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Abstract

A methodology for numerically simulating the flow conditions in closed-circuit wind tunnels is

developed as a contribution to the general philosophy of incorporating Computational Fluid

Dynamics (CFD) in wind tunnel design and testing and to CFD validation studies. The methodology

is applied to the full-scale Jules Verne climatic wind tunnel in which experimental data have been

obtained. Due to the specific features of this closed-circuit wind tunnel, the conventional CFD

modeling approach, in which only the flow in the wind tunnel test section is modeled, is inadequate.

To obtain accurate results the entire wind tunnel has to be modeled. In the numerical closed-circuit

wind tunnel, the conventional flow inlet and outlet are replaced by a single ‘‘fan boundary

condition’’. Special attention is given to the theoretical background and the practical implementation

of this type of boundary condition in the CFD model. The numerical model is validated for the case

of an empty wind tunnel and for the case in which a block-type building is placed in the test section.

It will be shown that this methodology can generally reproduce the wind tunnel measurements of

mean velocities with an error equal to or less than 10% despite the occurrence of multiple flow

separations upstream of the test section. This provides perspectives for the future use of this

methodology as a tool for wind tunnel design and testing and for CFD validation purposes.
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1. Introduction

Wind tunnel testing is a well-established discipline in Wind Engineering [1–6] and it is
applied for a wide range of Wind Engineering studies [7–13]. In spite of the vast increase of
computing performance in the past decades and contrary to what has been suggested in the
past, CFD has not succeeded in replacing the wind tunnel, as adequately indicated by
Meroney et al. [14] and by Stathopoulos [15]. In spite of not living up to earlier
expectations, it can be stated that CFD has reached a stage in which its direct combination
with the wind tunnel approach can yield a synergistic effect. On the one hand, wind tunnel
measurements are being used to validate CFD calculations performed with different
turbulence models, different near-wall modeling approaches, etc. On the other hand, CFD
can be used as a tool to support wind tunnel design, wind tunnel testing and the
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Nomenclature

a0 first polynomial coefficient of fan performance curve, Pa
a1 second polynomial coefficient of fan performance curve, Pa. s/m
Afan cross-sectional area of the wind tunnel at the fan position, m2

CKS roughness constant, �
Ga volumetric flow rate, m3/s
IU, IV, IW turbulence intensity in streamwise, vertical and lateral direction, %
k turbulent kinetic energy, m2/s2

KS physical roughness height, m
‘ number indicating wind tunnel section, -
L length, m
L‘ length of wind tunnel section ‘, m
P pressure, Pa
DPtot total pressure loss, Pa
R‘ frictional losses per unit length, Pa/m
u, v, w instantaneous velocity components in streamwise, vertical and lateral

direction, m/s
U, V, W average velocity components in streamwise, vertical and lateral direction,

m/s
w, d, h width, depth and height of the building model, m
W, H width and height of a cross-section in the wind tunnel, m
X, Y, Z streamwise, vertical and lateral cartesian co-ordinates, m
y+ dimensionless wall unit, �

Greek letters

e turbulence dissipation rate, m2/s3

F diameter, m
r air density, kg/m3

x loss coefficient, (Pa. s2)/m6
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