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Influence of draft on the brash ice resistance of transport ships
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(1. Harbin Engineering University, Harbin 150001, China; 2. Shanghai Merchant Ship Design and Research Institute,
Shanghai 201203, China; 3. China Ship Research and Design Center, Shanghai 201108, China)

Abstract: Based on the STAR-CCM + software, CFD-DEM method was used to simulate the process of a
type of an actual built transport ship sailing in a brash ice channel. The influence of different drafts on the re-
sistance performance of the ship was studied. The interaction between the ship and water was obtained using
CFD method. A numerical brash ice particle model was established using DEM method, the ship—ice colli-
sion phenomena and the brash ice resistance were studied. The results show that the distribution pattern of
brash ice particles obtained based on the above method agrees well with that of the test conducted in Ham-
burg Ship Model Basin (HSVA). The total resistance of the numerical prediction varies little from the model
test results. Also, the numerical method performs much better than the FSICR empirical formula’s predic-
tion, which verifies the reliability of the present method. The ice resistance of the whole ship does not show a
monotonically decreasing trend with the decrease of draft, but increases significantly when a specific draft is
reached. At a small draft, the change in trim has a little effect on the ice resistance of the whole ship, but has
a large effect on the proportion of ice resistances of the fore, middle, aft and bottom parts of the hull.
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Fig.1 Scenes of ship—ice interaction (Left: Scantling draft; Right: Ballast draft)
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Fig.2 Model of transport ship for numerical simulation
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Fig.3 Calculation domain and brash ice channel
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Fig.4 Brash ice particles and brash ice channel
DUER VKORG8 BRI 25 2 ~ B ML UK GO A LR , 77 FSICR 1A DR, ST A 5 kn, 1K
JE29 1,532 m, fi— oK B BE SRR R H0R 0.1, VK12 2803 2 s
R2 kNFESH

Tab.2 Ice mechanical parameters

ZH JEEE T, /m FEplkgm™) B E/GPa A,
N 1.532 917.0 9.0 0.3

2.4 Mg 5

P ARAE R PKATIE AT AT A A v, R AR K 3 B8 5 A R AR AR A T SO L A 0 1 A R A P A A
PR BT A1 A B TR, 1 TR A e B, A DX 2 38 I A RUST, T g i A e , R
SR U\}—ﬁﬂ@k?@fﬂ /l\fr%;hﬁéﬁ L% Hi‘%éﬁ(*’]j‘j 22077, 4N 5 R

Pl 5 AR R B30 3-SR4 P 4% S

Fig.5 Computational domain meshing around hull



194 AR 712 29 21

3 HELERESH

BT IR BAERATT 5 B FSICR 1A v AR 7L B4R DRIUIE P AL T 7 , 2R A5 A0 1 BB
FEERE IS DR VORI A R BEAT R L, B e B BT 1k A n] St s B, RN RIZ K T80T e (e
T BEFEAS R A AR oK BE T PR RE A R2
3.1 HETERWIE

P 6 LA Bz K Ry ), s 1 BB AR DL 55 AR KK b a6 s vk UL S A1 TE 25 R X LE B i 26 2
PR A EUE AN EE R, A 288 23 DU OK MR 45 2R . R a] DU Y, BRI AS Ra] AR
W SRR VIO MK P A B G . AAAAE AT EERS B PROUIE H A R oK™ AR BT, B0 B X IR vk Y

DL 6 (a) s HERR B — 7 @ BE i, 7R ) WA MR ok 2 8] 43 A4 L R FE R, iRk 2 a6 i
PR ZONAE K L I 1) J5 8 3, DT 6 (b)) 5 i 2 2ok BR DA I, ZE A R DX IUE A — & T UK I, WLIET 6
(c) 5 M1 T 30E W2 KB, B 73 WE UKz BT IR AL AR oK A BF He , 2T 3 LN T ASIES , () Iy T3
TR ke B T ARTE S T 3, WL 6 (d) o BUE BT, 5T CFD-DEM e 7 1 T LIAR 4
AL HH B DI A AR 2 fl P 14 3 AR

/ A~ T =l
2200 e N e s | ghae
0 S K TRy | 50 RS

() MJE TERE H AT A

e - ¥

K6 TEDIBURL A1 1 250 LU (Ze S BUEBEANL, A DB O 1t 1)

Fig.6 Comparison of distribution patterns of brash ice particles
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Fig.7 Diagram of total resistance time history
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Tab.4 Comparison of full scale total resistance of numerical simulation at different drafts
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Tab.5 Ice resistances of different hull parts in Cases 4-5
RizK Bk ik REUAE EERKELs hESUKEE D REKER T KB R UKEE
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9.0 9.0 9.0 0 1071.0 225.1 98.4 6.8 1401.3
8.0 8.0 8.0 0 1320.0 224.6 96.8 53.6 1695.0
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Fig.9 Distribution of brash ice particles in fore hull part at Cases 4-5
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Fig.10 Comparison of sliding conditions of brash ice along the bottom of ship at Cases 4-5
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Tab.6 Ice resistances of different hull parts at Cases 6,9 and 11
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Fig.11 Comparison of sliding conditions of brash ice along the bottom of ship at Cases 6, 9 and 11
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