H396  HoMW Rk TR R Vol.39 No.9
2023 4E 5 H Transactions of the Chinese Society of Agricultural Engineering May 2023 55

Bl 252548 25 Fe By RAR U A i 5

oy, odamwl, ox WL R wMERWL A A
(1. HESOHR AR T TR, 1% 210037; 2. ZeROFHECH B TR 255, U 233100)

W OE. AN EMR RFPa N Z, AR EE, SRR A AR LA e R B
HBEARAE N I AR T 25 R 30, I8 A0 B AT 45 R 2 48 N s g AT AR BT, IR B Fluent W A4 R R 2 AR K
Realizablek — el B BB THUE AL . S5 SRR, SEIMHE SRR IE, 2% s Ok I E R 2 38 m s A% 9 100 mm
R SN TR, SR, 2% AR KEEBZ AR/, BERESN 9 & TiRE. @iz
FALe GBI E NIRRT BT RACRIRIE, 45 R R IR B OR, FHBEIT S KR TR, 23K )
(RS2 AT; FRIRK, FBERT 2 R 1K, IR N 0.8 £ 0.4 W MR KIE/KT 27.7%, FN@SREER NH
VBN 5y 2 BN IG I kbt o B WA B A3 I, VT B 75 FRE I (RIS, AN 00548 S 200, Fat 5 IR (A1 AH X I3
T 44.6%, T H A ISR AL AR ) — U S B FE AN, PR AR e I TR ARYE A R R S A 100 mm, A
M H e 9 MR B ME S5, X LU EUE 0 EARIS 4528, By S RE e WA Re A RN 52U J5 48 1k N R A SR R
AR T SRR AR M4 523 2 18 P A& OIS TE) B T 54.8%,  ELA B8 O] o i R AL AR PR XHR T B AU (R AF
W22 A SR —E .

KA AAMG Mk K B RBGA, SEAEM

doi: 10.11975/j.issn.1002-6819.202302013
PESES: S251 MRAFRSS: A

e, B, XW, F EANELAEARERHREURAED]. R TEFR, 2023, 39(9): 55-63.
doi: 10.11975/5.issn.1002-6819.202302013 http://www.tcsae.org

RU Yu, XUE Jiangkun, LIU Bin, et al. Simulation and experiment of the anti-shake damping of liquid in helicopter application
tank[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2023, 39(9): 55-63. (in

YEHS: 1002-6819(2023)09-0055-09

Chinese with English abstract)

0 31 §

FERRAMIR BT iE £ ZA A NSRBIl (fRFR
HIHD BEATHSIEZY, H R R R, R 2
FZ . P BOR IR AR A0 BEALUEZ 2 1E N
A7 230 B, AR AT T /5 25 8 S K
247 (R R AR P VR T P S 28 Y0 A R 5 TS 7 A
H5Y5NRE FIENLAE T, B 2558 P9 2590 58 30 B oxt
R FRMFETHE SAK, I 253 1 S BL R A5
HIHHL AT PO PER AN B OR RS, DR BT 5 B 2546
b7 5% S5 M R A AN 25K Se B, 3R ELTH LI SR
RE,  FAEARK 24 Y S Bl X 24 6 5 4 10 o o 7 52 P98 55 BB
FUEERAFRA BN BT () B WU 25 2540 K i s 2
m BAT B, ST IR AE AR 2 B, — AR 2
PR AR CHURZE b, T B N XE,  HL2598 A BB 52
LR AN SR MR, AT PR A B R R,
RN 32 IR JEHAEARE KATH, Mk S 224
W 2RI ZU S 30, BB R AT R . 10 TR
BEFE, JFEAF ELTHHLIE 24 20 40 6 F A i R TRLIL,

WRmHR: 2023-02-03  BITH#: 2023-03-30

HEWH: EHREYEELETHE (202008320017) ; [F K F k& TR 5
H (2018YFD0600202-04)

G ke, %, HMEES, WHATRARKERERSE%.
Email: superchry@163.com.

doi: 10.11975/j.issn.1002-6819.202302013

http://www.tcsae.org

HHEM 2P AR TE R M S A AR E S %4
A S B g

2= 2 g RRAR AR T TE AMLAZ 2650 S 3hids i Sk Ra i)
) AL, SR Y BELJE AR A X 4 B e AL 2548 1 N i s H gt 47
AT, RAE AR 2 M A JEFR TS ke T it A Y
X I6 ANHLO A 45 3800 T B i3 GRAR BT & 2558 51
PILEE) « MEAT B R AT B 2R R AT Bl SRR
B, T4 M it My @ TN B i EE 24
S G, CAUEE AT 32 25300 S VRN R AR, BEFE T
AT Je U BZGFE A R 7R . A RIS 3~ 1%
RFPE, FEWMCRAE 0.7 280, WA AR N EBER IS 12>
BB TR R BB NI n; 0.7~0.9 B} 5 R FEE N
RN B, BT RN S RN, R FE Uk
59. AHMED (PR T —FoE F TR . P S
K BAE A 25 RER 7 SR RS AR BR 450, FFLLER T 1 5%
PARCFI IR B 7 S8 0, FEAM ] B3l g B, B Sy
BRAR T 4B, (H SR EK (1) 2 TH 5K 77545 T LAk /b 5230
FIRC S AN R i ), Rl = A T A ML EE I 24 46 45
PRSI, AR SR BT ANLZGH B S B4 40 7 45
5. CHEN £V 3 5ot 8 2 5 SE bR AR 1) 240 S w6 B, X A
RIGERIAT TGS 15 BB 05 EORFF 70 5 i [k F0 0 4
P K T R R B T R R . GAO 25071 SR R 46 e A B AR
A RIC 1, WA T 2L IER. HE. 2903
NZH AN AT SR T B TR PR R A 5 35 e 52 () 52
AR T AR R — AN Z N EMEBR . ZHAO % %


https://doi.org/10.11975/j.issn.1002-6819.202302013
https://doi.org/10.11975/j.issn.1002-6819.202302013
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202302013
http://www.tcsae.org
mailto:superchry@163.com

56 flk TR (http:/www.tcsae.org)

2023 4F

FIA BR 4387 Navier-Stokes J5 %, #F 5 7 #4r 78 LNG
it (liquefied natural gas) WI=4ER7)), FFAEMERFEIL LNG
fifi G A SE BN R BE Al |, SR CLSVOF J7 vkl 1 i
BEZ2 B hi B 70, 2077 B HERR 1) T e

DL A 7 AR TR TR AT A2 HE S R BRI TR
TR BT 2N AR IE R R TR ARR, HE
TR 24 245 48 JLART A8 L AT N HIL 245 R AH L 22 80K,
UL 75 XoF G P S 1 24 9 S B0 5 7 S A R AT i — BT A
AL AR AR TR IR O JEE ] ) ELTH AL 25 R BT S0 &R,
AR EE 73 M5 Fluent A ) VOF Z AR,
XFRER NI RS R B AT B BRI B, O
AR BT 2GR RAAE, FE R R85 &,
T B BB SERRVE ML T, 4 B 2 H TR
RV E R4 RS, e & B B2
K77 S& BELJE Wik 24y, DA e AR it 245 A/ M P 245 ¥ S8 3 s i
A NEWETHLEZ 250 R B RS % .
1 ARRITERERABE
1.1 HiRRMTESE

ELFHHLIE 25 25 568 A 250 S 30 A i Ny A B By St T
AR BRI 23 RN K A2 T2 5, T 2 ot & <3 1E 7 R
FaspE R, AT R SRR AR R IR -

7] d(pu) 0d(v) Jd(pw
AR e S

X p TR, kg/m’s ¢ AR, s5 uv ve
wa A REERE UL xv yv 2300 R LD &,
m/s.

IR R EWIE L G S W

a(pu) . 817 aTxx aTyx asz
it =2 + + == 4

o +div(pul) o + o P e ot
apv) . dp Or, Or, 0dt,

div(pvl) = —— + =+ + 2

ot +divipvD) ay " Ox oy 0z ph (2

a(pw) . dp Ot Ot Ot
= —— — + — + + .
o +div(owlU) oz + o dy oz of.

X p WITCHR BRG], Pa: 1o Ty T Ty Ton T A
VERAEROCAR IR N 55, Pas fiv fin f BT
YRR J7 i) BT R B HT, mi/s®s
1.2 iRt ERE
1.2.1 #Hhapa

N ZGR T BRI, PR BE R AR I AR TE SRR,
KEZHETHHL (R44 ELTHHL. AS350B3e ELTHHL. Kl ok 1y
FE-AW109 B LSS ) Z5FR 4N R R A T, AR SCik B
R44 BB AR AT AN S, AR E o S E
T I A K T s AR AL, RS 2 000 mm,
7% 800 mm, = 200 mm, BEJE 4 mm, ZGHBAEIMER
SEXEFR, g E 2 6 1 B B AE R R TET  2 25 Y T A
WA IR . T 25 s sl 25 & 77 4
BRI YR THT I B0 3 v AR R BT, R ROK R,
VA XoF A B s ) A AR R TR T A RIS B 5 | AR
BE b, R 22 S B AR RT R /K P i 5 3 0% B2

W EAL T 250, AN =4R . S35 HE. 3%
HAMRAEWME | . BSTBR S LE Fluent B0 bk
1T XI 4, R mesh RBEHOO R AR A T SR AT AR 45
AR 2, WA SR B0 ) A TR e . BRES In) AE
RARFIE IR )RR AR DS, B BRI FRERIEH VOF #i5Y
(CEMANZR, B MNAKD, WREREFE R RE.
HEAEEm BTGNS ERRFS JELHR— 30
Realizablek - s# /Y, [ /- FE#E & J7 Uik % PIOS B2,
FAPRSMNEE LT TGN B BETH A A 46 4F, TET R P A H R
TR PRI 4 )

s Ak

Grid structure
—

2% 5
Reference point

BET

| Reference plane

200 mm

600 mm

800 mm

2000mm
———> i&3))J7 [\]Movement direction

B 1 A A HER
Fig.1 Model of helicopter application tank

1.2.2 &

T B 245 245 56 P9 10 249 90 5 30 R A0 DR A S il it
B2 Ui ERF B TR s . 7 1) s ) SE bRk
TTHL (WIEHEEE 0, SIIEIEs)Z) 33.4 m/s, I FE &
NS00 m AT, BITEWIGEI Z B A VL2 R B8 E .
T HCN 0 FRRAS, 76 0~0.4s LA 1 m/s* B D03 B 42
g E LB, 7F 0.4~1s I ELIEE), 5 1s HZ]
BT B S5, SRR 0. ARIEELTHHLINGE KAT T
BTN I 25 A6 U Hh 26 & 2 B

0.5
0.4 F
03 F

02F

4 ¥ Velocity v/(m-s™)

0.1F

0 1 1 1 1 1 1
0 02 04 06 08 1.0 12 14
fif [ Time #/s
B2 62 B4Rt &
Fig.2 External excitation curve of application tank

1.3 PREM&It
1.3.1 &kitkR#®E

RN A, Wk R& TR, RN
EENRELL R0, SEhd R, Wk A AR S Ak
ANWEEAL, DRI 26 R R O B 7 2R ey By o TR, 9
AV R S 30 AR A il R o A 2380 o1 5% 3 R A 1) i
&, R R A EE 0 AR P BB SRR (ARt A
i3 7RG R P AT LR JE M S5 A CHIbRS 2% S i Al 4%
—ERUHEBI I S5 R ) SRR T8 AR S8 S A 1)34
FRAAF®, DT 5 RSy 5 s AT A o o Aoy S 30 7



9 1

ai o KRAE: ELTHHUEZG 240 25 W PEJE B S AL

57

2
BELJE M4 25 74 32 22 I 5 2 e B AR, TAR N iR R
FRE BN G837 A F FE R 3 5 THI RS 78 T &R 481200,
T4k 22 B 25 A M R SR g 10°P1, AR 4E 3
A F Re R AFEB TS AT J, GeiibH 1= A e =
FE R & T U AR PN 358 e SRR HICRN 10 Y2 FH e i i e =
FEBL, DRI 7E B it B2 45 M i I 7R B R e B B,
Hor, WS i R R EFERL D, BY W LR R N
Ddz;ypﬂ C.Vlds (3)

b € NSRS S NP ERIIA T p, NI,
kg/m?’; Ve VAR X FELJE 45 K38 BE FORRFE s s N BERS )
FE AR O 3 B T B 1 AR R TR, m?e Bk (3) AT,
BELJE &5 4 PR 30 s P R A e R, WU &3 P JE FE T BE
K, R B S BE 2 &5 0 B AT BT AT K A .

BT 2556 W 29 AE VR b R 2 — AN Bh &b 1 IS 2
AR UFE R N BRI /N i B O, X IR AR AR (2
FE N s T REEMITIFER) 76 040 0.6 % 0.83 Fh il
N, B B Fluent f 7 52 SCRR $ ol A8 it in o
2 Fir o (R 40 S B0Rh ih 26 05 JEAT VRS, 5% B B IR) RE 4R
10s, U2 AR, s, SRARSE. It
S ECR . DU E N 0.6 BIIE L NG, 254E DA

iR, RO AEL H DUAE R BB, 2 ] e B A A3
B YRR AT HARE 0.4 5 0.8 B 52 DA [R] 1380
P ATELAR o DRl R BELJE M AR (1) 2 R A1 B A N R 50X — &6 i

34 ¥ Velocity/(m's™)

b. el
b. Left

JH % Velocity/(m-s™)

a. A5l
a. Right

B3 RFE 0.6 0 AR A R@ERES A
Fig.3 Velocity distribution in the middle section of
tank with a filling ratio 0.6

1.3.2 Mgkt

SXof 1 B L JE A% 55 7K T BELJE A 19 Aok 2 7R R A 25
AT R BT BREMHE A E TR E W b, R
A4mm CAIE 1 FR), WIS N S E N 200 mm,
AR 25 K 42 v 2 23 I A 1004 120 AT 140 mm,  HiA% A
BN 10 mm, MRS 2% %5 9 20 mmo K 2 BB X AR E
EFEARN EBE, 223 EFEN 20 mm, F0FE N 400 mm.
WA RE R BB T 34 54 7« 9 K 114, EL MM
BGgHRT AR, AR, BREHEE

SV p AN AP, SCRREAATE 3 R A F 7 R da BT
400 mm
oo [ i

100 mm

@»10 mm —20 niny

il

LLLE 11111111

1 T

9

5 7
11

a. [R5 EAHR A5 5 2K (529100 mm)

a. Vertical grid arrangement with different number of slots (height 100 mm)

3 4 5
100mm

130mm

0 mm

z

7

J—y 2

3

b. AN [FIREH) KT A A B 7 5

b. Horizontal grid arrangement with different number of slots

1 MR 2.0 ELAIR 2 3. MR 2226 I BE 4. K-FHIME A 5 K-F G %

1. Vertical grid slot 2. Vertical grid bar 3. Grid installation spacing 4. Horizontal grid slot 5. Horizontal grid bar

e FASEER Y S o
Note: The shaded part is a grid.

B4 MBEAEFZHE

Fig.4 Diagram of grid arrangement

XK ) A, ASFRELE M RN 4 mm,
MRS A 559 10 mm, MRS 2% 568 20 mm. KK N 556
R BEREARSE , MHE SRR 5302 70, 100 AT 130 mm,
53 % A A A K R e R, E N 2. 3. 44,
R EE N 20 mm, A7 E 7 WK 4b Fis.

1.4 BINERSDH

NI Z R EZREISR, AN RBE
TE BT HUE 2576 ML B B A kb, AR 78 90% T 148 PR
A 5 By o 6 A4 PN BE 38 AN [ FR b ok, AR SO N R R

(I 2 ) HEEFhiEs), kSRS RN 10 s;
R IE B LI AT R R BRI, A S E 2R
HIEN 0.5 f 1.0 m/s™2 FifEal, FEMEN 0.8, HEfiIF
GRIEH, AR SRR ELE R 10 s; BB MRS 25 44 1
FE J% T8 B 2 Hont 2 46 3 24 V56 Bh 7 A 4% S O I AR 28R
RILHELE 0.6 FRIRE T, KRR = 700 100,
130 mm 7EBURINEEE R B L hissh, kR ahist
AN 10s, SRAF 7T 52 BHLJE MG 25 440 FD v 55 6h A 5%
S BT B S B R MR R e e, SR R



58 flk TR (http:/www.tcsae.org)

BEZ B n, WoEREECN 3. 5. 7. 9. 11, HMHEEEN
100 mm, TEEURNINEESE T i b iRIE 3, Wk RaIFE
SRR AN 10's, SRAF FUE) 56 FH JE A% 25 04 11 e B ) 9 4
SR I BUEE L A S A AR I TR .
THE 55 A 4 A ) v R B S O FE AR Y AR SE B Y
SO, R R B PR AR 45 ) L A 2 24 A T 4 RE A AL 2
JEHEPO) 5 A B MG 45 M R ST
1.4.1 RE RBREBAAALINBSHT

M WA [ 70 90 2 T A A A 25 o B A I (8] (9 ) 7%
AL, Nl Sa Fis. HEINEE, 2% SUE SIERIh
B ) IR ALE R PRI N, BUEBBIR KRG, S5 8
JE AW N, SOFEL EA I —ANEE RS, 1R
2s Ja RUE AR B) . BEE RWRIGN, 5% 5%
(1) d5 AR AR Bl 2 39, 0K 381 g AR PR IsF () 48 B 2 B2 1
M 0.4, =0.82 s B 127 Sk J1 5K 925.72 Pa,
FEH 0.6+ 1=0.75 s IS s AN 1110.47 Pa,,
FIEE 0.8+ t=0.50 s B[S fi /7 K AE N 1801.73 Pa.
Rk, 7eVCR 2R A AR R I E R R, Hifik
TGS T FE h, VILERY BRFE R N 2 S 2 i S i
I, FERRE R AR AR N 1350 R ILUE AR AL .
1.4.2  RF) Ak B HALALDIN B HT

MU AN [ 0 T A A PN 2 i T () 1 e ) AR
IO, W 5b . FEANEIEE TS, EIEPIGEH
BtS % R T, R B, NIEE N 1.0
m/s> i, K S E K B KR G T 4R T B 3 H R E
K TRETHE S % SR ER SRR N
0.5 m/s” iF, Ji SI7E Ik B KAE 5 FFaRI/b o Bl G 1 S
TRUGIE IR RRAR, A S IS U IR IR 8
1.4.3  [ERAMAS & BT 69 BAELAL DL

A () v 5 1 7 % BEL SR A R R AR 0 2% R
AR 2R O, T Sc s . 3% UK S fE s
() 2 2R M3 0 5 R 0 BB b, 10 s P T B B
BANAE, AR = S 225 s BTS2 ) B s KA T
PRAESE —MRAE A, 704 100 & 130 mm =5 A MRS 3o i
IR K 77 IS ) R0 4B 533 R 1=0.48 s BF 952.10 Pa.
=0.45 s I 1 039.69 Pa } =0.5 s 5} 1 155.16 Pa. Ffi%FH
JE A% = B R N, ZFE NS ST B RO E )
EALBE Z 3G, {HIE B 5 oK R S A R ) SR AHIE .
#1100 mm = BEAE 10 s RS 10 IR, 70 & 130 mm
(R VR EC 11 K, Ui 5 B 100 mm B, YRR 5%
FIIARETEAR, [N UL AT 7 S8 P e AR A i, k%
WA = B 9 100 mm RS F .
1.4.4  [ARAMAE T T 69 5AELALDA

A A [ WA A 5 R N 235 Bl B 8D 52 7
Ak, i BB S 1255 f KR A R AR
K sd s . WSS 3 M % 11, S5 MRk
FESEZE DN, JRERCEN 9 BT AR e, LR N
WA £ X 22 BTS2 B KR JJE R AN K. T TR 25 4R
PRI AR R R, B R R R AR v, TR
P AR 2 S BRI B M S SR T . [RIk, B SEBE 2
MRS LR = 5 100 mm,  HAR B 9 A1) 8 B BH JE A
B R N A

2023 4
2.0 AR Filling ratio 2.0 B Acceleration/(m-s )
g 18h — 080604 & %g 1.0 =05
& < L
o 14 2 14
5 12 ER
2 10 z L
=0 & 08
= 06
= 04 3 o6
= 02 = 04
0 02
012345678910 0123456780910
I [7] Time/s I} ] Time/s
a. AEFHH T Z% [0 E 1484 b. ANFEIEEE T 258 S0k A8

b. Variation of pressure at the reference
point under different accelerations

a. Variation of pressure at reference
points for different filling ratios

<
[=™
1.2 {71 F Height/mm % 1.05
S ' — 70 --- 100 — 130 2 1.00
s Ll :
=10 . @ 7 095
2 ; 5‘5 0.90
8 Z £ oss
-9 aQ,
= = 0.80
B 2 075
5 0.70 L L L L )
012345678910 < 2 4 6 8 10 12
I8} ] Time/s Al S

Number of slots of grid
d. AN FIHC AR MRS A R 70 1

d. Maximum pressure values for
different number of raster slots

c. AN [FIHMIRS Sh 1 v PE O T 71384k
c. Variation of pressure for
different grid structure heights

B 5 KR AST %46 kAR A AR ILE R
Fig.5 Numerical simulation results of gas-liquid phase of
medicine tank under different parameters

2 AR
2.1 RERE

ZifREALEEARETEN (H6), NETMH
W, RS 24548 B 5 IR R, PRI AT 1 BELJE A% 2
Mo 2R 2 NKIER], BRI B 7K RS 257,
TR T mE S AACREEUE, TEK IR 4L B e 7R 7
I 24548 LA R MG . SR R R TR SR B 2 Hh R T
5B B K K 55 V08T B 5 AR T A 3 52 F Y T K D e
KT BT IR ST, i T s A AT = 4R T BB R
LR IRENE X, FEEGHIIRE, MKk
W B SR A AR . IR, e R AR S T
Bt 5 2556 A0 BAE R — = FEIE 3 77 W B 7, B
FEAANCIT IR B e TR 125 s B R E SRR,
DA SRAFAS [R] T 450 2 50 T P S A8 A 9 38 s 0 1E
R E WA 6a fin. 25 Rl 6 F 2k
ORI E S THUIME B E A, v seil
LU0t 245 25 40 1) T 002825 I 0 3ok 88 7 /S Th
2.1.1 ITRELSPEELEE

254 E I R [ 2 AR 3 AR Bl SR I S
PR b, s EE A 3 M E KRS E SRR
FSCFH B (1) A B SE AR AL /T Je . AR AT . ik
IRFEARKN 2 000 mm, Al OR M EEREAE 0°~20° [H] i
AT, HIEZREOR R 0] FMHEATATRERR T 684 mm, 1ESE
HEFFATFESN 700 mm, HJEH 24 Vo AR & HEFFAH
TLHERAE, FEBA &R, X THE
BRA R, AHEHES, EHHES) 1300N, #HAEE 7
mmy/s [FJHEAT, 38 Ik X s Bl ST 300 X6 4 /> A 1 B 42 i
GRS AT 5B R E .



%9 ai o KRAE: ELTHHUEZG 240 25 W PEJE B S AL 59
T 2 P BEL I AR A WA S B LI F &
Static resistance strain gague Liquid sloshing test platform
o ; T

AT (D) o
Reppman fill light (left) / i

a3’ £ .y
# [ERuEs 208
Hi

Aigh-speed camera/

a.
a. Diagram

-

Working condition
acceleration adjustment device

i '
Lo yanrn o
\Reppman fill light (right)

LBAA RN T & 2.7 2 AMEAT 3.4 du PR AR (X 4. Bl B RAX 5. 2550

.
b. {5 EL
b. Test site

1. Liquid shaking test platform 2. Reppman fill light 3. Static resistance strain gague 4. High-speed camera 5. Medicine tank

B6 RLFEREBNHRLHFE
Fig.6 Test method and installation field test layout

2.1.2 Ik EiRKEE

ELFFHLE LI RR S R 25 58 A 1) T2, &
MWL KBRS T a/MR 2, HSebrig mad f2
B ) AR AN ] g DA Ak, TR A 3 Rt o 4 o ek
FEWR—AT7 ), BB L SIS VIR . AR
S S R T I WA [ 5 AR R SO AR b, R SO ARSI IS
e /e N ABEL S, BT 255 WAk R sh i fE
R, HLSHNILEF A AR 1 [R5 5 AL Bl 52
BUAS TR A0 G T B T 00 A 25 ) R R o e A 2 L O
5. NFEHREAE S, EH 160 mm %M FBH, %
PN 4 kW, BUEH3#E A 2 000 r/min FfFEIREHL, AL
HIRGE LA 20 (A 28 DR AL BRI . B SN
HFED . 236, BA2E. PXSONO20SA Jf#HL. 1Al
MR E AL, B %l cm36 $5H #% . JF 9%, SD300-20AL-GBF
AETAIIRIK SN #5 HIR BRI S %, A TR 2 m.
it Boh 42 o) 5 4% 1) FEML S Sl T DL SE B IG S & n i
B BNFE B K7 MR .
2.2 R

SNIGAIE 24 56 BHLJE 25 A4 TR B Se R, SRS Bl i 25 4
P E R T AR A PR R S, % ] Phantom =yl A5
WLBEAT R EE, IR 2 HE% N 1280x800 5 &, K
FEIER 200 Mii/s, HEIGET AN 450 pss 38 FH 2840 KRG 25
ICERT YIR-5A 75 285 o BH R AR (R 42 26 46 6 BE 1K 7
e F T2 1500 W AMEIT iR AR L B2, IR
FINEMW A R =AM, D550 A B 41K 6b BT,

RIS YK SN 100 mm, MR SRy 9 MR
B7 SeBEJE A HEAT A 1, DMBURL A B 00, 7ESURD N
FER, WE5E 0.4, 0.6+ 0.83 FhAS[H FE M EAE 10 s Y1 %
G L. AR EFHLEPRR CIENL, ASCWELE 0.6 7T
WET, MHEEHR 0.5 & 1.0 m/s?2 i, 255 bk
FUGIZZ), 1E0~0.4 s AIIE ELIZ), 1F 0.4~1s i
SIREZIZEE), 1E 1 s 2T S M8, #EBEEN 0,
AR SE BRI T8N 10 . ELTHHLAS BV ML T 26 3R 56
& LRI IR EEA TR, B SHERE 5K
T J& f1 00 005 BLZR DR 25 A MC T 22 25 42 HE DN FE i K
JINSKF IR S A ONRTABE 100 K RiTABE 2005 SERRISIE N P AS,

PRI 3 P2 A A 5 0 B A BE DR JE AN 100 e A (1A%
) 25 F8 e N R A5 s 20 0l 9 2 A 5 10° KA )
10°, 3L 6 MM X R 6 Fh LI EE. DAFEHHEN 0.5,
FESN N LT O, W 6 NN LT, Ak
SRR A9 10 50

3 HEER5SMH

3.1 FREINRAERNEIE M

AHIE B () TEI B N, W% 0.4, 0.6 0.83 FHFEIE T
24 A N 240 W SR SR S R R Bh e T R I [R] (R
M, wE 7. DR N 0°0 RIREHN 0.6 4
o i AR R T R, B BT 2 E
— 3, Bl SRR AR VR T 1 S B R 52 B 2
O, X 0B R IR T 52U S 1 B T S A
X EEAS [RI B Z R 1 B E T B R, Bl TR R AR B
HH LB ) 21 SR B P B () S FE AT o

T T e s, ‘nrm.x-—-r—‘ e

=0.30s

0505
a. 047 T I

a. Liquid surface at 0.4 filling ratio

=0.47 s

b. 0.67EVZ T ¥R
b. Liquid surface at 0.6 filling ratio

=0.45s
c. 0.878 VN IR It

c. Liquid surface at 0.8 filling ratio

/7 ARARETORED
Fig.7 Liquid surface diagram at different filling ratios
[FIESF,  AH (5] e T BTy 52 BEJ2 M 7 AN () £ i s 1
HGAF 78R 06 T TSR N 225 S S AN,
i 8 frzm o



60 flk TR (http:/www.tcsae.org)

2023 4F

150r 781K Filling ratios
Z 0l - 08
o
3 1ol +%
o U
X2 120f
S
K e 110+
o E
. g 100G
5 oof —
80

7% 9 10 0
S P

Number of slots for single vertical grid

B 8 RIS 692 ) 2F e

Fig.8 Comparison of forces at different numbers of grids

ANTE] ER R iR, AN [ B 78 VR SR T SRR 4 e
SRR TIRAN, BEE TR I, F6 R P 32 /oK Tk
JHE BB SN, DS ECE Dy 11 AR B 52 RE e Ml
1%, ZIHEN 0.8 Lt 0.4 B JIEK T 27.7%. 1EIH
—FRWET, 7] RE AR LR G DA% AR S B A AR
Wee AV A A F 32 R 77 1) b ¥ P g A, (B A R
frFF g in, xR EI s REA R WS,
2R 58 O 5 R ST IS S, TR N 0.6 K 0.8 A
TR S BB R E TR, MRBEN 0.4 2HI S
—ARAEIE ST, XA ARHIE SRR BN LT, 2
TR W B — kb il, TTREAE SRR E N, AR AP
52BN B O BT 2%, AT BLUACA FE MR T
AT IDNEER Qa Gal iEIR EQEE T O ) )= 0 R/ QR s
3.2 MMEEXRAERENHIF

H1 11 O AN [ IR B0k EG R mT 0, 2 4 [R] ) 78 W
77 5% BELJE AR 2% A1 T, SRS [ 18] B i 1o 38 i B, s
FEX9 1.0 m/s” 57 0.5 my/s” IR S5 SE ORI RN, Ut 2218
TN B BE A RO 25 R B L, ELTHHLE AT
MV R 488 T % el FE A A R T 2 e 24 N 24 4 ) SE 3
) e N FEE ) DR /DN 2 5 WD VR A2 5 30 ) e DK s 0 Wi %
BAF RO E S IR IR, DK R 0.5 m/s®, =0.45's
i, A RO DR 37.5 N IEEEA 1.0 m/s?,
1=0.435 s It} , Mt LA K AT MR (B9 110.2 N X+
ARBTG5, BEAE WUR I B AR R, 2
32 B Kty J5 7 R AR B 32 A

t=0.90 s

=140s

=2.25s

b. 1.0 m's?

B9 0.6 LARENTE Aok BT R 2 69% @] b
Fig.9 Comparison of liquid levels at the same moment at different
accelerations at 0.6 filling ratio

a.0.5m's?

3.3 LIRESMRAERNIZMN

TENEYIG I B, B AT R P K, Bl
TR AR AR FE S K B T AP TR VAR A 4 2
i (R AR PR RIS, Y0 A AT et 5% 0 280 94 T 7 ) i e s ) i
FANH, 0°43 =6.01 sy R 100474 =4.39 s KAl
2004873 t=3.33 s. FHE AT EE DK, PR S5 E
WA S8 BT AGI (8] 1Z 55 kb, M 0°%FE A5 5 2001 8] FH XF
WT 44.6% (B 10). HHILT A, B TR E E D
o, B AR e B RIECDN, (HBEE A RN, 50 6t
TR e i (] 5 M R AT AR N

=439 s
a. 0° b. FIfH10°
b. 10° forward tilt

=2.14s
-
t=3.33s

c. Hirfii20°
c. 20° forward tilt

t=4.09 s

d. JEfii10°
d. 10° backward tilt

=3.34s =4.05 s
fERAL— L
Low side High side
e. ZEfiii10°
e. 10° left tilt

B 10 &TEET ARz 69RE
Fig.10 Liquid level at different moments in each working attitude

JE BT TOCS 6 4% P9 358 004 Al 17 46 14 i &6 i AR A
PR3 P2 7 T 2 ) i, R bt AN VBT 468 5% 3 21 v~ A
REFR, WA SRR BEARR LN, R e Ah =4.09 s,
BCHTA 10° %2 E I AR T T 6.83%.

JE A A5 00 245 S8 B RO RE WA A BT AR R], BLZE A6
10°791, 245 N R BUAIT 17 2 R A2 — ], ARz — i 2R
ERRRE L, AR A BN, B i
ARACIE DL, AR MIT U6 52 30 21 T A2 € I [8] =334 s
e L — I P SR AR AA R D, WA AT 46 S 2 BV IT A2 €
I 1A) =4.05 s, HLSE o3RI SEAnsAL, 0 L C ki
f50L. AR, EETHILEL RIS, 2GR A LR,
VAL A — 1 S8 30 P M e A SE ISR, TR I AT 46



5% 9 4

o5 BRI 2 24 6 24 P B By SR Al B i 61

SN B AR BT L 9 A ) BE 4
3.4 RWERSHELRITLL
PAFEI R 0.6 S, 15 SERH e iR A 100 mm,
W& ARy 9 NI B H JE A, X LG AE S KPS A
N O HUE 7 B AR IR IR Z5 5, Wl 11 iR
TEA F 264 T, A [ ] A 36 et BB AR DL A A
SE3)) E H R S e A B s B R A R AR B
HH YR T 1 L) & B3 AT, 1 B4 B Fluent 32547 Z0{E A 400
THE S R E AT SE, [ 78 B ] DUE H 38 B 58 BE e
WA 8 1% A RN 52 3800 J5 R R R AR SEBR S . 5 5
FEVARARLE, B EP PR JEMHE 5, Wk NI U6 S 3 3
TRIE-F AR () B 2 98 b, AR T R AR PR T 54.8%,
R0 160 21 I (4 ik R
Bl

Numerical simulation results

ERSRIEESELE S

Test shot results

B o

l

=0.30s

f

t=3.50s

|

=8.30s
a. JRFAAXS L

a. Original tank comparison diagram

l

=0.30s

|

=124s

i

t=2.94s

l

1=3.75s
b. B AR LA

b. Anti-Shake tank comparison diagram

B 11 SAEAEM L K Ee A L

Fig.11 Numerical simulation and experimental comparison

4 # i

1) AR AR SE S FR E T AT B T
Fi o e KA LE IR AE R AR B B, B sE T BEL e Mt A% 54
A B AL

2) I HUE B TT T IR L SR N R R K B S
BELJE M A 05 A o B2« R BORH VB A SR B OS2I o 70 RS R
1 s 7 W R K L 3K 8 R (B () B SR T . o e
T RS R SR N, AR E SR R AR A R
J1BL BRI IVER S . IS AN, Z5RE A A2
% 5P 32 B i R B B 2 3G, (LI 30U P (]
R FLE BEA 100 mm B, 0044 58 3 A AT R TE AR
ks RO, s IR 2 AR, RSN 9 I T
s o

3) R X A B A e R AR AT TR BALE

FWEN AR S ESREN 8, RBEE 08
0.4 M KB KT 27.7%, HAEE ZRWE A
5y 5% B 5 00 IRk phi . ISR RO, AR S Bl B
5, Pt 77 MR AR R OK HLak S W {8 B 8] e 2 3R AT . BEE AT
0 F B2 B IZ A5 30, B 75 A e i) TR1ak /0N o (460 A 2 )
/P U VA 5/ (A 1) Rl 1 T o)l R N = N S 1B L

4) HEEEME E Y 100 mm, MR RSS9 AN
FLBHJEMAE X b0 FANRIG S5 R, P W BTV &
FERAT . A RIREAE RN A S B, WRTE P & B[R] AE
b T BRAR IR T 54.8%, B SERCRIIE .

(& £ X #]

(1] WP, zife, HARE, %5 2T VMM # DNiGA K H Ft

HL 22 bk DR DR AR AL T 2o R (0] Rl TR 24k, 2022,
38(1): 70-79.
FANG Shuping, RU Yu, HU Chenming, et al. Route planning
for multi-forest areas of helicopter plant protection operations
based on vector modeling method and double-layer nested
improved genetic algorithm[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2022, 38(1): 70-79. (in Chinese with English abstract)

[2] CHOI W I, PARK Y S. Management of forest pests and
diseases[J]. Forests, 2022, 13(11): 1765.

(31 RIVEFE, wids, XM, S5 ELTRHLNTAS i 24 4 7 o A 2

RIS T). ol TRE2EHR, 2020, 36(17): 73-80.
LIU Yangyang, RU Yu, LIU Bin, et al. Algorithm for planning
full coverage route for helicopter aerial spray[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2020, 36(17): 73-80. (in Chinese
with English abstract)

[4] YAO W, GUO S, WANG ], et al. Droplet deposition and pest
control efficacy on pine trees from aerial application[J]. Pest
Management Science, 2022, 78(8): 3324-3336.

[5] #hMike, 2EMN, T4, 25 AS350B3e ELFHHLT A Mt S
TGRS AT (T]). AR TRESAR, 2017, 33(22): 75-83.
YAO Weixiang, LAN Yubin, WANG Juan, et al. Droplet drift
characteristics of aerial spraying of AS350B3e helicopter[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(22): 75-83.
(in Chinese with English abstract)

[6] ZHENG J, HAN X, GUO H, et al. Experimental study of liquid
sloshing force characteristics in rectangular tank of sprayer
under harmonic excitation[J]. INMATEH-Agricultural
Engineering, 2020, 62(3): 125-132.

[71 AI-ZUGHAIBI A 1, HUSSEIN E Q, RASHID F L. A dynamic
meshing technique for analysis of nonlinear sloshing in liquid
tanks[J]. IOP Conference Series: Materials Science and
Engineering, 2021, 1067(1): 012094.

(8] B4k, #HF, iR, SF. EWU T WIS AR 2R

PV SE B0 I K SR F 7T (0] RHULLRT TS, 2022, 44(2):
143-148.
ZHENG Jizhou, HAN Xiang, GUO Haoran, et al. Moment
induced by liquid sloshing in rectangular sprayer tank under
harmonic excitation[J]. Journal of Agricultural Mechanization
Research, 2022, 44(2): 143-148. (in Chinese with English
abstract)


https://doi.org/10.3390/f13111765
https://doi.org/10.11975/j.issn.1002-6819.2020.17.009
https://doi.org/10.11975/j.issn.1002-6819.2020.17.009
https://doi.org/10.11975/j.issn.1002-6819.2020.17.009
https://doi.org/10.11975/j.issn.1002-6819.2020.17.009
https://doi.org/10.3969/j.issn.1003-188X.2022.02.025
https://doi.org/10.3969/j.issn.1003-188X.2022.02.025
https://doi.org/10.3969/j.issn.1003-188X.2022.02.025

62

Flk T2 (http://www.tcsae.org)

2023 4F

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ZANG Y, ZANG Y, ZHOU Z, et al. Design and anti-sway
performance testing of pesticide tanks in spraying UAVs[J].
International  Journal of Agricultural
Engineering, 2019, 12(1): 10-16.

CHEN H, LAN Y, FRITZ B K, et al. Review of agricultural
spraying technologies for plant protection using unmanned

and Biological

aerial vehicle (UAV)[J]. International Journal of Agricultural
and Biological Engineering, 2021, 14(1): 38-49.

R, BRI, 7R, SR 24 1R L S R S
BEFCHLR S %4 [J/OL]. Molk 2244k 1-11[2023-01-14].
https://kns.cnki.net/kcms/detail/32.1862.S.20221121.1805.003.
html.

RU Yu, XUE Jiangkun, FANG Shuping, et al. Research status
and trend of real-time monitoring system for aerial pesticide
spray operation[J/OL]. Journal of Forestry Engineering, 1-11
[2023-01-14]. https://kns.cnki.net/kcms/detail/32.1862.S.2022
1121.1805.003.html. (in Chinese with English abstract).
FINER, ARGAR. PRI R U B AR 245 W8 it WA A3 R S
T ARHURAR, 2021, 52(3): 1-16.

ZHENG Jiaqiang, XU Youlin. Development and prospect in
environment-friendly pesticide sprayers[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2021, 52(3): 1-
16. (in Chinese with English abstract)

R, gRkpRuE, dhig, &R ANLZFER SN L
Pttt (0], Rl THE2E, 2017, 33(18): 72-79.

LI Xi, ZHANG Junxiong, QU Feng, et al. Optimal design of
anti sway inner cavity structure of agricultural UAV pesticide
tank[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(18): 72-79.
(in Chinese with English abstract)

TR, HWEK, ZE#, & ERITAVLFED Ik
RS & vt 5le [, P EARHUL AR, 2021, 42(6):
60-66.

YU Jinyou, SHANG Delin, LAN Yubin, et al. Design and test
of test-bed for anti-shake performance plant protection UAV
durg box [J]. Journal of Chinese Agricultural Mechanization,
2021, 42(6): 60-66. (in Chinese with English abstract)
AHMED S, XIN H, FAHEEM M, et al. Stability analysis of a
sprayer uav with a liquid tank with different outer shapes and
inner structures[J]. Agriculture, 2022, 12(3): 379.

CHEN Y G, DJIDJELI K, PRICE W G. Numerical simulation
of liquid sloshing phenomena in partially filled containers[J].
Computers & fluids, 2009, 38(4): 830-842.

GAO H, YIN Z, LIU J, et al. Finite element method for
analyzing effects of porous baffle on liquid sloshing in the two-
dimensional tanks[J]. Engineering Computations, 2021, 38(5):
2105-2136.

ZHAO Y, CHEN H C. Numerical simulation of 3D sloshing
flow in partially filled LNG tank using a coupled level-set and
volume-of-fluid method [J]. Ocean Engineering, 2015, 104: 10-
30.

ZAWAWI M H, SALEHA A, SALWA A, et al. A review:
Fundamentals of computational fluid dynamics (CFD)[J]. AIP
Conference Proceedings 2030. 2018(1): 020252.

BMET, BRI, BN, SF. MR A% B 78 A 0 i [
R0 A R BUE 0], IR Seb s, 2021, 40(12):
283-289.

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

(29]

YANG Pengfei, CHEN Gang, XUE Jie, et al. Numerical
simulations on response characteristics of a spacecraft elastic
liquid-filled tank by a fluid-structure coupling method[J].
Journal of Vibration and Shock, 2021, 40(12): 283-289. (in
Chinese with English abstract)

REYES B, HOWARD A A, PERDIKARIS P, et al. Learning
unknown physics of non-Newtonian fluids[J]. Physical
Review Fluids, 2021, 6(7): 073301.

DRI, K, R, S AR O R R )
BrLI]. SRR, 2019, 44(5): 562-569.

LUO Tianpei, ZHANG Wei, LI Mao, et al. Thermodynamic
analysis in liquid hydrogen tank while parking[J]. Journal of
Astronautics, 2019, 44(5): 562-569. (in Chinese with English
abstract)

MR, LRE, EE%, % BTN FEMRmEZIL
PR VLA ). P E AU T2, 2022, 33(11):
1377-1385.

SUN Chuanbin, SHEN Minmin, TONG Baohong, et al. Study
on wave suppression machanism of porous baffles in vehicle
fuel tanks under variable conditions[J]. China Mechanical
Engineering, 2022, 33(11): 1377-1385. (in Chinese with
English abstract)

28, HEH, A, FERTANGHRERNRE
55 ], ROl TSR, 2017, 33(12): 107-115.
JIANG Rui, ZHOU Zhiyan, XU Yan, et al. Design and
experiment of liquid quantity monitor for pesticide tank in
spraying UAV[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2017,
33(12): 107-115. (in Chinese with English abstract)

WANG Q Y, LIN G M, JIANG L, et al. Numerical and
experimental study of anti-slosh performance of combined
baffles in partially filled tank vehicles[J]. International Journal
of Pressure Vessels and Piping, 2022, 196: 104555.

X, N, DA%, & BAEHHAE T RIBATR A EL
GRS 0], 1454k, 2020, 52(5):  1454-
1464.

LIU Feng, YUE Baozeng, MA Bole, et al. Equivalent dyn-
amics modeling and analysis of liquid-filled spacecraft with fu-
el consumption[J]. Chinese Journal of Theoretical and Applied,
2020, 52(5): 1454-1464. (in Chinese with English abstract)
TIWARI P, MAITI D K, MAITY D. 3-D sloshing of liquid
filled laminated composite cylindrical tank under external
excitation [J]. Ocean Engineering, 2021, 239: 109788.

W IDe . PRME ME A (AT 52 3 IR 5 0 AL S BUE A [D]. b
e HRJER IR, 2017,

ZENG Xiaojia. Experimental Research and Numerical Sim-
ulation of Water Sloshing in Fast Reactor Vessel[D].Beijing:
North China Electric Power University, 2017. (in Chinese with
English abstract)

Mg, VEdRE, ANERUE, SF. SST s AU A i A 7T Rk
[J/OL]. fiZ 24Kk 1-32[2023-01-14]. http://kns.cnki.net/kcms/
detail/11.1929.V.20220726.1038.012.html.

ZENG Yu, WANG Hongbo, SUN Mingbo, et al. Review on
SST turbulence model improvements[J/OL]. Acta Aeronautica
et Astronautica Sinica, 1-32[2023-01-14]. http://kns.cnki.net/
kems/detail/11.1929.V.20220726.1038.012.html (in Chinese
with English abstract)


https://doi.org/10.3390/agriculture12030379
https://doi.org/10.1016/j.oceaneng.2015.04.083
https://doi.org/10.1103/PhysRevFluids.6.073301
https://doi.org/10.1103/PhysRevFluids.6.073301
https://doi.org/10.11975/j.issn.1002-6819.2017.12.014
https://doi.org/10.11975/j.issn.1002-6819.2017.12.014
https://doi.org/10.11975/j.issn.1002-6819.2017.12.014
https://doi.org/10.1016/j.ijpvp.2021.104555
https://doi.org/10.1016/j.ijpvp.2021.104555
https://doi.org/10.1016/j.oceaneng.2021.109788

5% 9 an  KRAF: ELTHHLGEZG 24556 25 W B By e AR R g 63

[30] MARTINEZ-CARRASCAL J, GONZALEZ-GUTIERREZ L of the Chinese Society of Agricultural Engineering (Tra-
M. Experimental study of the liquid damping effects on a nsactions of the CSAE), 2007, 23(7): 133-138. (in Chinese
SDOF vertical sloshing tank[J]. Journal of Fluids and with English abstract)

Structures, 2021, 100: 103172. [33] LIUH L, CUI D L, YAN S Z. Analysis of liquid sloshing in

[31] DUCHOWICZ P R. QSPR studies on water solubility, octanol- partially filled tank of spacecraft during maneuver[C]/Key
water  partition coefficient and vapour pressure of Engineering Materials, Trans Tech Publicationa Ltd. 2016, 693:
pesticides[J]. SAR and QSAR in Environmental Research, 1638-1645.

2020, 31(2): 135-148. [34] MARRONE S, COLAGROSSI A, GAMBIOLI F, et al.

[32] XUMADS, PRESR, WLASHE, S5 RROTEBIS R TS, Numerical study on the dissipation mechanisms in sloshing
gl TREZAR, 2007, 23(7): 133-138. flows induced by violent and high-frequency accelerations. 1.
LIU Caixing, LIN Huiqiang, HONG Tiansheng, et al. Sim- Theoretical formulation and numerical investigation[J].
ulation of profile modeling spray of fruit trees[J]. Transactions Physical Review Fluids, 2021, 6(11): 114801.

Simulation and experiment of the anti-shake damping of liquid in
helicopter application tank

RU Yu!, XUE Jiangkun?, LIU Bin!, FANG Shuping’?, HU Chenming!, ZHOU Jie!

(1. College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. College of Mechanical
Engineering, Anhui Science and Technology University, Fengyang 233100, China)

Abstract: A helicopter is widely used in forestry disease and pest control. An application tank of helicopter is taken as a
loading container of the liquid medicine. It is very necessary for the reasonable anti-shaking structure inside the helicopter
medicine tank for the aviation operation stability and energy consumption. In this study, the structural design was optimized to
place an anti-shaking grid structure in the inner chamber of the tank, in order to reduce the stability of the helicopter that caused
by the shaking of the liquid during operation. Numerical simulations were carried out on the Fluent's Volume of Fluid (VOF)
with the Realizable turbulence models. Evaluation indicators were selected as the variation of the free liquid surface waveform
and the pressure magnitude at the internal reference point for the variable speed excitation of the pillbox. The maximum flow
velocity of liquid was then determined to simulate the liquid sloshing in the empty tank along the excitation direction. The
position of the damping grid structure was also determined, according to the formula of energy dissipation of liquid sloshing
around the flow resistance. The simulation results show that the maximum pressure at the reference point increased with the
increase of the height of the grid. But the time to reach the maximum pressure was similar. Specifically, the liquid slosh
frequency was lower at the grid height of 100 mm. The pressure value was smaller at the reference point with the grids number
of 9, and then tended to be relatively stable, as the number of grids increased gradually. A medicine tank shaking test bench
was constructed to simulate the flight conditions of helicopter operation, in order to verify the anti-shaking effect. The test
results showed that the greater the acceleration was, the greater the maximum impact force on the inner wall of the powder
cabinet was, and the earlier the maximum impact force time was. The greater the liquid filling rate was, the greater the
maximum impact force on the inner wall of the cabinet was. The maximum pressure increased by 27.7% at the liquid filling
rate of 0.8, compared with the liquid filling rate of 0.6. There was the consistent shape trend of the free liquid surface under
different liquid filling rates. But the time of violent shaking was advanced with the increase of liquid filling rate. At the same
time, the tank with the higher liquid filling rate was not susceptible to the secondary impact of the liquid after excitation.
Furthermore, the time decreased for the liquid level to stabilize with the gradual increase of the forward tilt angle of the
medicine tank under different working conditions. Once the forward tilt angle of the medicine tank changed from 0° to 10°, the
time decreased by 44.6% for the liquid level to stabilize. It was the much longer to stabilize, when the medicine tank was tilted,
the side of which the lower liquid level was wobbled more violently. A vertical damping grid structure was obtained with a
height of 100 mm and a number of 9 grids after optimization of numerical simulation. A comparison of the simulation and test
showed that the anti-shaking damping grid structure was effectively reduce the slosh amplitude of the liquid inside the cabinet
after excitation. The time was reduced by 54.8% than before from the beginning of sloshing to the liquid level of the empty
tank, indicating the better inhibition effect. The experimental design and the reasonable grid structure can provide a strong
reference for the subsequent research on the anti-sloshing structure inside the tank of a helicopter.

Keywords: helicopter; optimation; design; anti-shake tank; numerical simulation
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