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Abstract

Aircraft ice accumulation is a serious threat to aviation safety. By means of statistics and diagnos-
tic analysis, the spatial and temporal characteristics, intensity characteristics and favorable me-
teorological conditions of aircraft ice accumulation in Guizhou region are discussed based on the

NEF|I M R, B SN KR CHLRKI 5 RHAE R RG], ARBEAHT TR TR, 2024, 13(3): 488-496.
DOI: 10.12677/ccrl.2024.133052


https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2024.133052
https://doi.org/10.12677/ccrl.2024.133052
https://www.hanspub.org/

Rz, Bk

aerial report and ERAS reanalysis data of Guiyang Airport from 2007 to 2023. The results show
that the frequency of aircraft ice accumulation in Guizhou region is increasing year by year, and
ice accumulation may occur all the year round, in which winter (January) is the highest season
(month) of aircraft ice accumulation. Ice accumulation is mainly concentrated in the height of
3000 m~5000 m, and mostly occurs in the north-central and northeastern areas of Guizhou. The
estimation of ice accumulation region by Ic index is basically consistent with the reality, but the
estimation of ice accumulation intensity is weak. Among the 5 kinds of atmospheric circulation
conditions that may cause aircraft ice accumulation, the stationary front type of aircraft ice accu-
mulation occurs the most frequently. When ice accumulation occurs, the atmospheric temperature
is between -20°C and 4°C, and the relative humidity is between 75% and 100%.
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KHUFRUKZ 8 = 2 P BB /K R 13 ¥4 /K o LB 7R SR IR BUKE IS, AKIRTENL &R
BZEEN A T R BARUK[ 1], CHLRRUK ™ B T ¥ AT 24, e WL )1 TR, BEIIER,
I CHLMERE, M kMRS ENE, HESEENRRGMIEAT[2] [3]. A B ET W P A e F i
HI RGN, CHURRPK T 0 A0 TR P T A R e A3 B A

TR AT 40 A E TEHUBIK I SRFFEEAT THFSE, YONBIKE R AR HWZE, H
ML WAEE . DUAE R AT RK G KX R B R AR VK M i E SR —([5]. Guiton, KHLERUK
—WERAEE-20C~0°CIREVLE N, JEHA-10C~—2°C il N EExEEZ(6] [7] [8]. FAZE[9lEL %
WA Z2 00 )1 2k 7 AR KAT CHLAR VK BN, 300 H 30 HR FE AR UK (iR B VS B 74 °C~2°C, B2 B AR VKR
FEJEEIE-1"C~0'C, HAHXE BB R TARUK I 4 . G EINA, WK — /3 AifE 400 hPa
PAF, HA 700 hPa 2 FRUK A e S b H A ARRAME[10]. KHUBUKIIIE RS S R & AT 4o TR
[L1@ T 4 AR VKAREUR I, 23 E A BRI AR TS M OCEER “TI R AR IR MRS H, HIRR
TEA TR FRESR, BA—EMREAL, MELERKhOEE.

T 7 A 28 2 TR A R AR RS 38 7E AT HIB BRRDK L U L R D) AR &5 e B R AU P o
& H AT R AV F B BB AN FE[12] 0 ASCIE . BEFE T SR FH ORI EALIAIE 17 SE R 57 (X 45k
EE AR PR, B TSN X CHURRUK I 2 AT RHE . FBOKSREEARFAE . FRRTE
FRAE, DU CHLRR DK I T A TARSRAE S, N RHUBR KGR T I RS TAEER I — e K .
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THURR UK B8 37 50 B 2R At 3638 5S4 4581 102 43 K WLAR KR &, Herp G S ARk & A (i 1) o 5 67
B FRUKSRE . MUALSEE . ARG NER bR, BL12 H~2 H &2, 3 H~5 H v&EZE. 6 H-8
HRNEZ, 9 A~11 HAMEERAT R, SiHzaE. 95, EH . B/ RHBIKIRE, 75
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Figure 1. Annual changes in the number of aircraft ice accumulation in Guizhou from 2007 to 2023
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SO DI KHUBUK A R A I B B A ARG 2Tk BRI 2(a) AT 0, B 7 AL, —4Eridt
A WKL, Hd 11 A~12 A, 1 A~3 A A MRS B m%, ¥HE 10 kLl
b, L1 ARAERIKI B R %, 1K 28 K ST ZEATIN G, —AEPUZRMUAT I KL AE TTRE AR UK,
Hh &SR AR 70 U A FBUKIRET) 68.6%; HLUCNES, A 15K, b 14.7%; EFED,
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Figure 2. Monthly and hourly variations of aircraft ice accumulation in Guizhou region from 2007 to 2023. (Figure (a) The
outer circle figures represent the month, and the inner circle figures represent the number of aircraft ice accumulation in that
month; In Figure (b) pie chart, the numbers in the outer circle represent the hour, and the numbers in the inner circle
represent the number of aircraft ice accumulation in that hour)
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GUii s 2 S PR O KHLBUKER . By BRSNS, 7E 102 RABUKIR R, BRIk
HIL 17 ¥k, HREEARRVK 55 Uk, HEFRUK 30 YR AT LB N DX 38 B IR G AR R R R ALK, XS K
A7 K R R AR VK O R R

B 3 D w FEE IX ) RMLRR K K R A e o] AR5 AR PK 340 % A2 7F 8000 m BAR,  F2 E4EH7E 4000
m~5000 m /& &, H: 9 3000 m~4000 m &, fii 7000 m~8000 m AR vk /k Hifk /b . ELATH 5 , ££ 1000 m~7000
m = E X AN LA FTRE AR . . SRAEAN R (ARYK, 1 7000 m~8000 m ¥t I A B 2 DL b5
MIARVK . AR FERADK . 1 EERLUKAE 3000 m~4000 m & R A kBt £, 5 ARUKAE 4000 m~5000 m & A IR EL
£
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Figure 3. Intensity and height distribution of aircraft ice accumulation in Guizhou region from 2007 to 2023
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Figure 4. Spatial distribution of aircraft ice accumulation in Guizhou region from 2007 to 2023. (Blue dots:
light icing; Yellow dots: moderate ice accumulation; Red dots: strong ice accumulation)
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3.2. &EF 1c FKIBERESIHHE
X RHLAUK, EFRRATALRS T —MSHE 155, 12 Hartbies FHrafesoe —, B Ic FuKFe 4L
lc F8EUAA, MFHERE < S0%R ANAAEFRRUK, MXHEE > 50%M0) o] ger2 B FR0K, RE7E-14C~0°CIuH
N TRALE A KR B 2 e AR RRUK
Ic= [( RH —50)] [T (T +14)/(—49)]
Hor, RH AMSHEE (%), T NIEFE(C). lc FaBOFFRUKIRE IR 1 fios:
Table 1. Ic icing index

= 1. lc FAkiEH
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Figure 5. Spatial distribution of average Ic ice accumulation index from 2007 to January 2023
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VU R (R Y P RALARDK 2 K 24 500 hPa IR INIE, M2 Ml i, JREATRE, I KRR
B, WL o UK.

Gk RI(E 2), AT MRS, #SEERPKRERZ, ot 41k, ZREELXSE, HEZN
HRE e LA SR BE AR DK P R IR AR K R D U 3 IR, HRAEAERRAIRK, F P SRR
KA LI X BFRUKIETE 19 WK, AT RSARUKIE T 23 Ik, HARUKER L - 2 v B s ARIR YRR UK 16 4K,
ZNHE R ERERK. BT, 5 RhRTEESIUA CHLBUKIK R SIS, R IR B B R SO AR ORI
BHT, WAL IARUKBER BOK.

Table 2. The weather situation of icing

2. FFERUKHR SIS

RATEH X TR A ik A IRt 7 R {5 A 2
BREERIKIK 6 3 2 5 1
R UK IR 9 15 7 23 1

BEFAUKIK 4 5 7 13 1

ST 19 23 16 41 3

42. iR, BEH

KBRS S A RIRRIEHRE L, 5 WUTEE ERRSRE. WEA XK. ETHESl
TORE, Guit S X3 102 YR EHURRDK H LR it A A7 2 (9 il 25 ARG B 5 I (2 3), R AR UK R LRI
KAEENT-9C~4C, HXBENT 84%~100%, “FHRIZEA-35C, FHIMXIRE 92%; MK
KA @5 N—20°C~3°CHl 75%~100%, ~F3530 FE AARXTE B2 737 9 —-5.5C« 90%; #RARVK R A
BRI RV RN —16'C~—1"C Al 75%~100%, P35 RIAH X 4> 3 —7.6°C . 87%. nI WL, 55|
REHUBIK, #HERSRHNEE ST 75%, REEFET 0°C, HIEEBRIT, Aok,

Table 3. Atmospheric temperature and relative humidity during ice accumulation by aircraft of different intensities
3. ERE WAUKHMASIEE . HEE

FRUKEER S ® H i
i TR EE R/ C —9~4 —20~3 -16~-1
L S ]
W ESEEIC -35 -55 -7.6
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AT P Y (8% 92 90 87
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I GETE 2007 4:~2023 AF S BHMLIZ RN B 5 M X S0 FE 9 1 & 7 A s 38 28 iy, 456 ERAS
T BBk, o N DX HURR DK BB B RFAE SR EERFAE, LARCE R T R HURR K= A RS R I 43 #T

1) SEMIX IR LR UK & AL R 00U 3 R LT3 . — DU LA e BLARK; Bk 7
AU, 2FE%AWE WIBKHI. Hf, &0 A)2 WK s RZEH).

2) S DXICRHURRVK 2 R AEAE 8000 m BAR, FEEEAE7E 3000 m~5000 m =% BREEAAUK. HHEERA
UKAE 3000 m~4000 m = R AR IR B %, SRR UKAE 4000 m~5000 m = B A A2 IR B %
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3) SN X WHLARDK B A AR SN AR AL AT Z- A3, HAR X B B K /b, (B2 D9 B R B

B AR

4) Ic BRUKFEHORARVICR A DX Al 55 SEOUREAR — 35, (EUR AR DK 3 (14 50 59 o
5) 5 Ml RESIR CHLBUK IR b, Bk B R W LARDK I IR B 2, 7 Fig 8RS 2R ) RN

UV 64 65 T

6) FROKKAER, KABENT-20C~4C, HAHEENT 75%~100%. H A5 ERKE KA FE

JEE FURH G 43 N —3.5°C v 92%;  H FE AR VKIS KA 23 B AIAH G B 43 531 —5.5°C . 90%; 5@ AR UK
KA IR FAR X VR B 43 51 N —-7.6°C . 87%.
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