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 A bubble curtain is a system that produces bubbles in a deliberate arrangement in 
water. The technique is based on bubbles of air (gas) being let out under the 
water surface, commonly on the bottom. When the bubbles rise they act as a 
barrier, a curtain for prevention of the spreading of particles and other 
contaminants. In this paper is paid to applications of bubble curtain in protection 
of environment of offshore. Due to the salt water intrusion in Panama navigable 
channel is causing environmental damage. Construction of bubble curtains along 
the channel can be studied as a playbook. In this study, two-phase flow is 
simulated with simulation software Fluent6.3 for freshwater input from the left, 
saltwater input from the right, air from several vertical bubbles and water injection. 
The model is solved by using of two-phase Mixture pattern. For problem solving is 
used the k-𝜺 turbulence model. The air inlet velocity is considered 0.6 meters per 

second and again 0.2 meters per second. By using air curtains (bubbles) can be 
prevented salt water intrusion and the density also be reduced. In this paper the 
multiphase flow is simulated by computational fluid dynamics method in Panama 
channel. 
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1. Introduction 

 
A bubble curtain is a system that produces bubbles in a deliberate 

arrangement in water. This technique is based on bubbles of air (gas) 
under the water surface that act commonly as a barrier. When the 
bubbles rise they act as a barrier or a curtain. This paper paid to 
applications of this system for prevention of the advance of seawater 
and protection of environment of offshore. The multiphase flow is 
simulated by computational fluid dynamics method. During high level 
of tide bubble curtain system can be used simultaneous in several 
parallel rows of air injection in across the offshore. During low level of 
tide air injection rate and use of the bubble curtain system is reduced. 
The results of the numerical models show that increasing air injection 
rate is caused to reduce seawater intrusion. Bubble curtain, in its 
simplest form, is a circle or square tube with holes in it that air is 
injected under pressure into the tube and the bubbles will create a 
curtain of bubbles. Components are needed to create a barrier 
bubbles: 1- compressed air from a compressor station, 2- pipe with 
special nozzles incorporated and anchor blocks, 3 - levels produced 
by bubble curtains and 4- drain valve at the end of the nozzle tubes. 
The subjects expressed about the use of bubble curtains to protect 
the marine environment. 

Two researchers named Ghyben and Herzberg separately studied 
fresh underground water flow to the oceans along the coasts of 
Europe. They found that anywhere from a coastal aquifer, If depth of 
interface between fresh and saltwater is measured from sea level, 
(ℎ𝑠hs), then level of fresh ground water from sea level, (ℎ𝑓hf), will be 

1/40 (ℎ𝑠hs) in that point (Ghyben 1889; Herzberg 1901). Since these 
studies were started by two scientists this phenomenon is mentioned 
with regard to "Ghyben - Herzberg" that will be explained. Many 
reviews on the types of groundwater management models and their 
applications are made by Gorelick (1983), and Yeh (1986). The 
management models applications in saltwater intrusion, are relatively 

recent, (Cheng et al. 1999; Fatemi and Ataie-Ashtiani 2008; Bear and 
Cheng 1999; Cheng and Ouazar 1999; Cummings 1971; Cummings 
and McFarland 1974; Dagan and Bear 1968; Das Gupta et al. 1996; 
Naji et al. 1999; Bear and Verruijt 1987; Shahmoradi and Qavami 
2008; Siddiqui et al. 2011; Reddy and et al. 2009; Mertzanides et al. 
2010; David et al. 2008; Salamasi and Azamathulla; 2013; Kouzana et 
al. 2009; Jorreto et al. 2014; Van Camp et al. 2013; Zghibi et al. 2010; 
Werner et al. 2013; Sanz and Voss 2006; Rajabi and Ataie-Ashtiani 
2014). In this study, flow is unsteady with two-dimensional turbulence 
form. Velocity and pressure are a function of time and space. For 
model of the velocity and pressure fluctuations is the integrated from 
the Navier Stokes equation at time. Integration of Navier Stokes 
equations at time is known Reynolds equations (Reynolds 1984). 

Turbulence model equations are two equation models k-ε 
(Standard) that have been averaged in depth (Rastogi and Reddy 
1978). ε equation is as one of the main sources of the limitations of 
accuracy of the standard version of the k-ε model and the Reynolds 
stress model. It is interesting that k-ε model includes a correction term 
that is dependent to strain with c13 constant in the ε equation of RNG 
model (Yakhot et al. 1992). WillCox provided turbulence equations of 
k-ω (standard) model (WillCox 1988). 
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Fig. 1. View of a bubble curtain in place of berthing the ship in Vancouver of Canada to reduce noise pollution (Swanson 2004). 
 

 

Fig. 2. Simulation of a salinity intrusion barrier, Panama Canal study with one water injection at started of canal and 
four bubblers in canal (Luong and et al. 2007). 

 
2. Turbulence model equation 

 
Known two-equation model of k-ε (Standard) are presented for 

averaged form in depth as follows (Rastogi and Reddy 1978): 
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where cμ=0.09, cε1=1.44, σk=1 and σε=1.31. Pkv and Pεv are production 
terms as result of non-uniform distribution velocity in depth that is 
stronger near-bed. Pk is production term of turbulent kinetic energy 
averaged in depth as result of velocity gradients in the plan. vt is the 
vortex viscosity. Turbulence model is used for calculation of lateral 
flow into one channel and is achieved much better results in 
comparison with vt for fixed parameters of rotational flow (MCGurik 
and Rodi 1978). Cf is the bed friction coefficient. σt is Schmidt number 

that shows relationship between turbulence viscosity and turbulent 
diffusion coefficient according to the following equation:  
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Amount of σt is considered 0.5 (Keller and Rodi 1988). Although 
values of σt  are 0.5 to 2 in variable references (Gibson and launder 
1978). e* is coefficient that gives turbulence diffusion coefficient in 
depth by following equation (Keller and Rodi 1988). 
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Direct measurement of color broadcasting in the fixed-width 
channels offers 0.15 for e*. Although Keller and Rodi achieved better 
solutions for the velocity and stress within the composite channels 
(Keller and Rodi 1988). On the other hand, Biglari and Sturm have 
been assumed e* equaled to 0.3 to get the better answer within the 
composite channels (Biglari and Sturm 1998). MCGurik and Rodi 
have considered 1/√(e*σt) equaled to 3.6 (MCGurik and Rodi 1978). In 
ε equation of RNG model includes a correction term cεq that is 
constant strain-dependent (Yakhot et al. 1992). For k-ε (RNG), we 
have:  
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Only constant β is adjustable, high levels of turbulent data are 
obtained near-wall. All other constants are calculated explicitly as part 
of the RNG process. 
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WillCox, turbulence model k-ω (standard) equation to be provided as 
follows (WillCox 1988): 
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where vt=k/ω, α=5/9, β=3/40, β*=9/100, σ=1/2, ε= β* ωk. 

 
3. Numerical model 

 
The values of the physical properties of water are considered as a 

default respectively, for density, viscosity, heat capacity and thermal 
conductivity. Solutions of all governing equations are subject to 
assignment of variables correctly in the boundary nodes. In steady 
state problems required only boundary condition but in unsteady state 
problems is required the initial conditions for all nodes in the network. 
Common boundary conditions in hydraulic issues include (Soltani and 
Rahimi Asl 2003): 

A- Inlet boundary condition: numerical models can fit the model by 
means of the various boundary conditions such as velocity, mass flow, 

etc. For example, in modeling of flow inside a closed or open channel 
can be used velocity inlet as input boundary condition. 

B- The outlet boundary condition is considered pressure outlet 
equals the atmospheric pressure. If the output is chosen at a far 
distance from geometric constraints, and no change in direction of 
flow then the flow state is developed full. Using this model is caused 
the output surface is perpendicular to the flow and gradient is zero in 
the perpendicular direction on the output surface (Soltani and Rahimi 
Asl 2003). 

C - Wall boundary condition: the wall boundary condition is used 
to limit the area of between  fluid and solid. The model is ready for 
simulation by Solutions set and defining the model. The following 
steps show the simulation process (Versteeg and Malalasekera 2007): 
selection methods of discretization equation: In this paper first order 
upstream difference method is used for discretization of momentum, k, 
ε and ω equations and the standard method is used to find the 
pressure. Selection methods of the relation velocity - Pressure: this 
step is only being studied segregated. In this paper is used from 
SIMPLE method for velocity - pressure coupling. Determine the 
discount factors: the discount factor values are used for control of 
calculated variables in each iteration. In this paper, the default values 
are used respectively for the pressure, density, momentum, k, ε and 
turbulent viscosity. In this paper, the initial values of the relative 
pressure is considered zero and the initial values of velocity 
components close to the average values presented in the input 
stream. By completing the steps in the numerical model, we can start 
the introduced process of problem by defining of repeat process. The 
frequency of reporting of results can be introduced before computing 
the numerical model. During solution process can be seen 
convergence of solution by the control of residues, integral of surface, 
statistics and values of the force. After finishing solution, the 
computation of the unknown quantities and the results can be 
calculated at any point of the field and can be displayed by vector in 
the form, contour and profile views (Versteeg and Malalasekera 
2007). In this paper for solution of flow is usually introduced initial 
number repeat 1000 with report of every step of the calculation that 
conditions for convergence of the unknown parameters were satisfied 
after 300 to 350 iterations. The results of the numerical models show 
that increasing saltwater hydraulic gradient and times of tidal flow are 
caused to seawater intrusion from over underground dam to coast as 
figure 2-a to 2-e. 

 
4. Meshing model 

 
Gambit software version 2.3.16 is used to generate the channel 

geometry and meshing. Model of the network is used Quad element 
and the types of Map and Pave for pages and Hex elements and 
types of Map of Cooper for volumes. Inlet and outlet and wall 
boundary conditions and symmetry were introduced in the software.  

 
5. Bubble curtain system for prevention of seawater intrusion in 
coastal aquifers 

 
In this paper is paid to three-phase flow simulation by software 

Fluent6.3 that freshwater input is from the left side, saltwater on the 
right side of the entrance and the air from vertical duct. By using of 
mixture model and k-ε turbulence model in software the three-phase 
mixture is dissolved. At first the air inlet velocity is considered 0.6 
meters per second then is reduced to 0.2 meters per second. 

 

 

Fig. 3. Meshing of model and boundary conditions. 
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Fig. 4. Velocity magnitude contours for the three phase flow for seawater intrusion from right input, bubble curtain channel and freshwater from 
left input (air velocity is 0.6 m/s). 

 

 
 

Fig. 5. the y velocity contours for the three-phase flow in the y direction (Air velocity is 0.6 m/s). 
 
 

 
Fig. 6. the x velocity contours for the three-phase flow in the x direction (air velocity is 0.6 m/s). 

 
 

 

Fig. 7a.  The velocity magnitude contours for the three-phase flow (air velocity is 0.2 m/s). 
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Fig. 7b. the x velocity contours for the three-phase flow in the x direction (air velocity is 0.2 m/s). 
 
 

 

Fig. 7c. The velocity contours for the three-phase flow in the y direction, (air velocity is 0.2 m/s). 
 

 

Fig. 8a. the pressure contours for the three-phase flow (air velocity is 0.2 m/s). 
 

Fig. 8b. the pressure contours for the three-phase flow (air velocity is 0.6 m/s). 
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Fig. 9a. The density contours for the three-phase (air velocity is 0.2 m/s). 
 

 

 

Fig. 9b. the density contours for the three-phase flow (air velocity is 0.6 m/s). 
 
6. Conclusions 

 
A bubble curtain is a system that produces bubbles in a deliberate 

arrangement in water. In this paper is paid to three-phase flow 
simulation by software Fluent6.3 that freshwater input is from the left 
side, saltwater on the right side of the entrance and the air from 
vertical duct. By using of mixture model and k-ε turbulence model in 

software the three-phase mixture is dissolved. At first the air inlet 
velocity is considered 0.6 meters per second then is reduced to 0.2 
meters per second. The results of the numerical models show that 
increasing air injection rate is caused to reduce seawater intrusion. As 
you can see using of air (bubbles) curtain can be prevent from 
saltwater intrusion and also reduce density. 

 
 

References 
 
Bear J., Verruijt A., Modeling groundwater flow and pollution, 

Springer, Sep 30, Science, (1987) 414.  
 
Bear J., Cheng, A.H.D., An overview, Chap. 1, in "Seawater intrusion 

in coastal aquifers concepts, methods, and practices", eds, (1999) 
1-8. 

 
Biglari B., Sturm T.W., Numerical modeling of flow around bridge 

abutments in compound channel, Journal of Hydraulic Engineering, 
124 (1998) 156-163. 

 
Cheng A.H.D., Halhal D., Naji A., Ouazar, D., Pumping optimization in 

saltwater – intruded coastal aquifers, J. Water Resource Research, 
36 (1999) 2155-2165. 

 
Cheng A.H.D, Ouazar D., Analytical solutions, Chap. 6, Seawater 

intrusion in coastal aquifers concepts, methods, and practices”, eds, 
(1999) 163-191. 

 
Cumming, R.G., Optimum exploitation of groundwater reserves with 

saltwater intrusion, Water Resources Research 7 (1971) 1415-1424. 
 
Cummings R.G., McFarland, J.W., Groundwater management and 

salinity control, Water Resources Research 10 (1974) 909-915. 
 
Dagan G., Bear J., Solving the problem of local interface upconing in 

a coastal aquifer by the method of small perturbations, Journal of 
Hydraulic Research 6 (1968) 15-44. 

Das Gupta A., Nobi N., Paudyal G.N., Ground-water management 
model for an extensive multiaquifer system and an application, 
Groundwater 34 (1996) 349-357. 

 
Fatemi E, Ataie-Ashtiani B., Simulation of seawater intrusion effect on 

contaminant transport in coastal aquifer of Tallar, 4th National 
Congress of Civil Engineering, Tehran university in Iran, (2008). 

 
Ghyben W.B., Nota in Verband Met de Woorgenomen Putboring Nabij 

Amesterdam, Tijdschrift van Let Koninklijk Inst, Van Ing (1889). 
 
Gorelick S.M., A review of distributed parameter groundwater 

management modeling methods, Water Resource Research 19 
(1983) 305-319. 

 
Herzberg B., Die Wasserversorgung einiger Nordseebader, Journal of 

Gasbeleuchtung and Wasserversorgung 44 (1992) 842-884- 
Mumich. 

 
Jorreto S., Pulido-Bosch A., Gisbert J., Sánchez-Martos F., Francés, 

I., Investigating seawater intrusion due to groundwater pumping 
with schematic model simulations: The example of the Dar es 
Salaam coastal aquifer in Tanzania, Journal of African Earth 
Sciences 96 (2014) 71-78. 

 
Keller R.J., Rodi, W., 1988. Prediction of flow characteristics in main 

channel/floodplain flows, Journal of Hydraulic Research 26 (1988) 
425- 441. P

a
g

e
 | 3

6
8
 

 

http://en.wikipedia.org/wiki/Liquid_bubble
http://en.wikipedia.org/wiki/Water
http://www.sciencedirect.com/science/article/pii/S1464343X14000491
http://www.sciencedirect.com/science/article/pii/S1464343X14000491
http://www.sciencedirect.com/science/article/pii/S1464343X14000491


 

Nezhad Naderi and Zolfaghari / J. App. Res. Wat. Wast. 8(2017) 363-369 

 

 

 

Please cite this article as: M. Nezhad Naderi, O. Zolfaghari, Numerical simulation of prevention of saltwater intrusion in panama channel by using of bubble 

curtain system, Journal of Applied Research in Water and Wastewater, 4 (2), 2017, 363-369. 
 

 

 

Kouzana L., Ben Mammou A., Sfar Felfoul, M., The fresh water-
seawater contact in coastal aquifers supporting intensive pumped 
seawater extractions: A case study, Comptes Rendus Geoscience 
341 (2009) 993-1002. 

 
Luong P.V., Sanchez J.E., Bernard R.S., Tate, C.H., Numerical 

Modeling and Simulation of a Salinity Intrusion Barrier, Panama 
Canal Study, ERDC Coastal and Hydraulics Laboratory, Sean. 

 
Naji A, Cheng A.H.D., Ouazar D., BEM solution of stochastic seawater 

intrusion, Engineering Analysis Boundary Elements 23 (1999) 529-
537. 

 
Mertzanides Y., Economou N., Hamdan H., Vafidis A, Imaging 

seawater intrusion in coastal zone of Kavala (N. GREECE) with 
electrical resistivity tomography, Bulletin of the Geological Society of 
Greece, Proceedings of the 12th International Congress, Patras, 
(2010). 

 
McGurik J.J., Rodi W., A depth-averaged mathematical model for the 

near fluid of side discharge into open- channel flow, Journal of Fluid 
Mechanics 864 (1978) 761-781. 

 
Rajabi M.M., Ataie-Ashtiani B., Sampling efficiency in Monte Carlo 

based uncertainty propagation strategies: Application in seawater 
intrusion simulations, Advances in Water Resources 67 (2014) 46-
64. 

 
Rastogi A.K., Rodi W., 1978. Prediction of heat and mass transfer in 

open channels, Journal of Hydraulics Division, ASCE, 104 (1978) 
397- 420. 

 
Reddy A., Kumar K.N., David K., Varma K.S., Ground water potential 

and qualitative studies of Hyderabad, Andhra Pradesh (India), 
Journal of Environmental Research and Development 3 (2009) 
1065-1074. 

 
Reynolds O., On the dynamical theory of incompressible viscous 

Fluids and the determination of the criterion, Philosophical 
Transactions of the Royal Society of London (1984) 123-161. 

 
Salamasi F., Azamathulla H.Md., Determination of optimum relaxation 

coefficient using finite difference method for ground water flow, 
Arabian Journal of Geosciences 6 (2013) 3409-3415. 

 
Sanz E., Voss C.I., Inverse modeling for seawater intrusion in coastal 

aquifers: Insights about parameter sensitivities, variances, 
correlations and estimation procedures derived from the Henry 
problem, Advances in Water Resources 29 (2006) 439-457. 

 
Shahmoradi B., Qavami A., A specification of the sanitary boundaries 

of a well, Journal of Environmental Research and Development 2 
(2008) 523-529. 

 
Siddiqui S., Mahmood A., Qari R., Determination of Fluouride 

concentration in seawater of different shores along the Karachi, 
Journal of Environmental Research and Development 5 (2011) 928-
932. 

  

Soltani M.V., Rahimi Asl R., Computational fluid dynamics by Fluent 
software, Tehran, Tarrah issues, (2003) 

 
Swanson J., Fish kills drive techniques for placing bridge piles. Issue 

of Daily Journal of Commerce (Portland, OR), (2004). 
 
Tarbox D.L., Hutchings W.C., Alternative approaches for water 

extraction in areas subject to saltwater upconing, In 20th Salt Water 
Intrusion Meeting, Naples, Florida, (2008) 23-27. 

 
Van Camp M., Mtoni Y., Mjemah I.C., Bakundukize C., Walraevens K., 

Assessment of seawater intrusion and nitrate contamination on the 
groundwater quality in the Korba coastal plain of Cap-Bon (North-
east of Tunisia), Journal of African Earth Sciences 87 (2013) 1-12. 

 
Versteeg H.K., Malalasekera W., An introduction to computational 

fluid dynamics: The Finite Volume Method, Prentice Hall, February 
16 (2007) 503. 

 
Werner A.D., Bakker M., Post, Vincent E.A, Vandenbohede A., Lu C., 

Ataie-Ashtiani B., Simmons C.T., Barry A., Seawater intrusion 
processes, investigation and management: Recent advances and 
future challenges, Advances in Water Resources 51 (2013) 3-26. 

 
Wilcox D.C., Re-assessment of the scale-determining equation for 

advanced turbulence models, AIAA Journal, vol. 26 (1988) 1414-
1421. 

 
Wursig B., Greene C.R., Jefferson T.A., Development of an air bubble 

curtain to reduce underwater noise of percussive piling, Marine 
Environmental Research 49 (2000) 79-93. 

 
Yakhot V., Orszag S.A., Thangam S., Gatski T.B., Speziale, C.G., 

Development of turbulence models for shear flows by a double 
expansion technique, Physics of Fluids A 4 (1992) 1510-1520. 

 
Yeh W.W.G, Review of parameter identification procedures in 

groundwater hydrology: the inverse problem, Water Resource 
Research 22 (1986) 95-108. 

 
Ziegeler NAVO MSRC Visual Analysis and Data Interpretation Center 

in association with Saltwater Separation, LLC. 
 
Zghibi A., Tarhouni J., Zouhri L., Geophysical and hydrochemical 

study of the seawater intrusion in Mediterranean semi-arid zones. 
Case of the Korba coastal aquifer (Cap-Bon, Tunisia), Journal of 
African Earth Sciences 58 (2010) 242-254. 

 
 
 
 
 
 
 
 
 
 
 

 

P
a

g
e

 | 3
6
9
 

 

http://www.sciencedirect.com/science/article/pii/S1631071309001679
http://www.sciencedirect.com/science/article/pii/S1631071309001679
http://www.sciencedirect.com/science/article/pii/S1631071309001679
http://www.sciencedirect.com/science/article/pii/S0309170814000219
http://www.sciencedirect.com/science/article/pii/S0309170814000219
http://www.sciencedirect.com/science/article/pii/S0309170814000219
http://www.sciencedirect.com/science/article/pii/S0309170805001624
http://www.sciencedirect.com/science/article/pii/S0309170805001624
http://www.sciencedirect.com/science/article/pii/S0309170805001624
http://www.sciencedirect.com/science/article/pii/S0309170805001624
http://www.sciencedirect.com/science/article/pii/S1464343X13001325
http://www.sciencedirect.com/science/article/pii/S1464343X13001325
http://www.sciencedirect.com/science/article/pii/S1464343X13001325
http://www.sciencedirect.com/science/article/pii/S030917081200053X
http://www.sciencedirect.com/science/article/pii/S030917081200053X
http://www.sciencedirect.com/science/article/pii/S030917081200053X
http://www.sciencedirect.com/science/article/pii/S1464343X10000579
http://www.sciencedirect.com/science/article/pii/S1464343X10000579
http://www.sciencedirect.com/science/article/pii/S1464343X10000579

