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Development of Simple Numerical Wind Tunnel
by using Spreadsheet Software.
- Flow Analysis around a Thick Airfoil with a Discrete Vortex Method. -

Hisashi MASUBUCHI and Hiroki KANEDA

This paper reports on the development of simple numerical wind tunnel by using spreadsheet
software. Macro-function (Excel VBA) installed in the spreadsheet software realized the wind
tunnel that could analyze the flow around a thick airfoil just by coding a short program. Flow
around a NACA-airfoil and a Joukowsky-airfoil was simulated by means of the developed
numerical wind tunnel with a discrete vortex method. The calculated results were compared
with that of experiment or analytical solution in order to examine the accuracy of the numerical
simulation. In the result, developed numerical wind tunnel could calculate the lift generated by
an airfoil with satisfactory accuracy. But that indicated the wrong surface pressure distribution
on the airfoil because of its computational technique. It was concluded from this study that the

numerical wind tunnel using a spreadsheet had the potential to simulate more complex flow.
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Fig.1 Joukowsky transformation.
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Fig.3 Configuration for numerical
simulation of thick airfoil.
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Fig.4 Sample of a spreadsheet program for vortex method.

ReDim MatA(N + 1, N)
(LLTRE#HD =8, $HE)
MatA = Range("A1").Resize(N + 1, N).Value

MatAT = WorksheetFunction.Transpose(MatA)
MatATA = WorksheetFunction. MMult(MatAT, MatA)

MatATb = Worksheet Function.MMult(MatAT, Math)

Matb = Range("A1").End(x1ToRight).Offset(0, 2).Resize(N + 1, 1).Value

MatInverseATA = Worksheet Function.MInverse(MatATA)

gamma = WorksheetFunction.MMult(Mat InverseATA, MatATb)
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Fig.5 Abstract of the source code for matrix calculation. (Excel VBA)
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Fig.6 Flow around the NACA2412 airfoil.
(@a=8°, n=80)

(a) Velocity vectors and stream lines.

(b) Pressure coefficient contour.
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Fig.7 Lift characteristics of NACA-airfoils.
(a) Effect of maximum chamber.
(b) Effect of maximum thickness.
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Fig.8 Comparison between experimental and

numerically-simulated lift coefficients.
(a) NACA1412-airfoil.

(b)NACA4412-airfoil.
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Fig.9 Comparison between theoretical and
numerically-simulated lift coefficients of
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