International Journal of Mechanics Research J72£WF 5%, 2023, 12(1), 8-16 Hans )0
Published Online March 2023 in Hans. https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2023.121002

IKTRFINKEN N R BB ERUT SR

WFZEVENE e, IR B 5

Wk H . 2022479260 FHER: 20224F10A8H: &ATHM: 20234F3H7H

G2

K =%:Navier-Stokes T 2T & T =4k B BRI IR Y RARK SN 1 RECGRRBUEEBE 7T, fEE
it b —P IR T SUBOFFHE AU ERE T R AE R IR B E E. 4 T K TRAVNES. 48, B
KBRS BEERFES T RMEE TR, FNFR T A TEIVKIADREBETRIGE. &
RRH, AXRBIIKTEIVANNZESEEN T ETHERSLRE RN —, MHXESSRE
KAETEN KA ZBBETRTER —ENSHELER L.

X 5in
KA, K3 RE, HEBER

Numerical Simulation of Hydrodynamic
Coefficient of Underwater Gliders

Xu Liu, Yi You, Huaxi Fan, Congsen Guan

Naval Submarine Academy, Qingdao Shandong

Received: Sep. 26", 2022; accepted: Oct. 8", 2022; published: Mar. 7", 2023

Abstract

The numerical simulation of the vertical and longitudinal hydrodynamic coefficient test of the
three-dimensional rotary ellipsoid was carried out by using the three-dimensional Navier-Stokes
equation, and the numerical simulation of the transverse and bow swing test of the SUBOFF model
submarine was further carried out on this basis. The motion forms of the underwater glider hang-
ing, longitudinal, transverse and bow rocking experiments are analyzed, and the corresponding
mathematical equations are derived, and the numerical prediction simulation of the hydrodynamic
coefficient of the underwater glider is carried out. The results show that the calculation results of
the numerical simulation method of hydraulic coefficient of underwater gliders developed in this
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paper are consistent with the experimental results, and the relevant derivation process and cal-
culation method have certain reference significance for the numerical prediction method of hy-
drodynamic coefficient.

Keywords

Underwater Glider, Hydrodynamic Coefficient, Numerical Forecast

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

KT T FIMLAR) I 37 1006 A2 — b i R 1) T BT P DS SO LRSS, AU th R HLA . BXEh L R 5t
A 5 AL R AR G2 5% = o AL AR AR S0 EAT MU RIS, W P SCIR AT BOE 5%k, DR A R A2 AH
[FIRIEAN A, XA I 3R B R 1E5238 5, HABURIGA N, SZamMiashgiscil 1 &Y
B3 KTHEMVAREIZE 2 TEERBOVIRIZE 2 —, PRSI RAEEGIS sl SEa B3 128
B, W TR g, (BT AE BE AR AR FR A b AR R S N Y 00 AR DK TR W FRALAE KT T A
WREZY, B SRR I sk & BB B BT R AR RE K 3 I I LA 2011

AR =4k Navier-Stokes 75 FEJT e 1 =4k [0l HE TR A 136 357 S A B8 7K 50 70 2 B 0 B (B 40t
7T, FESLIERY LRE 2P ITRE T SUBOFF B ERE 5 S M4 o0 BB 0T . 0B 1K NI FIBLEE 3
PR W LA PR SR MIE Zh IR SO HES T LB R, R TR 1K I IR Sl 7 SR SO E
Wi

2. TR EHERBLIE
2.1. EFHEHEBFLR
XFEyEs, f:

& =&, =asin(wr) (D

X
&, & ——WISCATIm AR AR M4, BRI FIALA R AL A% .
o ——fWC R MAERE, BISCAFHRG MR, th R HINLE 5 a 2h 1 R .
a——{BFINLIE G B AR -
BEIHE FIHLIE 2 280N -
0=0=0
w:fzaa)cos(a)t) 2)
W=—aw’ sin(wt)
EVCER

0,0 ——TEFINLEE y BIUR A BEA FA
w, W —— Vi FRATL I 3 i T SR

DOI: 10.12677/ijm.2023.121002 9 VAETIS


https://doi.org/10.12677/ijm.2023.121002
http://creativecommons.org/licenses/by/4.0/

PUE

WA AR L B TR 10 ) Z, 68 Y BN M, TEAINE Z0 MAERY, e
Biad)). TGIBHERANEIIURISYLEs), BEshS 8w, o SEE00/NE, RN H AT HTzEs),
FTUAAE L g 55508 0. BERKEI IRERIF S5 G /KEh ) B8R (2], B EIRLZItizsh e N:

{Z =Z W+ Z w+Z,=—aw'Z,sin(ot)+awZ, cos(ot)+Z,

. 2ap 3
M =M yo+M w+M, =—-aw’M,sin(wt)+aoM, cos(wt)+M,

W)X BAT LRI, HEm JITTREERR 0.50° L, PR IIFE TR 0.501° L, 35T -

2
7 =— asz z, sin(cot)+%zfv cos(t) + Z;
% 2 14 “
M' = _"I“/’ZL M, sin(a)t)+%M; cos(t)+M;

AHF: LASEKE, VRREEE.

K FH = 4t [ EE G BRAATT F 1 3 S2 080 O BB PLIGAE o AR RIS G O, BUE B N O ALKk N V=
0.8m/s, 25 IEZIRFIRIE o =2.5m, B THIRFIE 4 0.01 Hz. WHERIRTELY Z173% R 1E 949
Yiasl, XFEE RIS RACHIERIR I FHTIEs), RBSHORLE K0 T 44F 5 RS20 R 7 — 3.

2.2. IKFIHRBURBS R
N = Yk R RN 335 5256, R R VSR IEMRER KB 2. 2

aw’L

Zaz_ V2 Z\:/ thgz:v
2 (%)
M, =="7= M M, =M
V V
IO WNCHEEIE
Z'=Z,sin(wt)+Z, cos(wt)+Z; ©
M'=M,sin(wt)+M,cos(wt)+M,

TR ERIRES Z,,2,, M, M, -
iz B VLB BOH £(r) . FHCTESE ANy 2, (ST NG B SF R I 21 (0
I, 735

f(t):ﬁJri[ancosn—erbnsinn—mj ™
2 n=1 l l
H &% a,,b,
a, =1 [ 1 ()eos™ar (=012,
A l (8)
1 .
b”zfjﬂf(t)sm—dt (n=1,2,3,)

AR I RBWE L Z,, Z, NRERIR

Z,=b =2 f(1)sin(ot)de
v ©)
Z, =aq, :;flf(t)cos(wt)dt

DOI: 10.12677/ijm.2023.121002 10 VAEZT T


https://doi.org/10.12677/ijm.2023.121002

X% %

KRR IHERT AR M, M, I
THEAR IR ) REOT EE SR EX LR 1 For. W5 ikiertEE . R THEE DL HE
WEHZNA K B HIRAIE 1 35 oI B BTk S K B 71 2 B0 s S ) IR

Table 1. Comparison of the calculated hydrodynamic coefficient of the vertical test with the theoretical value

= 1. EHREKE N RRITEESEREX

z! M z, M,

IR EE -0.0175 0.0198 -0.0287 0
B SE T A -0.0177 0.0193 - —
IR {E -0.0186 0.0186 —0.0265 0

3. YRR BERMLIE
3.1. YEEEIRBFHE

WPIRISBNRENGIRIF R T AIRE ¢ 5AINESE g KIK3) 71 R4
OFRIZBNIN, WYL EhE LS ORI ZAR D), TERIEL R TIPS AR R Z A SN
HWEHANE, Mla=w=w=0. SEREFFE ST IRIEM S, 5 HAMAMZE, XA —Em

iEY
lyo

€= Zarctan7 (10)
RIS P ST AL R 4509

¢ = acos(a}t+§j

(11
&

& = acos(a)z—E)
LI AL IS S AR A R

0 =6, sin(wr)

q=0=06,0wcos(wt) a2

¢ =—-0,0" sin(t)
w=w=0
e
O ——IE FINLE S R A A
0, —— 1 FIHLH I KA o
o —— R R AR, RISCRF R A, RIS LR 18 3h i R A .
q,q — I FIALEI PR A3 2 AN SR 7 s 22
BOEA R P PN BIR TR 0y Z, G2 Y BN ABUIHE M. RIEKE IR, SRR
YIRS E— LB S HONARTE g 3], WIS BRI stz Ui fe:
{Z =Z,4+Z,q+Z, =—0,0°Z, sin (1) +6,0Z, cos (1) + Z,

(13)
M =M, G+M,q+M,=-6,0"M,sin(ot)+6,0oM, cos(wt)+M,

DOI: 10.12677/ijm.2023.121002 11 VAEZT T


https://doi.org/10.12677/ijm.2023.121002

PUE

F(13)NHAT BN, FEm S TTREERR 0.501° L, PR SIH T FEERR 0.500° L, 193] F 3
{Z’=25q+Z;q+Z(;

’ r ’ ! (14)
M =M, g+M_g+M,

K Y = 4 [ FE AR BR AT F 08 S50 10 BB ARG AIE - ARFE IR B0, BUE T BT N DAL ISR V=
0.8 m/s, 4 IESZYRGRIE 6, =1rad » B THIRG IR f9 0.1 Hzo BEERIRLEI S1308  OR FF IR 3 IR
wiasl, XA ISR AOEA I AR Z 8, KRS EOE D %A SRR R R — B

3.2. IKENDRBRBEIHR

ISR EN )1 R 20, 2, M M o BB HTATVE 2 P48 3R I S e 8

T A ARG Y U A — A i 30 AR AU AR 6 ] DASRAS /K B0 ) AR e e B L R AR e Al o B . — ANk
PRI IRT T 2 PR B o (1) 72— BRI TR B Y £ e [0, T FA PR3 LI B3 5 SCA
F[x(1)]=%(io) = [ x(r)e > dr (15)
Forr i SEREHCRAL, AR A,
A BRAE FL AR 23 v AFE BB f, EAR BT B f, S TAIRR 1) A0 26 B AR 48 Wkl e 1y, AR 43

HEZONIT AP IR 25 78 B B AR AR SR ol LLR At A Z A2 419 381 S gum B rp 55
155 %V AH QIR IR LU AR A7 A1 mT DUF i N R B RS 08 pR R i . X TR M) ) Z, HABR B R AN :
: F[Z'(t):l i¢()
Gliow)= - =R(w)e (16)
Horb R(o0) M1 ¢ (@) 70 30 on 4RI EE AR A2 M, g SO
|Z (io)]
R(@) =1 17)
)
¢(0)=2Z'(io)- £q (io) (18)
PNITENCY CIPAE &
Z) = R(w)cos ¢(w) (19)
Z, = R(o)sing(w)/w (20)

SR IRRE 70T ISR A5 M, M
PRI K S 1 R S S BB T EL A 2 B, 2 2 TPOdgh T SU SRR B R A
SCEF B AR HLAR ORI BEAE SR, 90 SCRR I TSR LB T TR0 ) RECR B = LR . A
PRI TS 5 B 7 B o Bl HIRAE T R S S B V2 Bk 3 1 R A S 5 M E B

Table 2. Comparison of the calculated value of the hydrodynamic coefficient of the longitudinal shaking test with the theo-
retical value
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Table 3. Comparison of the calculated hydrodynamic coefficient of the transverse test with the test value
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Table 4. Comparison of the calculated hydrodynamic coefficient of the bow shake test with the test value
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