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Abstract: With the bright prospects of application of large unmanned aerial vehicles (UAV) in artificial
precipitation enhancement operation, an UAV artificial precipitation enhancement experiment was carried
out in Qilian Mountains. This paper discusses the UAV operating performance and analyzes the change
characteristics of the microphysical parameters during the cloud seeding processes on 27 October 2020. The
results show that the UAV has the ability of large-scale artificial precipitation enhancement and detection
with more than 5 h endurance and good anti-deicing and crosswind resistance capabilities. After the cloud

seeding processes, concentration and diameter of cloud particles get increased in every level, and the
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concentration of low-level cloud particles is significantly higher than that of high level. The change of cloud

microphysical characteristics before and after seeding operation is related to cloud position and time to se-

lect. Within 20— 30 min after the seeding, the concentration of the number of raindrops at the ground de-

creased at first and then increased, while the effective diameter of the particles continued to increase. The

cloud particle spectrum showed the characteristics of an increase in large cloud particles, and the precipita-

tion particle spectrum was broadened.

Key words: large unmanned aerial vehicle (UAV), cloud microphysical structure, cloud particle spectrum,

aircraft observation, Qilian Mountains
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Fig.1 Schematic diagram of the airborne operation

and detection equipment of the large UAV
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Table 1  Airborne cloud and precipitation detection instruments mounted on UAV (Guo et al, 2020)
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Fig.2 The UAV rain enhancement operation

and detection route on 27 October 2020
(Blue line is the detection route,
green line is the seeding operation route,

and red frame is the test area)
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Table 2 Procedure of UAV artificial precipitation enhancement test on 27 October 2020
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Fig. 3 The 6 h ground precipitation distribution
(unit; mm) in the test area on 27 October 2020

(Frame is the test area)
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Fig. 4 Time distribution of (a) number concentration and (b) effective diameter by cloud particle
imager (CPI) over seeding period (3950—4450 m) on 27 October 2020
(left of the black vertical line: detection of the seeding, right of the black vertical line: detection after the seeding)
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Table 3  Statistics of cloud particle characteristic parameters at various
heights during UAYV detection flight on 27 October 2020
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Fig. 9 Raindrop spectrum distribution before and after the
seeding operation at Yongchang Station on 27 October 2020
(a) particle number concentration,

(b) average effective particle diameter
(dash dot line; the 5-point moving average, range between the vertical

dotted lines: the time period of seeding over Yongchang Station)
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AR ALRFAE 5 7k B 3 AR AL CEI 1) .
2 4 RIEAMAEN T AEML h FAENLJE 60 min
1) 2 BT v B BT 38 B AR G 1A 12 B AR
W RV D J5 A 07 B 3 A 32 30T, 1 b AT A 4 00 A A
FAREALAE N X 1 0iF. AR AT LU =k T
FELEAE MV FTF- 3 {E Ry 0. 44 em ™, A £k VE i 9 1] &
BEAEAG BT, 0. 53 em L AL FE L 45 3R 80 min
JERLF U EE R 0,42 em* BAR LT A BT T 5 R
PRI ARG 717. 21 wm 89K K 865. 37 pm, A
AT P A 0 B 4 SR AT 0 R AR AR L S S B s kL
TV RN B AR 1 0 A SRR AE L T DA T R A &5 SR AT
UL AR5 H B 2 R e R 38 L AR /N I R AE
R PR AT BB S B B T 1) 2 AR B AN R A K
T4 TANEBELELTIEZHNFELESH

Table 4 Statistics of cloud particle characteristics
parameter before and after catalytic operation

B /m GEWALE /BT B V(/Pif? & D(TH/EME
4500 17:36—17.38 fELAT 0. 44 717. 21
3950  18:27—18:30 Rkt 0.53 836. 89
3950  19.47—19.50 fEMJG 0.42 865. 37

3 &

FIF 2020 4F 10 H 27 HYH %1 7 KB AN
FE AR 1L DX N T 38 W 3 6 B8k, X b R N R AR
A 455K K TE AHLPEREHEAT T 0 b7 FLEL5 T .

(1) AT 1R 3 2 B, ahb v 48 480V b AT 26 18] B 10
~12 km, T AWLEE 25 2P AR BN B4 A% AT &
FEFE 2700~6000 m. Al F: 2k 20 AR 4E 5 AE L ER D
BHCIR 5 h Db BLA 3T 19 7 B vk Rt O XL g
AT R Y BN T3 R SR I 75 0K o bk e A
HLAEACAE Y 2 h, JE OB L 4R 2500 g,

(2) T ANHLF R 25 R R B, AR = 2 CPI
AT B EAE 0. 16 ~0. 32 em °, KL AR AE
715.42~858. 74 pm; fEALAE ML 5 7K - 000 1 = HE
T BRRAE S B0 VR B R EL AR BN R AE . A
LA IEE - RARINNELE S &= R (RS AN
W BE W /N T 2 A AR S IR 2 R vk B W
T2 AT S 2 S B AE 0 AR AL S BE EUY
IRALE S B AR KRR . FEMEAAE L 25 ) s
20~30 min PN, Hiu 187 R 7K B0 530 H 3 HR0uk B s B
TN R R L TR A S B RS

(3) BE U R K aah i v S ] o B 1 2 B T 3% 22 B
3B V50 A R AE S 7E 900 pm DATR BN B L 1% 4
A FEASAH [F] 5 25 B 3% B =5 B T 3G s T AE 900 ~

1500 pm R KLAR Be 5 0 5 1 Bl ey BE 2 38 I s il
N REARAE S 23R T 3 2 BEOR 5 b 3 T e 7Ok
T E R

ARRTANU CRBLH T B A PERE B X R
PWNGIRILPNE -2 PSR (ARSI &3 e E N N3
JB B T BRUKAE RO o Ja B2 TT 8 Jo N HLHE T i
BEE T HEA 5 (HIC ML AR BE S A BOR B 50 i
LRREZ A B GEOR LU BEAT IR AT
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