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the new technologies of marine industries but the researchers and designers 
are able to become the owners of design-engineering science of amphibious 
marine vessels in the shortest, possible time. In view of prevailing equations 
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types, laminar and turbulent Reynolds flow was taken. The results showed 
that the lift and drag coefficients in two laminar and turbulent conditions were 
proportional to the dynamic stability and consistent with experimental design 
and manufacturing and represented the stability of the flying vessel in two 
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ABSTRACT: Nowadays, design and manufacturing of amphibious 
aircrafts known as a flying boat are embraced in the maritime transport 
industries, military usage and relay. Although such flying vessels have been 
arranged in the new technologies of marine industries but the researchers 
and designers are able to become the owners of design-engineering science 
of amphibious marine vessels in the shortest, possible time. In view of  
prevailing equations on computational fluids and hydrodynamic of air-sea 
amphibious aircraft movement, this paper analyzed a sample of these vessels 
species with 4°, 6°, 8° angles of attack of the underside of the aircraft airfoil 
and action of two types, laminar and turbulent Reynolds flow was taken. The 
results showed that the lift and drag coefficients in two laminar and 
turbulent conditions were proportional to the dynamic stability and 
consistent with experimental design and manufacturing and represented the 
stability of the flying vessel in two laminar and turbulent flow. 
 
KEYWORDS: Amphibious aircrafts, Drag coefficient, Angle of attack, Lift 
coefficient, Airfoil. 

 
 
 

1.0      INTR ODU CTION  
 

Flying boats or surface effect instruments are assumed a type of 
amphibious sea-air devices which use the surface effect phenomenon 
while having the ability to land on water and take off from the water 
surface in which they increase their operational capabilities. Due to 
the special design of these devices. it can be said that the flying boat is 
not an aircraft given the ability to sit on water but it is a boat which 
has been given the flying ability while using a simple physical 
phenomenon (in terms of operational expectations). It should be 
noted that some types of fast boats also benefit from such 
phenomenon. A surface effect vessel can be described as a marine 
vehicle which flies over water surface and with a small distance 
towards it and it can reach speeds over 60 Knote, about 100  
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kilometers per hour. So far, many researchers have investigated 
hydrodynamic stability and instability of airfoils and vesseling 
objects. A study [1] has addressed numerical analysis and simulation 
of one type of aircraft. The authors have analyzed barriers which 
caused vortex and spiral structures and cause disorder. Another 
study[2] investigates the created vortexes in wind tunnel at high, 
average and low flying speeds by experimenting a sample of flying 
boats. A study uses Saekeeper software to determine the added mass 
force of the ship and compare the value of this force for different 
shapes to analyze the body form of a sample vessel [3]. In another 
study[4], a proposal was suggested which suits for different types of 
vessels in order to optimize them. The effect of thrust angle on body-
propeller-rudder reaction has been studied and the findings yield that  
changing of thrust angle and length change of the upstream body 
flow with high accuracy. Calculated results have been compared to 
the wind tunnel in which the propeller thrust, rotation and rudder 
forces have been investigated [5].   
 
In another study, an interaction of hydrodynamic and hydro acoustic 
in the propeller and rudder of the vessels is analyzed and the authors 
conclude that if they extend this research, appropriate measures can 
be taken to practically separate hydrodynamic and acoustic surfaces 
of the pressure fluctuations and fluids dynamic variations [6]. In 
addition to the above studies, some papers have focused on the 
design of body of marine amphibious aircrafts[7,8] . The laser forming 
of a doubly curved saddle shape is analyzed experimentally and 
numerically [7]. The results yield that curvatures associated with 
obtained saddle shape created by spiral irradiating scheme are 
considerably large and a considerable and suitable symmetry was 
produced in the obtained saddle shape with spiral irradiating scheme. 
Another study investigates the laser forming of metallic dome-shaped 
parts using spiral and radial-circular scan paths[8]. The results show 
that the stress distribution is more uniform in laser forming with the 
use of spiral scanning path. In addition, the deformed parts with 
spiral scanning path are more uniform compared to other 
investigated scanning paths. Research methodology in this paper is 
the way that the prevailing equations on vessels engineering are 
firstly analyzed and then the Fluent software is used by simulating 
the airfoil sections in the vertical plane and then the same airfoil will 
be analyzed from the front view. A sample of an amphibious aircraft 
is illustrated in Figure 1.  
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Figure 1: A sample of a flying boat (amphibious aircraft) 

 
 

  2.0      ENGINEERING EQUATIONS 
  2.1      Mathematical equations and simulating analysis 

 
  Force lift 1 is presented by Equation1 as follows: 
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In Equation 1,  is the vessel speed,  is the density, A is the airfoil     
area and is the lift coefficient which its functionality with effecting   
factors on this coefficient is as Equation 2:  

 
 

 

It should be noted that the angle of attack (α) determines the 
condition of       surface stands in front of the flow.  The lift force 2 is a 
frictional force and is a combination of viscosity or tangent and 
pressure and it is calculated from Equation 3 as follows: 
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In Equation 4, is called the total drag coefficient. Also, the 
effective lift coefficient in the fluid flow on the boat airfoil blade can  
be calculated from Equation 5 as follows:  
 

(5)  
 
In Equation 5,   is the lift coefficient,   is the sea water density, is 
the airfoil area and  is the vessel speed. In Figure 2 geometrical 
specifications of the lower airfoil of the flying boat is shown. It should 
be explained that the geometric information of this investigated airfoil 
geometry is obtained from Ref. [7].   

 

 
Figure 2: Geometrical parameters of the flying boat lower airfoil 

 
In addition to lift coefficient, another parameter that is effective on 
airfoil design is the Drag coefficient that is calculated from equation 6 
as follows:  

  
         

(6)  
 

In Equation 6, is the Drag co-efficient. The rudder torque 
coefficient is achievable from equation 7 as follows:  
 

(7) 
 

 
In Equation 7, is the momentum coefficient that is calculated from 
Equation 8 as follows:  

Journal of Advanced Manufacturing Technology  

 

 
In Equation 4, is called the total drag coefficient. Also, the 
effective lift coefficient in the fluid flow on the boat airfoil blade can  
be calculated from Equation 5 as follows:  
 

(5)  
 
In Equation 5,   is the lift coefficient,   is the sea water density, is 
the airfoil area and  is the vessel speed. In Figure 2 geometrical 
specifications of the lower airfoil of the flying boat is shown. It should 
be explained that the geometric information of this investigated airfoil 
geometry is obtained from Ref. [7].   

 

 
Figure 2: Geometrical parameters of the flying boat lower airfoil 

 
In addition to lift coefficient, another parameter that is effective on 
airfoil design is the Drag coefficient that is calculated from equation 6 
as follows:  

  
         

(6)  
 

In Equation 6, is the Drag co-efficient. The rudder torque 
coefficient is achievable from equation 7 as follows:  
 

(7) 
 

 
In Equation 7, is the momentum coefficient that is calculated from 
Equation 8 as follows:  

Journal of Advanced Manufacturing Technology  

 

 
In Equation 4, is called the total drag coefficient. Also, the 
effective lift coefficient in the fluid flow on the boat airfoil blade can  
be calculated from Equation 5 as follows:  
 

(5)  
 
In Equation 5,   is the lift coefficient,   is the sea water density, is 
the airfoil area and  is the vessel speed. In Figure 2 geometrical 
specifications of the lower airfoil of the flying boat is shown. It should 
be explained that the geometric information of this investigated airfoil 
geometry is obtained from Ref. [7].   

 

 
Figure 2: Geometrical parameters of the flying boat lower airfoil 

 
In addition to lift coefficient, another parameter that is effective on 
airfoil design is the Drag coefficient that is calculated from equation 6 
as follows:  

  
         

(6)  
 

In Equation 6, is the Drag co-efficient. The rudder torque 
coefficient is achievable from equation 7 as follows:  
 

(7) 
 

 
In Equation 7, is the momentum coefficient that is calculated from 
Equation 8 as follows:  

Journal of Advanced Manufacturing Technology  

 

 
In Equation 4, is called the total drag coefficient. Also, the 
effective lift coefficient in the fluid flow on the boat airfoil blade can  
be calculated from Equation 5 as follows:  
 

(5)  
 
In Equation 5,   is the lift coefficient,   is the sea water density, is 
the airfoil area and  is the vessel speed. In Figure 2 geometrical 
specifications of the lower airfoil of the flying boat is shown. It should 
be explained that the geometric information of this investigated airfoil 
geometry is obtained from Ref. [7].   

 

 
Figure 2: Geometrical parameters of the flying boat lower airfoil 

 
In addition to lift coefficient, another parameter that is effective on 
airfoil design is the Drag coefficient that is calculated from equation 6 
as follows:  

  
         

(6)  
 

In Equation 6, is the Drag co-efficient. The rudder torque 
coefficient is achievable from equation 7 as follows:  
 

(7) 
 

 
In Equation 7, is the momentum coefficient that is calculated from 
Equation 8 as follows:  

(6)



ISSN: 1985-3157        Vol. 10     No. 2   July - December 2016

Hydrodynamics Analysis of Marine Amphibious Aircraft L8 Hull by Fluent Software

95

(8)  
In the above equations,  is the density,  is the rudder or vessel 
speed, is the airfoil area,  is the lift coefficient, is the Drag 
coefficient and  is the torque coefficient [10].  
 
Besides, in Equation 9 the airfoil vertical force coefficient is calculated 
as follows:  

 

(9)  
 

The airfoil area ( ) is calculated in Equation10 as follows: 
 

(10)  
 

In Equation 10,  and    are the airfoil blade average height and the 
chord length respectively. One of the other coefficients is the aspect 
ratio that is calculated from Equation 11.  

 

   (11) 

 
In Figures 3 and 4 the schematics of airfoil blade are shown.   

 
Figure 3: Vertical view of the airfoil 

 
Figure 4: Front view of the flying boat airfoil section 
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 2.2  Investigating the lift and drag coefficient with analytical   

method 
CL, CD and CQN could be considered as below by using experimental 
equations and calculations:  

 
For the time when the angle of attack is less than stall angle we have: 

=2π. .Sin α +C .sin α .sinα.cos α          
(12) 

cosα  (13) 

cos α +CD sin α).(0.47  cos α 
sin α)

 (14) 

 
The first sentence in equation (12) is achieved from the thin foil 
potential theory which is accurate for zero or infinite aspect ratio and 
for other values the aspect ratio is approximate. The first term in 
equation 13 is related to induced drag achieved from the vortexes 
behind the rudder. The first term in equation 14 is also related to the 
condition when the fluid is ideal. The second term in equation 12 and 
13 is related to extra resistance which has been considered as the 
fourth power of the speed. In case of rudders which have sharp edges, 
the QN value can be considered equivalent to number 1, otherwise this 
number will be larger than 1. The second term in equation 14 has been 
achieved from considering the force standing in distance of 0.75 * 
chord length from the attack edge. Besides, to calculate the friction 
coefficient we use equation 15: 
 

(15) 
 CD0 =2.5  

 
These equations are appropriate for the time when half of the airfoil 
area is soaked. For better understanding of the equations, it should be 
said that intended purpose has been the same three types of drags 
which have been added and the total drag force is the summation of 4 
skin-friction drag 5 spray drag, 6 form drag and 7 induced drag. 
Based on this, the drag angle can be considered as equation 16: 

 

   (16) = + =  
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(15) 
 CD0 =2.5  
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The speed, pressure, drag and lift contour coefficients were analyzed. 
As can be seen in Figures 5 and 6, speed in red color area  exceeded 
the inlet and according to bernolli, equation pressure must be 
decreased. This is obviously clear in pressure contour. This existing 
pressure difference in up and down pressure contour of the airfoil 
was the lift force parameter.  
 
b) For angle of attack of α=6°, Cd=1.546*1000(drag coefficient) and 

Cl= 1.314*1000 (lift coefficient): 
 

As can be seen in Figures 7 and 8, the pressure variation on the airfoil 
is more than the last condition which caused an increase in pressure  
 
difference and the lift coefficient rise. In pressure contour, it is 
observed that a high pressure mass was created in front of the airfoil 
that caused an increase in drag coefficient. The lift to drag coefficient 
proportion was approximately 0.85 which was an appropriate 
number. 

 
 

 
Figure 5: Speed contour in laminar flow (angle of attack of 4°) 

 

a)

b)

As can be seen in Figures 7 and 8, the pressure variation on the airfoil 
is more than the last condition which caused an increase in pressure 
difference and the lift coefficient rise. In pressure contour, it is observed 
that a high pressure mass was created in front of the airfoil that caused 
an increase in drag coefficient. The lift to drag coefficient proportion 
was approximately 0.85 which was an appropriate number.
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Figure 5: Speed contour in laminar flow (angle of attack of 4°) 

 

 
Figure 6: Pressure contour in laminar flow (angle of attack of 4°) 

 
 

 
Figure 7: Speed contour in laminar flow (angle of attack of 6°) 

 

 
Figure 8: Pressure contour in laminar flow (angle of attack of 6°) 

 
 
 
 

 
Figure 6: Pressure contour in laminar flow (angle of attack of 4°) 

 
 

 
Figure 7: Speed contour in laminar flow (angle of attack of 6°) 

 

 
Figure 8: Pressure contour in laminar flow (angle of attack of 6°) 
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c) For the angle of attack of α=8°, Cd=1.836*1000(drag coefficient) and 

Cl= 1.314*1000 (lift coefficient): 
 

In achieved contour from the angle of attack of 8°, the speed rose and 
the pressure reduction was clear but the pressure variations around 
the airfoil was much more evident than the former condition. The 
non-slip principle was also true in all of the conditions of these 
contours. The speed and pressure contour in laminar flow under the 
angle of attack of 8° can be observed in Figures 9 and 10. Besides, the 
lift coefficient proportion to drag coefficient was approximately 0.72 
which was an acceptable number. 

 

 
Figure 9: Speed contour in laminar flow (angle of attack of 8°) 

 

 
Figure 10: Pressure contour in laminar flow (angle of attack of 8°) 

 
 
 

 
Figure 6: Pressure contour in laminar flow (angle of attack of 4°) 

 
 

 
Figure 7: Speed contour in laminar flow (angle of attack of 6°) 

 

 
Figure 8: Pressure contour in laminar flow (angle of attack of 6°) 

 
 
 
 

c)
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Figure 9: Speed contour in laminar flow (angle of attack of 8°) 

 

 
Figure 10: Pressure contour in laminar flow (angle of attack of 8°) 

 
 
 2. For turbulent flow condition: where the air speed was considered 

as 22.2 m/s and the water speed as 15m/s. Besides, this simulation 
was also conducted for three types of airfoils angle of attack 4°, 6° 
and 8° (lower part and in contact with flying boat). 

 
a) For the angle of attack of α=4°, the achieved coefficients were as 

Cd=8.786*1000 (drag coefficient) and Cl=8.786*1000 (lift coefficient). 
 

An increase in speed in turbulent condition was more than laminar 
condition and the pressure variations around the airfoil were 
increased. The lift and drag coefficients became more than six times 
due to these much variations. Figures 11 and 12 show the speed and 
pressure contours of the airfoil with the angle of attack of 4° for 
turbulent flow. 

 

 
Figure 11: Speed contour in turbulent flow (angle of attack of 4°) 

 

 
Figure 12: Pressure contour in turbulent flow (angle of attack of 4°) 
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b)  For the angle of attack of α=6°, Cd=1.088*1000(drag coefficient) 

and Cl= 1.088*1000 (lift coefficient): 
 
In Figures 13 and 14, the pressure around the airfoil had much more 
variations than the laminar condition and these condition variations 
result from turbulent terms due to high movement speed and their 
noises. 

 

 
Figure 13: Speed contour in turbulent flow (angle of attack of 6°) 

 

 
Figure 14: Pressure contour in turbulent flow (angle of attack of 6°) 
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Figure 13: Speed contour in turbulent flow (angle of attack of 6°) 

 

 
Figure 14: Pressure contour in turbulent flow (angle of attack of 6°) 

 
 
 
 
 
 
 

 
c)  For the angle of attack of α=8°, Cd=1.224*1000(drag coefficient) 

and Cl= 1.224*1000 (lift coefficient): 
 
The interesting and important point in turbulent flow was that the lift 
and drag coefficients became the same and our intended cross section 
was the determiner of the lift and drag forces as shown in Figures 15 
and 16.  

 

 
Figure 15: Speed contour in turbulent flow (angle of attack of 8°) 

 

 
Figure 16: Pressure contour in turbulent flow (angle of attack of 8°) 
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c)  For the angle of attack of α=8°, Cd=1.224*1000(drag coefficient) 

and Cl= 1.224*1000 (lift coefficient): 
 
The interesting and important point in turbulent flow was that the lift 
and drag coefficients became the same and our intended cross section 
was the determiner of the lift and drag forces as shown in Figures 15 
and 16.  

 

 
Figure 15: Speed contour in turbulent flow (angle of attack of 8°) 

 

 
Figure 16: Pressure contour in turbulent flow (angle of attack of 8°) 
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3.1    The analysis of the amphibious vessel airfoil from the front 

view (with T=3 estuary water) under the turbulent flow 
 
For the present investigation the air speed was 8.34 m/s and the sea 
water speed was considered 5m/s. For a part of vessel which is 
exposed to air, the drag coefficient was calculated as Cd=3.114*1000 
Figure 17 shows the airfoil estuary water from the lateral view. The 
results indicated that in turbulent condition as can be seen from the 
pressure contour, the blue part which had a pressure of under 1 atm 
became less and tended towards under the aircraft tail. Therefore, 
speed increase range in turbulent condition was more than laminar 
flow condition. Figures 17 and 18 show the pressure and speed 
contours under turbulent flow for the airfoil cross section in front 
view.  

 
Figure 17: Pressure contour in turbulent flow (airfoil from lateral view) 

 
Figure 18: Speed contour in turbulent flow (airfoil from lateral view) 
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4.0       CONCLUSION 

 
In this paper, based on engineering relations of the marine vessels and 
hydrodynamic stability of floating objects, first by considering the 
lower area geometry of an amphibious aircraft (flying boat) prevailing 
mathematical relations are addressed. Then, regarding to the 
simulation of the airfoil cross sections and contact surface with water 
in Fluent, the results are investigated and analyzed. Graphs in two 
laminar and turbulent (jumpy) flow stages are analyzed. As the angle 
of attack of airfoil has a tremendous effect on the achieved lift and 
drag coefficients, the angles of attack of 4°, 6° and 8° are considered 
for the simulation. The results show that the extracted speed and 
pressure contours by the Fluent are symmetrical which gave a 
positive point in designing this type of flying boat. In turbulent flow 
in which the angles of attacks of 6° and 8° are chosen, lift and drag 
coefficients show the same values. Therefore, the lift to drag 
coefficients proportion will be 1 which proves the sustainability of 
this aircraft type at high Reynolds numbers. Besides, in laminar flow 
for angles of attacks of 6° and 8°, the lift and drag coefficients have 
been achieved which indicate that dynamic stability of the vessel in 
both angles of attack types and the results show the same dynamic 
balance of the analysis with experimental results. 
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