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Abstract – The study presents the calculations’ 

results of the cylindrical body’s hydrodynamic 
characteristics located on an inclined flat surface 
influenced by oncoming water flow. The calculations 
are based on using CFD (Computational Fluid 
Dynamics) method. The patterns of the pressure 
coefficient’s distribution over the body’s external 
surface are studied; visualization of the flow around 
the body is shown considering the interference of the 
bearing surface. The conditions’ assessment ensuring a 
fixed body’s state has been carried out.  
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1. Introduction 

 
When designing products featuring operation in 

the aquatic environment, a problem related to 
objects’ stability and stationary state in the case of 
their location on an inclined surface under the 
influence of oncoming water flow due to the bottom 
current arises. To solve this problem, it is necessary 
to determine the mass, geometrical and 
hydrodynamic characteristics of a cylindrical body. 
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Most commonly mass and geometric 
characteristics are given. The cylindrical body’s 
hydrodynamic characteristics are determined on the 
basis of experimental blowing or on the basis of 
analytical calculations. Products’ hydrodynamic 
characteristics experimental studies are labor-
intensive and expensive, and analytical methods do 
not provide sufficient accuracy for complex 
geometric shape bodies [4]. Therefore, the use of 
modern computational methods CFD (Computational 
fluid dynamics) [3], [7] becomes very relevant, and it 
is based on solving Navier-Stokes equations [9], 
[12], allowing to determine the aero-hydrodynamic 
characteristics and consider the complex physical 
pattern of the flow of bodies  regardless any 
geometric shape in a viscous turbulent fluid flow and 
gas [5], [6].  
 

 
2. Cylindrical Body Computational Model 

 
To solve the stability and standstill problem of a 

product located on an inclined surface under the 
influence of the oncoming water flow, a cylindrical 
body’s arbitrary solid-state model has been 
developed, created in a CAD program of three-
dimensional modeling. 

 

 
 

Figure 1. Cylindrical body’s appearance and frame of 
axes, adopted in calculations of hydrodynamic 

characteristics 
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Figure 1 shows cylindrical body’s and frame of 
axes, adopted in calculations of cylindrical body’s 
hydrodynamic characteristics, in which: 

 

L = 1,8 m - cylindrical body’s length; 
D = 0,5 m - cylindrical body’s diameter. 
 

Figure 2 shows forces acting on a cylindrical body 
located in water on an inclined flat surface under the 
influence of an oncoming water flow. 

 

 
 

Figure 2. Diagram of the forces acting on a cylindrical 
body located in water on an inclined flat surface under the 

influence of the oncoming water flow 
 

The condition ensuring the cylindrical body’s 
standstill located on an inclined flat surface under the 
influence of the oncoming water flow is the  in 
equation execution: 

 

�𝑭𝒎𝒑 − 𝑭𝒀) > 𝑭𝒙 
 

 in which: 
 

is the friction force; 
N is the bearing surface reaction; 
µ  is the friction coefficient; 

270m =  kg is the cylindrical body’s mass in the 
water; 

9,81g =  m/s2 is the free fall acceleration; 
04δ =  is the bearing surface slope; 

2

2Y Y м
VF C Sρ ⋅

= ⋅ ⋅
 is the lift force; 

yС  is the lift force coefficient, determined using 
body flows’ computational simulation results in CFD 
program; 

1V =  m/s is the oncoming water flow speed; 
1025ρ =  kg/m3 is the water density; 

0,8464мS =  m2 is the midsection area; 
2

2X X м
VF C Sρ ⋅

= ⋅ ⋅
 is the resistance force; 

xС  is the resistance coefficient, determined by the 
results of computational simulation of the flow 
around the body in the CFD program. 

 

3. Determination Cylindrical Body's 
Hydrodynamic Characteristics  

 

 Calculation of cylindrical body's hydrodynamic 
characteristics was carried out at zero angles of 
attack and drift in the CFD program ANSYS 
FLUENT [1]. To describe the motion of a viscous 
turbulent fluid flow, Reynolds-averaged Navier-
Stokes equations, closed by a turbulence model k- 
SST [4] were used. The calculations were performed 
for the Reynolds number 

5Re 3,66 10= × . The number 
Re  was calculated for a characteristic linear size 
equal to the body diameter 0,5D =  m and the free 
stream velocity 1V =  m/s.  

The coefficients of hydrodynamic forces and 
moments related to the area of the mid-section of a 
cylindrical body are calculated by the following 
formulas [1]:  
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 in which XF is the drag force, Н;  
YF is the lift force, Н; 
ZF is the yawing force, Н; 

XM , YM , ZM  are the hydrodynamic moments in 
relation to the axis OX, OY, OZ respectively, Н м⋅ . 

The parameters of the initial turbulence were 
chosen are based on the conditions of the average 
intensity of the developed turbulent flow. The value 
of the relative turbulent viscosity was taken to be 

3tµ
µ
=

. 
Computational grid was created in the program 

ANSYS ICEM CFD. The computational area was of 
rectangular shape. The boundaries of the 
computational area were located at a distance of 10 
diameters from the front, 6 diameters from the right, 
top and left, and about 16 diameters from the rear 
(Figure 3). The bottom boundary adjoins the hull. 

  

 
 

Figure 3. Computational area of the cylindrical  
body model 
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The computational grid contained about six million 
cells and possessed a hybrid topology of tetrahedra 
and prisms (Figure 4). In non-streamlined sections, 
the computational grid was built with thickening by 
the number of cells to fully consider all the flow 
characteristics and greater reliability  for  
computational results of hydrodynamic 
characteristics. 

 

 
 

Figure 4. Surface grid in the vicinity of the  
cylindrical’s aft body 

 
In order to properly calculate wall currents on the 

surface of the cylindrical body and the bearing 
surface in the area of  turbulent boundary layer, the 
computational grid contained 16 prismatic layers and 
it was constructed so that the first grid node from the 
wall (surface) was in a viscous sublayer [8]. 

 
4. Calculation Results of the Cylindrical Body’s 

Hydrodynamic Characteristics  
 

 Calculation results showed that cylindrical body 
has the following hydrodynamic characteristics: 

0,566XC = , 0,627YC = , 0,053ZC = , 0,011Xm = , 
0,007Ym = − , 0,018Zm = −  while free steam velocity 

is 1V =  m/s and zero angle of attack and drift. Torque 
coefficients were calculated relative to the origin of 
the coordinate system adopted in the calculations.  

Figure 5 shows patterns of pressure coefficient 
distribution over the bearing surface and the surface 
of the cylindrical body. Areas corresponding the 
stagnation point region are visible ( 1pС = ), areas 
with realized peak under pressure ( 0pС < ) and 
pressure jump are caused by local separation. The 
presented results allow us to estimate the effective 
distributed loads on individual structural elements of 
the cylindrical body. Also, such information will be 
useful in calculating  loads acting on the body. 

Figure 6 shows  distribution of the total velocity in  
transverse and horizontal plane of the cylindrical 
body. The figures clearly show a vast area of 
turbulent wake. In the vicinity of the bearing surface, 
from the side of  body facing the incident flow, there 
are areas of discrete vortices formed by decelerating 
the flow. The presented fields of unit velocity vectors 
in the figure 7 give outline a concept of the flow’s 

structure in  crossflow and horizontal plane of the 
cylindrical body. 

 

 

 
 

Figure 5. The distribution of the pressure coefficient over 
the surface of the cylindrical body and the bearing surface 

 

 

 
 

Figure 6. Distribution of total velocity in the crossflow 
and horizontal plane of the cylindrical body 
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Figure 7. Area of unit velocity vectors in the crossflow and 
horizontal plane of the cylindrical body 

 
The physical nature of the flow around a 

cylindrical body is clearly represented by the 
streamlines’ structure. Let us consider examples of 
visualization of  flow pattern in the cylindrical 
body’s vicinity. The points of the streamlines’ 
outcome were chosen on a straight line located in  
longitudinal plane in front of the body.  

 

 

 
 

Figure 8. Visualization of a flow around the cylindrical 
body (streamlines depart from a straight line located in 

the longitudinal plane in front of the body) 
 
 

 

 
 

Figure 9. Visualization of a flow around a cylindrical 
body when viewed from above and behind (streamlines 
depart from a straight line located in the longitudinal 

plane in front of the body) 
 

Presented in the figures 8 and 9,  patterns of the 
streamlines show that the flow around the body, 
which has a non-streamlined shape in cross section, 
is accompanied by a flow separation. The figures 
also clearly show the tear-off areas due to non-
stationary flow processes. The observed shear nature 
of the flow around the body explains  significant 
amount of its resistance. In a projection at a side 
view on the figure 8 it can be seen that the presence 
of a bearing surface leads to a non-symmetrical flow 
around the body and, as a consequence, the formation 
of a positive lifting force on it. In the projection as 
viewed from above in figure 9 there is a pronounced 
non-symmetry of the pattern around the body, also 
indicating the presence of a yawing moment YM  on 
the body [2]. 
 
5. Friction Coefficient Limit Whereby Cylindrical 

Body is Standstill on an Inclined Surface Under 
the Oncoming Water Flow 

 
Based on the results of hydrodynamic 

characteristics, we define hydrodynamic forces 
acting on a cylindrical body: 

 
2 21025 (1)0,566 0,8464 245,5

2 2X X м
VF C Sρ ⋅ ⋅

= ⋅ ⋅ = ⋅ ⋅ =
 Н; 

2 21025 (1)0,627 0,8464 272
2 2Y Y м
VF C Sρ ⋅ ⋅

= ⋅ ⋅ = ⋅ ⋅ =
 Н. 

 

Let us find the limiting value of the friction 
coefficient at which the condition of the standstill 
state of a cylindrical body will be satisfied. 

 

�𝑭𝒎𝒑 − 𝑭𝒀) > 𝑭𝒙 ; 
( cos )Y Xmg F Fµ δ⋅ ⋅ − > ; 
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0,195µ > . 
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To fulfil the condition of the cylindrical body’s 
standstill located on an inclined flat surface of 40 
under the influence of the oncoming water flow with 
a speed 1V =  м/с it is required that the value of the 
friction coefficient between the body and the bearing 
surface should be larger 0,195.  

The value of the friction coefficient depends on the 
material of  contacting surfaces and the presence of 
lubricant between them. For example, Table 1 
presents the values of  friction coefficients of various 
pairs  with their rubbing bodies.  
 
Table 1. Values of the friction coefficients of various 
pairs of rubbing bodies 
 

Pair of rubbing 
bodies 

Coefficient of sliding friction 
(when starting off) µ  

Surfaces 

dry water-
wetted lubricated 

Metal over 
  

0,35 0,4 
 

- 

Metal over a 
smooth concrete 
surface * 

0,35 - 0,2 

Metal over sand 
** 

- 0,4…0,44 - 

Metal over gravel 
** - 0,42…0,45 - 

Metal over 
pebbles ** - 0,50…0,52 - 

Metal over silt** - 0,2…0,4 - 
Metal over silt 
with sand ** - 0,25…0,43 - 

 
* - coefficient values are taken from the source [11]; 
** - coefficient values are taken from the source [10]. 
 

Table 1 shows that the calculated value of the 
friction coefficient does not exceed the minimum 
values of the friction coefficients for surfaces wetted 
with water. Consequently, a cylindrical body made of 
metal will maintain a predetermined position after 
installation on solid soils with a slope of up to 40 
when exposed to an undercurrent at a speed of 1V =  
m/s.  
 
6.   Conclusion 
 
1. A method has been developed for estimating the 

standstill state of a cylindrical body in the case of 
its location on an inclined surface under the 
influence of an oncoming water flow. 

2. As a result of the calculations, the main 
hydrodynamic characteristics of the cylindrical 
body were determined, calculated at zero angles 
of attack and drift for the number 

5Re 3,66 10= × : 

0,566XC =  is the resistance force coefficient; 
0,627YC =  is the lift coefficient; 
0,053ZC =  is the side-force coefficient; 
0,011Xm =  is the coefficient of torque relative to 

the axis OX; 
0,007Ym = −

 

is the coefficient of torque relative 
to the axis OY;

 
0,018Zm = −

 

is the coefficient of torque relative 
to the axis OZ. 

3. Analysis of the streamline patterns, pressure 
distributions and total velocities showed that the 
flow around a cylindrical body is accompanied 
by a flow separation. The presence of a bearing 
surface near the body has a significant impact on 
its hydrodynamic characteristics. It was found 
that the presence of the bearing surface leads to 
an asymmetric pattern of the flow around the 
body, and as a result, the formation of a positive 
lifting force on it. 

4. The results of calculations showed that the 
cylindrical body will save a predetermined 
position after installation on solid ground with a 
slope of up to 40 when exposed to an 
undercurrent with a speed  1V =  m/s. 
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