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Abstract

Large amphibious aircraft, primarily tasked with sea rescue and firefighting missions, and their
wedge-shaped hull is mainly composed of metal and composite materials. Unlike the energy state during land
landing, which has been extensively studied, amphibious aircraft landing on water will face more complex
situations and severe overloading, this overload is a key factor in the strength design of these aircraft
structures, and the potential damage to the structure cannot be ignored. Therefore, analyzing the static water
impact of amphibious aircraft is essential. A review of the CCAR-25-R4 'Airworthiness Standard for Transport
Aircraft' [4] reveals that the hull is the primary load-bearing structures during water landings.

As the first part of this study, this paper aims to study the bottom pressure situation of amphibious aircraft
during water landing. Using computational fluid dynamics software FLUENT, numerical calculations were
conducted on the landing response of a wedge-shaped hull watertight test specimen in still water, and the
pressure time history of multiple measurement points during the process was provided.

Using ICEM software to partition the flow field mesh during the water landing process of the test specimen,
the entire fluid domain is divided into unstructured mesh and consists of two parts: the accompanying mesh
area and the dynamic mesh area. The shape of the surrounding mesh changes significantly during the falling
process of the test specimen, and the flow field mesh needs to be adjusted according to the movement of the
rigid boundary of the test specimen, so the dynamic mesh method is used for processing.

FLUENT software is used for water response calculation, and the Fluid Volume Function (VOF) method is
adopted for processing. This method tracks the interface between phases by solving the continuous equation
of the volume fraction of each phase fluid. Set up pressure monitoring points at the bottom of the test
specimen to obtain the changes in bottom pressure of the test specimen under different weights and landing
speeds, providing reference for the airworthiness verification of this type of amphibious aircraft.
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1. Calculation Method

In recent years, many scholars have studied the strength characteristics of metal and composite
materials [1,2]. Unlike the energy state during land landing, which has been extensively studied [3],
amphibious aircraft landing on water will face more complex situations and severe overloading, this
overload is a key factor in the strength design of these aircraft structures, and the potential damage to
the structure cannot be ignored. With the development of numerical simulation technology, the
application of numerical methods to solve CFD models in engineering is becoming increasingly
widespread. At present, some commonly used computational fluid dynamics analysis software such
as FLUENT, CFX, etc. can simulate many common problems such as multiphase flow, heat transfer,
etc., and the solution accuracy has been greatly improved. This paper applies CFD software FLUENT
system to numerically simulate the landing pressure history of two-phase mixed fluids under different
weight and speed conditions for wedge-shaped ship hull configurations. The following provides a brief
overview of the numerical calculation methods for two-phase flow response using FLUENT software.

1.1 Finite Volume Method

The FLUENT system is based on an unstructured Euler grid format and utilizes finite volume
discretization method to perform numerical calculations [5]. The basic idea is to divide the calculation
area into grids and have a non-repeating control volume around each grid point; Integrate the
differential equation (control equation) to be solved for each control volume to obtain a set of discrete
equations. The unknown variables are the dependent variables on the grid points. In order to obtain
the integral of the control volume, it is necessary to assume the variation law of the dependent
variable between grids. From the perspective of the selection method of the integration region, the
finite volume method belongs to the subdomain method of the weighted residual method. From the
perspective of the approximation method without known solutions, the finite volume method belongs
to the discrete method using local approximation. In short, the subdomain method plus discretization
is the basic method of finite volume method.

1.2 Fluid Volume Function Method

The fluid volume function method (VOF) is used to describe and capture the free interface between
the water and air phases involved in this study, and this method is used to trace the interface between
phases by solving a continuous equation for the volume fraction of each phase of the fluid.

For the two-phase flow problem in this report, some units have only one fluid phase, while others
belong to interface units composed of two-phase fluids. The properties of this unit are determined by
the properties of the two-phase fluid and their respective volume fractions in the unit.

In this paper, the use of VOF method can effectively simulate the effects of air and water on
watertight test specimens.

1.3 Moving Grid Method

In the calculations in this study, the watertight test specimen landing is a rigid movement of the
boundary, which causes the shape of the fluid domain to change with time, so the mesh of the fluid
domain needs to be adjusted with the movement of the boundary [6]. In this study, a moving mesh
model is used for mesh adjustment.
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2. Algorithm Validation

To verify the correctness of the numerical calculation method and software parameter settings, a
simple two-dimensional cylindrical water contact response was calculated before calculating the
static water contact response of the watertight test specimen, and compared with the experimental
data in reference [7].

2.1 Numerical Simulation of Two-dimensional Cylinder Submerged in Water

Use ICEM software to establish a computational model and conduct numerical research on
two-dimensional cylindrical water landing.

The radius R+ of the cylinder is 0.1m, and the pressure change at point P with a central angle of 0° is
monitored during the calculation process. The model weight is 62.5kg. The calculation domain is
2.5m high and 2.0m wide. Initially, the center of the cylinder is 1.0m away from the top of the
calculation domain, as shown in Figure 1.
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Figure 1 — Schematic diagram of cylindrical water landing calculation domain

The initial velocity is 2m/s, and the cylinder is 0.03m away from the water surface at the initial
moment. There is an accompanying area with a radius of R.=0.2m around the cylinder, which moves
along with the cylinder to ensure the quality of the mesh around the cylinder during the calculation
process. The other areas are deformed mesh areas, which are reconstructed using elastic smoothing
and mesh reconstruction methods. All regions are divided into triangular unstructured grids, with
approximately 23500 grids. Figure 2 shows the initial moment of numerical calculation in FLUENT,
with blue representing the water phase and red representing the air phase.
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Figure 2 — Initial time diagram of cylindrical water landing simulation

Figure 3 shows the grid of the entire computational domain and the accompanying grid area around
the cylinder.

(a) Overall grid (b) Grid of accompanying area
Figure 3 — Cylindrical water landing grid situation

2.2 Comparison Between Numerical Calculation Results and Experimental Results
The formula for calculating the pressure coefficient C, is:

C,=(p=py )/ 05p7) (1

Among them: p is static pressure; Prer is the reference pressure, which is taken as 0 in the calculation
of this paper.
The pressure coefficient curve of numerical simulation over time and the experimental results in
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reference [4] are shown in Figure 4.
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Figure 4 — Comparison of experimental and numerical simulation results
From the above figure, it can be seen that the cylinder first accelerates and falls under the action of
gravity. After about 0.015 seconds, it collides with the water surface, generating a strong impact load
on the bottom monitoring point, causing it to reach its peak water pressure. Subsequently, due to the
damping effect of water, the cylinder velocity decreases and the load gradually stabilizes.
By comparison, the peak pressure coefficient calculated numerically is basically consistent with the
experimental results.

3. Structural Model Parameters

The watertight test specimen calculated numerically in this study is a geometric seal of a symmetrical
wedge-shaped bottom, as shown in Figure 5 below.

Figure 5 — Schematic diagram of watertight test specimen

5



HYDRODYNAMIC ANALYSIS ON WEDGE-SHAPED HULL WATERTIGHT TEST SPECIMEN

The geometric top wall panel is reinforced, with smooth wall panels on the front and rear planes, as
well as on the left and right sides. The wedge-shaped sloping surfaces are reinforced wall panels. The
three views and geometric parameters of the specimen are shown in Figure 6.
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(a) front view (b) side view (c) vertical view
Figure 6 — Three views of watertight test specimen

Establish a coordinate system as shown in Figure 7, with the midpoint of the wedge-shaped pointed
bottom of the test specimen as the origin, length as the x-axis, height as the y-axis, and width as the
z-axis. Due to the inability to determine the mass distribution of the watertight test specimen, the center
of gravity was taken at (0,1200,0) during numerical calculations, and the moment of inertia of the test
specimen was taken as I,=129kg-m?, l,%=111kg-m?, I,=129kg-m?.
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(a) Coordinate system front view (b) Coordinate system side view
Figure 7 — Coordinate system setting
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4. Static Water Response

4.1 Computational Models and Meshing

Use ICEM software to establish structural geometric models and calculate flow fields, and partition
grids. The distance between the left and right ends of the calculation domain and the test specimen is
10 times the length of the test specimen, the front and rear ends are 5 times the length of the test
specimen, and the upper and lower ends are also 5 times the length of the test specimen, as shown
in Figure 8.

Figure 8 — Schematic diagram of calculation area
Unstructured grid partitioning is used within the computational domain, including both air and water
parts. To ensure the quality of the mesh around the test specimen, the mesh division around the test
specimen is relatively dense, and an accompanying mesh area is added around it to wrap the test
specimen. The mesh in this area moves together with the test specimen during calculation and does
not undergo reconstruction. Figure 9 shows the grid situation, with a total of 1.67 million grids.

(a)Schematic diagram of the overall grid (b) Grid distribution on the surface of the specimen
Figure 9 — Schematic diagram of watertight test specimen
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4.2 Pressure Monitoring Point Setting

In order to monitor the pressure at the bottom of the watertight test specimen when it is wet, 10
pressure monitoring points P1to P1g are set on the right inclined plane of the wedge, as shown in
Figure 10.
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(a) Top view of the location of the monitoring point (b) Positive view of the location of the monitoring point
Figure 10 — Location of the pressure monitoring point

4.3 Static Water Landing Conditions
When the watertight test specimen hits the water, the influence of the weight and descent speed of
the specimen on the water response is mainly considered, there are 3 specimen weights and 7
descent speeds were test, for a total of 13 different conditions, this is shown in Table 1.

Table 1 — Watertight test specimen water condition

Landing conditions ~ Weight of specimen (kg) Descent speed (m/s) Drop height (m)

1 406 2 0.204
2 406 4 0.815
3 406 6 1.835
4 600 2 0.204
5 600 4 0.815
6 600 6 1.835
7 1200 1 0.051
8 1200 2 0.204
9 1200 3 0.459
10 1200 4 0.815
11 1200 5 1.274
12 1200 6 1.835
13 1200 7 2.497

4.4 Calculation Results

The FLUENT computational fluid dynamics software was used to simulate the watertight test
specimen's water response, and the numerical simulation results of each pressure monitoring point
when the watertight test specimen landed on the water surface were given, and compared with the
test results, taking the specimen’s weight of 1200kg and the descent speed of 7m/s as an example,
the results are as follows.
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Table 2 — Comparison of numerical calculations with experimental results

Monitor point pressure peaks (Kpa)
P1 P2 Ps3 P4 Ps Ps P7 Psg Po P10

Test results 93.74 88.49 77.38 57.83 40.55 27.22 19.83 10.35 85.15 58.20
Numerical

) 97.90 92.71 81.41 62.64 44.03 26.59 19.79 13.17 92.28 67.17
calculations

Deviation 4.7% 4.8% 5.2% 8.3% 86% -23% -02% 272% 83% 154%

Through comparative analysis, the numerical calculation results under 13 landing conditions are
generally consistent with the test results, and the deviation of most of the data is about 10%, which
meets the requirements of engineering deviation accuracy.

The pressure of each monitoring point under landing condition 13 (watertight test specimen weight
1200kg, descent speed 7m/s) changes with time as shown in Figure 11.
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Figure 11 — P1-P10 point pressure-time curves

5. Conclusion
Through the simulation analysis of the hydrostatic response of the watertight test specimen, the
following conclusions are drawn:

(1) Under 13 landing conditions, the distribution of water pressure at all monitoring points was the
same, that is, the peak pressure at P1 was the largest, the peak pressure decreased from P1 to Ps,
and the pressure peak value at Py and P1g was close to that of P-.

(2) At the same descent rate, the weight of the specimen increases from 406kg to 1200kg, and the
peak water pressure at each monitoring point at the bottom of the specimen also increases. The
descending speed of the specimen increases from 1 m/s to 7 m/s, and the water pressure at each
monitoring point at the bottom of the specimen also increases when the weight remains the same.

(3) When the watertight test specimen falls vertically, the water pressure at the bottom of the test
specimen also increases with the increase of the descending speed and the weight of the test
specimen itself, and the water impact of the descending speed is greater.
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