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T A S B I 98 07 1k T A TR AR TR AR B R
BTR3NS A RN Tk b, B LR
RIE, BB I TR AR AL B i,
ASCUAKTT R AT TEXT B, Bk TERLLJE 45 4 1A A AL
B BRJEATEAR . A A 78 IR BE XA S Bl R 5 e,
BT AR B) 1% (computational fluid dynamics, CFD)
P 5 IREWUEAHE G772, i IFE B 24548
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1 WHERERER
1.1 WHEEE
RSB 248 A B B 2> 5 BBAR 7R A B A 7 1)
WRAIBEIII R . A0 3 BRI 3% T4 BRI 1Y
CFD %A} Fluent T4, HaidtfT 6 IRIE. 1£
CFD H#MRIECR H 48— N-S (Navior-Stokes) 77 #24i
®, FEEAAR R N-S T RE 8.

dv, op

—= =24 pF + uAv (1)

o o PEHAY,

dv, 6p

—L =—" 4 pF + uA 2
P g = oy TP A,
p%:—a—p+sz + pAv, (3>

dt oz

X Fov Fyy FLARDRRAARTE xo yy 2 TAISZTT, N;
p AWM LE, kg/m’s PAETT, Ni p AEIIFHEREL
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Pas; vov vyo V. P ARARTE xo yy z TTIRITIER B, m/s;
t ATAEIZ BN TE], so
K HFARAEFL (volume of fluid, VOF) J5iERY%t 44
PRI H R TEAT I8 %, VOF VB0t 78 W% 5t
PR AA RN RS AR AR EE BR B F(x,y,2,0) KA 2 B B R , AT
e AR AR . 2 F=0, WZ 5 0N o e M 4
0<F<1, WNZPoEE A HRm: # F=1, WEAZRTse
TR E AR R S, HsPEE R RN
OF 0F) 0(F) 8(wF)
—+ + + =
ot Ox oy oz
A u N x TR, m/s; v oy TTRBERIE, m/s;
woN z TR, m/s.
1.2 HERA
ZiFEAN A K T R TR, R~F: L=260 mm,
B=132 mm, H=242 mm, 6=2 mm, XL, B, H, § %
RRZIFERIK. 5B LA KEBEIE . 258 1 IS AT K
BELJE A% M AN B B PE JE MM . AR 7 e 41148 B X 25 4 B 4
G R, K 7K ST BELJE A 2 L BELJE A Al 53 1t
Fio 1 Gambit XS AE A PRI BT A K1 23 R
W5 %A, FIH Fluent 4] VOF 2 AR AL (A1)
SRR RD , RSB RE R B R AT R,
THHEART R AERRA, k-epsilon imARTY, %5 it & H
J5E PR Cuser defined function, UDF) HREURAA R &
O E, FIH Fluent J& Ab B AR B R M AR A6 A4 BE 1)
M 7. TRV TR AR AR RE LB N 0 M B B 00 SR 2k A
AN R AR R A 4 ) R
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Fig.1 External excitation simulation curve of liquid sloshing in
empty tank
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R PN VR TE B IR T T (e TR 43 AE A A 1 ) K
(AA'D'D T BB'C'C T HIAMMER K. K 2b
D) AE V2 LT3R 77 ) Cy I 1)) H 30 B A LI 1 23
Fil. B 2 AP, AR T R (e 7D IR B
AH H BILAE 6 R 1A v 1) DX 88K, 0 7 T B 7 1R) (v T DD
AR A KA H DA S R A 0 A A B X . X — 4518
AMUERH T 30% 78 %E, S TFHRABEBEH.
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a. Velocity distribution of x direction

J# [ Velocity/(m-s™)

5.

JEANRE AR AE I

Extreme values on left side

bR
b. Velocity distribution of y direction

7 EE AR B I

Extreme values on right side

y

A B
A B
D' C
) X
D C
o A A AL AR

c. Coordinate of tank
B2 AREA 0% AARARES A H
Fig.2 Velocity distribution with 30% filling rate
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PN BE ERERIURI SEU Rl BABHIUX 3 AN TR B R 56
H T KB RECR N 10°, W 3 FlORIH AE R4S
BRI TH S SR L, SRt L7 A2 10 e B AR RO i TR
A P S BE AR HIORIA SR B IS ) R AR, DT
BT BB 2 i R o R GRBL Je 0, o, e

TiBE 738 B RE AR D, 7T AR IR N
D, =p,[ C,[Vel ds (5)

K Co B REL s AR ERIIA T p NI E
kg/m’s Vo NIGEARAR X BRI FE IR RE s s NBEASITE
R K 3k B e B ) P T A, m

M0 (5) %N, BHJE S5 R B v ik (o 5 ek sy, T
SRR e B . FTLL, PHJB S5 NAT B T
R AL E . SRR AR R B R e s
VA7 5 v DA ) B R A v 8 AR A A A A 0 T
3T, NS — 4518 BT h /KT R JE A i 4t A4
3.1 KFFEEEHMMLIL

AKVBE SR MM N 5 mm, K 5 40 4 P s 98 B
FHEE (128 mm) , FE%E4 8 mm, FEAIEEA 16 mm. ¥ 2
PRSP R M AR A B AEFE AR Y, O FE R 128 mm. 5
HIREEERE AR B T R AN 1 TG, RGN 1, B 25
1430 5 0 T 6 PR 1) e B Bl A B, 6 A1 1 O AR
K R 1~6) A 3 fiw.

I

e BISER slt, NE. 4 2 BUKT RIS AR A B EA AN, BASKT
AR AR IROT 1 3 6 AN

Note: Shadow areas are grilles, the same as below. Two horizontal grilles are
arranged in the tank symmetrically with 1-6 slots.

B3 KPHBMAEFER (MHALE)
Fig.3 Layout of horizontal grilles (Top view)
7t Fluent 95 F1% B K AR A =07 B ) UDF,
%ot 56 Bl FE AR B B O B A TR, B E O
TEWR T 1A G J7 1)) AEX FEAAR B KA . Wil 4 Fs
KPR M A BT AR AR R (y 710D B 30%- 50%A1 70%
7 B I B A FE IR AR
HE 4 w750, DR R BB R M, bEE R
PR AARW RN, A B O AL SR AR W/ . A
BB FRE, ERTAEMATE T 58155 B 50%0 B 1Y,
Wit 5 A% MR K5 ) 18 01, 10% T 30% 78 BUR 564 BRI B)
SECRASB L, WU 75 e A O A B T A S b s A A
FAFRRAR T 6.3%F1 6.5%; [RIFELE/KPAE AT B T 48 4 =
FE 70%ALE R, BEE KA MHEECE N, 10%F1 30% 7
TS T Bl 7 1) VAR 1 o 57 8 T LS b 2 A Ak
FEAK T 3.2%1 7.3%. X 2B NEMRABREFFZMET, Bl
0TI B B8 TR A A B iz, R R A R K
IR IE B A Ref o 2R . RARTE ) Bz sl FE e,
BT B A E R FE 78N, B o B A A, OO AR

WEM BN RN, R RIE & S I i T
izgl), Prek, [\ EJTEsh iR s b, RS ok
(I A T AR /D o
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b. Horizontal grilles set on 50% height of tank
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c. AT BT i = 5 70% 0 B
c. Horizontal grilles set on 70% height of tank

E: AR RN EON 0 (R Z R, TIE .

Note: Grill with 0 slot represents empty tank, the same as below.
B4 KPR E T REMEE MR E AL T AL
(B e )
Fig.4 Displacement amplitude of liquid gravity center in tank
with different position of horizontal grilles (Excitation direction)
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Fi B TRk 30% AL B 17K TR BRI e R
KAFIRI RV . S FaAHEL, FEE RS
FIHEIN, 10%eEE R G A7) AR E ARSI
EAE R B T 20.3%, 30% 783 U7 AR O A2 1)
B R F% T 34.4%. 3 Fifi BT B 7K TR MRS e i
N6 BRI ECHNHICRIARIRRE . WTTE T ERA
MIFAEH R, KPAEMHEECH 6 BB SRR &R -

FIF Fluent (15 b3 Th 8 SR Ak VAT 6 4 (10 B 1y
HiE71. B S Gl TKFPREMAFRAMENE, AR
R FAEBNT7 1) T 1)) FEAARMEE 52 3 ) s 1R 7
BEARC I R Atk . R 5 AT, RN ks MHE RS
Z RGO A A BE R URD 7 ) B S B0 i R R
WS, IR E .
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c. Horizontal grilles set on 70% height of tank
B 5 KPHMAET AR R & A RIETA GRS @ )
Fig.5 Amplitude of impact force in tank with different position of
horizontal grilles(Excitation direction)
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Fig.6 Layout of vertical grilles (Left view)
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Ja B AR . KT 30%. 50%F1 70% 78 K 1)
T, SEAE R EAK M T G N B R R 7 I R AR E O
PR R AE B R 1N, B SR TEAS IS £y 9 Bt AR,
FERRE ARG T FE R, WRh 77 T 0 A2 1) 2 O 7 A M
IR T 42.6% 51.1%F1 61.7%.
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Fig.7 Influence of liquid gravity center displacement and impact
force with vertical grilles (Excitation direction)
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Fig.8 Optimized tank (Main view)
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Table 1 Comparison of before and after optimized tank
AR ORI (E WA R e
FE#  Displacement amplitude of liquid ~ Amplitude of liquid impact
Liquid gravity center/mm force/N
filling  fRALERIA ks REAETELES S gt
rate/% Optimized E I:uf‘t K Optimized E Ifu IZIS K
tank/mm mpty tan tank/mm mpty tan
10 110 157 30 67
30 68 122 197 157
50 46 92 176 302
70 22 60 565 519
90 16 25 504 692

1 A0, ARAL S BIFEIERTE 10%. 30%. 50%- 70%
F 90% 78 41 N ¥4 Ll 2 F A4 S0 4 1 B S s,
NS 6 P9 T A B4 o A7 2 W R R 3 A o) A6 4 Fy o
T AEEE THER N ST 30%M 70%EHE, 1E
FEAAR 30%A1 70% = FE AT B K TS MR 2 T 825 105 R
TER, B EMEMX T & AR A B 0 RSCR, R
b S FE R B A

4 RIGXTELIIE

N TR B AT B AR, Wt TR e B)
¥4, FIAH PhantomV9.l EiEAANL (EE Vision
Research A #], AISCRFRKHEE 1 632 152 X1 200 4
RN 1016 fps WEHE TR REEZGHE N AR B BT 22
Tt R i B

I A A O S FEAR A G fa AR 2 AN RIS TE
10%-+ 30%-+ 50%- 70%A1 90%7e R N ATk 56, ik
AT 10 Ko HARKEHSFHKEN 1.2 m, XEHHE
HUABUE HLE 220 VPR RS I AL
4.1 RERERITHR

w9 fioR, ZRAENENSI IR, I K
W AN EIRAE S Figgh, HARFemR by e 358
2, N wdEaiEi. BA BT AR 1 B
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1.Light source 2.Pulley 3.Rail 4.Water (by staining) 5.Liquid tank 6.Carrier
plate 7.High speed camera 8.Block 9.AC motor 10.Slider 11.Wire rope
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Fig.9 Experimental installation of liquid sloshing
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Fig.10 Comparison between experiment and simulation with 30%
filling rate
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Optimal design of anti sway inner cavity structure of agricultural UAV
pesticide tank

Li Xi, Zhang Junxiong, Qu Feng, Zhang Wengiang, Wang Dashuai, Li Wei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problem of agricultural UAV (unmanned aerial vehicle) instability caused by the shaking of liquid in
the pesticide tank, the tank was optimally designed by arranging horizontal and vertical grille in the empty tank. The grilles
were mainly to increase damping, thereby weakening the vibration of the liquid. The horizontal grille contained a number of
gaps ranging from 0 to 7, and the vertical grille contained a number of gaps ranging from 0 to 10. The displacement amplitude
of the liquid center relative to the tank in the excitation direction and the impact force of liquid on the side walls of the tank
were taken as the evaluation conditions. At 0-0.55 s, the acceleration of the uniformly accelerated rectilinear motion was
2 m/s%, the speed remained constant at 0.55-1.1 s, and at 1.10 s, the speed was reduced to 0. The simulation condition was to
simulate the acceleration and rapid stop of the UAV. The VOF (volume of fluid) model and k-epsilon model in Fluent software
were used to simulate the anti sway effect of horizontal and vertical damping grille with 10%, 30%, 50%, 70% and 90% liquid
filling rate, 30%, 50%, 70% arranged height and different shapes. The simulation results showed that the peak value of the
liquid velocity at the vertical direction in the rectangular empty box appeared in the area near the wall of the box, and the peak
value of the liquid velocity in the excitation direction appeared in the central area of the box; and 2 kinds of damping grilles
both reduced the variation of the gravity center of the sloshing liquid in the excitation direction. In the case of liquid impact on
the tank, the horizontal damping grille would increase the liquid impact on the tank when the depth of liquid filling and the
arrangement of horizontal grille overlapped, in other cases, the horizontal grille could reduce the impact force of the liquid to
the tank, and the impact force tended to be stable when the slot number was 6. The vertical damping grille could effectively
reduce the impact force of the liquid to the tank under every condition of the liquid filling rate, and the impact force would be
stable when the number of the grooves was 9. In order to verify the reliability of the simulation analysis, the liquid sloshing
test platform was designed. The rail length of the testing platform is 1.2 m, and a three-phase AC (alternating current) motor is
used to drive the liquid box. A color high-speed camera with 1 000 fps was used to collect sequential images of the liquid in
the box. According to the simulation result, a tank with double horizontal grille and vertical grille was made and a bench test
was carried out. An empty box and an optimized box were contrasted in the test, and both boxes were tested at 10%, 30%, 50%,
70% and 90% liquid filling depth. The tests were conducted with 10 repetitions. The test result was in agreement with the
simulation result, which confirmed that the optimized tank had a better inhibitory effect on liquid sloshing. Compared with the
empty tank, after optimization of the grilles, the sway time of the waving liquid was reduced significantly. The optimized box
can play a better effect of calming down the waving liquid. The result will be helpful for enhancing the stability of the UAV in
case of emergency braking of hitting by the wind.

Keywords: unmanned aerial vehicle; optimization; design; tank; computational fluid dynamics; damping grille; liquid sloshing



