
 
 
 

Journal of Advanced Research in Ocean Engineering 3(2) (2017) 059-065 
https://doi.org/10.5574/JAROE.2017.3.2.059 

 

 

Calculation of Anchor’s Terminal Velocity in the Water 
and Onshore Dropped Heights Using MDM Technique 

  

Mun-Beom Shin1*, and Young-Kyo Seo1 
1Department of Ocean Engineering, Korea Maritime and Ocean University, Busan 49112, Korea 

 

(Manuscript Received March 7 2017; Revised April 11, 2017; Accepted May 10, 2017)  

 

Abstract 
 
When an anchor is dropped into the sea, there exists a danger of collision on the pipeline and subsea cables in 

the seabed. This collision could cause huge environmental disasters and serious economic losses. In order to se-
cure the safety of subsea structures such as pipelines and subsea cables from the external impact, it is necessary to 
estimate the exact external force through the anchor’s terminal velocity on the water. FLUENT, a computational 
fluid dynamic program, was used to acquire the terminal velocity and drag coefficient computation. A half-
symmetry condition was used in order to reduce the computational time and a moving deforming mesh technique 
also adapted to present hydrostatic pressure. The results were examined with the equation based on Newton’s 
Second Law to check the error rate. In this study, three example cases were calculated by stockless anchors of 
5.25 ton, 10.5 ton, and 15.4 ton, and for the onshore experiment dropped height was back calculated with the an-
chor’s terminal velocity in the water. 

 
Keywords: Anchor, Terminal velocity, Drag coefficient, MDM(Moving Deforming Mesh)method, Computational Fluid Dy-

namics 

 

 
 

1. Introduction 

Many subsea cables, which play key roles in the electronics and communication fields, have been installed 

around the world, and many more installations of subsea cables are expected in the future. The largest risk factor 

that can cause trouble in these subsea cables is fishing activities. Approximately 70% of such troubles are caused 

by the anchors of small fishing boats, and the largest amount of trouble occurs within 200 m of water depth (Jae-

Jin Chung et al., 2007). Furthermore, anchors and other objects falling into the subsea are also important risk 

factors that cause external impact to subsea pipelines that transport oil or natural gas (Dnv-Rp-F107 Risk As-

sessment Of Pipeline Protection 2010). 

Many ships sailing in the sea use various anchors. Since ships are becoming larger, the sizes and weights of an-

chors are also increasing. As a result, the risk of collision of subsea cables or pipelines that transport oil and natu-

ral gas is rising. Moreover, the extent of damage from collisions is expected to grow as well. Accidents by colli-

sions with anchors have been reported in South Korea, and various protection methods and numerical simula-

tions of collisions have been conducted (Hyeon-Man Cho et al., 2012). Before conducting a collision analysis, 

however, the terminal velocity of the anchor in water must be calculated first. Table 1 shows the rough terminal 

velocity according to an equation based on a drag coefficient determined by the weight through computational  
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 Table 1. Drag coefficient and terminal velocity of anchor 

Weight 

[ton] 
Drag coefficient 

Terminal velocity 

[m/s] 

2.00 0.800 7.140 

4.89 0.862 8.203 

10.5 0.781 9.623 

 

 

 (a) Front  (b) Side  (c) Bottom 

 

Fig. 1. Shape of stockless anchor 

 

fluid dynamics (CFD) (Jin-Ho Woo et al., 2015). However, a more precise analysis is required. Objects falling 

into the sea receive a hydrostatic pressure, which has a large effect on the calculation of the drag coefficient and 

terminal velocity. To secure the stability of subsea cables and pipelines against external forces and to use protec-

tion methods, the velocities of objects must be determined accurately. Actually, the response of structures varies 

greatly depending on the velocity of objects falling to the subsea. Design errors resulting from this variation can 

cause enormous losses. Therefore, more precise and accurate calculation of terminal velocity of falling objects is 

required for more economical and safe designs.  

In this study, 5.25-t, 10.5-t, and 15.4-t anchors were modeled using CATIA v5, and the underwater termi-

nal velocity and drag coefficient were derived using the moving deforming mesh (MDM) method of 

FLUENT, which is a CFD application. Then, the modeling results were verified by comparing them with the 

calculated results of the theoretical equation. In addition, the collision distance in the onshore experiment to 

replace the underwater dropping formula was determined by the law of conservation of energy. This study 

aimed to propose new formulas for analyzing the accurate terminal velocity, impact force, and drag coeffi-

cient. 

2. Numerical Modeling  

2.1 Anchor Modeling  

For the anchors of ships, 5.25-t, 10.5-t, and 15.4-t anchors were modeled using the three-dimensional de-

sign application CATIA v5 R18 based on the Korean Industrial Standard KS V 3311 (2012). To apply the 

vertical falling condition of an anchor, the shank of a stockless anchor was fixed and simplified in the mod-

eling, and the shapes of the stockless anchor are illustrated in Fig. 1.  

 

 Table 2 Air and water properties 

Weight 

[ton] 
Drag coefficient 

Terminal velocity 

[m/s] 

2.00 0.800 7.140 

4.89 0.862 8.203 
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2.2 Flow Field and Analysis Conditions 

For the numerical analysis, the CFD program FLUENT 13.0 was used. A flow field was formed with a 

volume of fluid (VOF) model consisting of air and water, and the falling of the anchor from the air into the 

water was simulated. Table 2 lists the properties of the fluids used for analysis. Fig. 2 shows the flow field 

used for the analysis, indicating the volume fraction of water and air on a two-dimensional plane to show the 

distance from the anchor in the air to sea level.  

For the numerical analysis, tetrahedral meshes were used. These meshes simulate the moving boundary 

flow in the MDM method. Furthermore, many elements were used to accurately simulate the surroundings 

of the anchor’s boundary in the flow field. Because the analysis time increased with the number of elements, 

a half symmetry condition was assigned to reduce the analysis time. The free-falling anchor can be regarded 

as a dynamic behavior of an unsteady state that changes rapidly over time; thus, a transient solver was de-

fined. For a flow analysis, the boundary layer must be defined by calculating the Reynolds number (Re) 

before setting the analysis model. The following equation was used to calculate the Re number:  

 

     =   
     

  
  =   

   

  
  (1) 

 

where L is the characteristic length of an anchor, V is the anchor velocity in water, μ  is the coefficient of 

viscosity of water, and ν  is the coefficient of kinematic viscosity. If the characteristic length is regarded 

as the horizontal length of the anchor’s cross section, it can be assumed as a turbulent flow, and the drag 

coefficient must be experimentally determined according to the shape of the object. Thus, for turbulent 

model settings, the boundary condition of the anchor was set as a wall, and the Κ-ω Shear Stress Transport 

(SST) model was used. 

To implement the falling of the anchor, the MDM method for analyzing physical phenomena considering 

the transformation of a mesh or model was used. In addition, the weight and moment of inertia of the anchor 

were applied using a user-defined function (UDF) written in the C language, and can be dynamically con-

nected with the FLUENT solver. The rotating coordinate system was restricted except for the falling direc-

tion of the anchor (Y axis). To express the hydrostatic pressure in the sea, the initial condition was set for 

the pressure change according to the depth in each field. The equation of the hydrostatic pressure is as fol-

lows: 

 

 Hydrostatic pressure =       (2) 

 

where ρ is the density of water, g is the gravitational acceleration, and z is the depth. 

 

 

Fig. 2. Volume fraction of flow field 
 



62  Mun-Beom Shin, and Young-Kyo Seo 
 Journal of Advanced Research in Ocean Engineering 3(2) (2017) 59-65 

 

 Table 3 Area and volume according to weight of anchor 

Weight 

[Ton] 

Area 

[M ] 

Volume 

[M ] 

5.25 1.393 0.696 

10.5 2.216 1.393 

15.4 2.863 2.043 

3. Calculation of Terminal Velocity Equation 

3.1 Assumption of the Terminal Velocity Equation 

Objects falling in a fluid such as water or air receive buoyancy and drag force acting opposite the moving 

direction. In general, resistance increases at a higher velocity, and when the object reaches a certain velocity, 

the sizes of drag force and gravity become equal and the resultant force on the object becomes zero. As a 

result, the object moves at the uniform motion without acceleration. Thus, the constant velocity at which the 

object falls without acceleration after reaching it is called the “terminal velocity.” The terminal velocity 

equation used in this study considered only buoyancy and viscosity for the drag forces that the anchor re-

ceives. For the sectional area of the anchor required to calculate the drag force, the sectional area at the bot-

tom of Fig. 1 was calculated and used. Newton’s second law was applied to calculate the terminal velocity. 

Table 3 lists the sectional area and volume of the anchor according to its weight. These characteristics are 

required to calculate the equation. 

3.2 Calculation of Terminal Velocity and Drop Height on the Ground 

The equation for gravity and buoyancy when the anchor is submerged under water (Eq. 3), and the rela-

tional equation of the drag force    (Eq. 4), are as follows:  

 

  =  −  =   −       (3) 

 

   = 
            

 

 
 =      

   (4) 

 

where m is the mass of the anchor, ρ  is the density of water, g is the gravitational acceleration, V is the 

volume of the anchor, C  is the drag coefficient, A is the sectional area of the anchor, and v is the velocity 

of the anchor in water. 

 

 

The total force combining Eqs. (3) and (4) that the anchor receives can be determined by the following Eq. 

(5), using Newton’s second law (F=ma): 

 

  
  

  
 =    =   − (    +    

 ) = ( −    ) −    
 =     −    

   (5) 

 
where m is the mass of the object considering the effect of buoyancy. If the above Eq. (5) is reorganized 

as an index term by separating the variables and integrating both sides, the following Eq. (6) can be obtained, 

which can calculate the terminal velocity:  

 

  =   
   

  
    ℎ      

    

 
    (6) 
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 (a)1s  (b) 3s  (c) 7s 

 

Fig. 3. Volume fractions of time steps 

 

Next, for the falling distance in the onshore experiment, the following Eq. (7) can be obtained by ignoring 

the resistance of air and applying the law of conservation of energy, while considering the terminal velocity 

of the anchor in water as the velocity at the time of collision with a pipeline or cable buried in the seabed.  

 

   ℎ  =   
 

 
      

   (7) 

 

 ℎ =  
 

 
  
    

 

  
  (8) 

 

In the above equations, v   is the terminal velocity of the anchor in water, and h is the drop height in the 

onshore experiment. 

4. Results and Comparison of Numerical Analysis 

Fig. 3 shows the variations in the volume fraction over time to check the position of the anchor in the flow 

field. The result confirms that the anchor is free falling over time. Furthermore, when a 5.25-t anchor was 

dropped, the terminal velocity was 6.507 m/s and the drag coefficient was 1.515, as shown in Fig. 4. In addi-

tion, Figs. 5 and 6 show the results of 10.5-t and 15.4-t anchors. 

 

     

 Fig. 4. Velocity and drag coefficient of 5.25-t anchor Fig. 5. Velocity and drag coefficient of 10.5-t anchor 

 

     

 Fig. 6. Velocity and drag coefficient of 15.4-t anchor  Fig. 7. Terminal velocity of anchors by equation 



64  Mun-Beom Shin, and Young-Kyo Seo 
 Journal of Advanced Research in Ocean Engineering 3(2) (2017) 59-65 

 

 Table 5 Calculation of drop heights for onshore experiment 

Weight 

[ton] 

Terminal velocity 

[m/s] 

Drop height of onshore 

experiment 

[m] 

5.25 6.507 1.864 

10.5 7.847 2.710 

15.4 8.374 3.087 

 

Fig. 7 shows the terminal velocities of the anchors determined by substituting the numerical analysis re-

sults of the drag coefficient in the terminal velocity equation (6). As shown in this graph, the maximum ve-

locity is different from the numerical analysis result. This is because the initial velocity was assumed to be 

zero in Eq. (6) when the terminal velocity was calculated. Fig. 8 shows the error rates between the final ter-

minal velocity calculated by substituting the drag coefficient from the numerical analysis in the equation, 

and the terminal velocity obtained from the numerical analysis.  

The reason for this error is that even though the dimensionless wall distance (y+) concept must be applied 

when calculating the drag coefficient in the CFD (to accurately generate a mesh near the wall and to predict 

the distribution of flow boundary layer), it was not considered owing to the difficulty of recreating the mesh 

near the wall by the nature of the MDM method. However, the compared terminal velocity equation (6) also 

excluded the various parts of the drag force that the anchor receives. Thus, an error rate of approximately 2% 

can prove the reliability of the numerical analysis results. In this way, the drop height in the onshore exper-

iment can be determined through Eq. (8), which was determined using the terminal velocity of the anchor by 

weight that was determined by numerical analysis, and the law of conservation of energy, which are listed in 

Table 5. 

5. Conclusions 

This study was conducted to build basic data needed to achieve stability in cables and pipelines buried in 

the seabed against external forces. To that end, a numerical analysis was conducted on the terminal velocity 

in water of anchors for ships of various weights using the MDM method. The analysis results can be sum-

marized as follows: 

(1) The 5.25-t, 10.5-t, and 15.4-t anchors dropped at 5 m above sea level showed terminal velocities of 

6.404 m/s, 7.624 m/s, and 8.190 m/s, respectively, and drag coefficients of 1.515, 1.344, and 1.322. These 

results suggest that the drag force that the anchor received decreased as the anchor weight and velocity in-

creased.  

(2) The error rate from the comparison between the terminal velocity calculated by substituting the drag 

coefficient from the numerical analysis in Eq. (6) and the terminal velocity determined by analysis was ap-

proximately 2%, thus proving the validity of the analysis result. 

 

 

Fig. 8. Error rates of two types of terminal velocity result 
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(3) Based on the numerical analysis results, the 5.25-t, 10.5-t, and 15.4-t anchors have drop heights of 

1.864 m, 2.170 m, and 3.087 m, respectively, in the onshore experiment. 

The free-falling analysis using the MDM method in this study has engineering applicability to various 

fields in the future. Furthermore, the hazards of the external force of subsea cables and pipelines can be ex-

amined using the drop height in onshore experiments. As a future research subject, the penetration depth of 

an anchor in the seabed could be determined through an onshore model experiment based on the terminal 

velocity of the anchor in water calculated in this study. 
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