Atmosphere. Korean Meteorological Society & E
Vol. 34, No. 2 (2024) pp. 203-216 Technical Note
https:/doi.org/10.14191/Atmos.2024.34.2.203 ( )
pISSN 1598-3560  eISSN 2288-3266

JIS=EE slojHe|E 29| AF A H EISHT

Study on Weather Modification Hybrid Rocket Experimental Design
and Application

Joo Wan Cha"*, Bu-Yo Kim", Miloslav Belorid", Yonghun Ro", A-Reum Ko", Sun Hee Kim?,
Dong-Ho Park”, Ji Man Park”, Hae Jung Koo", Ki-Ho Chang", Hong Hee Lee", and Soojong Kim®*
UResearch Applications Department, National Institute of Meteorological Research, Jeju, Korea
? gviation Meteorological Office, Incheon, Korea
Y Forecasting Department, Regional office of Busan Meteorology,

Korean Meteorological Administration, Busan, Korea
Y Innospace Inc., Sejong, Korea

(Manuscript received 21 November 2023; revised 9 January 2024; accepted 4 April 2024)

Abstract The National Institute of Meteorological Sciences in Korea has developed the Weather
Modification Hybrid Rocket (WMHR), an advanced system that offers enhanced stability and
cost-effectiveness over conventional solid-fuel rockets. Designed for precise operation, the WMHR
enables accurate control over the ejection altitude of pyrotechnics by modulating the quantity of
oxidizer, facilitating specific cloud seeding at various atmospheric layers. Furthermore, the rate of
descent for pyrotechnic devices can be adjusted by modifying parachute sizes, allowing for con-
trolled dispersion time and concentration of seeding agents. The rocket’s configuration also
supports adjustments in the pyrotechnic device’s capacity, permitting tailored seeding agent
deployment. This innovation reflects significant technical progression and collaborations with local
manufacturers, in addition to efforts to secure testing sites and address hybrid rocket production
challenges. Notable outcomes of this project include the creation of a national framework for
weather modification technology utilizing hybrid rockets, enhanced cloud seeding methods, and
the potential for broader meteorological application of hybrid rockets beyond precipitation aug-
mentation. An illustrative case study confirmed the WMHR’s operational effectiveness, although
the impact on cloud seeding was limited by unfavorable weather conditions. This experience has
provided valuable insights and affirmed the system’s potential for varied uses, such as weather
modification and deploying high-altitude meteorological sensors. Nevertheless, the expansion of
civilian weather rocket experiments in Korea faces challenges due to inadequate infrastructure and
regulatory limitations, underscoring the urgent need for advancements in these areas.
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Fig. 1. Design of weather modification hybrid rocket (WMHR) (1: body, 2: nose cone, 3: propellants, 4: outlet for exhaust of
flare, 5: eject type flare, 6: eject system, 7: cover of eject type flare, 8: parachute of flare).
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Fig. 2. Design of cloud seeding flare of weather modification
hybrid rocket (WMHR) [1: flare body, 2: main chamber of
flare (2a: main chamber of flare bottom, 2b: main chamber
of flare outside, 2c: main chamber of flare combined flange),
3: extended chamber of flare (3a: extended chamber of flare
outside 3b: extended chamber of flare combined flange, 3c:
extended chamber of flare outlet), 4: flare body entrance
cover of flare body, 5: connected rope between flare body
and parachute].
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Table 1. Results of combustion of cloud seeding flare for weather modification hybrid rocket (WMHR).

Diameter Combustion test result of cloud seeding flare Combustion time
of nozzle [Second (s)]
Nozzle
Diameter 9.1
18 mm
Nozzle
Diameter 83
16 mm
Nozzle
Diameter 7.0
14 mm

Atmosphere, Vol. 34, No. 2. (2024)
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Fig. 3. Experiment conception of weather modification hybrid rocket (WMHR; 1: eject rocket, 2: rocket body, 3: eject type
flare, 4: parachute of flare).
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Fig. 4. Observational trajectories of weather modification hybrid rocket (WMHR) for cloud seed experiment by parachute at
Saemangeum in 21 Dec. 2019 (sec: second).
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Fig. 5. Calculation of the distance of the ejected cloud seeding flare from weather modification hybrid rocket (WMHR) for
cloud seed experiment at Saemangeum in 21 Dec. 2019 (sec: second).
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Fig. 6. Design of cloud seeding experiment by weather modification hybrid rocket (WMHR) with aircraft measurement at

Goheoung in Feb. 18 2021.
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Fig. 7. Image of meteorological satellite (GK2A) of Korean
Meteorological Administration (KMA) for cloud seeding
experiment by weather modification hybrid rocket (WMHR)
with the aircraft measurement at Goheoung in Feb. 18 2021.
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Fig. 8. Dispersion of cloud seeding material by numerical model for cloud seeding experiment by weather modification hybrid
rocket (WMHR) at Goheoung in Feb. 18 2021. [red dot: main auto weather station (AWS) around WMHR launch area].
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Fig. 9. Rainfall observation after cloud seeding experiment by weather modification hybrid rocket (WMHR) at Goheoung in
Feb. 18 2021. [red dot: main auto weather station (AWS) around WMHR launch area].
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Table 2. Temperature, wind speed, wind direction, vertical velocity, and liquid water content at different operating altitudes of
the aircraft observed inland, coast, and sea during a cloud seed experiment of weather modification hybrid rockets (WMHR) at

Goheoung in Feb. 18 2021.

Location of aircraft Inland Coast Sea
Altitude (m) 833 (+60) 868 (+4) 1,272 (+90)
Temperature (°C) —-10.5 (+0.56) —9.6 (+0.43) -10.4 (£1.13)
Vertical velocity (m s™) 1.68 (x1.31) 1.31 (1.01) 1.94 (+1.35)
Liquid water contents (g m™) 0.15 (£0.16) 0.06 (£0.05) 0.39 (£0.27)
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