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The 3D Modeling and Radar Echo Simulation of Low-Altitude
Wind Shear Using Function Fitting
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Abstract: The high fidelity data of low-altitude wind shear is the necessary foundation for flight performance analysis and
low-altitude wind shear detection. To solve the difficult problem of real data obtainment, which is caused by the characteris-
tics of suddenness, short duration and high hazard, a three-dimensional modeling method of low-altitude wind shear via
function fitting is proposed in this paper. On the basis of hydrodynamic characteristics of wind shear, the three-dimensional
density and velocity field is simulated by using the function fitting method. Then, according to the scanning process of air-
borne weather radar, which is under the wind shear detection mode, the radar echo simulation of the low-altitude wind shear
is realized. Results of simulation have proved that the method can realize the three-dimensional wind field modeling of low-
altitude wind shear flexibly and quickly. The wind speed estimation of echo signals can indicates the relationship between
the Doppler velocity and distance which has the distribution characteristics of “S” shape.
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Fig. 1 The pressure distribution of low-altitude wind shear
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Fig.2 The speed distribution Fig.3 The pressure distribution
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Fig. 6 The simulation flowchart of airborne weather radar

N T R R TR A O BLAR S, MO A
TP TR TR BT KY)AS R INAR R B 3196 75
B TR i RS B 23 U] 78 38 [0 5 L, B3
R IRAR S MIAE [0l 05 AR, WAl 6 FoR.
PR R 7 I8 R AR 2 A T IR, B AR 5 45—
W BRI B L AS SO W 0 BT R
A EARSCBUAE RN T

BT MR KD A TR L, B0E R
FEPEHI SR, e B XD W, AR SCHERE K
P RUEE S 4800 m, 5 22 600 m ) [8 AE JE 7 53
o s N PR A K 3 B KGR ALK
WA, AT AR ARy LS A AR 28 X 7R = 4 A
Y Ui B =4 5%

$R]2 ETESH A WHLRER, e
B RATSHE O T T REIE CHLLE R e i Bl



559 4

TR A5 I RSO AR A XIS = 4 A 7 Tk T £ 1185

RS KY) S, 3 E K HL) b5 = (8] AL BR (0 m,
0 m,600 m) , KPL&EHE N(T5 m/s,0 m/s,0 m/s)
MR LS B ML ARG 7 R A KU 4R T AR AR 1Y
9 7 X TAE I R B TR PR AT 24

W3 AR P AR P33 B B 2
HTHLE G TR A PO N U s AT AR T AR B
AR Y Ty 2 A A R R PR T Y T Ak (]
BeA5"5, I FI3A: iz a4 7 60 T Ak [l

B4 DAY A AR, R ER 2)
I RITS L G R S EOM R S 805, T L
23 () A AR A5 R RIZ U AR X 7 AL 2 <
L PN

WIS ARIEREATIRY AT (-90°2+90°)
PRI R . AR ROR e R, W SR AP TR 35
IR 5E B, T AT R R L AE S

4 HESERESH

4.1 RUFEEBELER

B I A E R (0,0) , BEXUg XA T
KHLIERT T o WU ) RO B FR x,,, 7 4800 m, X
G\ R FBR y,. o~ 4800 m, XU A H k2
& r R 720 m, W35 L BR S BE h,, R 600 m, 4 g, G
SIHC0,0. 5 F1-0. 5, 38 35 i ARy PR ] LAt A g
(1) A7 5 B R i A 28503, DA T PR g A s Xk
PRI 3 AR XU X 3 45 2 b A 23 R0 728 XL
Y2y o e Xl ) R OO, AN [] 37 28 A
(1) =2 I BB EE R o s 7 ~ B9 B,

X5 AR ams)

600.

00
400
300

00
100-
o0

D 0
i 1000 000
W 00 00 0 e

(2) Vi 938 BES3 A7 (h=48 m)
(a) The velocity distribution of ¥ (h=48 m)

K7 BN 2R O PR )

Fig.7 The downbursts( symmetric wind field)

X
(b) RIFIE R B
(b) The velocity vector of wind field

XAt (mls)

0.
0
00

300
0
0

00,

1000

Sioon ©
B,
(b) RIHERER I
(b) The velocity vector of wind field

(2) V3 S5 (h=48 m)
(a) The velocity distribution of ¥, (h=48 m)

K8 KUK
Fig.8 The tail wind field

O L 53 )
8
S-88 888 %

) g
~1000 1000
gm0 500 % g

(a) VxR L 53T (h=48 m)
(a) The velocity distribution of ¥y (h=48 m)

9 WKNAG
Fig.9 The head wind field

7 R BRI i A 2 5, o 8] 7 () R
PR 48 m ARHY X 5 1) R A, e AT UL, R
AR 1 AL S B A X7 38 BE 73 A 5 R
e A1 2 XU A A i) SR 94 B 5 7 () 5 B ST RF AR
B AR R TR T (b) R RR K 4 3 B R I, A
PR BE T 8 1 R 21 X 3 RE O 85 7 1) /N s 3
ARl [FIBE &1 8 S KUK A2 R, 1] 9 DAy bl
WA B EE R . I 8 ~ & 9 Jow, i KUK
T AR A5 98 5 B S S™ 7Y 1) 7 A g, AS [
F189 Ml 7 A T IUIRUXL 87 B4 M DR R 58 A 3 XL XL 3k
VAN BUDRWAI 774 BT BRI 10 W 5 A N
i B, m U R HTAS SO v S8 B R
RT3 S BRI B AR A AL AR A 3 A
4.2 FEHERER

LIRS FR IS g 01, 5 B2 R0 B AT < AT [N
MIBEARI(E ¢, =0, X h =48 m, BRIE-F- 1%
JE p=1.2 kg/m’ i HESE I F A B a = 1.2,
TR 48 m AR X FR AT E A AN AT 10 FI7R o

HTPE 10 AT DL, 75 D00 43 ol o T ) o X
Ab 2SR B R, AR IR R AL IR B e A, I 2 Wik 2
SRR MUE I TT D X IE R R
48 m AN T g, =0 B FRIXE AT g, =0. 5 FY I
WX B4 8 B8 93 A 45 SR AT FU B i, Mg e S
WM AR AN 11 R

B
(b) RISk R B
(b) The velocity vector of wind field

HIES i/ kghm)

/)

13, .
3000”00 000 3000

00— a1
1 00"
Eym 23000 3000 2000 ity

B 10 =B 48 m Ak
W% B 43 A
Fig. 10 The density
distribution of wind

field(h=48 m)

B R [R) R 00 %5
S3AEXF L (h=48 m)
Fig. 11  The density

distribution of different

wind field(h=48 m)



2N

1186 15

%

b B 31 %

HI P 11 ] 0L, ZE L it - VR R, KU i vh
DR EE T A% XS SL T 1 km L X371 g
5 R LG SRR AR 0 R X375 % B BEAIR, T~ 1 km 0 L
AR FR T3 TR FE ST Bk X375 T e A 2 P R s o X AT
B I AR T3 27 A Ve ] EsF 0 350 B 3 2ok o R0 40, 5
B A, AU B4 1 XD 28 K3 072
PRREPE T FE A THR BT IR RS AL T, S )
AT EARE T AR RO S BRI
4.3 RERPEFEZEKESHELER

22 Rockwell Collins 1) WXR-2100 BIHL S £
Tk T e R AT TR A S 8k, B 1l 7
SR Dk o e AR 7000 Ha, KSR SEA 1 s,
RN 45 0 30 dB, FRIB AT TN 100 W, ik
WTERER 3.5° f5MELL Ry 5 dB, R4 £ JE 0
+90°, FAH M N 45°/s, MIEHLE TR T B
iGzs XIS VB I [ 5K, 5 42 117 30 s DL Bk 4s
YIS A7 T, B 3 Hr o A 45 Sy (6000 m,
0 m,0 m) . ) FHZ K S D7 B0k SEBUR A X)
AR [ AE A E, XK, X A3 XX
() B I8 T A an ] 12 ~ (& 14 7

o
T T s
10] 40
| s
| 30
4 .
E 20
4 - 15
) 0
s

J
-10 -5 0 5 10 o

Hilm
(a) MBI
(a) The power of echoes

B 12 SRR RS G L )y B

Fig. 12 The echo simulation results of symmetric wind field

B /m

#ilm
(b) TR EEA
(b) The estimation of wind speed

") o
i i

K
(a) BT

(b) HEEA
(a) The power of echoes (b) The estimation of wind speed
P13 XX Y 135 5 B 45

Fig. 13 The echo simulation results of tail wind field
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