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Abstract

It is very difficult for civil aviation aircraft to predict CAT (clear air turbulence), since the precipi-
tation of CAT is lower than that of the convective turbulence. So CAT is a major hidden danger af-
fecting aviation safety. In order to detect CAT as effectively as possible, firstly, the influence of CAT
on the aircraft is analyzed in this paper, and a reactive CAT detection method is researched. This
method is estimating the Eddy Dissipation Rate (EDR) based on the aircraft's vertical acceleration
to quantify the CAT intensity. Then, the detection process is obtained. Secondly, The Radio Tech-
nical Commission for Aeronautics revised the specification of airborne weather radar detection
turbulence, in which the vertical load factor is defined as the detection amount. The relationship
between the EDR and the vertical load factor can be further analyzed in detail to conclude that the
impact of the CAT on the aircraft can be quantified as the vertical load factor. Finally, the conclu-
sion of the above theoretical analysis is verified to be correct, as the EDR is calculated using the
real ADS-B (Automatic Dependent Surveillance-Broadcast) data which come from a flight that has
encountered CAT. Furthermore, it is proved that the CAT detection method based on the vertical
load factor is reasonable, and airborne weather radars can predict CAT more accurately and rea-
sonably by using this method. The analysis of the impact of clear-air turbulence on the aircraft has
practical significance for the accurate prediction and detection of clear-air turbulence.
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& 2% (Clear Air Turbulence, CAT)REEARA WM, R KHITIRCAT 4 HxE, BREMNE 24N
—EXKBE. ARTEEARIEMCAT, AXLELEESITCAT CHLKR W, R T —F R CAT
W R, BIET WL ENE AT RIS (Eddy Dissipation Rate, EDR)RECATIRE, FF
SRR, HREEMZLLEBAZRSES TIBIKTEHRBAN AR, HgEaaRn
HF 2 SCHRKE, W d—2 B g EDREEHEMZEERFGE FZRIMKR, BHIECATIH K
P mHEN ABRESAET. &EFHEET CATHIEMILK HLADS-B (Automatic Dependent
Surveillance-Broadcast, | #§3\ H3IH2< ML) BERAFEDRIGTHE, I0UET DA BB i &34,
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Figure 1. Calculation flowchart of EDR based on aircraft vertical acceleration

1. £2T XN EEMEER EDR HHEIRIZE

E
N

DOI: 10.12677/0jtt.2019.81001 ESLES TN


https://doi.org/10.12677/ojtt.2019.81001

(R PR

o, z RCHUBEE, v CHLR Y, o 2 KL EIE A, 4RSI T A LR BN R
W% oy o WLINE ) T (9% 5 AR SR 0 S TR ST A SO B, T IHUE IS K21 o, AT, B
(3N 2 P A 3 % T

R R AR, RO E Y T N L B AR 1 S B LI R T, AR 31
LR Y EDR i, EET KL B0 E 9 EDR HEfE e | iR, £ 1 45 HRIA EDR [BUAETE
B J87 P L SR, R 0 T 1A EDR A HE 55 I EE 43 R Loy, R U (R, M o
AL CAT AP CHLHI I .
3. CAT ¥ (H M IMEL
3.1. ETEEHHTEFHBESHREN S ENEARBE

— IR RMLAEREA AT ISR R E BT, CHLE BRFERUR ST e LT 2 #8im RK/he 4
TCHLIEIE CAT I, FRAE KHLR A FEE SR I Bh S S4BT ET 0, KWL & 3 . KHLITZ (3R
I, BTl A i R

EAT KHLAE S I FALER T 5 75 o0 i TR AT TR, SCHR13] T4 Hy 7 — Rl 2 i K R 2%,
S P 3B BT 7 MR B R R, e RN Sy, [13].
n [Mz("’)]o'5

- unito,, \/O'VZ (r)

A Oy
An

(7

(o2
Hoh, o, funito, FERRT 5 CHUHHIENR, 5, (x)/ o () /o BT B ER S, HRE T
(i, 4 6, BN IO BRI T, 710 6, R oAt I e SR LB 2 1 B, O PR A (R0 A3
SR B ST A S 2

3.2. EEHEAFS EDR XA

ARG SCHR[13], 7 B3 PR L SE PRV B SO LN 391 T A KL EDINIE EEA X 1 g AR 1R
& 2.1 iRk WHLEE EUINIEE 9 EDR Al iEJ5vEm, o AAERLIN R T PR CHLEE BN IE L R b vk
ZEo WBIRWAFTE ELEA K 115 o B SOMIA], #RRESRAL — 5 WL N 18] Py "R AL T Dk P2 Fr) B AR SEE o AR
$E ()1, EDR fEiHES o BOELER AR, M5 EDR Al HE -5 3 Bk B 7 b e &, iR
EIRIIHT AR CAT XKML A RZ i R A N T B 1

Bk, WRHE(T), RO TS 2] CAT [RRR S T8 AN AT 2605 T B9 RHLEL B 7, W) it 3 B
BT, I AR T L3 A48 CAT.

4. BUERIST 4R

T HE—PIRAE CAT X CHLA A v Sy 3 B 2 R, S0 E 66 T 30 B 254 K7 1) CAT il
TR R, DU R S PRS2 bR ADS-B #i4iE, SKf# EDR A iHE R E AR e, AR YE
T H M 75 EDR FICR, /W R0 IE 8 o Hr i A 3

FERIE, 2018 10 H 18 H, BUARIE 42259 A330-200 £ 2 il B = H g =0, @bl L 15 A2
3.0 T ABLATIE A, A Flightradar24 o F #ZATHEHI PR ADS-B $04i5, 1145 EDR &8, 2 AL T2,

APBR L THEDWIN A A T N RO D R bR i 2=

w2, E 3 FioRsg N ADS-B O SRECAZATHE CAL I e FE Hicds A0 ek
FFRE IR ] P TR R B R ZI7E—150 m F] 400 m 2 [A] 25 4k .

F

Bo HEW WENE LT

oll

DOI: 10.12677/0jtt.2019.81001 5 BB EEFW/ N


https://doi.org/10.12677/ojtt.2019.81001

15000 : : :
.
L 1
10000 i
E /! \
i ! i
H 1
1 5000 / !
" 1
] [
04 L Y
) 0.5 1 15 2 25 3 35
INf ) /s x 10°
200
@
E J
b
bl J
25 3 35

0 0.5 1 1.5 2 : X
I ) /s < 10°

Figure 2. The actual flight altitude and ground speed of the aircraft
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Figure 3. Partial enlarged view of the flight altitude of the aircraft
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Figure 4. The vertical speed of the aircraft
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Figure 5. The vertical acceleration of the aircraft
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Figure 6. Standard deviation of vertical acceleration of the aircraft, 7= 10
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