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The Effect of Structure on the Drag Force of a Windbreak
J. R. Brandle!, X.H. Zhou!, E. S. Takle', R.A. Schmidt®,
R.L. Jairell’, M. Falk?, K. Stenberg'
! University of Nebraska, >Iowa State University, > USDA Forest Service

The drag force exerted by a windbreak on wind flow is the primary effect of a windbreak and is
related to the structure of the windbreak. Improving windbreak design and management requires
a better understanding of the effect of structure on wind flow and the resulting microclimate of
the sheltered zone. The drag force of various types of shelterbelts has been determined for model
tree shelterbelts in a wind tunnel (Guan et al. 2003) and for both a slat fence (Jacobs, 1984) and
an artificial tree barrier (Grant and Nickling, 1998) in the field. Our efforts to model the
aerodynamic influence of a windbreak led us to design, build and test a system capable of
directly determining the drag force of a full scale shelterbelt. Reported here are the basic design
of the system and the results of two studies to determine: (1) the drag of barriers with different
amounts of surface area and the same relative distribution within the barrier and (2) the drag of
barriers with the same amount of surface area but different vertical and horizontal arrangements
of the surface area.

Results: Comparison of two identical, full-leaf barriers indicated little difference between the
two drag systems (Fig. 5A). In contrast, a comparison of the drag of a full-leaf barrier with the
drag of a barrier composed of only of trunks and top sections (Fig. 5B) showed large differences.

Subsequently, the drag of a full leaf barrier was compared with the drag of barriers with three-
fourths leaf, one-half leaf, and one-quarter leaf, respectively. The difference in drag between two
barriers became more apparent with decreasing amounts of surface area within other barrier (See
Figs. 6A, 6B, and 6C). The drag coefficients of windbreaks with the same relative distribution of
surface area are summarized in Fig. 7, increasing as the amount of surface area increases. Note
the increase is not linear. The drag force of barriers with the same amount of surface area but
different arrangements of the surface area were also measured. The barrier with nine, one-third
leaf trees had the same amount of surface area as the barrier with three, full leaf trees (Fig. 8),
but with very different arrangements of the surface area. Similarly, the two barriers shown in Fig.
9 also had the same amount of surface area but different arrangements. The nine tree barrier in
Fig. 8 had a higher drag force than either the three tree barrier or six tree barrier.
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