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Planing motion characteristics of an amphibious aircraft
in head sea
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Abstract: In order to understand the motion characteristics of amphibious aircraft planing in head waves, in
this paper, the Chinese numerical tank-Cartesian grid finite difference method was used to study the planing
motion response characteristics of an amphibious aircraft in waves under different wave conditions. The
effects of wavelength and wave height on heave and pitch response of the aircraft and the vertical overload of
mid-ship and stem were summarized. Based on the step-by-step method, the Navier-Stokes equation was
discretized in space. The immersed boundary method was used to capture the boundary of complex objects
and accurately simulate its large motion. At the same time, the THINC/SW algorithm was used to effectively
simulate the violent motion of free surface. The results show that the wavelength and wave height have a
great influence on the planing motion response of the amphibious aircraft. With the increase of planing speed,
the pitch resonance wavelength increases, and the heave resonance wavelength decreases first and then
increases, while the linear correlation between the heave and pitch response of the aircraft, the vertical
overload of the mid-ship and stem and the wave height will also be weakened.
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Fig.1 Schematic diagram of the three-dimensional model of amphibious aircraft
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Tab.1 Principal dimensions of real and model planes
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Fig.2 Calculation domain and boundary conditions
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Fig.4 Grid convergence analysis
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Tab.2 Calculation conditions for studying the influence of wavelength
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Fig.5 Variation of heave motion amplitude with wavelength Fig.6 Variation of pitch motion amplitude with wavelength
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Fig.7 Variation of vertical overload at the bow with wavelength Fig.8 Variation of vertical overload at the midship with wavelength
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Tab.3 Calculation conditions for studying the influence of wave height
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Fig.15 Phenomenon of no-jumping-motion of amphibious aircraft in head sea
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Fig.17 Regular jumping motions of amphibious aircraft in head sea



55 3 4 BTV A KBTI RHLTSR Hr i 1iz s E TS 359

P18 5l 25 Hh 1 I AT AL AL U 52 P A YR R U Bk BB B s A T 357 . A 228 3 o T i 8
e ] L BN DR o I 5 Sl ST AR R TE 5% 2k, (B FE2 3l h T BRER 52, S ARATI R R
MR SPEAE Ak, (E P AN AT 2 AR T ol ki shint L ICH R0 R . e Rl b 2 fy
AR, GBI R, AR AEELG, CHLL S AR g da BT, 280 P0G e 1 3 1 o Rl
JUT- B PR IR B I TR, 0T 1) o 2800 e A L T /N DAy 28 R g i 8 BRSP4 M B G 5,
TR IR IR RALZE AR A A K, HLEY AR5 7K T e fih, B2 2000 B A2, {0 A L o/ 22 /ML
P TOT, R R ) i (2 0.84 ¢, n] UL, SR BERI KA A A= LI Bk iRiz s, i o) i 484%
UTE N, R CHLLP- 58 SBRE K -

0.30 6 -
—H — Pitch
0251 eave 1 1tc

0.20
0.15¢
0.10
0.05
0
-0.05
010 I oF. L
4.0 45 5.0 55 6.0 6.5 7.0 7.5 2.5 3.0 35 4.0 4.5 5.0 55 6.0 65 4.04550556.06.57.07.58.08.5
T/s T/s T/s

(a) TEG BN (b) YhEEiz s (c) it i) i %
&l 18 HLMIBkERIZ gha] CHLis shad Iy h 2k
Fig.18 Time history curve of aircraft in regular jumping motion

(3) AL BRERZ 5l

A& 19 F7R, PEECEK S 8 m, B 0.235 m, AT 8 /s Y TELXI /K RGP CALIYIATiE
ST R, R AL I P S, IEBETE R, AR 2Rid b B A e b 2 ] N, TRAIL
SEARIR KT, 5 A R AN AT DX 75— AN A K o AT DL 25 ML S A A S g DL, 32 5]
RSB K, ELICHT LAY SRR AR, AR Bk iRz S AR

— Amidships overload

Pitch/°
I

Heave/m

Amidships overload/g

mOO900 O0oome=
cxoahrivobbhrowoiv

(a) E3ifiit (b) sk

(c) "RHLBRIT A AT DX (d) "CHLIEER 2N p AR ATK
P19 ZKEE PR RELIERA KU BEERz Sh B

Fig.19 Irregular jumping motion of amphibious aircraft in head sea
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Fig.21 Pitch amplitude variation with speed Fig.22 Heave amplitude variation with speed
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