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To calculate aerodynamic lift on a platform moving above but close to the water surface, the extreme-ground-effect theory 

can be applied (Rozhdestvensky, 2000). Previously, Chaney and Matveev (2012) utilized a steady quasi-one-dimensional 

formulation of that theory. In this paper, a fully unsteady nonlinear model with transverse variation of airflow and pressure is 

implemented. The unsteady hydrodynamic forces on planning hulls are determined with the commonly used added-mass strip 

theory (e.g., Martin, 1978). The next section outlines the mathematical model, and numerical results for a selected configuration 

are presented in the following section.  

Mathematical model 

A schematic of a tunnel hull with simplified geometry is given in Fig. 2. Since only vertical-plane motions of this craft at 

relatively small pitch angles τ  are considered here, the vehicle dynamics is governed by the following equations, 
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where m  and I  are the boat mass and moment of inertia, respectively, U  is the boat horizontal speed, xT  is the horizontal 

thrust component, 
DF  is the total drag force, 

cgy  is the vertical position of the center of gravity, 
LF  is the total lift force, g  is 

the gravity constant, M  is the sum of all moments with respect to the center of gravity (CG), and t  is the time. 

 

 
(a) 

 
(b)   (c) 

Fig. 2 Tunnel hull schematic views. (a) side view. dashed curve represents water surface.  
(b) front view. (c) top view of the platform with boundary conditions for the aerodynamic sub-model. 
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