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Lines optimization of 210 000 DWT bulk carrier based on resistance and
wake non-uniformity

CHENG Baoguo', HAO Jinfeng, QIANG Zhaoxin
China Ship Design & Research Center Co., Ltd, Beijing 100081, China

Abstract: [ Objectives | This study calculates and analyzes the flow field around the hull of a 210 000 DWT
bulk carrier in order to perform hull line optimization with resistance and wake non-uniformity as the optimiz-
ation objectives. [ Methods ] Computational Fluid Dynamics (CFD) is used to evaluate the initial hull lines,
calculate the flow field around the ship and obtain flow field characteristics such as the wave pattern, pressure
distribution, velocity distribution, etc. According to the CFD calculation results, an optimization strategy is
constructed to form the modified hull lines. CFD calculation is then carried out on the modified lines to evalu-
ate the optimization effects on resistance and wake non-uniformity. Finally, a model test of the optimized hull
form's power delivery performance is carried out to verify the optimization effects. [ Results ] The CFD cal-
culation results show that compared with the initial hull form, the effective power of the modified hull form is
reduced by 2.46% and the wake non-uniformity is reduced by 8.48%, while the model test results show that
compared with the initial hull form, the delivered power of the modified hull form is reduced by
3.49%. [ Conclusions ] The proposed optimization method can obtain hull lines with excellent resistance per-
formance and good wake field uniformity, giving it strong engineering applicability.

Keywords: flow field; resistance; wakenon-uniformity; bulkcarrier; linesoptimization; computational fluid
dynamics (CFD)
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Table 1 Principal dimensions and parameters of initial hull
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Fig. 2 Schematic diagram of computational domain meshing
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Table 2 Total resistance coefficient of initial hull form
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Fig. 3 Wave pattern on free surface of initial hull form
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Table3 Comparison of main parameters of hull form
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Table 4 Comparison of CFD calculation results of resistance
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Table 5 Comparison of calculation results of WOF
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Table 6 Comparison of ship model test results

WIS HIURZ MO PRALZ M1

ALV /kn 14.5 14.5

BRI PY/KW 8207 8004

HEHE R, 0.747 0.755

IEHESR UL B T2 P kW 10987 10604
PR - —2.46%
R - 1.05%

Py B - -3.49%

5 &

AR SCEF X B RE Y 21 J7 WP, LT 0GR A
RPG 3 Bl 2R, DALz K s T~ 59 B s
TR A Y 20 B2 S Atk B AR, JF AR B0 A
W5 . CFD I AR 45 1 L ]

1) e o A R A AR 3 i T A, LGB
AR K THT 430 B0 3 W, D P2k RUAR A8 T W0 B 2k BT
BT PERE B A BTk, A AR AR T 2.46%;

2) il AR %, Do Ak 2 RUAH 2 T 0 ik 4R L
ST U X S LA B O, PR A 5 R AR
T 8.48%;

3) FEARR AL MR AN S B, AR T R T



246

O M

My WF

oy

7% %19 %

IR ) R AR I A 2 BRH #5000 4 R B S i i
BT RREART 3.49%, i3 T AL H s

&% k-

(1]

(2]

B3]

(4]

(3]

(el

(7

INEER, PRETE, BRERTT. 20 7 il 2 1 1 A BICOT A A 7
LRI B PERE RSB ST [CL/4R +—Jm A2 E K3 )
RS BUBEE DU 4 K 3 ) 2 20 R 8
JRBENR 110 JA4EL &R 238 (T, T8 hiE D
2pEEL 2012: 440-446.

SUN H S, CHEN J P, WEI J F. Research on fore-body-
plan influence on the resistance of 200000 DWT bulk
carrier with upright bulb[C]//Collected Papers of the 11th
National Hydrodynamics Academic Conference and the
24th National Hydrodynamics Symposium and the 110th
Anniversary of Zhou Peiyuan's Birthday (Volume 2). Wuxi:
Chinese Society of Theoretical and Applied Mechanics,
2012: 440—446 (in Chinese).

Pl 20 T3 4% ¢ (0 B R BB AR T &2 5 Bt 0]
RS AL A T S T ARR, 2013, 36(2): 21-25, 48.
BAN Y P. The research and development of 200000
DWT class bulk carrier[J]. Journal of Shanghai Ship and
Shipping Research Institute, 2013, 36(2): 21-25, 48 (in
Chinese).

YCUEIEL, Wl i . MARIC 20.8 J7 Wi 4 (5 B 6% A 1 1R
ST, A, 2014(9): 72-73.

CI H E, XIE Z A. Design features of MARIC’s 208000
DWT green bulk carrier[J]. China Ship Survey, 2014(9):
72-73 (in Chinese).

T FE AN B P TR BT 9 B B8 MARIC 25—
X 20.8 J7 Wi 4 K 3R dc R B ELCBE AR (3], AR, 2019,
30(6): 105-107.

Merchant Ship Department of MARIC. MARIC's second-
generation 208 000 DWT Newecastle largest bulk carrier
[J]. Ship & Boat, 2019, 30(6): 105-107 (in Chinese).
Bt BAKIE, £ X, 4. BT CFD R 7 T ik
/NS AR ES B ShOuAk (1. AR 12, 2012, 16(1/2):
36-43.

QIAN J K, MAO X F, WANG X Y, et al. Ship hull
automated optimization of minimum resistance via CFD
and RSM technique[J]. Journal of Ship Mechanics, 2012,
16(1/2): 3643 (in Chinese).

WRSCHR, BRA, B iE, 45, fi/ NS B9 S B R AL
W5 (7). P EAARITSE, 2013, 8(2): 28-33.

CHEN W Z, CHEN W, YANG X H, et al. Parametric
hull form optimization for minimum resistance[J]. Chinese
Journal of Ship Research, 2013, 8(2): 28-33 (in Chinese).
XSG, J7 W, N L. HE TR AR S T E n B

[10]

(11]

[12]

[13]

[14]

[15]

BE 3 A5 A B sh 44k (9], A AR AF 5T, 2015, 10(3):
19-25.

DENG X H, FANG Z Z, ZHAO B Q. Automated op-
timization of the ship hull form with minimum resis-
tance based on CFD[J]. Chinese Journal of Ship Research,
2015, 10(3): 19-25 (in Chinese).

JRAGHT, B AR I BE AR M. g
MERSE R AL, 2018: 57-62.

ZHOU W X, HUANG G F. Fluid Dynamic Energy Saving
Technology for Ships[M]. Shanghai: Shanghai Jiaotong
University Press, 2018: 57-62 (in Chinese).

TR, BRAVESN. LUAR IR 5T B S H AR i A e B 0
Ak [7]. LifgssilE K 2F 4R, 2010, 44(10): 1429-1433.
FUH P, CHEN Z G. Stern form optimization aimed at wake
uniformity[J]. Journal of Shanghai Jiaotong University,
2010, 44(10): 1429-1433 (in Chinese).

AR, PHZE, B, 25 K5 TE R B A B4 B
Z HARA LTt [ 7P A, 2013, 54(3): 1-10.

LI S Z, NI Q J, ZHAO F, et al. Multi-objective design
optimization of stern lines for full-formed ship[J]. Ship-
building of China, 2013, 54(3): 1-10 (in Chinese).

BLAE, BRRY, TRAIZE, 55, ST S Bn £2 ik iy
RILEORACBETT [J]. v TR, 2018, 47(5): 32-36, 41.
DUAN F, CHEN G, ZHANG L J, et al. Study on hull
line optimization design of the multi-purpose vessel[J].
Ship & Ocean Engineering, 2018, 47(5): 32-36, 41 (in
Chinese).

BUWTAT, S, R, 45, ST RE O AR RON S B Y
Z ME ML AL [7]. MR FL 2 HR, 2021, 43(3):
24-28.

WEI S H, MA N, GU X C, et al. Hull optimization of
multipurpose ship based on resistance and wake non-
uniformity[J]. Ship Science and Technology, 2021, 43(3):
24-28 (in Chinese).

WA, AR, T T AR R S R R R U
WFoE (). B TR 22 Gl A 5 TR,
2013, 37(5): 1026-1030.

CHU S W, ZOU Z J, QU N N. Numerical study on the
factors affecting wake field behind ship[J]. Journal of Wu-
han University of Technology (Transportation Science &
Engineering), 2013, 37(5): 1026-1030 (in Chinese).

VAN DER PLOEG A, HOEKSTRA M. Multi-objective
optimization of a tanker afterbody using PARNASSOS[C]//
12th Numerical Towing Tank Symposium. Cortona: Curran
Associates Inc, 2009: 146—151.

Towing Tank Tests with a 210k DWT Bulk Carrier[R].
China Ship Scientific Research Center, 2019.


https://doi.org/10.3969/j.issn.1674-5949.2013.02.005
https://doi.org/10.3969/j.issn.1674-5949.2013.02.005
https://doi.org/10.3969/j.issn.1674-5949.2013.02.005
https://doi.org/10.3969/j.issn.1009-2005.2014.09.021
https://doi.org/10.3969/j.issn.1009-2005.2014.09.021
https://doi.org/10.3969/j.issn.1007-7294.2012.01.005
https://doi.org/10.3969/j.issn.1007-7294.2012.01.005
https://doi.org/10.3969/j.issn.1673-3185.2013.02.006
https://doi.org/10.3969/j.issn.1673-3185.2013.02.006
https://doi.org/10.3969/j.issn.1673-3185.2013.02.006
https://doi.org/10.3969/j.issn.1673-3185.2015.03.004
https://doi.org/10.3969/j.issn.1673-3185.2015.03.004
https://doi.org/10.3969/j.issn.1000-4882.2013.03.001
https://doi.org/10.3969/j.issn.1000-4882.2013.03.001
https://doi.org/10.3969/j.issn.1000-4882.2013.03.001
https://doi.org/10.3963/j.issn.1671-7953.2018.05.008
https://doi.org/10.3963/j.issn.1671-7953.2018.05.008
https://doi.org/10.3404/j.issn.1672-7649.2021.03.005
https://doi.org/10.3404/j.issn.1672-7649.2021.03.005

	0 引　言
	1 初始船型要素
	2 初始船型性能评估
	2.1 CFD计算方法
	2.2 伴流不均匀度计算方法
	2.3 评估结果及分析

	3 船体线型优化
	3.1 优化策略
	3.2 优化方案
	3.3 CFD计算结果及分析

	4 船模试验
	5 结　论
	参考文献

