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Prediction for hydrodynamic derivatives of ships in oblique motion
under brash ice conditions
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Abstract; The current research on the hydrodynamic derivatives in open water is relatively mature, but the research
on the hydrodynamic derivatives under ice-water coupling is still in infancy. In order to solve the hydrodynamic
derivatives of a ship in oblique motion after ice-water coupling under brash ice conditions, the DEM particle of the
CFD softiware STAR-CCM + was used to simulate brash ice particles. The momentum and energy exchange was
performed to achieve the coupling effect between ice and water by turning on the two-way coupling mode under the
DEM module. The small drift angles of 0°, 2°, 4°, 6°, and 8° were selected for the numerical simulation of
oblique motion. The effect of the free surface was ignored. The lateral force and turning moment of the ship under
open water conditions and brash ice conditions were calculated respectively. The hydrodynamic derivatives were
obtained by fitting the dimensionless force and moment at each drift angle. Considering the randomness of the brash
ice interference, the maximum and minimum values of the force and moment after the interference were used to
solve the corresponding hydrodynamic derivatives, so as to form a hydrodynamic fluctuation interval, which can
more accurately predictthe hydrodynamic derivatives of the ship under ice-water coupling. Calculation results show
that the hydrodynamic derivatives of the ship at each part under open water conditions were not significantly
different from those calculated by the statistical model. The end values of the fluctuation interval of some
hydrodynamic derivatives after ice-water coupling were positive and negative. Hydrodynamic derivatives were more
random under brash ice-water coupling.
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Tab.1 Parameters of an ice-going ship

MRSEC HR EK/m FTLMK/m B%/m IS8/ m B2 K /m SERIZK/m P/ (m - s
i 40 4.175 3.7315 0.337 5 0.565 0.2 0.225 1.39
WK WL SRR/ MPa DK-RPEBEREL WAL %)%/ (kg - m ™) KE/m FEHE/m JEE/m
TR K 40 135 0.15 0.3 917 0.075 0 0.0750 0.037 5

4 MREERJLAE
Fig.4 Hull geometric model diagram

1.4 RExI5S

BHIL T A e 0° 20 4° 6°,8° MM Rl 43 5
PR a% T8 A ROBE AN 5 2 i A4 43 3ol Tié e
2°,4° 6° 8 WA SR T /R s B AR S

K153 A% AR DA ) 43 FH DD BRI A% B A2
DA LA B 2 T S AR A S A i A, AR A LAt R
1N 2.3% L, WA TR T RS R /N Bk Al RS 1Y
12.5% , SRR ERIEA T S i | RO Bl Ry
6.25% , AT Bl A i i W A R B A2
B6 2, A IE A 1.2, WP E & 5 (a)
Jis R E anE 5 (b) i, ffiH] DEM #240)
VKR IR 3R fif 2 ISR R R BT - e ok 4k
AT AR A 25 132, 25 R 1k PRI &I, 43 0% A
TTHEAT a-y-z N 2 [ R PR JZ 0%, S RUBE 4y
FRIER R ST 25. 0% 12.5% o x-y 75 1) k& R
JE R B RST 1) 80% o LARHIL 0° R 5, Tk
AR RIS I 5 () Bz [ A 5(d) s,



LERVR |

T, 2 MRTEUK X RHITIZ S K 3 T S R - 147 -

2 ITE T EW B

‘ AU 7 v A REHE M A e TR K

P HE K Tt R R AT 76K DK X EOEE A By
PEVKSZES . 76 K VRIS 152 B DL K DEM G 15
(@) fH A A AR SRS AU KA B0 A 40 18— 3, 2 3 IR
76 KEUEALILAY R4S L K DEM 35 & 5 & B M

AR YOS RN 7 P M AR VR IR e P
- PRI B AEIE 40% AL 0. 613 m/s, FEATHE
KRR A7 UK B L e vk AR T, 305 7

#KBE /N

BHAR A A% 5 B R A B e, B R E 6 Br
(b) i J2. 245 o 2 P 7, T SR KBRS 6 RE B A R O BB AR U S 56

T At L T 8 SRR LA 7 R 3 IX ek e vk o
i, Bk AEUE 6(a) )55 s ¥I{E N -5.157 N,
#K B SEBR M - 5. 160 N, o] & H BB R 45

SR8y B AR R . BB EEUE 6 (b)25 s

JERAE BN —4.950 N, SZI{E R —4.330 N, %
(c) THSTER PRt R 93 B ZEYEHIAE 15% LA, W6 2 H RTA T P9 vk B 4 5%
P 20% (ESR, / 7 RRTE 76 K UK X iR

RO AR A S A A (R BB 05 B4 R 5 76 Kk

- B EE RAER AN T S B T R K ER S, K8 R
AFLAE 76 K UK DXOMas a6 iy LA S e R vk i i)
BAEDT EA5 TS 76 K igat RAeEfin i 8l 1

N — ; f . N Ry . v
(d) 7K T A PR 2 Hfﬁkﬁﬂ%ﬁ{ﬂﬂiziﬁﬁéﬁ%ﬂo %Lﬂ?lézlwxéﬂﬁ
5 AEHSHE BUURAT RO HER E, AT L) SIS e
Fig.5 Mesh division diagram PEPK XA TR SC IR PR RE D) S kBB B 4838
20 2.5 —— FEBHLFEVKFE 77
i — &t%fa-a}sso N
104 — e B EMEIE-5.157 N T BUE A IRE VK BE 1 351H-4.950 N
—a— SLI{E-5.160 N 23
m¥ Z-m“
16 f § -1.5
= 100
ESY
=20 # -12.5
- -15.0
175
5 10 15 20 25 30 35 =00 20 25 30 35 40
t/s t/s
(2) BB AR5 T2 50 M Bk BE 54 B A (b) FUEBI 5 LI FRE VK BE F % b B

B 6 76 K kX hnsEET s AnfEk X fE 1 &

Fig. 6 Resistance of 76 K strengthened bulk carrier in brash ice region

(a) 76 KHFEVK X E0E 177 B (b) 76 KUK X SLL4 (c) BUKMTREUK X BB 15 F
7 ARREREIKIZThETSE

Fig.7 Motion posture of ship bow in brash ice region



- 148 - MOoR OE T o ok % ) %53 %

3

3.1

(a) 76 KIEUK X BB H (b) 76 KIEVK X 25 () M VKRR UK X B 1

8 REMREEKSHE
Fig.8 Brash ice distribution at stern area

0.8 m/s, 73l 5 M AR A MU 16] g LK il g o

TH SR KA O Ho b A A D0 1 1 2 F8 0 25 A5 7 180
Mk TRKEhH SMEETEER 1o MR/ N353 3G TR UUR il e 1) F

SHIZ B P f 2 0°,2°.4°,6°,8° (it FEREJIRE N, A AR IR n A R R B 7K 3l T

PSR AR S0 32 S BLA A0 A0, 3 Sk it p oy B DI P, BERRDTE N R BER IR 2.

60 60 - ___ o
sofff — £ © 50 o
 F (0 [ N2
40 F,@% 40 | —— N,(4°)
- Fy(4°)
ofl Ve 30 —— N6
z 20f Fy(go) 2 20 — N(8%)
[.;:‘ y \Z/ 10
= 0
-10
-20
1 1 1 1 1 1 _30 1 1 1 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
t/s t/s
(a) SR A T MHAA AT 200 1 7 (b) A FIE S T M BT 2 588 7158
9 ARARET =M 5 ) R EEAE 1 5EE
Fig.9 Lateral force and turning moment on ship
®2 AEZEATARARATZNE N REEE S5 Heti= (3) HEAT TR AL R AR B At 2 an &l 10
Tab. 2 Lateral force and turning moment on ship at different 7R
drift angles N
‘/;%ﬁlg(") mumon/N ’f%ﬁ‘éjj%%/(wm) . =m
2 1.32 3.45 , F,
4 3.30 7.60 Fyzo‘spii/sz (3)
6 5.38 11.10
8 8.46 14.50 o =%= —sin B
W RRTEAS [ S A BT 32 i 00 ) g DA R i
0.10 -
g;"; [ @ B ALJE AN A T RRAHBT RO 0P o FH YA &I T AR JIREN,
oisf 08T SRR T ELAIN.=0.006 10
0.16r B AR HFEAF =0.013 20'-0.000 1 HA ,=0.006 1v
0.14 0.06
& 0.12f oy
= 0.10F =
s o 0.04F
“ o0sf =
0.06
0.04L 0.02
0.02 -
o ° or
-0.(-)%).16 _0.I14 _0.I12 _0_110 -O.IOS —().106 _0104 _()l 0 (l) ();n -0.16 -0.114 -0.I12 -0.110 -0.;)8 -0.;)6 -0104 -OI.OZ (I) O.I(D
(a) WO 1 J73thA (b) MK ERE 1 FE LA K

10 ok a1 1 K B Al 1 E B S

Fig. 10  Fitting diagram of lateral force and turning moment in open water



LERVR |

T, 2 MRTEUK X RHITIZ S K 3 T S R - 149 -

RHITHOK T80K 80 11 BT 2558 L R Geit A
IR LE R CRAE AR W3, AT LB Y N
FAXHR2EH 20% 5. 2% , !5 2% 0 K 4 J5 R &y T
b TR B At A LRI A B A 1 S A AR A
A 15 3 5 A SRR fie 5 SR W oA MR, OF BT A
KRR FF AR FF AL ARYE 10 B4 Fh s
(RRASE CThES 3 M8, B2 AR 3 A8, SRS I KRS
Fis TRAEAE JRZEREIEAS 1) AT A 63 6 B
(7K 3 01 SRR A 2 AR R ERIRLR F 1 02 K
X SRR pR A LR 28 L K 2 A | RS IR Rt
117 ek S G s RUAE7E — 2 1 22 3], 25 25 S
THUETH T B — A sk

x3 SHRMK TR NSHITEER
Tab.3  Results of hydrodynamic derivatives of oblique navigation

in open water

USTIPIE &3 FASIENA R RS gt AR
Y, -0.0132 -0.016 5
N, -0.006 1 -0.005 8

3.2 BKIRKKBERKINNEHHETEER
PEUK 00 RHIT I 2 2 8008 5 MoK T80 —
BN 0°,20,4°,6°,8°, MV B A BE T
Yy PR v SR PE AR B IR AR 2 AR A AR
IRFK G KPR BRSGAE R, ZA0M B4R TR E
UK — UK Bz fk UK — Bz fk UK 7K B2k 7K - 25 S AN

K -2 Sk, 38 VK R A VR s vk iz 3
SRS T PR ROGT A ) BT 1 77 A T8 DA 328 S0
KOKAHE#EA . FH AR % F Hertz Mindlin, FH JJ
ZEUERId F Schiller-Naumann #8581 2% & 1} B #E
P PR 0, A YRABEHL A R KA 285 4R B 409% T 7K 31 7 AH
LA, 22 ) B TR0 K A6 07 UK T (TR KR
SFRF 50 ~60 em) , 7 SR UK S - ESE A B K
T UE AT 18,52 km/h 0.2 ~0.3 m AYTFIKIEAA
RGN, 2 FEAYRARHURE B M AP 2 4 B /N R vk T L
AEEAER VKA AL, EBOY AR B2 18,149 6 km/h,
MR I AR ST R R B R 0. 8 m/s, 43
SR VKK R G AR 4 A 1 g LA K B i .,
11 ~13 iz,
3.2.1  VKIKERA T R 1

M 11 s DUE AR B— A 0T A
A ) I ER I T b R SRS X R KR
S & A R VR FH S DK e 132 2 8288 ke A B Ak, 3
O3S TG LA I AR IR TI0 A — B SR
HEFF | 3k LEHRXT 0 3 i — o R MRS 8, AR B
Pt b PR K i 4L B AT BERLE BT LR T
e KAE LA S sme/IME 43 531 5K fige xoF 1oz 1 7K 2l 7 40, A
T BC—AN 7K Bl 7 i 3l DX ], 6 kg B 5l T4 vk ok
AT AR 1 28, Hrh iR LR R/ IMER
B 222K F¥E 15 ~33 s BRI 12 NEha) B, 58

40 407 40
— F, — F Fy
30— FL.=465N 0F — F,=225N 0p — F_,=-0.18N
20} — F,,=420N 20} — F,,=620N 20l — F,.=8.10N
10+ 10 10 Lt " 3
< < T
Ry R Ry U m
-10+ -10} -10+
=20+ =20} 20
300 =30+ =30
-40 L L L L N L s -40 L L L L L L L 40 L L 1 | | | L
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
t/s t/s t/s
(a) O AR T SZ B9 1) /3 (b) 2°f A BT Z I 17 g (c) 4°FE B BT Z B 17 7
05 —F, 05 —F,
30 — Fmn=220N 30 — Fi,=5.42 N
2ol — Fme=11.78N ol — Fm=15.80N
z AN._.MWMM 2 10N
-] Lnis
~  Of [ - I
= = 0
-10 | -10 f
=20 =20
-30 =301
-40 N B —
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
t/s t/s
(d) 6°ME AR BT 3Z [0 18] 3 (e) 8 BT Z BN 18] 73
11 Bk ITREHR 0° ~ 8 ARANET ZRIMI[E h
Fig. 11  Lateral force on ship at oblique angles of 0° = 8° in brash ice region



-+ 150 - MoR owE Tk ok % %R H53 &

OB o wtmmn TR, EE K oas] * E B TR A, R KA
0.10} WETTTEF,, =-0.497 9" BETIEF, =187 307
-0.079 7v"-0.017 12-0.001 0 0.30r +0.035 002-0.009 65-0.000 9
1 005 . o0
S ]
Eof 5 0.20f
= .
=
20.05- 0.15r
0.10-
-0.10F
D S A R 005
-0.16-0.14-0.12-0.10-0.08 -0.06 -0.04 -0.020 0.02 -50.16 -0.14-0.12-0.10-0.08 -0.06 -0.04 -0.020 0.02
v’ v’
(a) BEUK LB /MU I T3 & 45 2R (b) FEVK T LU KM 7] I E 45 2R
12 Rk ol s/ E AR &AM E A& E
Fig. 12 Fitting diagram of minimum lateral force and maximum lateral force in brash ice region
40 - N 40 . 40 -
—N, — N, —
0F _ N,,=3.15Nm 0F _ N,.=0.73N-m OF N _496Nm
20+ N, =392 N'm 20r  — N,=7.23N'm 20 — N,_,=11.06 N'm
- L —~ L —~ |
g 10 g 10 g 109 i
2 Oyl = o Z 0
=" 101 ="' -10f = -10}
-20 =20 -20
-30 =301 -30
4l gl gl
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
t/s t/s t/s
(a) O AR T 24 fil 0 4 (b) 2°fFH BT 2 B4 Al J1 56 (QEN 423 - Pap:
40 40
30 30
20 20
rg 10 M ’é‘ 10
g O g 0
= 10} . = -10 N
20 -~ N,,~8.76N-m 20 f — N,,=12.70 N'm
30+ — N,0=15.40 N'm 30 —— N,o=19.50 N'm
M0 5 10 15 20 25 30 35 H05 10 15 20 25 30 35
t/s t/s
(d) 6°ME AR P 32 #e il 158 (e) 8°MAR T SZ ¥4 J1 48
E 13 #uk TR 0° —8° ARAART Z BV AE 158
Fig. 13  Turning moment on ship at oblique angle of 0° - 8° in brash ice region
AN TR BEK B 1 sh BYWEAE R A, (B, TR 18] B F5 BAIRTRMANNSHITEER
B ot e s 1 & 1 & Tab.5 Results of hydrodynamic derivatives of oblique navigation
IKEN T BHE(E R A = 12 ; A B = 12 ; B; iy in brash ice region
SRR LA 4., RREMAPIEQME SN KADGE RRWR P TR Py
WA TE B Rh & an &l 12 Fros, #RuK vk i ~0.0096 00171
HIA K3 ) SR LS, A 00550 0.7
F4 Wk TRTRRE AR ZME S 3.2.2 UROKHEG ORGSR 1R
Tab.4 Tateral force on ship at different drift angles in brash ice MK 13 o] LIE B EA TN nE:
W;jgi?“> - s il 3 RELIRIAE 23 T oK ez Sh 2838 e A ol s (%
&/ /Ml a1 F3/N e KM J1/N ~ . L 4= 1y N
= = S AR 2o B T2 AR T AT L) e — WA 2
2 -2.25 6.20 WERHETF) X A J& Bl it 375 1 n 190 A T 5 200 6
4 -0.18 8.10 ST N w, N
‘ 018 10 UL, Y RERCRAL S o 5 W 1)y
8 5.42 15.80 B2 B R RAE LR 6, FF i K 00T




LERVR |

T, 2 MRTEUK X RHITIZ S K 3 T S R - 151 -

FRTEA R 7 BT 52 B i R EA T R A 5 U
FEIR A 14 Fis

F6 BKkTRTARRRAFARMMITZHEMNE

Tab.6  Turning moment on ship at different drift angles in brash

ice region
WAf/(°) F/NEERE M/ (N-m) SR 14/ (N-m)
0 -3.15 3.92
2 0.73 7.23
4 4.96 11.06
6 8.76 15.40
8 12.70 19.50
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Fig. 14

Fitting diagram of minimum turning moment and

maximum turning moment in brash ice region
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Tab.7 Results of hydrodynamic derivatives of oblique navigation

in brash ice region
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