and finally to a pair of photo detectors (D,
D,).

into the

The output amplitudes of D, can be transformed
of the according to the
The ratio between D, and D,
determines the depth of field. From the structure of the

sizes particles

calibration results.

system in Fig. 1, it can be seen that the new probe is

composed of laser, beam shaping optics, collecting

optics, and electronics system.

, Particles W
B!

777

2

Laser

RS232

Out of the carbin

In the carbin

: Pinhole 1; L : First lens of 4F system;
I Pinhole of 4F system; M, .M, Mirror;
,: Second lens of 4F system; W ,W,: Windows glass;
.- Collecting lens; F: Filter; L,: Focusing lens;
BS: Beam splitter; D,,D,: Photon detector;
Am ,Am,: Preamplifier; E.C: Embedded computer;
M.C: Master computer

Fig. 1
Laser

o e~ .

Schematic of the cloud droplet probe
1.1

To simplify the optical system, a single-mode fiber
output coupling laser which has a longer life than He-
Ne laser is used as the transmitter. In this laser, laser
diode of HLL6570MG (produced by Hitachi ) is tuned to
emit laser of 685 nm through temperature controlling.
The laser from the diode is then focused into a single
mode fiber. Here the function of the fiber is beam
shaping in addition to guiding the laser. At the end of
the fiber, an aspherical lens is used to collimate the
laser. After the collimator, the laser has a divergence
angle of Imrad, diameter of Imm, power of 20 mW
stability of 0.25%. The

characters of the laser are small size, circular beam

and power important
spot and Gaussian distribution of the energy. Circular
beam spot from the fiber output coupling laser can
match with other components in the optical system
more easily than the elliptical beam spot from free
space laser output. The Gaussian distribution of the
laser simplified the correction of edge effect™ .
1.2 Beam shaping system

A square pinhole (P1) with size of (0.4X
0.4) mm® is placed after the collimator of the laser to
cut the beam spot, so in fact only the central part of
the beam is used to illuminate the cloud droplets. For
the size of P, is small, diffraction will occur after P, ,

should be
illuminating the cloud droplets. This pinhole is imaged

so the beam reshaping done before
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to the center of sensitive area of the probe by an optical
4F lens system ( f=38 mm) which consists of L, , P,
and I,. A 4F lens imaging system can be thought as
simple as an imaging system with magnification of 1.
The optical 4F lens system has the magnification ratio
of 1, so the beam size at the sensitive area is same as it
in the plane of P, , and the flat-top beam is obtained-".
We have performed a detail analysis using the Zemax
software. During the optical design of 4F lens system,
ray-tracing module was used. Firstly, model of Fourier
transform lens L., was constructed, after optimizing the
positive and reverse optical path respectively, all
aberrations were corrected. Then model of L, was
constructed and optimized in the same way. In the end,
the model of L, and L, were combined and optimized
again to complete the design of the 4F system. After
optimization, the wavefront error (peak to valley) was
0. 06Xx. The modulation transfer function curve was
shown in Fig. 2. There is a 1. 2mm-pinhole (P, )
loacated at the spectrum plane to filter the high
frequency. The spatial-filter benefits to the obtaining

of the homogenous illumination.
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Fig. 2 Modeling result of the 4F optical system
1.3 Collecting system

The forward scattering light in the solid angle of
13° is collected and converted to parallel light by the
collecting lens (L,) whose diameter determines the
maximum collecting solid angle. A narrow-bandwidth
filter (F) with central wavelength of 685 nm is used to
block the stray lights. For the 2. 4-mm-trap on window
glass (W2), the real collecting angle is 4-13°. The trap
blocks the laser beam from the laser directly, which is
much more powerful than the laser scattered by cloud
droplets. Although the collecting optics seems like an
another 4F system, it is not in fact. The collected
scattering signal is divided into two parts by a beam
splitter (BS) with 75% transition and 25% reflection.
The reason why we have this division ratio is that there
is a pinhole (P, with diameter of 0. 3mm) before D,
which often blocks part of collecting light, to balance
the outputs of the D, and D,, more light is directed to
D,. D, and D, are used to see the transmitted and

reflected light. Output of D, can be transformed into
sizes of cloud droplets, so D, is also called size channel.
Output of D, can be used to abandon those cloud
droplets which are not in the sensitive area, so D, is
also called quality controlling channel. D, and D, are
the same type of photon diode with area of 5 mm®, but
there is a 0. 2 mm-pinhole before D,. The optimized
Zemax collecting model shows when the object distance
is 35 mm (center of the sensitive area) the beam size in
the focal plane is 0. 011 mm, when the object distance
is 34 and 36 mm, the beam size is 0. 631 and 0. 557 mm
respectively. The increase of the spot diagram as
shown in Fig. 3 results in part of the light will be
blocked by the pinhole before D,, then the ratio
between the outputs of the D,, D, will change, so the
ratio between D, and D, is a function of the object
distance. During field observation, different particle
have its own objective distance, the ratio of the D, and
D, can be measured, then from this ratio the position of

particle can be determined.

2000.00

Fig. 3 The spot diagram of the collecting system
when the object distance is 36 mm

1.4 Electronics system

Signals from the two photon detectors (D;, D,)
are preamplified and then fed into an embedded
computer (E. C) with two high speed A/D convert
chips (10M/s ). The embedded computer acquires
signals from D, and D, continuously and stores the raw
data on the local disk as well as it processes these
signal to obtain the size distribution. The size
distribution of cloud droplet is transmitted to master
computer ( M. C) in the cabin through RS232
connector. The master computer displays the size
distribution with a refresh rate of 1Hz. Some
parameters can also be set at the master computer and
then transmitted to embedded computer to control the

probe’s operating state.

2 Laboratory experiments

2.1 Alignment

To verify the alignment of the system, a fiber core
was used to scatter the laser instead of cloud droplet.
Along the fiber direction, it can be regarded as infinite,

so it did not appear the phenomenon of diffraction. The
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diffraction appeared in the direction perpendicular to
the fiber, part of the fiber forward diffraction was
collected by the system. The collected fringes by the
collecting system were shown in Fig. 4 (measured from

The

ordinate gives the intensity of the different fringes,

size channel when the D, was taken away).

while the abscissa gives the position of the fringes
appeared. There is nearly no laser collected in the
position between 27 mm and 40 mm, which means the
ability of the suppression of illuminating laser is good.
In Fig. 4, at both sides of the hole the system collected
about fifteen fringes, the energy of the fringes were

symmetrical, so the alignment is well ©*/,
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Fig.4 Collected fringes of fiber scattering

2.2 Calibration using standard particles
Standard particles with different known sizes
(produced by Duke Corporation) were used to calibrate
the probe. Particle generator (produced by Droplet
Measurement Technologies corporation) can provide
constant air flow to a clean glass bottle through one of
the two pipes on the cap. If some standard particles are
put in the bottle, when the particle generator works,
the standard particles will be blown out through the
other pipe. During the calibration, particle generator
sprayed the standard particles into the sensitive area
continuously with constant speed. Only particles in
sensitive area were selected to look for the response
value of the probe to the standard particles according to
the ratio of quality controlling detector (D, ) and
measurement detector (D, ). Standard particles with
sizes of 2.5.10,15.,20,30.,40 and 50 um were used to

1000 | "

Voltage/mV
L

100 | ./

10 20 30 40 50
Diameter/pm

Fig. 5 Response of the probe to standard particles

calibrate the CDP system. From the calibration results
of Fig. 5, using the interpolation method, the response

to other size particles can be deduced"’.

3 Field observation and data analysis

3.1 Field observation
From July 3, 2012, the CDP system was stalled
on Yun-12 Shanxi

province, were conducted on

airplane in Yuncheng airport,

China.
August 13 and August 14 respectively and over 300G

Observations

byte raw data was collected on embedded computer in
addition to the size distribution on master computer.
Every raw data file contained signals of one second
from the probe (10M sampling points from both
measurement detector and controlling detector).
3.2 Data analysis and observation results

Data processing program is run on the embedded
computer . Program firstly reads data of one second
and separate the 10M sampling data into frames. One
threshold for signal from measurement detector is set
to see if there are pulses in the current frame. If the
pulses height of the cloud droplet is higher than the
threshold, then the pulse is checked if it meets the
other demands from the depth of the field and the pulse
width. If it does, then the size of the cloud droplet will
be given according to the calibration results. After this
frame is done, the same procedure will be repeated to
check the next frame until the end of this one-second
data.

Fig. 6 gives the size distribution of cloud droplets
in one second when the airplane was in cloud on August

14, 2012.

observation station, there were stratiform clouds over

According to report of meteorological
Yuncheng when the observation was conducted. As
shown in Fig. 6, there were two peaks in the size
distribution spectra, the bimodal droplet spectra is one
of common phenomenas in stratiform clouds'’. Also
shown in Fig. 6, the sum count of cloud droplet was
3 085, considering the sensitive area and the velocity of

the airplane , the concentration of cloud droplets was

400
300 i
. L
2 200
@]
100
; il Wﬂﬂnmm e
0 10 20 30 40 50
Particle diameter/um
Fig. 6 Size distribution spectra of cloud droplet

in stratiform cloud

0101005~ 4



BU Ling-bing, et al: New Cloud Droplet Probe and Its First Observation Results

1.36X 10°/m’, the liquid water content (LWC) was
0.27g/m*. Both the concentration and the LWC were
comparative with Niu's conclusion'".

Fig. 7 gives observation result of an entire cloud
body when the airplane flied through the cloud. Before
the airplane entered the cloud and after the aircraft left
the cloud, no cloud particles were detected because the
air was very clear at this altitude (about 5 km) and the
probe worked well (no noise was detected as a
particle). Small cloud particle firstly appeared at the
edge of the cloud (before 11: 48:. 11), and the
concentration was low. When the airplane entered the
main body of the cloud Cafter 11; 48; 11), the
concentration of the small size cloud particles became
higher, and large size cloud particles appeared and
become more and more. In the center of the cloud
(about 11:48:20), both small size cloud droplets and
droplets had their

concentration, in the same time, the size of largest

large size cloud largest
cloud droplets in the cloud was 12 ym. In the gap of
the cloud (about 11:48:28), no cloud particles were
detected, but for the gap was not so bigger,
microphysical structure of the cloud at both sides of the
gap was almost the same. In additional to the main part
of the cloud, another three small clouds or moist air
masses were observed (about 11:48:37 and about 11:
48.:46). All the observation results were coincident

with known regular pattern of cloud™?.

20 1300
18 250
i 16
= 14 200
2 12
2 10 150
g 8 o () 100
8 6
22 4 50
2
A (@ dm | 0
11:48:02 11:48:20 11:48:37 11:48:54
Local time

Fig. 7 Observation result of an entire cloud body

4 Conclusion

A new cloud droplet probe based on forward
scattering was developed in this paper. The probe uses
a diode laser of fiber output coupling and has
characteristic of uniform illumination. It can also store

raw data of every cloud droplet for further analysis as

The field
observation results showed the probe can be used for
More

observations will be conducted using this new cloud

well as providing the size distributions.

observation of cloud droplets. routine

droplet probe.
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