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CHARACTERISTICS OF THE SPEEDS AND PRESSURE DROPS
OF PHYSICALLY SIMULATED TORNADOES
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Abstract: Compared with monsoons and typhoons, the tornadoes with the smallest scales and the highest
speeds are difficult to measure by meteorological observation instruments. Until now, little wind field information
of tornado speeds and pressure drops was obtained by using Doppler radars. The field-measured tornado data are
not enough to investigate the wind characteristics. To comprehensively recognize tornados, it is significant to
study the wind fields of tornadoes generated by scaled-down physical simulators in the laboratory. Different wind
fields of tornadoes with five swirl ratios are produced by the tornado simulator in Beijing Jiaotong University. The
spatial distribution characteristics of the tornadoes including the tangential, radial, vertical wind speeds and
pressure drops are summarized and analyzed. The simulation results are compared with those recorded in
full-scale measurements and determined by theoretical models. The results indicate that the shapes of the
simulated tornadoes are similar to those of the actual cases. Furthermore, the distributions of wind speeds and
pressure drops generally agree with the actual observed data and theoretical results based on the modified Rankine
vortex model. The comparisons prove the validity of the current tornado simulator, which provides a good
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experimental platform to examine the tornado-induced
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Table 1 Technical parameters of tornado simulator in BJTU
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Fig.2 Mean tangential velocity with swirl ratio 0.35
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Fig.10 Mean pitch angle with swirl ratio of 0.35
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Fig. 12 Mean vertical velocity with different swirl ratios
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K 14 45 TR $=0.35 Tl B SRR
20 mm A7 B HIPIA . AR A R R i I R P v AR ) A
foizl; nTCUEH, 3 /N5 a1 o o o E A AR AL
ARG TEIRAZ N, i o B SR I 1A 4 K
TR, AEWRAZAN, 3 ANJT A I SR EE 1 N
10% /545 .

M —
y == =
W= 7
0.5R%
e
] 04 _,‘
= 0.3 [
\ \ .
0.2 %) 0y .
= - - -
0~1 — 1 tTLLI
0
0 50 100 150 200 250 300 350

AR/ mm
K14 it om AL AOAR 8 20 A
Fig.14 Radial profile ofturbulence intensity

Kl 15 g5t T AR EE 0 S BE B IEAR 20mm
AL B V) i o BE A AL i 2 FERAZ A, 5 AR
T TR V) )i e o B AR 4 s RS, B
AR EL §=0.15 TTOL AR SR EEAN KA, HoAR 4 Fhits

ﬁwI@§Wﬁ%ﬁﬁE#ﬁ%ﬁo

07l A oS0
06& p—y -
Fos) 5072 |
B4l \
£ 03
0.2
0.1
0
0 50 100 150 200 250 300 350

B 15 AR Eb 00 Y 1 XU )i v e
Fig. 15 Tangential turbulence intensities with different swirl ratios
FEARSCRKE T, AR 6 RG22
A, AT B 2 A SRR AE, B SR
MR SRRAE . I SRR B B RS TG, et KRGS
i AT 9 T RE 2 AR K

3 TERHSERE

A5 A e b S B HE T B TR R
Y, HRFRERLT G WA et KURI7 ot
FEREDTIBRAE, ZFHWEERARE
B o R RGEBR T, AR & KU 1 [F] B, & T %
BRI SRR R, S HA RIS ERRER
A ARG T AR R A S A RE .
31 RIEMERIGLER

Kl 16(a)~&l 16(c) Mimii bt $=0.35 LA Nk
BEMSEZR . R oAl ) oA i 261 . B
16(a)rf LA i, et ROy B BRI B 5 K
TR R L, SR EIREZER N R



74 T T

¥

fE %42
(LD

TR, s B A PR SR R P 5 K5
By RS PR L ) TR U P T2 T U ) 5
T 250 mm i, S FFIREE T E

100 150 200 250 300
342 /mm

() URMBEMFHELE  /Pa

0 /
0 50

[T =

=

4
Q',

y

SUEFEP(r)/Pa
S
W (=] W (=] W
S S (=) (=} (=)

z=10mm -
= = = z=20 mm
---------- z=40 mm
----- z=80 mm |
% —— z=200 mm
_300 1 1 1

0 50 100 150 200 250 300 350
42 R/mm
(b) SUEFERIAR 143 A
200 - T
V| i——R=50mm
i = = =R=80 mm
150 1 i R=100 mm-
I i ===-=R=150 mm
\ B %
g L Y \
N : ¥
" 100 '! ; !
e ] i
v, A
50 ) > 5‘ ".. :
B ]
0 L N [}
-300 -250 -200 -150 -100 -50 0
S EREP/Pa
(c) RE PRI R 81 73 A

K16 iRt $=0.35 T FIAUERE i

Fig.16 Pressure drops with swirl ratio of 0.35

K 16(b)%5 th 1 AN IR e A B SUR PR AR 1] 2
gk, WTLLEM, BT LAE, R
JEEAR =5 2 200 mm A] AR 1) v O 7 B A B e
(I AR A NN S O WA N N [ 2 P
TN LA E, 2w E (4N
50 mm)itf, BE s EERE N, AU FEIRAE G K

Bl 16(c)%a 1 AN IR A3 1 A B B v B2 AR A
4. ATLAE H, m KT 50 mm i, 2EARAH[E )
USRI IEA A /N T 50 mm i, Rk

BEMRABLIR /N o FEAR R R FE AL, R 25 A IR o
PN, SRR . - 16(b)H, v kIl
e IEE

Kl 17 45 H8 T EE $=0.35 T R UERERIAR
TR WTUEH, RN, [ R R (R
HEZ 5P EMEZ ) REE 0~-0.2; fEIRAZARAL
B, TRAFCN-02 kit iz EEEEAR

T 150 mm Xk, TR REFEANAE, HEN-0.2
A KT 150 mm B, % PRIE G IR W
?%’EEﬂgﬁ%ﬁﬁ ﬁﬁﬁ
200
-0.1
150 :0.2
: By
§\11( 100 -05
fir -0.6
50 -0.7
-0.8
0+ y -0.9
0 50 100 150 200 250 300 350 -1.0

242 /mm

K17 i $=0.35 Tt AU FRAE 5 R 5
Fig.17 COV of pressure drops with swirl ratio of 0.35

Bl 18 FronAy 5 PRkl THL R BE B RAR
40 mm =R R A A 2. Wittt $=0.15
R BY 1 (= 2 A = WL A B A D W 2 T =
FEH MR THUR, BEE R ELIE R, AHE AR
SRS R BRIRAE I K. TERRRIL TOUR, B
I AT i DL e 25 A B3 2 A% IR e Sk, A
HE N Wi G — ALl ot KPR R
PN A NN U R E D NIE R B A L B

50

0

W
(=]

S EREP(r)/Pa
| |
3 8

5015
o - - S=024__|
........... 5035

Yy o /4 I 5050 |

200 o

250,24

300 &

0 50 100 150 200 250 300 350

A2 R/mm

Bl 18 5 Pt bt Lol NSRRI 4 A

Fig.18 Pressure drops with five swirl ratios
Kl 19(a). Kl 19(b)4h s T it Eh 2y 1l $=0.15,
§=0.72 B A5 MBI s JEEAR R I XU A5 (B 2k 14«
P T b T o7 B 1 1) KU AR/, AU PR S 2
JEA™ A XU ) R, R L AT & 1
m A B UL FTRAE L, iR $=0.15 I,



T ®

J1 75

e A AR IS 9 BB s TR L $=0.72 I, e A XUk
(RS AP (EEZCWNE 2 (N AL N 0N SIS i
WL KA, B b e 36 XU S B AR 58
K, Tt AT 5536 BTN ECK o

200 +——
150 4 )\ o
1004 | H-10
00 HE
™ I
N -
0 L L-90
3 H-110
&
1 504 L -130
150
~1004 FH-170
L-190
150 I
204
-200-150-100-50 0 50 100 150 200
JRAR 1K /mm
(a) JAT HS=0.15 T4
200 4 L

150 4 L

-20

100 4 F !—60
H-100
E 301 {140
g 0 -180
= H-220
i ~50- L El-260
H-300
=100 4 F H-340
-380

-200-150-100-50 0 50 100 150 200
JEMR LK/ mm
(b) IR HES=0.72 T

19 JRRABER AL /Pa
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