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A shape optimization design method of the joined-wing underwater glider

LI Tianbo"* , WANG Peng' ,SUN Bin',LI Chengshan'

(1. College of Marine Engineering, Northwestern Polytechnical University, Xi’ an 710072, China;
2. Science and Technology on Underwater Acoustic Antagonizing Laboratory ( CSSC) , Beijing 100094, China)

Abstract; To improve the lift drag ratio and motion performance of underwater gliders, combining the advanced
layout of the joined-wing in aviation and the traditional underwater glider, a joined-wing underwater glider
configuration is proposed, which can achieve better lift drag characteristics through optimization. First, numerical
simulation of the underwater glider body was carried out, and the validity of the numerical simulation method was
verified by comparing the obtained results with the experimental data. Then according to the Computational Fluid
Dynamics (CFD) code, the lift drag characteristics of three layouts, the positive staggered, the negative staggered,
and the combined empennage were compared and analyzed. The orthogonal layout was chosen as the basic shape of
the underwater glider because of its maximum lift drag ratio. Parametric modeling of the shape of the underwater
glider was thus carried out. Finally, taking the maximum lift drag ratio as the optimization objective, the Kriging
surrogate model was constructed and the EGO algorithm was used to optimize the shape of the joined-wing
underwater glider. Results show that the lift drag ratio of the optimized underwater glider increased by 18.42% over
that of the vehicle before optimization, and 23.45% over that of the traditional underwater glider. It proved that the
new type joined-wing layout has excellent lift drag characteristics in the underwater glider. The research results
provide a new way of improving the gliding performance of underwater gliders.
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Tab.1 Main body shape parameter
25 KB/ mm HAZ/mm kAR EL/mm B/ mm RERIERY dm® KB dm? I A/m?
BUE 1788 210 210 378 3.463 6 55.1459 1.112 1
F2 IMBEERABEAKTERNNERSH
Tab.2 Essential parameters of three kinds of joined wing layout underwater gliders

iR PUFE BT AR FARALE U S5 LSRR 2 BE 22/ mm HR/L WA m?

ik NACA0008 37 TR 120 56.4 1.64

TEAg4E NACA0008 32 %Y FIARFATEL 120 56.4 1.64

1P gz NACAO0008 %I SFATEE + B 180 56.7 1.75
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Positive staggered layout

Fig. 1
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Fig.2 Negative staggered layout
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Fig.3 Combined empennage layout
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Fig.4 Detailed grids of the boundary layers of the tail of mine
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Fig.5 Whole grid and grid quality of mine
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Fig. 6 Pressure distribution of mine under simulation and
experiment
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Tab.3 Specific data of the pressure distribution of mine under

simulation and experiment

X/L Cp (LB ) Cp (BT
0.704 -0.024 6 -0.0117
0.751 -0.048 2 -0.036 8
0.777 -0.073 3 -0.057 8
0. 800 -0.1392 -0.140 1
0.814 -0.198 8 -0.197 5
0.831 -0.237 4 -0.224 8
0.846 -0.2191 -0.208 5
0.872 -0.068 6 -0.070 1
0.888 0.031 8 0.0359
0.909 0.1357 0.136 7
0.930 0.1827 0.181 4
0.951 0.202 6 0.202 7
0.978 0.186 1 0.179 8
0.987 0.146 3 0.136 9
1. 000 0.173 2 0.180 2
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Fig.7  Structured grid of flow field
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Fig.8  Structured grid of underwater glider surface
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Tab. 4  Comparison of maximum lift drag ratio of different
models
THER R Slocum ki i 792K
Hfa/(°) 7 5 5 7
I KFHBH 5.017 9 5.000 1 5.193 4 4.924 8
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Fig.9  Variation curve of the lift coefficient with the attack angle
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Fig. 10 Variation curve of the lift drag ratio coefficient with the
attack angle
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Fig. 11 Pressure distribution cloud map of three kinds of

layouts
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Fig. 12 Overlook plane shape parameter of joined-wing
underwater glider
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Tab.5 Lift drag ratio after adding samples

i 5 FHLLL A FHL I
1 5.328 15 6.059
2 5.339 16 6.102
3 5.487 17 6.109
4 5.285 18 6.115
5 5.291 19 6.118
6 5.201 20 6.120
7 4.958 21 6.148
8 5.261 22 6.155
9 5.347 23 6.162
10 5.489 24 6.170
11 5.542 25 6.172
12 5.608 26 6.188
13 5.759 27 6. 195
14 5.985
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Fig. 13 Optimization process
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Fig. 15  Optimized profile of underwater glider
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Fig. 16  Comparison of upper surface pressure distribution
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