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Introduction

ICROFLOW sensors composed of a cantilever have been
developed by some groups [1,2]. This type of sensor has the
following strong points:
1) Lower pressure can be measured as its thickness decreases.
2) It can be used with unsteady motion because inertial force
decreases as its thickness decreases.
3) It does not disturb the air around it as does a hot wire.
Theoretical analysis estimating the fluid dynamic forces acting on
a cantilever (that is, a rectangular solid) is required for checking the
characteristics of this sensor. This Note shows the fluid dynamic
forces acting on a rectangular solid with various aspect ratios and
various thicknesses in Stokes flow, which are obtained numerically.

Numerical Method

Stokes flow around a rectangular solid was analyzed by a
boundary-element analysis [3,4]. A rectangular solid Ly x Ly X L,
shown in Fig. 1 is divided into 20 x 20 x 20 blocks. The solid in a
uniform flow Uy or Uy or Uy is considered. Note that fluid dynamic
forces in the X, Y, and Z directions that act on an object in Stokes flow
are determined by the flow in each direction [5]. The Reynolds
number is defined as Re = U,Ly/y (y is kinematic viscosity). The
force coefficients in the X, Y, Z directions (Cy, Cy, and C;) are
defined by

C,=F,/0.5p0U%LyLy *=X,Y,2) (1)
Furthermore, the force coefficient in a Stokes flow can be expressed
by

C, =k,/Re )

Results

Figures 2—4 show the results of a rectangular solid when
Ly/Ly = 1,6, and 3, respectively. Figures 2a, 3a, and 4a show the k,
for U, . Figures 2b, 3b, and 4b show the ky for Uy. Moreover, Figs. 3¢
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and 4c show the ky for Uy. Note that from the symmetry, Fig. 2b
shows the ky for Uy. In Figs. 2a, 3a, and 4a, the k, obtained
theoretically by Clift et al. [6] is also shown. These values agree with
those obtained by the present analysis numerically. This agreement
shows the validity of the present analysis. In Fig. 2a, the value
measured by Thom and Swart [7] is also shown. In their experiment,
the section shape in the X—Y plane is not rectangular, and the value of
L,/Ly shown in this figure is its mean thickness ratio. The value
shown in [7], which was obtained by the water-tunnel test, is much
larger than the k, obtained by the present analysis. The measured
value might be enlarged by the interference effect between the object
and the water-tunnel wall.
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Fig. 1 A rectangular solid.
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Fig. 2 Force coefficients: a) k, of a rectangular solid with Ly/Ly =1
for U, and b) ky of the rectangular solid for Uy.
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Fig. 3 Force coefficients: a) k, of a rectangular solid with Ly/Ly, =6
for Uy, b) ky of the rectangular solid for Uy, and c) ky of the rectangular

solid for Uy.
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Fig. 4 Force coefficients: a) k, of a rectangular solid with Ly/Ly =3
for Uy, b) ky of the rectangular solid for Uy, and c) ky of the rectangular

solid for Uy.
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Conclusions

Aerodynamic forces acting on a rectangular solid in Stokes flow,
which are calculated by the boundary-element method, are shown.
These results will be used for designing a cantilever in a microflow
sensor, which can be mounted on a small vehicle.
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