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The hydrodynamic flow past the oar
and mathematical description of the oar force

A flow past the cyclically moving oar is a unsteady 3D phenomenon which is
described by Navier–Stokes Equations for incompressible, viscous and not heat con-
ductive fluid. This phenomenon emphasizes the flow with wake behind the oar blade
which is considered as an airfoil of small aspect ratio [1]. The Navier–Stokes equations
are:
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The boundary conditions are:

V∞(t) = −γ̇lOA p = p∞ (4)
VOA · nOA = 0 VOA − (VOA · nOA)VOA = 0 (5)

The solution of the above shown system gives the velocity V field and the pressure
p in the volumic domain Ω external to oar blade. The hydrodynamic force and torque
exerting on the blade are as follows:

P = −
∫∫
∂ΩOA

pOA(γ)nOAd(∂Ω), M = −
∫∫
∂ΩOA

pOA(γ)(rOA × nOA)d(∂Ω) (6)

The lift and drag forces acting on the oar blade as well as the both normal and
tangent forces to the oar blade chord are as follows:

PL = P cosα = 0.5ρcL(γ)

lOAmax∫
lOAmin

[lOAγ̇(t)]2bOA(lOA) dlOA

α = 0.5π − arc cos
( V∞ ·P
|V∞||P|

)
(7)
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PD = P sinα = 0.5ρcD(γ)

lOAmax∫
lOAmin

[lOAγ̇(t)]2bOA(lOA) dlOA

α = 0.5π − arc cos
( V∞ ·P
|V∞||P|

)
(8)

PN = PL cos(γ) +PD sin(γ), PT = −PL sin(γ) +PD cos(γ). (9)

Then the hydrodynamic lift cL and drag cD coefficients vs. oar geometrical incidence
angle γ are:

cL(γ) =
2PL

ρ
lOAmax∫
lOAmin

[lOAγ̇(t)]2bOA(lOA) dlOA

cD(γ) =
2PD

ρ
lOAmax∫
lOAmin

[lOAγ̇(t)]2bOA(lOA) dlOA

(10)

For the simplest description of such phenomenon it is allowed to take the value
cD(0.5π) and cL=0 for the range of geometrical incidence angle γ containing the value
0.5π. This means that it is enough to take only the perpendicular force component
to the blade surface rotating around a fixed point, distant of lOA from the origin of
cartesian coordinates fixed to the oar blade.
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