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Fig. 1 Sketch of curvilinear coordinates including time explicitly that is suitable to

flows around an airfoil with deformable boundaries

oV’
dx!

‘7' V®‘7:Vj V,Vigi:Vj(xet) M ( JrF;th)(Iat)g)[(Iat)’ V:Vi(l”,t>§,'<]f,[)9

Iy (x.t)  Christoffel . ,

P=@' (xR gj®gl{-‘:b-"}

! D=} (x.NgRERLx.0)

| -
] 11 gz(xn»f} I
- \ - oy

X £k A FRX=X(x,0)

Fig. 2 Sketch of general curvilinear coordinates with its local induced basis
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Fig. 3 Suppression of vortex street by traveling wave generated on the surfaces of circular and elliptical cylinders
(the ratio of the long and short axes is 1. 5): (left subplot) vorticity distribution, (right subplot) stream
function distribution. Re=400.
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Fig. 4 Sketch of the intrinsic generalized Stokes formula of the second kind
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Fig. 5 The flow around a circular cylinder on a fixed surface: (left subplot)three dimensional view
of stream function distribution; (right subplot) planform of vorticity distribution. Re=500.

( ) s Reynolds 300( ),

b

)

45° 1357, 7 ,

5 ( ) Gauss . Re=300.
Fig. 6 (left subplot) Three dimensional view of a two dimensional incompressible flow on a fixed undulated
helicoidal surface: spatial distribution of the vorticity. Two line segments make the interval of the
inner boundary with negative vorticity. (right subplot) Projective views of the spatial distributions of

the Gaussian curvature of the undulated helicoidal surface. Re=300.
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Fig. 7 Eigen-problem analysis of the strain tensor on the inner boundary. (left subplot) Distribution of the ratio of the
vorticity and the maximum eigenvalue of the strain tensor along the inner boundary of the undulated helicoidal
surface. Remark: The theoretical indicated value of the ratio is 2 or —2. (right subplot) Distribution of the
angle between the eigenvector with respect to the maximum eigenvalue of the strain tensor and the tangent vector
of the boundary along the inner boundary of the undulated helicoidal surface. Remark: The theoretical indicated

value of the angle is 45 or 135 degree.
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Fig. 8 Sketch of the constructions of configurations with respect to oil diffusions on sea surfaces:
(left subplot) Physical configurations, (right subplot) parametric configurations
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Fig. 9 Spatial distributions of geometrical quantities in the case that the sea surface does traveling wave motion

(t=0. 30): (left subplot)mean curvature H. (right subplot) HV’
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Fig. 11 Spatial distributions of geometrical quantities in the case that the sea surface does stationary
wave motion(t=0, 30): (left subplot)mean curvature, (right subplot) HV"

B AL 11 D000 O DD — b S“‘“"&S

B e e e e L L L S
SLASLATLASLA SUASLASLAD Lhi ST

Pl 12 ol T ACRE A s B 75 i B Y 25 [ 43 A (0=0. 20) . (AEPRDEEE . (f71ED 3

Fig. 12 Spatial distributions of physical quantities of the oil in the case that the sea surface does stationary

wave motion(+=0, 20) : (left subplot)density. (right subplot) velocity magnitude
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Some Developments of Finite Deformation Theories with
Some Applications in Fluid Mechanics

XIE Xi-lin, CHEN Yu, SHI Qian
(Department of Mechanics and Engineering Science s Fudan University, Shanghai 200433, China)

Abstract: Some recent developments of {inite deformation theories termed as “finite deformation theory with respect
to curvilinear coordinates corresponding to current physical configurations including time explicitly” and “finite
deformation theory with respect to continuous mediums whose geometrical configurations are two dimensional
surfaces” are narrated. The former and the latter theories correspond to continuous mediums whose geometrical
configurations are Euclidian manifolds (bulk status) and Riemannian manifolds (surface status), respectively. As
compared to general theories, both newly developed theories include constructions of physical and parametric
configurations, definition of deformation gradient tensor with its primary properties, deformation descriptions,
transport theories and governing equations of conservation laws. As applications, stream function &. vorticity
algorithm with respect to curvilinear coordinates including time explicitly, stream function & vorticity algorithm
for two dimensional incompressible flows on fixed surfaces, and governing equations for oil diffusion on sea surfaces
are presented with some results of tentative numerical studies.

Keywords: finite deformation theory; stream function &. vorticity algorithm; respect to curvilinear coordinates
including time explicitly; two dimensional flows on fixed surfaces; flows around cylinders with deformable

boundaries; oil diffusion on the sea



