
Scholar Publishing Group 

Frontiers in Ocean Engineering 

https://doi.org/10.38007/FOE.2021.020104 

ISSN 2790-2706 Vol. 2, Issue 1: 27-34 

 
 

 
 

Copyright: © 2021 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited 
(https://creativecommons.org/licenses/by/4.0/). 

 
27 

Viscous Flow Model for Breakwater Wave Force in 

Marine Engineering 

Varunen Verman
*
 

Prince Sattam Bin Abdul Aziz University, Saudi Arabia 

*
corresponding author 

Keywords: Viscous Flow Model, Marine Engineering, Breakwater Wave Force, Marine 

Breakwater 

Abstract: The research on the wave force of breakwaters in marine engineering refers to 

avoiding the damage caused by wave propagation and reducing the damage of waves to 

structures in marine engineering, so as to ensure the safety of buildings and oceans in 

marine engineering. In order to solve the deficiencies of the existing viscous flow 

model-based research on breakwater wave force in marine engineering, this paper 

discusses the functional equations of the viscous flow model and the concept of breakwater 

wave force structure types. The model briefly introduces the data simulation and 

calculation parameters of the wave force application of the breakwater in marine 

engineering. And the design of the model structure based on the viscous flow model for the 

wave force of the breakwater in marine engineering is discussed. Finally, the simulation 

value calculated by the viscous flow model and the MLAC model is compared with the 

average analytical value of the breakwater wave force in the experimental analysis. The 

experimental data show that the numerical simulation value of the strength of the 

breakwater wave force in the viscous flow model is closer to the average analytical value 

of the breakwater wave force than the MLAC model, and its error is within 4%, while the 

numerical simulation error of the MLAC model is close to 10%, thus verifying the 

practical value of the viscous flow model for breakwater wave force in marine engineering. 

1. Introduction 

The wave force of the breakwater is mainly used to resist the interference of waves to the waters 

in marine engineering, and also has the effect of preventing flow and mud, maintaining the safety of 

waters and facilities in marine engineering and ensuring the normal operation of ships. Therefore, 

the construction based on viscous flow model in marine engineering It is of great significance to 

model the wave force of breakwaters in order to form a safe marine engineering. 
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Nowadays, more and more scholars pay attention to the research on the wave force of 

breakwaters in marine engineering by various technologies and platforms, and through practical 

research, some research results have also been achieved. Hayashi K first realized the 

synchronization process of water level and wave through the continuous tidal and wave-making of 

wave generator and tidal device, so as to realize the dynamic coupling simulation of storm surge 

and wave in the laboratory. Then, the physical model tests of typical seawall sections are carried out 

under the dynamic coupling of storm surge and waves and the conventional fixed water level. 

During the test, the damage process of the top of the embankment and the rear wall of the 

breakwater was observed and compared [1]. Zimmaro Pre has done some research and there is still 

no widely applicable formula for the discharge coefficient that needs to be known to estimate the 

flood discharge caused by the breach of the dyke. Sometimes the discharge coefficient of a pointed 

side weir is used to estimate flow, however, in the case of a breach of the dam, the resulting 

geometry and type of flow are similar to those of a wide-roofed weir. Therefore, Zimmaro Pre 

established two different openings, rectangular and trapezoidal, at a height of 0.6m in the center of 

the embankment to simulate the breaching scenario of the embankment, and discussed the influence 

of two different incoming flow types, river type and reservoir type [2]. Keisuke discusses the 

hydraulic design of a new 13km flood levee proposed in Malawi. Keisuke uses a state-of-the-art 

quasi-3D fully hydrodynamic alluvial river model for the analysis. The model includes rupture 

events, railway embankment breaches and their locations, flood water levels observed in the field, 

and sediment deposition and losses in the main channel of the Ruohe River south of the breach. 

After model verification, considering factors such as the long-term rise of the water level of the 

Xia'er River in the lower reaches of Chiluomo and the excavation of the new main channel of the 

Ruohe River, the hydraulic design of the proposed new embankment along the railway was carried 

out [3]. Although the existing research on the wave force of the breakwater in marine engineering is 

very rich, the research on the wave force of the breakwater in marine engineering based on the 

viscous flow model is still insufficient. 

Therefore, in order to solve the existing problems in the study of the wave force of the 

breakwater in the existing marine engineering, this paper firstly introduces the functional equation 

steps of the viscous flow model and the concept of the structure type of the wave force of the 

breakwater. The data simulation and calculation parameter analysis of the wave force application of 

the breakwater in the project. Finally, the model framework for the application of the wave force of 

the breakwater in the marine engineering based on the viscous flow model is designed, and the 

wave force of the breakwater is calculated in the marine engineering through the viscous flow 

model. The application is carried out experimental test, and the final experiment shows the 

effectiveness of the viscous flow model proposed in this paper in the application of the wave force 

of the breakwater in marine engineering. 

2. Breakwater Wave Force in Marine Engineering Based on Viscous Flow Model 

2.1. Viscous Flow Model 

The coefficients based on the viscous flow model should be considered in relation to the product 

of the pulsating flume geometric scale, flume radius, flume amplitude, flume submerged depth [4]. 

The water wave velocity of the breakwater wave force is expressed by the square root of the 

coefficient f  of the viscous flow model, and the water wave flow rate is proposed: 

zfdGr

5.0'
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                      (1) 
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In the above formula, 
'

d
 is the water wave pressure constant, and z  is the coefficient of 

viscous flow, which is generally calculated by empirical formula [5]. When using this formula to 

calculate rG , the key is to determine f  in the simulated water tank, and start from the definition 

of f (1) [6]. A series of operations are performed from the coefficients of the viscous flow model 

to obtain the f  equation: 
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In the above formula, A is called the PDT number of the viscous flow model, and its value is 

around 2.5 [7]. There is no conclusion about the value of the coefficient B, and the E viscous flow 

model generates terms: 
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The viscous flow model takes into account the water wave velocity of the breakwater wave force, 

the water wave flow rate [8]. 

2.2. Types of Breakwater Wave Force Structures 

Breakwaters can be divided into slope type, vertical type and other types according to the 

structure type [9]. 

(1) The design section of the slope-type embankment is an inverted trapezoid, and is generally 

made of natural rubble, artificial concrete blocks, and bagged sand [10]. The embankment core is 

made of materials, and various artificial blocks and masks with good safety and strong wave 

dissipation performance are used outside the embankment core [11]. 

(2) The structural section of the vertical breakwater has vertical or almost vertical walls inside 

and outside, and is generally divided into two types: gravity type and pile type [12]. The advantage 

of the vertical embankment is that when the drop is large, the engineering quantity of the 

embankment core material is significantly lower than that of the inclined embankment [13]. At the 

same time, the inner side of the dam can also be used as a wharf, and can realize the comprehensive 

utilization of wave energy power generation [14]. 

3. Investigation and Research on Breakwater Wave Force in Marine Engineering Based on 

Viscous Flow Model 

3.1. Simulation of Breakwater Wave Force Data in Marine Engineering Based on Viscous 

Flow Model 

In this paper, two identical rectangular structures are used to simulate the floating breakwater 

[15]. Considering the relationship between the length of the wave absorbing layer and the 
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wavelength of the incident wave and the size of the breakwater spacing, the length of the numerical 

wave tank, the height of the tank, the water depth, the length and height of the breakwater, the 

horizontal distance between the anchor point and the edge of the breakwater, the distance between 

the breakwater, and the distance from the edge of the breakwater were calculated data simulation 

[16]. The specific parameters are shown in Table 1: 

Table 1. Breakwater wave force data 

Project Unit Parameter 

The depth of the water m 0.7 

Long dike m 0.6 

High embankment m 0.4 

Draft m 0.2 

The anchor spacing m 0.3 

The dam spacing m 0.8 

3.2. Calculation Parameters of Breakwater Wave Force in Marine Engineering Based on 

Viscous Flow Model 

In order to facilitate the calculation of the wave force of the breakwater in marine engineering 

based on the viscous flow model [17]. According to the geometric characteristics of the viscous 

flow model, the proportions of the water tank for the wave force simulation of the breakwater are 

set as A/c, U/t, Y/g, and W/q, where A/c is the geometric proportion, U/t and Y/g are respectively is 

the radius of the water tank, the amplitude of the water tank, and W/q is the submerged depth and 

water depth of the water tank [18]. In this paper, based on the viscous flow model in the ocean 

engineering, the calculation parameters corresponding to the numerical value of the breakwater 

wave force calculation are shown in Table 2: 

Table 2. Viscous flow model calculation parameters 

Project A/c U/t Y/g W/q 

Project1 0.45 0.87 21017.4   
31019.2   

Project2 0.56 2.35 21056.8   
31067.3   

Project3 0.67 2.98 31056.2   
31078.4   

Project2 0.89 3.78 31078.2   
31089.5   

4. Research on the Application of Wave Force on Breakwaters in Marine Engineering Based 

on Viscous Flow Model 

4.1. Calculation Model Structure of Breakwater Wave Force in Marine Engineering Based on 

Viscous Flow Model 

In the numerical simulation of the wave force of the breakwater, certain calculation parameters 
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and the simulation of the experimental data of the wave force of the breakwater in marine 

engineering are required. The specific calculation structure flow is shown in Figure 1: 

 

Figure 1. Structure of the viscous flow model breakwater wave force calculation model 

On the basis of the above-mentioned simulated water tank calculation parameters and wave force 

numerical simulation, the viscous flow model is used to numerically solve the water wave pressure, 

water wave height, total wave force and the strength of the water tank bottom pressure. The specific 

calculation process is as follows: 

(1) The parameters of the geometric scale of the simulated water tank, the radius of the water 

tank, the amplitude of the water tank, and the submerged depth of the water tank are known. 

(2) Solve the viscous flow model equation (1), and calculate the water wave pressure, the water 

wave height, the total wave force and the strength of the tank bottom pressure in the simulated tank. 

(3) Calculate the water wave velocity and water wave flow rate of the breakwater wave force 

according to the formula (2). 

(4) Calculate the density and wave force viscous flow coefficient of the simulated water tank 

according to formula (3). 

(5) Calculate the force of the water wave pressure, water wave height, total wave force and the 

pressure strength of the bottom of the water tank on the dam according to the formula (1) and (2). 

4.2. Calculation and Application of Breakwater Wave force in Marine Engineering Based on 

Viscous Flow Model 

In order to verify the correctness of the viscous flow model proposed in this paper for the 

calculation of breakwater wave force in marine engineering, this paper is based on the calculation 

parameters of the viscous flow model for breakwater wave force calculation in marine engineering 

and the numerical simulation of the breakwater wave force. On the basis of the investigation and 

research, the results are compared with the average analytical value of the wave force, the water 

wave height, the total wave force and the intensity of the tank bottom pressure in the simulated tank 

engineering, the MLAC model simulation value and the simulation value based on the viscous flow 

model. , the viscous flow coefficients of both water and air are set to A in this experiment. The 

simulated numerical results of the MLAC model and the viscous flow model are compared with the 
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average analytical numerical results. The specific simulated and average analytical values are 

shown in Table 3: 

Table 3. Analog numerical and average analytical numerical data 

Wave force intensity Simulation numerical Viscous flow model MLAC model 

Water pressure 24.25 23.69 17.67 

Water wave height 21.45 20.89 15.78 

The waves total force 19.56 20.14 13.89 

Tank bottom pressure 18.25 18.96 11.78 

 

 

Figure 2. Comparison of simulated and average analytical values 

This is shown in Figure 2,the data show that in the simulated flume engineering, the average 

analytical value of the wave force, the water wave height, the total wave force and the intensity of 

the flume bottom pressure are compared with the test results of the MLAC model simulation value 

and the viscous flow model simulation value. The simulation value of the flow model is closer to 

the average analytical value of the water wave pressure, water wave height, total wave force and 

tank bottom pressure of the breakwater wave force, in which the average analytical value of the 

water wave pressure intensity is 24.25, and the simulation value of the MLAC model is 17.67. The 

error is relatively large. The simulation error value of the viscous flow model is 23.69, which is 

closer to the average analytical value, and the error is within 0.4%. The simulated values are all 

within 10% error, while the MLAC model simulated numerical errors are larger. Therefore, it can 

be seen that the viscous flow model has better calculation accuracy for the simulation value of wave 

force. 
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5. Conclusion 

Therefore, in order to enrich the research on breakwater wave force in marine engineering 

based on viscous flow model, this paper first briefly introduces the structure type of breakwater 

wave force and the concept of viscous flow model function equation, and then discusses the 

application of viscous flow model in marine engineering. On the basis of the analysis and 

discussion on the wave force technology of breakwaters in 2008, the data simulation and calculation 

parameters of the wave force of breakwaters in marine engineering based on the viscous flow model 

are investigated and designed. Secondly, the viscous flow model is used to design and analyze the 

structure of the breakwater wave force in marine engineering. Finally, the experimental data is 

analyzed for the application of the viscous flow model designed in this paper to the breakwater 

wave force in marine engineering. The final experimental results verify this paper. The superiority 

of viscous flow model for breakwater wave force in marine engineering. 

Funding 

This article is not supported by any foundation. 

Data Availability 

Data sharing is not applicable to this article as no new data were created or analysed in this 

study. 

Conflict of Interest  

The author states that this article has no conflict of interest. 

References 

[1] Hayashi K , Inc O C , Jose S , et al. Application of 2D ambient noise tomography to levee safety 

assessment in New Orleans. The Leading Edge, 2018, 37(10):740-745. 

https://doi.org/10.1190/tle37100740.1 

[2] Zimmaro P , Dong Y K , Yi T T , et al. Database on seismic response of instrumented flood 

control levees:. Earthquake Spectra, 2020, 36(2):924-938. 

https://doi.org/10.1177/8755293019891712 

[3] Keisuke, KOJIMA, Masaki, et al. Estimation of vibration characteristics of Kuzuryu River bank 

and subsurface structures based on microtremor observations. Journal of Japan Association 

for Earthquake Engineering, 2019, 19(5):512-520. https://doi.org/10.5610/jaee.19.5_12 

[4] Beer G , Mallardo V , Ruocco E , et al. Isogeometric Boundary Element Analysis of steady 

incompressible viscous flow, Part 2: 3-D problems. Computer Methods in Applied Mechanics 

and Engineering, 2018, 332(APR.15):440-461. https://doi.org/10.1016/j.cma.2018.01.007 

[5] Mm A , Jk B , Mp B , et al. Viscous flow spark plasma sintering of glass microspheres with YAG 

composition and high tendency to crystallization - ScienceDirect. Journal of the European 

Ceramic Society, 2020, 41( 2):1537-1542. https://doi.org/10.1016/j.jeurceramsoc.2020.10.015 

[6] Mishra P , Hebert K . (Invited) Growth of Self-Ordered Porous Anodic Oxide Nanomaterials By 

Coupled Ion Migration and Viscous Flow. ECS Meeting Abstracts, 2020, 

MA2020-02(10):1199-1199. https://doi.org/10.1149/MA2020-02101199mtgabs 

[7] Snoussi L , Babu S , JV Herráez, et al. Thermodynamic Parameters Modeling of Viscous Flow 

Activation in Ethylene Glycol-Water Fluid Systems. Iranian Journal Of Chemistry & Chemical 

https://doi.org/10.1190/tle37100740.1
https://doi.org/10.1177/8755293019891712
https://doi.org/10.5610/jaee.19.5_12
https://doi.org/10.1016/j.cma.2018.01.007
https://doi.org/10.1016/j.jeurceramsoc.2020.10.015
https://doi.org/10.1149/MA2020-02101199mtgabs


Frontiers in Ocean Engineering 

34 
 

Engineering-International English Edition, 2020, 39(3):287-301. 

[8] Novakov I A ,  Radchenko F S ,  Ozerin A S , et al. Research Thermodynamics Of Viscous 

Flow Of Base Oils That Are The Basis For Lubricant Compositions. Izvestia Volgograd State 

Technical University, 2020(12(247)):89-93. 

https://doi.org/10.35211/1990-5297-2020-12-247-89-93 

[9] Tarafder M S , Mursaline M A . Numerical Computation of Low Reynolds Number Viscous Flow 

Past Bluff Bodies. International Journal of Applied Mechanics and Engineering, 2020, 

25(3):133-157. https://doi.org/10.2478/ijame-2020-0039 

[10]  Rajamanickam P ,  Weiss A D . A Note on Viscous Flow Induced by Half-Line Sources 

Bounded by Conical Surfaces. The Quarterly Journal of Mechanics and Applied Mathematics, 

2020, 73(1):24-35. https://doi.org/10.1093/qjmam/hbz020 

[11] Tripathi S A . Stability of Viscous Flow in a Curved Porous Channel with Radial Flow. 

International Journal for Modern Trends in Science and Technology, 2020, 06(9):248-256. 

https://doi.org/10.46501/IJMTST060936 

[12] Sayama, Shuji. Suppression of sea clutter and detection of small ship observed by an S‐band 

Radar. Electronics and Communications in Japan, 2018, 101(9):10-17. 

https://doi.org/10.1002/ecj.12094 

[13] Rosenberg L , Duk V , Ng W H . Detection in Sea Clutter Using Sparse Signal Separation. 

IEEE Transactions on Aerospace and Electronic Systems, 2020, PP(99):1-1. 

https://doi.org/10.1109/RADAR42522.2020.9114813 

[14] Otosaka I , Rivas M B , Stoffelen A . Bayesian Sea Ice Detection With the ERS Scatterometer 

and Sea Ice Backscatter Model at C-Band. IEEE Transactions on Geoscience & Remote 

Sensing, 2018, 56(4):2248-2254. https://doi.org/10.1109/TGRS.2017.2777670 

[15] Otosaka I , Rivas M B , Stoffelen A . Bayesian Sea Ice Detection With the ERS Scatterometer 

and Sea Ice Backscatter Model at C-Band. IEEE Transactions on Geoscience and Remote 

Sensing, 2018, 56(4):2248-2254. https://doi.org/10.1109/TGRS.2017.2777670 

[16] Parera-Portell J A , Ubach R , Gignac C . An improved sea ice detection algorithm using 

MODIS: application as a new European sea ice extent indicator. The Cryosphere, 2020, 

15(6):2803-2818.  

[17] Bu J , Yu K , Ni J , et al. Machine learning-based methods for sea surface rainfall detection 

from CYGNSS delay-doppler maps. GPS Solutions, 2020, 26(4):1-14.  

[18] Schller F , Plenge-Feidenhans'L M K , Stets J D , et al. Assessing Deep-learning Methods for 

Object Detection at Sea from LWIR Images. IFAC-PapersOnLine, 2019, 52( 21):64-71. 

https://doi.org/10.1016/j.ifacol.2019.12.284 

[19] Borderon M , Kienberger S , Gupta I D , et al. australasian journal of disaster and trauma 

studies impact of riverbank erosion: a case study tuhin k das 1 sushil k haldar 2 debaprasad 

sarkar 3. Arabian Journal of Geosciences, 2018, 4(1-2):1-11. 

https://doi.org/10.35211/1990-5297-2020-12-247-89-93
https://doi.org/10.2478/ijame-2020-0039
https://doi.org/10.1093/qjmam/hbz020
https://doi.org/10.1002/ecj.12094
https://doi.org/10.1109/RADAR42522.2020.9114813
https://doi.org/10.1109/TGRS.2017.2777670
https://doi.org/10.1109/TGRS.2017.2777670
https://doi.org/10.1016/j.ifacol.2019.12.284

