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Numerical simulation of the resistance character
of an underwater vehicle
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(Department of Applied Mechanics and Engineering, Sun Yat-sen University,

Guangzhou 510660, China)

Abstract: In this work, the computational fluid dynamics (CFD) method is used to study the resistance
character of an underwater vehicle in a specific undersea tunnel circumstance. In order to prove the valid-
ity of the proposed method, the standard Suboff model was numerically calculated and the simulation re-
sults were in agreement with the experimental data published by ITTC. This work presents different effects
of resistance and pressure on two front supporting structures with the simulation results of the two different
models. The flow field around the vehicle and the resistance characteristics changing under different
working conditions were analyzed. The results show that the bar supporting structure can reduce the re-
sistance and surface pressure fluctuation compared with the board model and the trend of resistance and
pressure changes under different working conditions is different. In the downstream direction, the resist-
ance decreases with the increase of navigation speed, where in the upstream direction it goes by contra-
ries.
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Table 2 Numerical calculation results

V/(m-+s™) ITTC/N FBEHUEL/N RZE/ %
3.045 87.4 88. 1 0. 80
5. 144 242 248.3 2.52
6. 090 333 347.5 4.32
7. 160 452 466. 5 3.21
8.230 577 591.5 2.51
9.254 697 720. 8 3.41
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Table 3 Stress analysis of the model A

under different conditions N

R JE2:B 77 JEEAE R ) ABE T

1 1 933. 867 38. 690 1 972. 557

2 1 746.013 34.395 1 780. 408

3 1 478. 285 30. 231 1 508. 515

4 1 289. 187 26.302 1 315.489

5 1 106. 783 22. 541 1 129. 324

6 768. 996 16. 167 785. 163

F4 AR TR B AR eTE o
Table 4  Stress analysis of the model B

under different conditions N
T4 2R JEEHERH g SFHTg
1 1 388. 090 37. 687 1425.777
2 1 242. 665 33. 88 1 276. 545
3 1 060. 972 28. 879 1 089. 851
4 889.973 26. 534 916. 507
5 768. 617 22.535 791. 152
6 500. 998 15. 838 516. 836
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Fig. 5 The pressure resistance changing
curve of model A and B
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curve of model A and B
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Fig. 8 Velocity distribution of different sections of model A under condition 1
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Fig. 9 Velocity distribution of different sections of model B under condition 1
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Fig. 10 Velocity distribution of different sections of model A under condition 3
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Fig. 11 Velocity distribution of different sections of model B under condition 3
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Fig. 12 Velocity distribution of different sections of model A under condition 5



13

(SRS VIR YN EPAE R e CIER S ) 157

Velocity magnitude/(m-s™)

334
323
312

(a) middle section

(b) track section

1.00 (c) top view

. L11x10-
0.00

13 TBLS UM B A A
Fig. 13 Velocity distribution of different sections of model B under condition 5

mE 8 13 /1 (a) Frax, =FLO0 K PIAPAL
v NIPE LS v el Dt B A A . TEATR ALY
oL, JHEMEE R Mg . H, XFRMEE
LB R B IR i, SEWLE N RZ /Y
AR, AHTFHLas AAEK AT 3R AR 1A
i, A BRI X S AR B R T B SR, X
S A RN &

HIEI 8 — 13t (b) W, TEJEA 5 7 3 Bk
W7 ) b 2x BB B O T X, AR AL A
TER PATRER I B T . HL, WA T Bk s Y 02 s J
S/ T OAA TR B0 T B, (H A B 60U R
FHZEA K 7, BRI 7R DX EE A B YR
—4t, HIPAREAIN ;A2 00E X BT (1Y e
FEWLEL A BRI/, XA RE T MRS oMb B AT
AITUEAE L A BRSO, LRl 3 A A AR o 1Y
B,

HIE 8 — 13 (c) RIAL, HPRWTT M 7EPL &%
NIET7 R XA RREAF A S B . R JA
IR LT AR I BLG I nl ARSI A R T
BT o LG A LU AR LR BE 2 B 3 3 B2
HORp IOV IR IER A e S35 WA N e L
AR IE s, AT LA BB B i3 25 B R
TRALFEE B0 TR A Y,

4 4 e

ASOR HE T AN ] SR AR K S AL gs AN 7K
BHJ7 . R SR AR 4 A, A T AN A Lo
BRI AR R R AR A M R R FR S
wh:

1) HLgs AR SCEE LS RT HLas AT 7K 52 B 71 il
FEU A W S SR o A R S S AR AT
KBS N AR Z KBS (2930% ), Jf i
Ref AP TF e it Bl 1) 30

2) KGR ) 3k e 22 BH D) N EE R RH o
H, ZE B AR KR B s AL (29,
97% ), TEEHERH 1 i o FL AR /e A BEAUAE T8
1 -6 [ S143 5. 1 972,557 .1 780.408 .1 508. 515,
1 315.489 .1 129. 324 F1785. 163 N;B fIfE T 1 -
6 [ BH 743 B 21 425.777 .1 276. 545 .1 089. 851 |
916. 507 .791. 152 F1516.836 N, pUt Al LAfG s, JIi
Dt EsF B 7 i A i () 1 I A ATG 5 306 dk st B D)
B A AR, BIRE A R G g .

3) KFHERANETAEAR AR EX, 7
FEXEPTEEN . A BB BHLEE ATE LA 1 -
6 1R E 98 7 5 M. 4 270, 3 269, 3 282,
2442 2 424 F1 1 658 Pa; B BIAIAYHLES ALE LI



158 Rl REF2ER (A SRBLAEAR)

$57 %

1 -6 3% I 1 3 53 9. 4 320, 3 816, 3 301,
28462432 M1 646 Pa, JLIA Y, R 8 A
St it T PEE PO N TR s R AR s, S5 RH
S A AR AL o

4) P JE B R B e A A B i
SRS TR N AL NI AN, PIRET
i Las NAEAN R 00 T A oA Fe AR . KR
PLas NSRS ML L 2 B g, 1
B TR R B S, AR THLES AT
PR AR T, JEd X AT DU B B BERLAY 31
PR B R ML T A B, BT PRES I T
Bfto

Bl AUHARER A RR 2 E (11572356) A
NSFC - "RER GG (W) BPGTHRA AT
i Agilie

Sk

(1] FEbg, mied, £&. 5T CFD FIEHEIT R H AR

AT ae b R BEESE [T]. P ERHGESC, 2016,
11(19) . 2164 -2168.
WANG Yuting, XIANG Xianbo, WANG Se. A study on
hydrodynamic drag coefficients of underwater vehicles
based on CFD and direct calculation methods [ J]. China
Sciencepaper, 2016, 11(19) . 2164 —2168.

(2] E#klE, FPKE, WIF, % K THLEANSMEMR LR
i (1] HURSWE, 2014, 42(5) : 76 -79.

WANG Meiting, QI Yongfeng, TANG Fangping, et al.
Shape optimal design of underwater robot [ J]. Machine
Tool & Hydraulics, 2014, 42(5) . 76 -=79.

(3] T%%, HER, I, 5. UMK LSS AR
PERERVELERLRL [C] / BUT. hEEM LR
ARIETCIE - MK B ) 272 R 2 U AR -2 AR 5
HEATTTC30 A2 e 2eie 3. Hul: (b G )
ImiEEs, 2008 . 132 - 136.

(4] XUERK, TIFF, skaash. KT ARREAR AT AR

MRER S Ee g [T TR 124, 2007, 24(2) .
178 - 182.
LIU Yuqiu, YU Kaiping, ZHANG Jiazhong. Numerical
simulation and comparison on drag reduction of Non-Stre-
amline submerged body [ J]. Engineering Mechanics,
2007, 24(2) . 178 —182.

[5] NEMATOLLAHI A, DADVAND A, DAWOODIAN M.
An axisymmetric underwater vehicle-free surface interac-
tion; a numerical study [ J].
(96) ;205 -214.

(6] Aifpd, Midz, WARESR. AP RIE ROK T LG B )
PEREUE AT [T]. ROTEHLE R, 2007 (23) . 227
-229.

Ocean Engineering, 2015

(7]

(8]

(9]

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

GU Haitao, LIN Yang, HU Zhiqiang. Numerical analysis
on the resistance of autonomous underwater vehicle with
tunnel thruster [ J].
(23) . 227 -229.
JEIS, W, R, 4. BE T CFD BpK R LS A
BHICARBLD AL BT [C] /) BRoasife. REu05 HAL
ARBIRIT s RGN FAAR B R 22 AR 2 88 3C
. AL EBREHAR R R, 2009 62 - 66.
AR, ERA, 5. KT AT LR ZME X
SENARECERL [T]. LB, 2011, 38(9) : 15 -
18.
HAN Xiaodong, WANG Jianru, MENG Xiuging. Under-

Microcomputer Information, 2007

water navigation body numerical simulation of influence on
the resistance [ J]. Machinery, 2011, 38 (9) : 15 -
18.
ZHANG Huaixin, PAN Yucun. Resistance performance
of a dish-shaped underwater vehicle [ J]. Journal of
Shanghai Jiaotong University, 2006, 40(6) . 979 —987.
Wi, 5, ZrEll. A E BT R PILAR B
IS RS (], R 4l (A AR
Ri) , 2010, 49(4) . 58 —62.
YANG Fanggiong, TAN Qing, PENG Gaoming. Re-
search on environmental awareness and real-time obsta-
cle avoidance of collector under uncertain environment
[J]. Acta Scientiarum Naturalium Universitatis Sunyats-
eni, 2010, 49(4); 58 - 62.
GEORGIADES C, NAHON M, BUEHLER M. Simula-
tion of an underwater hexapod vehicle[ J].
neering, 2009, 36(9) . 39 —47.
FRI7. FUKTHLER AT S 4 4 e ki [C]
/) A WK RS2 4 BT RL B B AR B - i
IS 22 42 B MR R B T8 SCEE. I
o E KRB AR AE B ey, 2010 121 - 125.
PN, AVAK T HLE N (AUV) =ZE85 R Bt K i 5
ot (D] 5 EE R LA T TR R,
2011.
KJi . BT CFD IR IRSN/K AT 8 /ME A5
[D]. KEE: RHRFHM LR, 2012,
YANG Xinping, XU Pengfei, HU Zhen. Research on

Ocean Engi-

visual simulation system of deep-sea vehicle [ J]. Ocean
Engineering, 2012, 30(1) . 137 - 144.

058, RS T CFD {05 A ML fa 55U 1 B 4
Br L] BIIE~Ber4i, 2014, 28(5) : 13 - 18,

MA Yao, ZHAO Hongwei. Numerical simulation analy-
sis of bionic robot fish based on CFD []J].
BaiCheng Normal University, 2014, 28 (5) . 13 - 18.

LIU Guijie, CHEN Gong, JIAO Jianbo, et al. Dynam-

Journal of

ics modeling and control simulation of an autonomous

underwater vehicle [ J]. Journal of Coastal Research,



13

(SRS VIR YN EPAE R e CIER S ) 159

(18]

[19]

[20]

(21]

(22]

(23]

2015 (73) . 741 -746.

A, e BT RO YT M R S LA
NGERL [T]. iR ik ( AABHAM) , 2013, 52
(5) . 45-50.

GUO Binghua, LI Zhonghua. A method of localization
for mobile robot based on obstacle-ground-corner [ J].
Acta Scientiarum Naturalium Universitatis Sunyatseni,
2013, 52(5) . 45 -50.

TR, WoKLE ATETR LA R % I R 58 A ) e
MR [J]. RG24, 2015 (3) = 55 -58.
WANG Liyang. Application of diving robot in deep hole
pressure tunneling [ J]. Dam & Safety, 2015 (3) : 55
-358.

PARK S W, KIM M S, SOHN J H, et al. Study on the
fluid resistance coefficient for control simulation of an
underwater vehicle [ J]. The Korea Society for Power
System Engineering, 2016, 20 (1) ; 24 —29.

XU, AN, BRAKHE. BT Fluent (97K FAATHLER A
i leteiit [1]. Rz, 2017, 17(1) : 125 -
128.

LIU Yuan, LING Jie, CHEN Jiawang. Optimal design
of underwater pedestrian robot structure based on fluent
[J]. China Water Transport, 2017, 17 (1) 125 -
128.

HKIE, Gk, HAES, S O ARG PLas AP
el [J]. R4 C B ARBR= R , 2016, 55
(5) : 14 -20.

ZHANG Shuang, WU Yilin, GE Weiliang, et al. Bal-
ance control of a humanoid service robots [ J]. Acta Sci-
entiarum Naturalium Universitatis Sunyatseni, 2016,55
(5): 14 -20.

ERRE. TR J) %00 H——CFD 8RS
BEHT [M]. JE5T AR L, 2004:272.
WANG Fujun. Computational fluid dynamics analysis-
principles and applications of CFD Software[ M |. Bei-

(24]

[25]

[26]

(27]

(28]

jing: Tsinghua University Press, 2004 . 272.

B, AARR. —FhHE FluentUDF i i IMSLFor-
tran B PERY T [T]. Al ok A4l ( A SRR
R, 2017, 56(3) : 31 -35.

HU Wenqing, ZHAN Jiemin. A method of using IMSL
Fortran numerical libraries in Fluent UDF [ J]. Acta Sci-
entiarum Naturalium Universitatis Sunyatseni, 2017, 56
(3) :31-35.

kAR, TLEAZE, WhEZ. TERAERH T 5 A A BB AR
556 UE S M R B BE AR A OE S L] AR o,
2005, 9(1) : 1-13.

ZHANG Nan, SHEN Hongcai, YAO Huizhi. Numerical
simulation and verification of submarine resistance and
flow field and numerical optimization of hull shape [J].
Journal of Ship Mechanics, 2005, 9 (1) 1 -13.
TR/, Vo, 250, 2. SEROK T B A58 J7 i
WHE SEUESE [T]. ARRAHR, 2016, 38(4)
. 42 -46.

WANG Xiaoxiang, XU Jingfeng, LI Xu, et al. Study on
the underwater resistance test method and numerical ver-
ification of the jets [J].
2016, 38 (4). 42 -46.
Wr/IVAR. B U B A 5 S B s el i 3 o0 b [T
IRl EAR, 2010, 32(10) : 8 —11.

CHEN Xiaozou. Flow field analysis of airfoil attached to
flat plate [ J]. Ship Science and Technology, 2010, 32
(10) . 8 —11.

W, SRR, B LR AR L A OK
AVEDRG PR TR A BT S R BB [T]. AR I 27,
2004, 8(1) ;19 -25.

CHANG Yu, ZHANG Zhirong, ZHAO Feng. Applica-

tion of multiple structured grids to numerical simulation

Ship Science and Technology,

of viscous flow field in surface ship with attached body
[J]. Journal of Ship Mechanics, 2004, 8 (1): 19 -
25.



