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Abstract: The physical phenomenon of the vehicle crossing water-air interface is extremely compli-
cated, which involves multiple mechanical coupling effects. The related studies are always relied
on the scaled model experiments. The body force of the existing scaled model experiment remains
unchanged, the Froude and cavitation non-dimensional numbers are considered to be simulated.
However, other impact factors can hardly investigated. The control variables are extended by in-
troducing adjustable body force environment in centrifuge, which promotes the multi-parameter
simulation capability. Based on the analysis of fluid mechanism and structural deformation theory,
a research plan for multiphase flow across the water-air interface and fluid structure coupling based
on variable body force is formed. The effect of Reynolds number or structural deformation can be
investigated under the condition of considering the influence of Froude and cavitation numbers.
According to the above research plan, the simulation conditions of the scale model experiment
were analyzed, and the calculation was carried out to verify the practicability of proposed experi-

ment plan, which enriched the exploration ways for the study of cross-media problems.

WimEE . 2022-12-13; 18iTHHEA. 2023-03-03
EE®N: A F (1965, B, i, e, EEMR RN ITHRAAEE AR, E-mail: yhztjs@163. com



5% 2

e TR A FR T B 125 I SR THT 22 R R B A I R i S B 5 R TS 53

Key words: Centrifuge; Water air interface crossing; Multiphase flow; Fluid structure interaction

0 35l

BT IR 5 K A Wz s B b, PEREE 2
TGRS EAL . TCIR R AUAT (R W K12 gl ik = 25 4 P
L. WZEZMERRN, BEAREERY. %
WA K2 M BT, 2 R E B R 3.
7 EL S 25 4 T8 A8 R W] S, 52 e 22 RO R 3 ) e
PRI I 1R G A s S T 2 B S 2 A
TP T TR A ) RN R i KOS T AL AT AR T
F% T A SR T ) A

ZWEZ M RE T BH S FHEIE T A
KBRS, [A] I 32 2 9 R g ] O L SR
JEVE A N AE TS HLA SE e, AR 2 A R R AE
TEWRASEAFEFEY . SWIBE L5 8 E 3
BRI AR 2 W = 5 W AR XL 72 R R E 1
WHRR X, ZMARBRMA, W% HE
2R MUAT R K S T AR BE B PR ) R
15 B S A AL, B O R =S 3 B R A
WA RHRRBZEWH K FRT R AE, LR
Fe T H B TFIER Fr . 258 o TR W Re 55
IS K, H AT ES K 5 T 2 A1 O S A T 5 5 Y
TE o EH R A I R WL B A T A o R R 5z B
FEAEST ., R R R 7 TR RO A AL BOE e, R
Bz g A5 PR BRI, A REA OB, X 25 9 5 i
RIS F AT E N RN R, SRR
TOEMERT I, RZAEE % K b IF R, 5H%
5 IR A —E X

FULAT A g B K SO BTN AR O R e EL
SRARLR AR, Xb 4R A s A bl o 2 4 R IR
ARTE 5 W G R Bl Ty AN o 7 A B B T
B . K S AL AT PR 2 R gl o .
T BEL D 0 S5 W 7 T, B O T AL A
R ROAS B H R 3+ 55 07 1 DL R W A R 2 A A
AEATHE A, AT AR B R v R [
A28 5 T E KM 50 T A S A S
£ BE KSR T S5 A Bl LS S B TSR 2 0L T
B K G vh R R, OG22 vh W RE 45 A 3 35 1k
BBV, AT AN K G B B L R ) AN AR
SHRCEA . ARG AL TE X 22 RH I 20 T AL R W Y
SCH ST T5 1. o M T W T AR S R B A A
WL A B 5 R A R 9 A A T R IR
I ATK S 9. W LU AR A AR LR L, Xt

il

SR B BR B . U Bl A4 TR R AR A A
LHFFEARS B

FH/IN RO A5 5 52 36 A8 400 S B0 32 TR 2, T
WHoiRIs s, Wz gh s sl # A2 T . F 58 S B
TET RSB G AL & 14 Fh DR X T
EKAR s S, N EEAEE T itk
Ji. R I L R A PR SOB Y 1. B A B K
P 2 M 4 LA T S R, R g e D R R
BT P PR A5 RS . S5 AT 45 2 KR A R A
MIPRBE I S7. 355 9 O 78 K0 23 0 KOk AL
T 220 1 5 RO B AR e .l T A R R
BBVEAKG 5 R A7 ROE L. 4 LR R WP H
AN PR 8 R A R ) AT A MR R 4 T A
FAALLA 52 56 H Al BT 58 34 AT 90 S AR B O ML B
T ATSEEUAR R D S A T T R A S
A AE, SN TR R SR AT R SR TR AR
PF B g R B A Bl e A2 R

AR 303 3 B X LA M 8 KRB T 22 A AL 3 A
U RS A ) A 5 T 3L 3 A 45 A i 98 1 O A 4
i, @S HENA e, RS TR TR
PRBUID B0 85 09 45 L S R BEAUL 25 16, T2 R 1 B K X
EUEZ N W ALE R R S O
TR 46 PR B SIS BT SETT S8, TR T 2 AR A
TS A . A TR AR R B RS K A T
WA LR L 3 o IR T LA B 45 A i 98 1 AR
MSCERF W, B Sk 1 8.0 HLIN B K A £
R U 2l FIAL [ 48 5 Tr] ) ] A1

1 BAkSAESHERAR

KR F I 2 A0 B g R 22 . O ML
NZMHEZREERS R, & )22
IoE R AN [ R 9 2 B 4 1) 52 i, S 4 R RUEE i B
Lo B M T, A b X B KRS T £ A R
Sl AT X 0 R e PR WFSY
1.1 RIEFMNFENENET—LHH

EARKKAMEZMEN P KIBEEZRE X,
AiAT iR Iz B i 5 1R 1 7K A BT iz 3l 78 2 800 s IR S
i EREM . DK B 8 o G AL, #EAT R
P55 AU PN I o TR = O NI N S P ) B Ty - s
(1) B,

o (9”’ + 9vij_p1g1 —%ﬂl BRI

a oz, Iz, dx,




o4 FLBAEEA

2023 4 3 A

X, o AP E KR, ¢ B, o kR 3 T N
. op HIETT, o0 HKEE. ¢ WIEBRIIRE o
HOKEE., DKL, #E V. KEESH P, K
MR ZE YRR P, B HLEE ) Nl B G AR RRAiF i
Xif A i AT i 40—k .

A LS )
L’I Lv'U V!
- p—P, - g
P=p—p E=¢G (2)
ks E R ENIE L (3 iR,
Jv, - dv, GL - P,—P, dp
7+'Z)- E— 2 i 2 7+
T P S A
% v
~ % (3)

VL 97,0,

A, HRAN, B H IR BRI RSP 3 T
A ERNRZBV/ VGL, (P, — P/ p V' H
0/ VL / pp SR UEAS G RO sh AL 1) 2= 5, B Fr
o MRe, ARIRMEEI, KT, Btk 54
M

SR FH 45 LG S0 T Xk 25 A O It 3 A ok R R AT
W, TR GRE R A S8, A LR
SUR L LN N R W s N RS | M 15 SR e S
MG, GEFHELEAMUSEELRES . Hiw,
WA E&MT, AU R SE Lol % 4
T G NEEE VO RK D) P, R AR
B Fr=V//GL Mo=(P,—P,)/ o, V* #l. 1
AU AR AR R R AR R,
RURIFEAYH) Re = oVL [y 2377 A 25 5 . 46 LU A AL 5K

BIURILR L, /L, =2 &M, &HEEZILRe,/
Re,, =2"" HA R p ZRERL, m ZRpa,

HAETR B AT R B K A R as st b, R
RIERIR Re 22 8K, iR Re 25 5 % 45 LA AU
S 7S W 22 M U Bh B AAOIR 2SR i AR X AN, H A
7 247 BR80T Y Jmy B A S AN ), A R R K
N B, B R R R A i K R R 5
ANROBE 3236 25 3 7K RS T S O W) B R R A
MARERGESEERS RS WP IERE, WK1
iR .

1.2 BASFAHSHEHTRR XMITEMARATR

5 K S A T 22 MR T AR LU R R ST, — im0
WCAE K T Ty R0 A AR A SR . AR TE o A Fr
AEAL o 38 3k B0 B 2 8 4 L ASE R ST 56 B 5% ) {4 AR
1 Gu=nG,, WNTEEAHESE, &7 7 L8

B1 ARAREBSZEEEIE (Fr=0.6)"
Fig. 1 Model experiment of ventilated cavity

with different scale (Fr=0. 6)"*
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Tab. 1 Experiment condition with different body force

and free surface pressure
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Tab. 2 Numerical calculation condition with

different body force while surface pressure unchanged

D n o Fr Re
0.25D, 4 3.06 9.03 1. 59X 10°
0.50D 2 3.06 9.03 3.18X10°

D, 1 3.06 9.03 6.37X10°

Vi/D=6
(a) D=0.25D,

Vi/D=12

Vt/D=6

Vt/D=12
(b) D=0.50D,

102045
101 325

VtID=6

Vt/D=12
(¢) D=D,
B2 AEGERAFHETEREANKENEE
Fig. 2 Contour of pressure of water entry

with different body force
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Fig. 3 Rigid motion of water entry model with

different body force
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Tab.3 Numerical calculation condition with

different body force and surface pressure
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Fig. 4 Contour of pressure of water entry with different

body force and surface pressure (V¢/D=6.3)

—P=007P, 1g
LOT\|----P'=3.14P, 100 ¢

2 —P=0.07P, ¢
-~ P=3.14P, 100 g

0 5 10 15 2|0 25 30 35
VitiD

(b) EE AL



®om BT AR ARy i 5 7K ST T 22 A O B I A 0] RS 58 T T A 57
1 5004 /H\:':F'v Oij ﬂﬂﬁjﬁ, € ﬂ‘jﬁ‘lﬁa p‘ﬁﬁi%ﬂ‘
1000 N\ —P=007P, 1g FE . wi AEARTEEMH, o0 AR S R 55 JEE 5
TR ----P=3.14P, 100 . . o
Cos0] Y ¢ BERBREE . o, MR i, p, FIU, 4y
RN 4 T R TR )RR RS A, X b A
* s00] \ FRRMM, AR (O ~ (7 A
1000/ ) TR R I A
~1 500+ - _9s P, -
. . . . . . . o _Pu*Pw’ul I (8)
0 5 10 15 20 25 30 35
Vi/D Pu *P,‘, aO‘,‘j LG—- 7(’)21/‘1' (9
(c) 4510 % i B o Vi o, L VEETT L
B S IOk EE AR TR A iE D (0w o
Fig. 5 Rigid motion of water entry with different € =5 | i— + = (10)
2 dx; dx;
body force and surface pressure B B o
O','j:F,'j(Skm)960(0‘,/75,‘])<0‘o (11)
AR T, A TR C A T K g kL oin; =p;su;, =U, a2

PE— M1 Re 5 HAWAUZ BUL AL R . B AE
BLOHLNHEAT SC 0, R MR B Az 2 DL R R Y s
gl ATl e 51RO R, O LER
BB AT b B AT R 2 SRR R S5 DR
UEARE A 3 20 i — ok, R 3 B4 o A B T
DX 3 3 A B i 8 Bl R UL RIS R 0 R 3h
BE.

2 BASAEREBAEHR

FLAT 1 A K Bt AR R R, — S B AT
A 45 10 3P 4 20 W R /s L AL 30 4 T
SO T LA 22 W LB % A K B AT AR
T2 1 AAK ot 1 R R FH 4 4 5 T R R 1
DN A K T K 0 R i
T BKRIE A K LR L A7 AR W0 U 1 3
SN S [ I S TR B B 3 ALK ity 28
WERELS T A B W L ) S 0 2 A A 4% g 0
S I A A T B
2.1 BERETEETROT RN

VARSI TR R HT5 1. 1 B, FHIE
A TR N

Py,

ao'..
\//A =t Y )y . ==
-1l 7 o +p.8: =p, pye (4)
1(du,  du,
@ﬁﬁ*ﬁsﬁz— “ + “ (5)
2 \Jx; dx;
Z&*@j&% 0ij :F,J (€km)9§0(6,_,‘ 95,']') <G() (6)
jjlﬁ/%'ﬁ: o n; =pisu,; :U,' 7

[ AR AR ZS AR ABL, R PR JIE TG S 49 (%) - i 5
B FMEK (P, —P)/p.V HILG/V' —
|, ZRBEWARESR RS Fr flo 200, 45
50 B IBOAH [ B4 kI, i AR A2 T 3o A 1 - 5 7 AR H
Bl .

XTLEMEE, AR L ab ) Wik
[FEAR R B S S5 MR G, 7 RAZIE LU L AF
TEM BSR4 . R F, Mg B0 dEL PR, It
HA B R 5 B B0 R R o 2 MR A B R Pk
S RBE TG, R, A4 2 18 U [ #E G 52 mi
R 245 LU A TR ST B, 7 38 O A R S B e A A ik 1T
PRAIEE IR 2 B R 58— 2, SRR
MEBEAS R, AR R FR ) SR AR R, A SR H A [R]
(O RA R S5 A IS S5 AL JLART AR BLBD a) i 25 4 25 08 5
JR Al —3,

2.2 BARRERBAEFWMARIHL TR

MK G5 ROST BRI, SR FH 40 LA R S0 55
WA K vh i Fiz g R Pk AT U80/0N 5256 AR 0 JE
Wy, [RIEE, AR A S g 2 80 & T BE e A
B, TFREEE A BT A A e LA AL S, AT AR
G3 AT 45 R T8 728 R Bl Bl 2 T Ak B A ELRE A AR .
W] IF 5T A () 45 46 28 TR IR 25 8 5 20 2% v R

BT AN ] 325 7K S5 T4 b RS R R 5 2 B0 AT
AT, AR 4 R, — R KA ST 22 AR U S g i
b AR KD R T, AR AR R D AR S A L. (H ik
FAFT S AERIAE S5 49 A0 it 4 5 T s e/,
RUFN G AR ZE A AR A C R —BURME TS, S5



58 FLBAEEA

202343 A

AR ey A—E, BEE S5 AL AW L6 TR AR
FI B D HUE B AR 3R EE . AT FE LR AE Fr #l o
HER—FEMFET, BEEWRSHMEET. B
ffEETEs T -8, Yn=G,/G, 52=L,/L,
—HER T, (P, —P ) /p. V' LG/ V* A8,
W3- 5 R AR, R EE L TR ) AL ) R AN A
TELRLE R ZR . YR RN 15 J5URY SR AR ] B4 B 2% 15 F
LR AR IE K AL
£4 REBERBEMHEMMEH
Tab. 4 Structure deformation simulation condition

considering flow structure interaction
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Fig. 6 Fluid structure interaction calculation scheme

of water entry
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