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1. Summary of the proposal 
 

Via rivers and canals, India has thousands of kilometres of waterways with potential for 

efficient transport of large quantities of cargo such as agricultural, mineral and heavy-industry 

products. Compared to other means of cargo transport over land, that on waterways can be 

environmentally friendly and also cost-wise the most efficient provided efficient means of 

navigation are put in place.  Navigation of multiple ships in confined waters is a challenging 

task because the hydrodynamic interactions occurring between ships and with channel boundaries 

can be quite complex, which if not properly managed through appropriate navigations, could lead 

to collisions between ships and with channel boundaries. In the proposed work, numerical models 

will be developed to determine the hydrodynamic forces and moments generated by the 

interactions which can be useful for designing efficient controllers for ship navigations in inland 

channels. The numerical results will be validated through comparison with experiments that will 

be carried out in the towing tank on the main Adayar campus of IIT Madras and in the new 

shallow water basin at the Thaiyur campus of IIT Madras.  The hydrodynamic model can be 

integrated into control algorithms for navigation of multiple ships in confined waters.  

 

2. Introduction 
 
 
 Hydrodynamics of ships is a complex problem to resolve because of flow 

nonlinearities and presence of deforming boundaries. The complexities are further 

compounded by interactions with other nearby ships and channel boundaries as that would 

occur in the case of multiple ships navigating in narrow channels.  The interactions, in 

particular between ships in close proximity to each other, are unsteady and determined by 

several parameters including separation and stagger distances between the ships. A careful 

and a thorough investigation, as proposed here, is therefore warranted to develop efficient 

navigation tools and controllers for passage of ships in restricted waterways.  

 

 Study of hydrodynamic interactions between ships and in confined waters has been an 

area of active research for several decades now as can be evidenced in the works as early as 

that of Tuck and Newman (1974) to recent one by C-K Lee et al (2016). Earlier theoretical 

works were based on approximate theories such as the slender-body hydrodynamics and 

linearized free-surface conditions and while recent ones are based on computational fluid 

dynamics (CFD) software.  For validation of theoretical and numerical results and models, 

experimental studies are vital.  



 A major finding of earlier works on ship-ship interaction, as in the case of a ship 

passing by another ship is that the approaching ship first experiences a repulsive force 

followed by an attractive force, both of which if not properly counteracted, will lead to 

collision of ships with the channel banks and also between ships. An active controller is 

necessary for keep the ships at safe distances from collisions. The performance of the 

controller can be vastly improved if a feed-forward element can be included based on an 

accurate hydrodynamic model. It is precisely here, i.e., development of the hydrodynamic 

model for multiple ship navigation narrow and restricted waterways, where the proposed 

work can make a substantial contribution. 

 Some of the drawbacks of existing methods are that either they are based on 

assumptions, such as linearized boundary conditions, which may not hold good for ships 

moving at large speeds (i.e., large Froude number) or that they are computationally too 

demanding as in typical CFD software that include, for example, turbulence which have little 

effect or only secondary effects on the hydrodynamic interaction forces between ships in 

narrow channels. These call for the development of efficient and accurate numerical model as 

proposed here which can work efficiently for model-based controllers for navigation of ships 

in restricted waterways.  

3. Proposed Method of Computational Analysis 
 
 Here, we propose to develop a numerical method based on the boundary-integral 

algorithm (Yeung 1982) involving distribution of simple sources and dipoles, strengths of 

which are determined by the governing flow equation and boundary conditions. The gist of 

the method is that the Green’s theorem (aka, Green’s mixed distribution) is used for the 

solution of the Laplace equation governing the potential flow.  The source strengths on the 

hulls and solid boundaries are determined by the no-flux condition.  The dipole strengths on 

the free surface are determined by the combined free surface condition. The unknowns are 

then determined by solving the Greens theorem numerically. Upon determining the source 

and dipole strengths, one can evaluation the hydrodynamic pressure (using the Euler’s 

integral) and, through integration of pressure, the hydrodynamic force and moments acting on 

the ships. The simulations will be carried for a range of parameters, including channel 

dimensions and separation/stagger distances between the ships.  The simulated results will 

enable us to identify key parameters affecting the interactions and also critical instants of 



maneuver due to the interactions.  The numerical model and results will be validated by 

comparison with experiments are described in the next section. 

4. Scale-Model Experiments in Shallow Water Basin 

 

 Model tests, based on Froude number scaling, will be carried out in the shallow water 

basin to validate the computational model and results obtained as described in the previous 

section.  Resistance stain gages will be used to measure the hydrodynamic forces and 

moments acting on the ships as one ship passes another for various separation distances and 

speeds. The experimental results will be used for the validation of the numerical results 

obtained using the boundary-integral algorithm (as discussed in the previous section) 

 

5. Project Timeline 
 
 

Task 0-6 
months 

7-12 
months 

13-18 
months 

19-24 
months 

Development of the numerical 

algorithm  
X X 

 
 

Numerical simulation of 

hydrodynamic interactions between 

ships in channels for various 

parameter 

 
X X  

Development of experimental set up 
  

X  

Experimental study and validation   X X 

Final report and publications    X 

 

6. Scientific Merits and Tangible Outcomes 

 

 The project will  

i. Result in the development of an efficient and robust algorithm and software 

for the study of hydrodynamic interactions between ships in narrow channels. 

ii. Contribute to better understanding of ship-ship and ship-channel interactions 

iii. Lead to development of efficient navigational tools and controllers for ships 

operating in inland channels. 

 



The project will involve participation of MS/PhD scholar form the basis for one MS 

thesis and one PhD dissertation.   

7. Budget 

Personnel cost @50000 pm x 12x 2  = Rs 12,00,000/- 

Hardware cost for computing   = Rs  04,00,000/- 

Graphics and post-processing software = Rs  02,00,000/- 

Model making and model testing  = Rs  60,00,000/- 

Contingencies (including travel)  = Rs. 05,00,000/- 

Total Direct Cost    = Rs  83, 00,000/- 

Indirect Cost  

(Overhead at 20% of Direct Cost)  = Rs. 16,60,000/- 

 

Total Cost (Direct + Indirect) = Rs 99,60,000/-  

(Rupees ninety nine lakhs and sixty thousand Only) 

 `` 

8. Expertise of the PI and the Institute 

 The Ocean Engineering program at IIT Madras is internationally well-known for its 

research activities in Naval Architecture, Offshore Structures, Coastal Engineering, Marine 

Hydrodynamics and Ocean Energy Conversion.  The infrastructure and facilities are in place 

for the proposed project.   

 The PI P. Ananthakrishnan has more than 25 years of research experience in the area 

of Marine Hydrodynamics, in particular on topics related to (i) Development of Numerical 

Methods for Nonlinear Wave-Body Interactions in Inviscid and Viscous Fluid and (ii) 

Investigation of Floating Mono-Hull and Twin-Hull Hydrodynamic Problems.  The expertise 

will help to successfully execute the proposed project. 
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