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Studies on Weather Modification
By
Yukio Ozawa, Yukio Omoto, Tsuruhei Yagi and Tsuneharu Yonetani
National Research Center for Disaster Prevention, Japan

Abstract

The National Research Center for Disaster Prevention carried out a five-year hail
suppression research project ending in 1972.

A rocket system was developed for cloud seeding. In the system, the rocket was
to be launched from a mobile launcher reaching 6000—7000m above the ground,
and completely burned away in the air during its falling time after seeding. The
number of effective nuclei produced by the Agl composite loaded was more than
1012 (per gram of Agl) at -10°C.

Results of field experiments using the rockets were presented at the Seminar of
Cumulonimbus Modification of Tropical Nature (Miami, USA, 15—19 Feb. 1971)
and International Conference on Weather Modification (Tashkent, USSR, 1-7 Oct.
1973). Manuscripts for these are reprinted here at the end of this report, with the
abstract of a paper on effectiveness measurement for the Agl composite.
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Manuscript presented at the Seminar of Cumulonimbus
Modification of Tropical Nature ( Miami, 1971 )

ON THE NRCDP ROCKET SYSTEM FOR
CLOUD MODIFICATION EXPERIMENT

by
Yuklio Ozawa and Yuklo Omoto
Naztional Research Center for Disaster Prevention

1. INTRODUCTION

In 1968 the National Ressarch Center for Disaster Preveantion
started a hall suppression project, as a part of the weather
modlification program. The main purpose of the project 1is,
of course, to reduce hall damage in Japan. However, we reallize
the importance in finding methods to modify cumulonimbus in
general., We decide to use a rocket system for seeding, as we
consider dispersion of artificial nuclel with high concentration
into a proper portion of a hall cloud 1is the most promissing
metnod for hall suppression, The rocket will be 1auﬁ§hed
from the ground, as we cannot use alrcraft for the project,

- Consldering the thermal structure of the atmosphere in
hall season over the area for the experiment, the rocket is
designed to reach 6-7000m above the ground. Since the rocket
will be used over land of not so sparsely populated area, the
body must be disintegrated into small pileces or dissipated in
the 2ir, This 1s one of the most important regquirements of
thz NRCDP rocket. It is also desirable that the rocket is
handled easily, small, and light weighted,

Dissipation of seeding rockets by using explosive compound
hss been used for hall suppression experiments in USSR and
other countries. -However, in Japan use of such system is
undesirable (with the same resassn anti-gircraftc gun could not
bs used). Therefore, we decided to develop a method so that
the rocket body will be completely burned in the air during
fall. In order to make the payload as small as possible, we
make an effort to minimize combustible mixture with Agl.

After two years for development and for lmprovement of the
NRCDP rocket system we now have the seeding rocket for practical
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1se. In thls paper we describe the characteristics of our

rocket, and give some results of cloud seeding experiments.

2. CHARACTERISTICS OF THE NRCDP ROCKET

2

As mentioned above 1t took two years until we have the
rocket used for the test in the last March and the seeding
sxperiment in the last October. During thls two years period,
ve modifled models as a couple of times. But nere we describe

>nly the most recent one.

L) Structure: The structure of the NRCDP rocket 1s glven in
*ig. 1. Some of the important characterlistics shown in Fig. 1
are as follows:
1) It is a two stage rocket. The.first stage 1s the
propulsion part with nozzle, fins and engine plate.
The second stage is the seeding part, which 1s set in
the head of the first stage.

31) As gilven 1n the figure, total length of the rocket 1s
785 mm, with maximum diameter being 78.5 mm, which we
believe very small one as a rocket of this kind. Total
weight of the rocket is about 3.5 kg, in which the
second stage occuples 0.5 kg. The figures for other
parts of the rocket are glven in Table 1.

1i1) The first and the second stage are fixed by springy
characteristics of the materials used for the body.
We are confident that the connection is firm and steady.
Trnie separation of the second stage from the first during
the flight is made by timed explosion using small
amount of black powder.

iv) The propelXlant is loaded in the engine chamber wilth
starlike opening in the core. A part of propellant
compound remains after engine burn out. The remnant of
the compound in the engine chamber is to be used agaln
for asslisting burning the rocket body, for the first

stage of combustion of the engine chamber.
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Table 1. Sizes and weights of some parts of the NRCDP rocket

Parts L?gigh Parts D%Ziiter Parts W?ig?t
Total 785 ™ Pirst stage 78.5 Total 3.5
First stage 615 Second stage £3.0 First stage 3.0
Second stage 277 Nozzle throat 22.0 Second stage G.5
Fin width 181 Throat exlt 52.0 Propellant 1.7
Silver iodide 0.2

2) Materials: With exception of a very small portion, the entire

body of the rocket is made of combustible fiber grass reinforced
plastics (FRP). Only nozzle enclosure is made of incombustible
material. The other parts such as fin, throat, nozzle, engine
chamber, cylinders for the flrst and the second delay composition
engine plate, cylinder contalning release compositions, head
cap, bottom of the second stage, are all burned to be disinte-
grated into short stringy remnant,.

The head chamber and engine chamber, occuples the greaster
portion of the rocket body. The composition of these two
parts are as follows:

Composition of the chamber materials: (weight ratio)

binder : fiber cloth = 4 1
Composifion of the binder = resin : oxidizer : appendices
= 10 : 8 : 0.5
where; resin = epoxlde

oxidizer = potassium perchlorate

appendices = cupper and chromic acid
or the sort

3) Performance: The performance for flights aud dissipation

are glven in Table 2. 1In the following we shall describe the

performance of the rocket including results during flight test.
A: Flight performance: The predicted flight paths computed

by means of data shown in Table 1 are given in Plg. 2. Ve

are not yet able to measure exactly the actual flight performanc
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Tgble 2. Performance characteristics of the rocket

Totzl thrust 310 kg sec Dissipation (burn out) 10 sec
of the first stage* -
Mearn thrust 89 kg see-
o et iy . - Dissipation of the )
Maxixum thrust (<) 135 kg eee~ 09 ctage* 0 sec
Bura 3.5 sec Cut off 6.5 sec
Specific impulse 180 sec Tgnition of pyrotecnic
mixture (variable) 0-10 sec
Ignition delay (< ) 0.2 seac

# From the moment the engine 1s ignited.

e

However, we made observations by naked eyes and by using field

®
4

lasses for a number of launching into clear sky. Some of the

0.7

data taken such a way are given in Table 3 and Table 4.

Table 3. The results of the ground test.
1. Place: Shirakawa Plant of the Showakaseihin In
2. Date : October 1, 1970.

Items Unit  Standard No.l1 No.2 No.3 No.4 No.5
Total thrust kg'sec 310 310 340 322 314 338
Mean thrust kg 89 82 89 87 83 30
Maximum thrust kg 135 98 107 115 108 115
Burn sec 3.5 3.8 3.9 3.7 3.7 3.8
Specific impulse sec 180 or 202 215 212 205 207

above

Table 3 shows the extract from the most recent ground test;
i.e., the test to measure characteristics by fixing the rocket
at the ground. Although .the measured maximum thrust is far
below of the standard value, it means that the thrust is given
more or less uniformly, thus providing the rather good behavior
of the rocket., The fact that the total and specific thrust
values exceed the required values, this suggests that these
rockets may reach higher levels than the computed trajectories
given in Fig. 2.
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Table 4. The results of the flight tests

1. Place:

2. Date

The Gunma prefectural pasture
(Asama Bokujo)

March 18, 1370

Identification of

the rocket NRCDP-I-7 NRCDP-I-8
Burn(propellant) 3 sec 3 sec
Cut off 6 sec 6 sec
Start seediung 10 sec 10 sec
End seeding 20 sec —_—
Dissipation of first stage 23 sec 30 sec
Dissipation of second stage 32 sec 42 sec
?;;g;&;g? of launcher N 88°F N 8508
Elevation of launcher 64 o Lgo
Surface wind direction WNW WNW
Surface wind speed 8.5 m/s .5 m/s

Table 4 shows some examples of the results of the flight
test. Because the btest was made in March instead of June, for

thls test, we decreased the gmount of the propellant compared

with the rocket to be used during hall
The results proved that ths perform-

the maximun height lower.

ance of the rockets were satisfactory.
It will be worthy to mention that

seaso>n, in order to make

during the flight test

in 1969, using the earller model, it was confirmed that by a

sonic measurement, the rocket reached at least 7000 m above

the ground.

Considering these and other observational evidences, we
feel that NRCDP rocket may reach higher, or further than the

computed trajectories given in Flg.

2'

B; Performance of the chamber combustion (burn): Critical

values for complete combustion of chambers are given in Table 2,
The first stage should be burned to become ashes within 30
seconds after the rocket was launched, and the second stage

after 40 sec, Detection of the difference of complete burn
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between the chambers of the first and the second stage 1s
very difficult by the ground test. However, 1in one of the
ground test, it was measured giving 50 secounds, after the engine
was 1lgnited, for the complete burning. Measurements made
for the flight tests of the complete combustion of the chambers

are given in Table 4., The data indicate that 23 and 30 sec

r the first stage and 32 and L2 sec for the second stage,
respectively., These values are not far from those of assigned
values. Since the rate of chamber combustion should'depend
on the speed of the burning body relative to the air, slow
burning during the grouand test does not mean poor psrformance.
During the flight test, 1in most cases, rocket bodies burned
sut to dissipated about 2500 m above the ground. The falllng
rocket body on fire will not inspire fear to people oua the
ground, when the fire will be put off at this height.

L) Pyrotechnic generator:

A: Generation of Agl particles: After separated from the
first stage, the second stage beglns to release Agl .particles
starting the glven time. We can control this time by using
delay compounds which can be ad justed between 0 - 10 sec after
the separation. The pyrotechnic mixture with weight ratio 1 : 1
of Agl and other materials, 1s 1gnited when the second delay
composition burned out. Agl sublimation take place in 3 - 5
seconds, with temperature approximately 2300°C, the particles
are ejected from the end opening of the gecond stage. Contents
of the pyrotechnic mix in the second stage are as follows:

AgI 200 gr.; Potasslum perchlorate 130 gr.;
Powdered Boron 70 gr.

B: Number of effective nuclei: This should be the most
important property of the seeding rocket. In order to obtain
this guantity it is desirable to use a temperature controlled
wind tunnel for the laboratory experiment so that we can
simulate the similar condition for burning the reagent when
used in cloud. Since we do not have facilities for such purpose,
we could only try qualitative evaluation by burning the pyro-
technic mixture in a stagnant alr. Our pyrotechnic mixture
can be ignited easily, for example, by a hot mlcrome wire.
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Color of the mixture ls more or less brown, yielding yellowish
smoke when burned. It suggests the production of relatively
large Agl particles.

By burning a very small amount of the pyrotechnic mixture
in a polyethylene bag of 1 m3, then suck out a small amount
of alr from this bag, and injected into the second bag, then
from the second to the third., The air with thinned smoke with
Agl micro-particles is released into a cold box, and counted
by the sugar solution method. This experiment have éecently
started, need considerable improvement of facilities for
obtaining even the estimation of order of magnitude for number
of effective nuclei per 1 gr. of AgI. We only could confirm
a large number of effective nuclel are produced by burning our

pyrotechnic mixture.
Py

3. THE BESULTS OF CLOUD SEEDING EXPERIMENT OF
10-15 OCTOBER, 1970

The first cloud seedlng experiments using our rocket was
made in the middle of October, 1970 at Somagahara ( a reserved
land for manuever of the Defence Army ), located about 100 km
north of Tokyo. The rocket launcher was set at the south end
of the reserved fleld. The rockets were launched to the north
80 that the rocket will fall within the field, in case of the
accldent such as when the body does not burned completely during
Tall. Our mobile radar (wave length 3.2 cm) was set at Suido
Hill, of Fujioka City, which is located about 25 km south of
the launcher site, Two rawinsonde soundings were made at the
radar site each day during the one week period of the experiment.
We set two camera sites about 6 km to the south of the launcher
slte. This plan to make stero-photographic otservations of
cloud modification experiments was failed because of poor
weather situation throughout the period of the fileld experiment.

In Table 5 the results of the experiments were listed.
Here we give some descriptions of the experiment run No. 2 and 3.
In case of the No. 2 experiment, the seeding rocket were launched
in two minutes intervals between 11h05m - 11h09m. The sounding
at 9:00 a.m. at the radar site is glven in Fig. 3. The clouds
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over the launcher site were nimbostratus with the base about
1,000 - 1,500 m above the ground. Through some openings

of the lower clouds, we could see altostratus layer above.

From the sounding data, we declded to make seeding at the

highest level from the rocket. No apparent change was observed
by radar. Raln began to fall at the launcher site Trom 11h@8m,
about &40 minutes after the last rocket was launched, Considering
the weather in this morning it is difficult to say that this

is due to our seeding experiment.

Table 5. The results of the seeding experiment of
October, 1970

Rocket Expected

Run
w. DPate Time Launching angles E Remarks
No. No. . . height of
| Azimuth Elevation . seeding
10 14.36 NRCDP;% N 341°FE 75 Looo Began to rain
! 5 " " at 15.20 con-
1 1%.459 22 500 tinued to
14.55 -23 15.45. No radar
echn
13 11.05 -24 N 350°E 81° 4700 Began to rain
. . " w at 11.48 con-
2 11.07 25 tinued to
11.09 -26 i " 5200 11.58. Radar
echo 11.53 -~
11.56
13 15.30 -27 N 350°E 80¢° 700 Began to rain
at 15.40 con-
tinued to 1550,
15. - Q -
3 15.33 28 . 520¢ Radar echoes
15.34% - 15.40
and 15.41 -~
ls.b’éo
r 13 15.52 -29 " 78 L4600 No rain,
~ 15. 54 -30 " 5100 no radar echo
14 10.44 -11 N 350°E 81 4100 No rain,
~ 10.46 12 no radar echo
j - - -
10.58 -13 4600
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Iri the same afternoon, we made the Run No. 3 experiment
based upon the sounding data at 2:30 p.m. As shown in Fig. &,
there was a saturated layer between 2500 - 6000 m. Temperature
of ths top of this saturated layer was about -10°C, thus we

ecided o nake seeding in the upper portioan »7 the saturated
ltayer. The sky condition over the launcher site was almost
the same as Tor the morning experiment. Two NRCDP rockets
were launched, the first one at 15h30m and the second one at

In tnis case when the flrst rocket was launched, there was
no ecrio in HEI-scope of our radar oriented to the direction of
the launcher site. After 4 minutes a small echo appeared at
about £000 m above the ground, which descended 1n a manner as
siiown 1n Flg. 5. This echo disappeared by 15h40m, then the
second echo appeared at 15h@1m about the same place as the first
one avppeared. The second one also descended and disappeared
about 15h40 The people at the launcher site observed moderate
rain between 15hu0m and 15h50m. From these observations we
feel the seedling experiment in the afternoon cause modification

of the altostratus clouds above.

4., REMARKS AND FUTURE PLANS

So far our effort has been mainly to develop a model of
a rocket system which will dissipate in the air and will not
gilve damage on properties and people on the ground, nor inspire
fear to the people on the gound., We feel that in these regards,
we reached almost satisfactory level., The problems to be
considered for future are as follows: (1) to make rocket with
dependable dissipating performance; i.e., no inferior product:
(2) to remove some 1ncombust1ble portion: e.g., nozzle closure:
{3) to increase flight dlstance wilthout increasing cost of the
rocket: and (4) quantitative evaluation of performance of the
rocket for meteorological use.

The last item 1s the most important and the most interesting
problem for us. However, this will be a very difficult one,
unless considerable improvement for number of people in ocur
project and for facllitles are achieved. At the present, our
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oup consists of only 4 members, who works as technicians in

Srout

caze »f fileld experiments. In all field experiments sevsral
staff members in the other groups of the National Research Center
for Disaster Prevention Jjolned to help us.
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Composition of parts of the NRCDP rockets:

No Names Material No. Names Material
1 Fin FRP 11 Release Black
2 Throat FRP composition powder
3 Nozzle closure Acetyle 12 Cy%léder toxr FRP

late re.ease
p composition
! A\l Tzt 3
& HNozzle FRP 13 Base of the FRP
5 Engine chamber FRP second stage
& Propellant Composite 14 The sacond delay
. _ composition
7  Lead wire Coated wire N . N -
- s 1 Cylinder for the HE
8 JIgniter Alcropelletl 5 sgcond delay
9 Cylinder for Alminum composlition
first delay 16  Pyrotechnic AgT,
composition mixture KC103
10 Engine plate  FBF 17  Head chamber FRP
18 Head cap FRP

[- ]

T elevation angle

» [3)]

HEIGHT (Km )
w

Ay

2 1
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RANGE (Km )

Fig. 2
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Manuscript presented at the International Conference
on Weather Modification ( Tashkent, 1973 )
HAILSTORMS IN JAPAN
by

Yukio Omoto _
National Research Center for Disaster Prevention
Tokyo,Japan

1. Introduction

It is an essential part of a hail suppression research project
to obtain knowledge on characteristics of hailstorms which appear in
the area under consideration. In Japan, there were relatively few
studies on hail, especially before mid-1960's. Such a circumstance is
at least partly due to smaller amounts of damage by hailstorms compared
with some other phenomena such as typhoons, cool summers, and rainstorms.
However, there were areas where hail is a serious problem to farmers.
In the central and east-central portions of the main island Honshu (i.e.,
Kanto-Koshin District), among various weather events, hail is the most
frequent hazard and causes greatest amount damage to agriculture com-
pared with | . other meteorological disasters, Between 1965 and 1969
“this area was suffered unusually great amount of damage by hail. About
this time,” the National Research Center for Disaster Prevention was
planning to promote weather modification researches in Japan. Encouraged
by news of success in the USSR and several other countries in hail sup-
pression, the organization decided to chose hail suppression as object
of the first field program. Neverthless the main task of the project was
development of a -system of seeding rocket usable over land areas of
Japan for cumulonimbus modification (see a paper presented in this meet-
ing by Ozawa and Omoto),efforts to obtain basic meteorological knowledge
on hailstorms had to be carried out simultaneously. The present paper
gives summaries of recent research results on various aspects of hail-
storms in Japan,

2. Climatology

Using data of 140 first class weather stations and about 1300 co-
operative climatological stations of the Japan Meteorological Agen%y,
distribution of number of hail days of Japan was obtalned (Omoto,/1/).
It was found that the frequency maxima appearing in the annual distri-
bution map (Fig. la) may be classified into two different; kinds of hail-
storms. The maxima in the inland portions of large islands are due to
hailstorms in warm season (Fig.:-1b), and those along the coast of the
Japan Sea are due to hailfall during cold season. Areas along the east
and the south coast of Japanese islands suffer rarely by hail. This
feature is quite similar to hail climatology of the United States,

(e.g{, /Z/)-

There are distinct difference in the general characteristics of
hailstorms in cold season and those in warm season. For example, there
is 1ittle diurnal variation of occurrence in cold season hailstorms (Fig.
2a), but warm season hailstorms develop mainly in the afternoon (Fig.2b).
Cold season .hail often accompanied by thunderstorms, but not so frequent
as those of warm season type.

Climatology of warm season hailstorms in the Kanto-Koshin district
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was studied in detail. In some parts within this region, hail damage

is the major disaster to agriculture. Hail season for this area is May
through August, However,.there is systematic regional difference in
annual frequency pattern within this area (Omoto,./3/ ). For example,

as shown in Fig. 3, in Gunma Prefecture the peak occur in early June
with gradual decrease toward summer, but there is a distinct early Au-
gust peak when whole region is concerned. Distribution of hail damage
for recent 10 year period of this district were examined using data
given in the Unusual_ Weather Report of Tokyo District Meteorological
Observatory (Omoto,?iij./f[]). It was found that frequency of hail oc-
currence is related to ground topography both in smoothed (area average)
and unsmoothed (superposition of damage areas obtained from the report).
One of the noteworthy features of unsmoothed hail day distribution
shown in Fig. 4 is the existence of several narrow bands with relatively
frequent hail occurrence. These belts are called as hyo-michi (hail
street) by local farmers. Locations of these hail streets suggest that
isolated mountains are preferred regions of hailstorm formation. In
order to obtain accuragte data, a relatively dense hail observation net-
work with 100 hail pad stations was established in the southern part

of Gunma prefecture covering approximately 3,000 kn? area where several
hyo-michi cluster, Unfortunately ‘Trelatively small number of hail days
were recorded during the last few years, in particular for the network
area. At any rate, it was found that the number of hail days obtained
from the network data were considerably larger than given in the offi-
cial report despite the network was operated only for pexiods of mid-
June through end of August for beth 1971 and 1972. (Table 1).Our obser-

1964 1965 1966 1967 1968 1969 1970 1971 1972

Whole district ;

(50,000Km 2 ) 10 12 7 25 24 11 9 14 12
Network area '

(3,000 km <) 3 7 2 10 6 1 0 3 3

-Netowrk data - _ - ; - - -
(3,000 km2) 10 7

Table 1., Number of hail days_ in' Kanto-Koshin region. Data for upper 2 rows are
taken from official ‘reports of the Tokyo District Meteorologlcal Observatory. The
data in the last row ‘are based on the NRCDP network during 1971 and 1972 hail seasons.

vations confirmed that the existence of two small areas where hail oc-
currence is much greater than neighbourhood. These places have been known

>y local farmers by experience.

Size distribution of warm season hailstorms in the project area for
the three observational periods (1971,1972,1973) were obtained from the
collected hail pads. It ?s found that 80% of hailstones fell on the net-
work pads were 10 mm or smaller in diameter. However, stones with dia-
meters larger than 30 mm are recorded also. There were 3 hailstones which
were estimated as 45 mm in diaméter-or larger. The largest stone which
fell within our network area was the one reported as with diameter nearly
10 cm. However, due to poor storing of the stone by keeping it in a home
refrigerator caused the stone melt quickely, before an accurate measure-
ment. The largest in Japan reported in a reliable publication is the one
observed after the storm of 29 June,1917 (Geophysical Review,1917;publish-
ed by the Central Meteorological Observatory). The haistone was described
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as pumpkin size, having peony flower shape, and weighed 900 monme (3.4
kg). It was reported that there were a number of grapefruit size stones
Official survey of the Kumagaya Meteorological, Station counted 40 hail )
holes in 1 tsubo (3.3 m2 ) of a paddy rice lot. The smallest of these
was 12 cm, and the largest was 51 cm in diameter. Many severe hailstorms
in Kanto-Koshin region accompany hailstones of egg size. Duration of
hailfall observed at the first class weather stations are usually in
order of few minutes rarely exceeds 10. minutes, However, much longer
hailfall durations have been reported. So far as recent hailstorms
which occurred within our network is concerned, reported hailfall ex-
ceeding 20 minutes were proved to be incorrect.

3, Conditions of Hailstorm Developments

Many intense hailstorms in the Kanto-Koshin region develop in the
vicinity of cold fronts. However, passage of a cold front during a hail-
season does not always mean hail occurrence, -A part of hail season ‘coin-
cides with Bai-u (Japanese rainy season) of the area. There are three
types of Bai-u; (1) of persistent cloud and rainy days, (2) with loca-
1ized heavy rains, (3) with relatively little rains. Years with high fre-
quency of hail in June and July belongs Bai-u of the type (2). Mean sea-
level pressure charts were made for hail days and for mno-hail days for
the period of 28 May through 30 June, 1967. In the mean hail day map a
distinct meso-scale depression appear in the central mountain region
during daytime, and dissipates in the evening. This feature is very weak
for no-hail day mean map. Thus combination of development of a heat low
and passage of a cold front is a dangerous sign of occurrence of hail in
the area. Formation of inland heat low is related to two kinds of favor-
able situations of hailstorm developments during daytime. First, it is
an indication of .increase in instabiiity of low level atmosphere due to
heating. The other is formation of low-level flow pattern favorable to
cioud formation along heated mountain slopes by forced ascent,

It was found that combination of 500 mb temperature and stability
of tropaosphere show good relation with occurrence of hail,thunderstorm
without hail. An example, when this relation held well is given in Fig.7.
Maximum vertical velocity or cloud top computed by a simple cumulus model
also shows gosd relation with hail occurrence when it is combined with
500 mb temperature. Neverthless low level temperature rise during daytime
adds favorable conditions for development ‘of convective clouds as men-
tioned above, instability in deep layers seems to be more effective fac-
tor. Synoptic scale vertical velocity is also an important factor to be

considered in forecasting development of severe convective storms.

Vertical distribution of mean wind speed are computed for 15 severe
hail days during 1960-1969 period, all hail days during hail seasons of
1967 and 1968, and no hail days for the latter period. As shown in the
figure 6, compared with other two types, the mean for severe hail days
has the largest maximum wind speed, the lowest height of level of maximum
and the weakest low level wind speed (below 3 km) . Therefore, vertical
wind shear within the mid-troposphere on severe hail day is the largest.
However, there were two severe hail day cases when winds were weake:
throughout troposphere. General appearance of Fig. 6 is quite similar

% Note: This unit of area is given in the 'Meteorological Disasters
in Saitam- Prefecture" published by the Kumagaya Local Meteorolgical
Observatory (1970). This implies that even large hailstones fell
very densely.
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to those obtained for Colorado hailstorms by Modahl /5/. Mean vertical
wind shears between 2 km and 10 km for these three types are, 2.3x10°
sec-1for no hail day mean; 2.,9x10-3sec-l for all hail day mean, and
4.8x10"3sec~l for severe hail day mean. The mean shear for severe
hail cases in .this area is quite large, for, this value is about the
same or even larger than many supercell storm cases studied by other
investigators (e.g.,/8/). ' ‘ '

4, Storm Behavior and Structure

Most of hail damage areas in Kanto-Koshin' district are relatively
small,i.e.,with long axis of several kilometers to .20 - 30 kilometers.
However, not a few hailswaths extend more than 50 km. In case of the
hailstorm of 7 June 1966, one the the hailswaths extended 160 km-with
an average width of 30 km, Detailed damage survey of this hailswath re-
vealed that the existence of systematic variation of hail intensity
which may be explained well if hail producing cells appear more or less
periodically at the right flank of a rotating convective system 17/ .
Possibility of existence and mechanisms of rotating severe convective
system were discussed by several investigators (e.g.,/8/). A detailed
anaysis was made /9/. It was concluded that the storm which produced
this extensive hailswath was a. typical supercell type SR-storm named
by Browning /I0/. Most of hailstorms in Kanto-Koshin distict appears
to be multicell type convective systems moving in the direction to the
right of mean wind in a cloud layer. General disrection of movement of
hailstorms in this area is between east and southeast/3/. Splitting of
convecitve system were observed during our radar observational period.
In one of such cases, split occurred almost identical with the one’'case
shown by Hitschfelt /11?. '

According to radar data for several hailstorms, in most cases a
hail area in this region Iocates at, the right rear flank of the system.
Instantaneous hailfall areas are generally very small ‘compared with
total area'of radar echo of the system. In an unusual case, the hail area
was first located at the right rear flank , then after about 1 hour
break of hailing, it reappeared left rear flank of a severe storm(Fig.9).
Hailf41ll on the ground usually begins couple of hours after the first
radar echo of the storm-appears. However, this does not mean growth of
hail takes so much time within hailclouds in this area. For, hail are
usually observed young portion of convective storms. Considering air
circulation within a hailstorm, only a small portion which gives radar
echo seems effective for seeding.

According to data given in special report by the Tokyo District
Meteorlogical Observatory for hailstorms occurred during teh eriod of
28 May = 23 June, 1987, abaut a half af ccho tops were 10 and 11 m.
There were a few with echo tops were below 6 km. These data suggest
that hail echoes of this area are relatively short. It may of impor-
tant to note that not a few echoes of thunderstorms in a hail season
reach higher than 15 km even though they do not accompany hail. However,
too few hailstorms have been observed quantitatively to obtain typical
radar characteristic of hailstorms .in this area. At the present we have
not developed method to distinguish hail cells.from many thunderstorm
echoes most of which do not produce damaging hail.

S. Concluding Remarks

Considering operational aspects of such project and climatology
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of hail suffering regions of Japan, operation using anti-aircraft guns
or rockets from the ground seems unpractical in Japan. Of course, such
methods are useful for experimental.stages of cumulonimbus modification,
Methods by launching rackets from aircrafts or dropping pyrotechnic
from aircrafts seems more practical approach. Methods of seeding from
aircrafts flying under storm cloud bases are inadequate in Japan, for,
cloud base are relatively low over mountaneous hail suffering regions,
Compared with operational hail suppression projects in other countries
known to us, much more efficient operation is required in Japan. Fur-
ther studies on hailstorms are required in order to make a conclusive
decision for feasibility of operationa hail.suppression in Japan.
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Figure la, Distribution of number

&a of days with hail during
o 1954~1964 period,

Figure lb., Distribution of number
of days with hail in the
warn season (April-September)
of the 1954~1964 period.
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Figure 2a. Number of haill occurrence by
hours at Akita(1917-1966)
where most hallstorms. are
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Figure 3. Number of days with damaging hailstorm
2 in Kanto-Koshin Distriect (upper curve), and that
for Gunma Prefecture (lower curve). Data are
T I 1

1 1 T T T taken from the Unusual Weather Preport for the
3 6 9 12 15 18 2I 24yrperiod of 1960-1972. A month is devided into
Figure 2b, Number of hail occurrence by three periods of approximately 10 days sach.
hours at Maebashi(1917-1966)

where most hailstorms are

warm season type.
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Manuscript presented at the International Conference
on Weather Modification ( Tashkent, 1973 )

PRELIMINARY RESULT OF EXPERIMENTS USING
SEEDING ROCKETS WITH COMBUSTIBLE SHELLS

by
Y.Ozawa and Y.Omoto
National Research Center for Disaster Prevention
- Tokyo, Japan

1. Introdudtion

The National Research Center for Disaster Prevention of Japan had
carried out a five year hail suppression research project ending 1972.
We decided to use a rocket system for seeding. It has been considered
that dispersion of. artificial nuclei with high concentration into some
proper portions of hail producing clouds is the most effective method
for hail suppression. Since it was not possible to use aircraft nor
anti-aircraft gun for the experiment for this project, we had to chose
a method using rockets to be launched from the ground. A mobile launcher
was prepared for the experiment.

The rocket was designed to reach 6-7000m above the ground at the
highest point. This was determlnea from consideration of the mean ther-
mal structure of the atmosphere in hail season over the area for .the
experiments. Since the rocket will be used over lands of more densely
populated areas compared with hail suppression project fields in other
countries, no large piece of rocket should fall to the ground. This is
one of the strict requirements in performance characteristics of our
seeding rocket. It 1is also desirable that the rocket is light and samll
and can be handled safely.

Dissipation of seeding rockets by using explosive compounds has
been used for hail suppression experiments in all foreign projects we
knew at the time. However, it was recognized that use of such a system
ocver public lands is extremely difficult in Japan. Consequently, we
decided to develop a method by which the rocket body will be completely
burned to ashes in the air after seeding. After two years for development
of this system, the NRCDP-I rocket of satisfactory characteristics in
this regards was compléted, In this paper we describe the characteris-
tics of our rocket, and give a result of a cloud seeding experiment use-
ing this rocket Ssystem.

2. Characteristics of the NRCDP-I rocket

The seeding rocket was developed and made by the Mitsubishi Heavy
Iindustries,Ltd. and the Nihonkoki,Inc. which was called Showakaseihin
Inc: durlnc the early stage of our contract. The first model was tested
at the end of the fiscal year 1968. -However, some modification was nec-
cessary until the NRCDP-I type was completed which is safe to use over
pubiic lands. In this section we describe the characteristics of this
rocket.

2.1. Structure:

The structure of the NRCDP-I rocket is given in Fig. 1. Some im-
portant characteristics shown in the figure above are described below.
i) The rocket is a two stage type with the first stage as propul-
sion part and the second part is for seeding.
i1) Total length of the rocket is 785 mm, with maximum diameter as
78.5 mm. The 1encth of the first stage is 615 mm, and that of the
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second stage i1s 277 mm. End portion of the second stage is inserted
into the head portion of the first stage.

iii) The.first and the second stages are fixed by springy character
of the materials used for the bodies. The connection is firm and these
two 1s separated by timed explosicn during a flight, .

iv) The total weight of the rocket is about 3.5 kg, in which the
first stage takes about 3.0 kg. The weight of the second stage with
400 g of pyrotechinc compound is 500 g. Amounts of silver iodide in the
second stage of a rocket is 200 g.

v) The propellant is loaded in the engin chamber with a hollow of
starlike cross-section. It burns outward from the surface of the hollow.
When it reaches to the outermost limit, it put fire on the chamber of
the first stage.

277 >

615

785
Figure 1. Compositions of parts of the NRCDP~1 rocket., Explanations for
numbers in the figure are given in the table below.

Names .of Names of

No. parts Materials No. parts Materials

1 Fin . FRP 12 Cylinder for Black powder

2 Threoat FRP release composition

3 Nozzle closure Acetyle plate 13 Base of the FRP

4 Nozzle FRP second stage

5 Engin chamber FR? 14 Second delay

6 Propellant Composite composition

7 Lead wire Coated wire 15 Cylinder for the FRP

8 Igniter Alcrope-let second delay compy._

9 Cylinder for FRP 16 Pylotechnic AgI.KC104
first delay Comp. nixture

10 Engin plate FRP 17 Head chamber FRP

11 Release Black powder 18 Head cap FRP

2.2. Materials:
With an exception of a very small 'portion,i.e.,the nozzle closure,

the entire body is made of combustible fiber glass reinforced plastic
(FRP). The head chamber and engin chamber occupies the greater portion
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of the rocket body. Composition of these chamber materials in a weight

ratio is given as, binder : fiber glass = 4 : 1. Composition of the
binder in weight ratio is as follows, i.e.,
Resin : oxidizer : appendices = 10 : 8 : 0.5,

vhere resin is made of c¢epoxide, oxidizer is potassium perchlorate,
and appendices are cupper and chromic acid and of this sort.

2.3. Performance:

Some data from ground and flight tests compared with specified
f1light and dissipation performaces of the NRCDP-I rocket are given in
Tables 1 and 2, respectively.

Items Unit Spec. No.1 .. No.2..No.3. No.4..No.5
Total thrust kg.sec 310 310 344 3Z2 214 338
Mean thrust kg 89 82 8¢ 87 39 80
Maximum thrust kg 135 98 107 115 108 115
Burn of Prop. kg 3.5 3.8 3.9 3.7 3.2 3.8
Specific impulse sec 180 202 215 21z 205 207

Table 1. The results of a ground test conducted at the Shirakawa plant
of the Showakaseihin Inc. in October,1970. Data for five samples are shown.

Identification of

tested rockets Spec. NRCDP-I-7 NRCDP-I-8
Burning of propellant ‘3.5 sec 3 sec 3 sec
Cut off 6.5 sec 6 sec 6 sec
Start seeding 10 sec 10 sec 10 sec
End seeding 20 sec 20 sec

Dissipatioi. of the first stage 30 sec 23 sec 30 sec
Dissipation of the second stage 40 sec 32 sec 42 sec

Table 2. The results of the flight tests of NRCDP-I rockets carried out at
the Gunma, Prefectural Ranch on March 18,1970,

2.3.1. Flight Performance: Computed flight paths launched at
various elevation angles are given in Fig. 2. We have not yet atle to
measure exactly an actual flight path of a rocket. However, observations
by naked eyes and by field glasses were made for many flights. It is
apparent that the rocket reaches higher and travéls farther than calcu-
lated trajectories shown in the figure. This may be predicted from
data of the ground tests shown in table 1. For, the total thrust measured
during the ground test were generally greater than specified values.

The maximum thrusts for the tested rockets were considerably smaller
than specified values. Comparing the total thrust and the maximum thrust,
this indicates the thrust is given more uniformly than expected values.
The data given in the table'2. are from the clear sky filight tests car-
ried out in March. Because of cold climate for the test period compared
with that of actual hail season for thz area, the amounts of propellant
were reduced from those to be used for hail season so that seeding

might take palce at a lower level for this particular experiment.

2.3.2, Performance of the chamber combustion (burn): Critical

values for complete combustion of chamber are given in table 2 as spec-
ified values for dissipations of the first and the second stages.Namely
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requirements for the first stage to burn out to becone a
30 seconds after the rocket is launched,

shes is within
and the second stage the cri-
tical value is 40 seconds. These times are determined from th
trajectories of the rocket launched at reasonable elevat

e computed
shown in the figure below. By ground tests,

12Dl _ ion angles as
. . ‘1t 1s very difficult to de-
termine times required for complete burn of each of the first and the

st {\
R
51 ) a elevalion angle
& Ay
E
w4 A : B
(o] " '
2 : :
= 3 ‘; e :
< < :
] ¢ b
' 6.5 sec. '
2r ' : ]
: : : .
; : ; 40sec.
Iy ' N ' 5
| 13.5 sec. : ] !
! L} ’ . 3
L/ R ‘ : '
O Y L ' [ ¢ N !i 5 .h
O ! 2 3 4 5 6 7
RANGE (km)

Fig. 2. Computed trajectories of NRCDP-I rockets launched at different angles

second stage ., Measurements for several tests gave longer than 50 seconds
for complete burn of the first stage onliy. On the other hand, the values
obtained from flight tests were almost equall or more often shorter than
critical values. Longer durations for . complete burning in ground tests

were expected. For by this type of tests rockets had to be fixed firmly
to supporting frames thus ventilation which affects burning rate is

very much smaller than actually oeccurring during flight or falling
conditions. During flight tests and in some seeding experiments, when-
ever sky conditions allowed observations,

quite high above the ground.

fire extinguished usually

Fiber glass cloths used for reinforcement of tha plastic body is
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actually not entirely made of glass fibers. Glass fibers are used for
warps, and regular fibers are used for wefts. Weaving in this manner

is necessary in order that the remnant of burned cloths used -for rein-
forcement of the rocket chambers tear apart during fall. This type of

weaving also quicken burning rate of the body.
2.2. Pyrotechnic generator:

2.4.1. Generation of artificial nuclei: fter separated from
the first stage, the second stage begins to release Agl smoke after a
set time interval. We can control the timing by using delay composition:
which can be adjusted between 0 - 10 seconds after the separation. The
pyrotechnic mixture with weight ratio 1 : 1 of Agl and other materials
is ignited when the second delay composition burned out. Vaporization
of Agl takes place in several seconds, with temperature estimated ap-
proximately’ 2,300°C. Smoke issues from the end opening of the second
stage. Composition of the pyrotechnic mixture- in the second stage is
a2s follows: Silver iodide 200 gr, potassium perchlorate 130 gr, and
powdered boron 70 gr.

2.4.2. Number of effective-nuclei: Accurate measurement of
this important quantity has not been made because of the lack of suit-
able facilities at our laboratory. Only a qualitative measurements by
burning small quantities of our pyrotechnic mixture in a polyethylen
bag of 1 m3 were made. Chemists at the Nihonkoki Inc. had informed us
that 4.1013 ice nuclei per 1 gram of Agl at temperature - 10°C was
their evaluation.

3. Results of Cloud Seeding Experiments

Three cloud seeding experiments by the NRCDP-I rockets were car-
ried out , namely, October,1970;June 19717 and June,1972. Each experi-
mental period was about 10 days. Only 20 rockets were prepared for
each test. Due to such limitations and to unfavorable weather conditions
for all éf:ithése periods (the days had to be set a few month ahead of
time)s;we were unsuccessful to make experiments with observable seeding
effect in convective clouds. Only during a series of launching perform-
éd in October 1970, some evidences of artifical echo formations within
a thick stratified cloud layer. In this section we only describe some
results of this experiment.

The experiments were carried out during a period 10 - 17 October,
1970, at Somagahara at the foot of Mt.Haruna one of the famous for
hailcloud formation. The place is a reserved land for manuever of

the Detfence Agency. A mobile launcher was set at the south end of the
reserved field. Rockets were launched to the north-northwest direction
so that the body may fall within the reserved field even if it fail to
burn complétely. Our mobile radar (wave length 3.2 cm) was set at Suido
Hill of Fujioka City, which is located about Z5'X¥m south of the launcher
site.Two Tawinsonde observations were made at the radar site each day.
Figure 3 shows a map giving locations of experimental sites, including
ths one carried out in March 1970, The general area shown in this map

is approximately 100 km northwest of the center of Tokyo. A curve in

the map shows 100 km from the Japan Meteorological Agency.

In table 4 the result of experiments conducted on 13 October is
given. In case of the No.l experiment, thres rockets were launched in
*wo minutes intérvals between 11h05M and 11109™. The cloud over the
launcher site was stTratus with its base at about 1,000 - 1,500 m
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above the ground. Through some cpenings of the lower clouds, we could
see altostratus layer above. From the 9 am sounding data, we decided
to seed at the upper layer of the cloud. After seeding, however, no
apparent change was observed by our radar. A weak shower began at the
launcher site from 11848m  which was about 40 minutes after the last
rocket was launched. Considering weather in this morning it is un--
likely that this was effect of seeding.

.;\20 ‘ /
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Figure 3. A map showlng general area of experiment.

_In the same afternoon, we made two series.of launchine. In the
gaﬁzlgr:experlmenﬁ, two NRCDP-I rockets.were launched, the first one at
15230™ and the second.one 15h33m, The sounding data at 14h30m is shown
in Fig. 4., It is seen that there was a thick saturated layer between

Figure 4. Vertical distribution of
o ! terperature (solid curve), and rela—
L tive humidity (dotted curve), at 14:30
gool S observed at Fjuioko radar site.
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2,500 - 6,000 m. Temperature of the top of this saturated layer was
about - 10°C. We decided to make seeding in the upper portion of

the saturated layer. The sky was almost thé same 2s for the morning
experiment. For this test, when the first rocket was dlaunched, there
was no echo in RHI-scope of our radar oriented to the direction of
the launcher site (see Fig.3). After 4 minutes of lazunching a small
echo appeared at about 6,000 m above the ground, which descended in &
manner illustrated in Fig 5 togather with a photograph taken at
15h37m of this echo. This echo merged to the ground echo and became
indistingushable at about 15140M, Shortly before the first echo dis-
zppeared , the second similar echo zppeared almost the same position
with the first one. It seems the second one correspond to the second
rocket. . Personnel at the launcher site observed a brief rein shower
of nmoderate intensity between 15h40™ znd 15h50™. These two echoes: were
quite likely to _be the effects of seeding. Another series of launching
werg‘made at 15052m and 15054M, However, no echo was observed after
seeding.

Experiment No. Time of Launcher's Launcher's Height of
15, Oct. 1973 launching azimuth elevation seeding
11:05 3500 810 4,700 - 5,200
1 11:07 v "
11:09 " 1 18]
2 15:30 3500 80° 4,700 - 5,200
15:33 " tt 14}
3 15:52 3500 780 4,600 - 5,100
15:54 1" 1 Tt

Table 3. Data of seeding experiment of 13 October,1970.

4, Concluding Remarks

The NRCDP-I rocket described above exhibitted generally satisfactory
performances in regard 'to flight, dissipation, and seeding. However, it
is desirable to carry out more seeding experiments with larger number
of rockets in order to obtain more data concerning seeding effects, es-
pecially for convective cloud cases. For this purpose,however, some
improvement is desirable concerning the rocket system. As mentioned
above there is a small portion of the rocket which remains unburned.
Although the chance is slight, a possibility of danager is not entirely
averted. Due to financial limitations we could use very small numbers
of rocket' in each test, this made the cost of one NRCDP-I rocket very
expensive., Mass production will reduce cost per one rocket, yet we feel
need of modification of the rocket body itself to put ‘the price to a
more Teasonable one. We had to adopt a method to put ignitor just before
launching which require careful handling by experimenced technicians.
This incovenience was brought about by trafic regulartions concerning
the transport of such an object, and not from technological matter.
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Flgure 5., RHI photogr ph of en artificial echo produced by a rocket
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Abstract from the Report of the National Research Center
for Disaster Prevention No. 9, 1974
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A Measurement of the Effectiveness-Temperature Relationship
for the Agl Composite Developed by the NRCDP

By

Tsuruhei Yagi

National Research Center for Disaster Prevention, Tokyo

Abstract

The number of effective ice-nuclei per gram of Agl from the NRCDP silver
iodide composite was measured by the sugar solution method. A small amount
of the composite was burnt in a 1-m?® polyethylene bag, with a successive static
dilution of a factor of 5,000 by a syringe. It was found that about 10!% effec-
tive nuclei were produced at the temperature of —10°C, 10'® at —15°C and 5x
10 at —20°C, with a relatively weak dependency on temperature. This may
suggest that the particles produced in a stagnant air are considerably larger in
size than expected in the case of an in-flow combustion, which could prevent
an effect of coagulation. The two-stage seeding rocket loading the composite
with 200 g of Agl will, after the cutoff of the booster, introduce nuclei as ex-
haust into a cloud along its flight path. A higher efficiency could therefore be
expected in case of actual cloud seeding than that obtained here in a calm state.
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