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Numerical research on free running model maneuvering
motion of a generic submarine based on overset mesh

CHEN Mo, ZHANG Nan, CHEN Ji—jun, HUANG Miao—miao, ZENG Ke
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: Aiming at the actual demand of improving the numerical simulation of unsteady submarine motion
in maneuvering condition, the overset mesh was used to directly model six degree of freedom coupling motion
of a submarine and the independent motion of each control surface, and the sliding mesh was used to directly
simulate the propeller rotation at the stern of a submarine, so as to carry out the research on the numerical
simulation of a generic submarine in self-propulsion and free running maneuvering conditions. Through the
procedure of numerical simulation in typical working conditions, such as submerged self-propulsion, turning
maneuver, zigzag maneuver, crashback, etc., the issues of submarine/propeller/rudder hydrodynamic cou-
pling modeling and PD (proportional—-derivative) numerical control realization of autopilot in maneuvering
condition were emphatically solved, and the technology of free running submarine model numerical simula-
tion based on overset mesh was established. At the same time, the surrounding flow phenomenon and the
time=history change process of kinematics and dynamics parameters of the submarine in maneuvering condi-
tion were analyzed. By comparing the numerical simulation results of typical dynamics parameters with the
model test results, the practicability of the approach for engineering prediction was verified. The research can

provide a guidance for the prediction and evaluation of submarine maneuverability and seaworthiness. It is
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beneficial for the improvement of free running submarine model tests.

Key words: submarine ; free running model ; overset mesh ; numerical simulation
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Fig.13 Comparison of dimensionless axial velocities in restraint and free running maneuvering condition (x/=0.995)
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Fig.14 Distribution of transient flow field around the hull and development of streamline on the

hull at turning maneuver

115 g BB2 W5 AEEASS TR [] 52 328 Sl 3030 LA B [l 2 3ol o vl Al ) S 32 v R A o R ER B W, B0 (BT T
AR KR IR 25 X H AR 0 o BRME TS AN K b A AR X 3 A5 3 1) [T 5 B AR Dy 5 R 3.22L
302L, Fii#H G K 3.2% , FEERN ST, P15 AR TR ZETE 5% 22 N — B mT s I w0 R 2R, 1
TR AR SC 1 B AR ) 3 AR0RE B 4 AT T %) 5 Jh 1) B VST ARs)  A f b B 34 5 36— 35, AT I
REPRE I 5 1 A Jo A AL T O AR Sl 1o 38 8 S 0/ ) | LA 11 32 Bl il B vh B s TR 5 AT
(] A P A 1) 2 iy 4> I AR B A7) o R #2520 32 W/, R K, 7 [0 e ao 78 v SRl N8 TR 5
FAR 3 A INSEAN E1619 #2584 55 7Kt 565 A MARIN 737 1 B2 3 78 A0 [) 2 R 80T 7= A 1R
WA 225 BUE T A5 B 0 e KR 12 A 2 LR IR /N 16.5% , H A5 56 A0 LU A7 76 i e B4 s B
TS 2 A Fe KA B HE AR A /N 2.2% , W5 3t

0.5 1.4

[——cFp|
o I - - Exp| |

S0 5 0 5 0 15 20 25 30 35
i(s)

(b) Hhms g v

AR ——crp
N - - -Exp.
[}

0 T T T T T 4 U
-10 =5 0 5 10 15 20 25 30 35 =10 -5 0 35 10 15 20 25 30 35
#(s) 1(s)

(o) MM ¢ (d) MAFEEIE Y,
BI15 [ml5%as SRR 25 R 1R A SR T

Fig.15 Comparison of results between numerical calculation and experimental test in turning maneuver



554 Bk BRAE: EETES MM A TER Nz - 495

5] 16 >~ BB2 1 A5 80 ] 5 35 2y v SR 5 N T A9 £ 6 N 1) 7 Y VG 08 N B8 4 . K]
W] LR BT RGN A I, AR SR N T T (S 25 20° BT, PR 100 o A AR [ 1 2o R R T
TG, A6 F1 522 A28 3 LA 3 17) 7 R ) R 5 AT [ e 5 s i 2 J SRR A 1) 3 R A g
WRAELTEC T A, (Ao 3o [0 7, LA [ e ol A v i T PR, i Pt i b T o

25 1

20 - = 100

15

|

i 501
10 ‘

)

]

o

|
! . | |
1 0 i
ikt A gl
i . Y

SE .
dull 4 w&‘&"r‘;‘;ﬁ% |-
o A ‘TM .’

Y(N), N(N.m)

"3
3

-2004

0
-10 -5 0 5 1 5 20 25 30 35

#(s) i(s)
(a) fiEfA 6 (b) T 7 Y S 156 N
W16 1552 SR RN TS Fh 0 7 3 A0 A 0 S R % R
Fig.16 Computed results of stern angle, lateral force and yaw moment in turning maneuver
33 Z AR
AT X BB2 W AR AL 7K T 20°Z IR H At 12 s 4T BUE L, W46 28 2 5 2R B, BAFRE B
RETGE (1=0 s 5 Z]) DU RFT e il 28 A2 i 200, B 4545 9 it i 200 7K 455 1 (8, = 20°) , (il REARFE A2
P 1), RF 20 25 i 3 200 B 37 B DL B K AT AE B HRAE 200, B2 45 G0TH it i - 20° 7K SF- 5 4l
(8 = =20°) , Fi A7 AL i 22 2000 37 B LS KATHE B 22 8 200, P B HiRd 72 . 7RV AR ALz 3))
b AR, ORAE S MARIN 7K AR A 30— 3, 3 o] 425 10 0 T2 #5 A T 0 6] e e ) I ke iUt T o 117
BB2 W REAS Y 7 JE B8 B R L 1=7.18 s F11=20.50 s I ZI 44 J&51 Bl 3 37 0 A S IR 26 ThI i 26 % e
PN

(a) t=7.18 s (b) 1=20.50 s
17 ZIEHBAERENA ] BB AS 0 A B SEAAR TR 2 K Jie =
Fig.17 Distribution of transient flow field around the hull and development of

streamline on the hull in zigzag maneuver

] 18 S BB2 W A5 7Y 7 JE B A2 sl Bl LA K Z B B e L B2 P OB B2 £ o B2 AR o I FERIE Y,
B TR LR S AR IR 25 X eSO . BUE AT 210 Z TR e 12 sh Bl BEEE M o EE AR o i
PRV, W ELR/INES) 55 0l A A TR 0 & SR AR 30, (e o) ) RUBE b W T A AR T ) 5 [ [l iz
B—FE, T AR SCGE B INSEAN E1619 #2842 57K i 56 A9 MARIN 7371 B2iE 3 76 A0 [a) ki 280
FEA AL A 25 5, BUE T A ) A0 RE A (2 R S0 B/ 3.2%~18.4% 5 5L+ £ o 15 7 i
RS BUE T EAS B 25 — A a0l 2t /N 8.8% , 55 — MR M A HL 6 it 45 S K 8.6% , 3
W5 Bt 5 B T4 3] %) 0 o R (R B i 5 A L R 25 AE 10% DL



496 B 2% 5528 &5 4 1

2.0 1(s)

(a) ZIEEAEHL (b) BiFES @

W(©)

Vi(°/s)

2 9 g 6 gz 22 & 20 B @ S 0 6 2 18 24 30 36 4
1(s) «(s)
(c) fl4ESA ¢ (d) FEFEHEL Y,

18 ZIARAEIS S T 45 - 5 IR0 IR 4h S L
Fig.18 Comparison of results between numerical calculation and experimental test in zigzag maneuver
19 4 BB2 W& SR8 7 T2 Bt iz 2 v e 45 O e A & O 1) ) Y ARG il 0 0 N B B TR A R
MEIH AT LAE Y, B A Z TR AE a2 AT, Al 45 AT A A7) DA 5 R e 6 i 3 i 28 +20° i, HL
S Bl A AR A 2 LG A ) g RGN T R AR ) g R i T R R A R N T A D RS L 43 )
FE£100 N F1£50 N-m 2Z 8] 2k AR Ak, i v SEAR AU 527K P10 Z TR 8k iz 3

0 200 T

W

<

[ |

#(s) ’ «(s)
(a) fiEFH S (b) M 1Y B 106 N
E19 %38 SR AR\ e A 0 1] ) Fde i ) SR TS

Fig.19 Computed results of stern angle, lateral force and yaw moment in zigzag maneuver

34 Z2BE
AT BB2 W AERL K 5 SR s S AT AR, )ik e 2T B (n=4.6 v/s) , BTN RS L



54 Wi IR ST AR B AE ) BN Z 2 - 497

ORISR e e e 5 2 Pl ¢
W% n=—5.0 tfs, HEWHEAEM R 0. MTFXTR : o

VA AHXT N IR BB | A SCAUR BB2 T REAE TR 5
5] 42 i B b 1 sl Sy 2 iz sh 2 MR AT IR &K .
UEIE 23 8 R ) T AR AR Dy £ ] 20 s .

B 21 & 22 43900 BB2 AR AL X 2 sl 4oiz 8l -
AR, 1=4.97 s R BB 4R ) F=17.08 s(TH \
AL R GRS ) B 2Bl 1) 07 B /0=0.980 (MR veeemooeeoooos
FT) /L=0.990 AT ) .0.995 BT T ) A gk ™ ¢ © g W o5&
FEL TG R R B ) S 3 5 PR 5 8 . AR T U R IR 1 20 55 22 {5 A2 MR AR o /4 1 F D 2
T2 U e AR A A MR S T4 2K AL KU Fig20 Time histories of rotation speed and thrust of
TSI 7 ) A AR i B T 7E X1 5 i the propeller in crashback
XTIV ) T (i R DX B Ay 7 e DX, MR RE 2 17 4 (18 i o 2 o Bt o R )3 KT G R 5 T B e 28 e e I
Tl T L MR R R S T ) A3 A AR TH 43 25 L I I K 28 1 AR e 9 L 1) 6P RR A A AR
L F A 0 N I A 22 25 A AR Ak (DL IR 23 ) B Gt T (A T 3h A8tk b

(a) x/L=0.980 (b) x/L=0.990 (¢) x/L=0.995
Pl 21 SEEA BRI JE K U Al 16 38 B (1=4.975)
Fig.21 Axial velocity near the propeller in crashback (1=4.97 s)

(a) %/1=0.980 (b) x/1=0.990 (¢) x/1=0.995
Pl 22 MEHEA BRI JE PR Ul 1) 38 B2 (1=17.08 )
Fig.22 Axial velocity near the propeller in crashback (:=17.08 s)

123 g BB2 T AR Y 5% 22 (80 A e R v A il e SRS VSRS A (R AR AR o ONHE A O Tl HE AR o) IR ER:
NI ST NENE A & DA Sl 0 RE CREE ) S K OB 36 M B i 0 0 ) BB B4 2R . IR 24
TR 2B A A 5, HE 7 U/ S SO0 A v 380 20 722 /)N | ] B MR 2 S5 2 I 1 B HL L S B AR
Ffe Ry (B, R B S B AR E 2 BT U 3 5 A 1 B S Ak 7 A A A 1w g RN ) VR HTR
T (9 A A7 R4 £ A TR I BR324k, S A AR IZ Bl 4 25 A, IR 5 N THT R L e ERE 11 IR Bl



498 MR S 2# 5528 B 4 1]

ZJARIEIR G A2 Ak, A SR N fe KA M 10,

0
12 -6 0 6 12 18 24 30 -12 -6 0 6 12 18 24 30
1(s) 1(s)

(a) b1 4 8 v (b) #&EMe 0.4

t(s) - i(s)
(c) fiEfH o (d) ks H 5K .M N
& 23 EAE G E T4

Fig.23 Numerical calculation results in crashback

4 & £

AR SCHETF Joubert BB2 VA VT Bt INSEAN E1619 Ui 424 Y | I & T ¥ A AR K BT K R [l
e KT Z TR ERA A A A S T A BRI AT . EEAEE T .

(1) ARSCR FEE T 8 5 AR 1 5 6 RE 7S ) FH B R 52 3l B s$ BN i A 37 528 2y 1 e 4kl
A, I U B I A 4 R BRSO I BB 2 i 5% 5, SR FH B BhAE PD 4 36 15 512 SHAEE (% 7K S 1 2 ) 5
PR MRS ] A4 R A Jal 43 7 ZE e B S BB AR A Hh e, S TV ZK T USSR (A
AT 5

(2) ZRSCIFJE T VAR FDUREK T BT KT [l KOV-TH Z T35 | 5 S (3] 4 A5 S A0 T 0 i B i A
P, 45 WALIZ B SR E RIS R 57K b Y B AL 0 25 VAT T XF Le 2 #r , Hodh oK T [l 5432 sh L
TS 20 A0 [ 5% EAR He K b AR AR 00 A5 21 B 45 SR K 3.2% , Z TR B ez sh BB T B A5 2 A 25 —
A 2R R A 5 K AR A R A T S G A HER R A 8.8% , BIE T AR SCHE ST AT AR I AUASEAR(E
BRAUL 5 5 ) TR PR S v

(3) AR SCXT A RE 19 AR S 28 242 Btk AT T W25 W BB B0 AT , VS 5 S 380 2 el M e S o ot
TSR AEA A S R AR I A i AR R ) RN ) VR W R R KR AR RIS B2 AR 2R
PEIR AL, R R AEAARIZ Bl A VA , AR5 IN IR R L 52 e 6 A IR B 2 S5 B M iR 5 21k

AR SCHEST BV AE A TR BB A0 Jr v AT R A T A 1 AU AR | ] Ay Y A R A R A
T 5 VAL LA S A 19 AR R S 0 4 R S S SR AR AR S 4%



554 Bk BRAE: EETES MM A TER Nz - 499

Z % X W

[1] ITTC-Recommended procedures guidelines. Free running model tests|R]. ITTC, 2021.

(2] MR, B2, SRR, SR AR TR KGO ). AR T2, 1997, 1(2): 24-28.

Feng X Z, Miao Q M, Jiang Q Q, Cai D M. The experiment analysis for waves forces of a slender body running near the free—
surface in regular waves|J]. Journal of Ship Mechanics, 1997, 1(2): 24-28. (in Chinese)

AR, SR, 2 SR I IR . S A DY R T K TR AN [ P TR AT [6] Pz sl A IR 3 TSR] AR 125, 2002, 6(2):
1-14.

—
w
—

Feng X Z, Jiang Q Q, Miao Q M, Kuang X F. Computation of motion and waves forces for a submarine running near free sur-
face in different depth of immersion and direction[]]. Journal of Ship Mechanics, 2002, 6(2): 1-14. (in Chinese)

[4] T& 88, H AR R OKE ARUE SRR MUAPERERTFE, 1976, 1: 239-249.
Xu K, Gan P Z. Submerged free running submarine model tests[J]. Ship Performance Research, 1976, 1: 239-249. (in Chi-
nese)

(5] Hahwe, A4, o, 55 W AE AU MR IR HOR D], AP RERIT Y, 1983, 1: 73-83.
Gan P Z, Hua W, Zhang H D, et al. Maneuverability test technology for free running submarine model[J]. Ship Performance
Research, 1983, 1: 73-83. (in Chinese)

(6] JElJ AL, WRBEME, 25 . PEAEERNE TR AT 72 BAR i m R 2], Hh [l AT, 2018, 59(3): 203-214.
Zhou G L, Ou Y P, et al. Progress and prospect of maneuverability prediction for submarine[J]. Shipbuilding of China, 2018,
59(3): 203-214. (in Chinese)

[7

—

Bettle M, Gerbera A, Watt G. Unsteady analysis of the six DOF motion of a buoyantly rising submarine[J]. Comput. Fluids,

2009, 38: 1833-1849.

[8] Dreyer J J, Boger D A. Validation of a free—swimming, guided multibody URANS simulation tools[C]//28rd Symposium on
Naval Hydrodynamics, Pasadena, CA, 2010.

[9] Chase N, Michael T, Carrica P M. Overset simulations of a submarine in towed, self-propelled and maneuvering conditions
[J]. Int. Shipbuilding Progr., 2013, 60: 171-205.

[10] Chase N, Carrica P M. CFD simulations of a submarine propeller and application to self—propulsion of a submarine[J].
Ocean Eng., 2013, 60: 68-80.

[11] Sun=Eun K, Bong R, Hua S. URANS simulation of propeller—hull interactions on an underwater body in maneuver|[C]//30th
Symposium on Naval Hydrodynamics, Hobart, Tasmania, Australia, 2014.

[12] Martin J E, Michael T J, Carrica P M. Submarine maneuvers using direct overset simulation of appendages and propeller
and coupled CFD/potential flow propeller solver|J]. Journal of Ship Research, 2015, 59(1): 31-48.

[13] Overpelt B, Nienhuis B, Anderson B. Free running maneuvring model tests on a modern generic SSK Class submarine (BB2)
|CJ//Pacific 2015, Sidney, Australia, 2015.

[14] Carrica P M, Kerkvliet M, Quadvlieg F, et al. CFD simulations and experiments of a maneuvering generic submarine and
prognosis for simulation of near surface operation[C]//31st Symposium on Naval Hydrodynamics, Monterey, CA, 2016.

[15] Carrica P M, Kim Y, Martin E. Near surface operation of a generic submarine in calm water and waves[C]//32nd Symposium
on Naval Hydrodynamics, Hamburg, Germany, 2018.

[16] Carrica P M, Kim Y, Martin E. Near—surface self propulsion of a generic submarine in calm water[J]. Ocean Eng., 2019,
183: 87-105.

[17] Kim Y, Martin E, Carrica P M. Vertical zigzag and controlled turn maneuvers of a generic submarine in deep water and near
the surface in irregular waves|[C]//33rd Symposium on Naval Hydrodynamics, Osaka, Japan, 2020.

[18] BIUR, PEKAR, 55 . e T 5 W RS H R T A N 22 | 7 25 (W) 3 Sl 9 BRI C /e — L 42 K 3 ) 2 ik 25
34, 2015.
Liao H H, Pang Y J, et al. Numerical simulation based on the overset grid technique about submarine emergency asccent
space movement|C]//Proceedings of the 27th National Hydrodynamics Symposium, 2015. (in Chinese)

(19] J&l)" 4L, #ESCA, KBS . ¥ AE R 2 177 7S B2z 8l B B PR T S BRI . B R R #2741, 2017, 39(2): 1-6.



500 MR S 2# 28 B 41

Zhou G L, Dong W C, Ou Y P. Numerical simulation of six degree of freedom motion and viscous flow for submarine’s emer-
gency asccent|J]. Journal of National University of Defense Technology, 2017, 39(2): 1-6. (in Chinese)

[20] 3K AE, 2, BEATED PR OB ESRORES RS IR AR Bl ) 5 W R RO R E )] AR D2, 2021, 25(11):
1439-1451.
Zhang N, Li Y, Huang M M, Chen M. Numerical prediction approach for hydrodynamic force and noise of propeller in sub-
marine propeller interaction condition[J]. Journal of Ship Mechanics, 2021, 25(11): 1439-1451. (in Chinese)

[21] EYIEG, 5K . TR B 2B 4 T S5 /K sh I R IRAEI 25 D). AN 2%, 2022, 26(11): 1595-1610.
Wang X M, Zhang N. Large eddy simulation of the flow field and hydrodynamic force of submarine in crashback|[J]. Journal
of Ship Mechanics, 2022, 26(11): 1595-1610. (in Chinese)

[22] Joubert P N. Some aspects of submarine design Part 1{R]. Australia Defence Science and Technology, Organisation Report
DSTO-TR-1622, 2004.

[23] Joubert P N. Some aspects of submarine design Part 2[R]. Australia Defence Science and Technology, Organisation Report
DSTO-TR-1920, 2006.

[24] Launder B E, Spalding D B. Lectures in mathematical models of turbulence[M]. London:Academic Press, 1972.



