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Investigating themechanisms of wind-sandmovement is essential to deeply understand sand storm and desert-
ification process, and further to control the wind-sand hazards. It is considered that turbulence burst may have
great influence on the motion of sand particles. But current theoretical and experimental studies mostly concen-
trate on the turbulence burst over flat surface or in the water. Sand dunes and sand ripples are basic forms of de-
sert landscape, and the slope gradient will inevitably affect the frequency of turbulence burst. In this paper,
instantaneous velocities over 4 different sand surfaces, including smooth flat bed, flat sand bed, sand bed with
ripples and slope bed, are measured using one-dimensional hot wire detector. The results show that for the
slope sand surface, wind field in leeward slope region is a buffering zone, which doesn't obey logarithmic func-
tion. On the flat sand surface, the distribution of turbulence intensity and Reynolds normal stress are gradually
decreasing along the height of boundary layer. On the slope sand surface, the stronger turbulence behavior hap-
pens near the top of slope. Based on Mu-level method analysis, it is found that the turbulence bursts on both flat
sand surface and sand ripplesmainly occur near the surface, and gradually decreasewith the height. Compared to
flat sand surface, the burst frequency is 30% ~ 50% higher on the sand ripples surface, which indicates thatmicro-
topography have an influence on the turbulence burst. This work may be helpful in understanding the initiation
and transportation of sand storm, as well as the desertification process.

© 2016 Elsevier B.V. All rights reserved.

Keywords:
Wind-blown sand movement
Wind tunnel experiment
Different roughness
Turbulence burst

1. Introduction

The hazards caused by wind-sand movement have become one of
the most important environmental and ecological issues in the world.
It is considered that investigating the mechanisms of wind-sand move-
ment is the key factor to entirely comprehend, and further prevent
wind-sand hazards. Thus, the researchers have done many works at
this field (Bagnold, 1941). Since this century, the effect of turbulence
on particle transportation has drawn more and more attentions
(Dupont et al., 2013; Hu et al., 2009). Some scientists argued that the
burst of the turbulence strongly dominate the motion of sand particles
(Lin, 2008).

Turbulence burst is the coherent structure, including outward event
and sweep event, which transport most turbulence energy. Kline et al.
(1967) found that turbulence burst has a great influence on the trans-
portation of pollutant, sand particles and sediment, and Leenders et al.
(2005) found that higher sand transport rate is along with turbulence
burst by experimental investigation. The turbulence burst near surface
has a great influence on particles' start-up, and the instant Reynolds
stress enable the particles take off to air (Lin, 2008). Nevertheless,
most experiments on turbulence burst were carried out in water (Cai,
2008; Wang et al., 1999; Mao, 2003; Shu and Tang, 1989; Lu and
Willmarth, 1973; Luchik and Tiederman, 1987). Numerical simulations

were carried out to study the turbulence characteristics over smooth
flat surface (Jeong et al., 1997; Robinson, 1991; Roberts, 1923).

The aimof this paper is to study turbulence characteristics of airflow
over several sand surfaces and provide more insight into the relation-
ship between turbulence burst frequency and surface roughness.

2. Material and methods

2.1. Study site

The experiment was carried out in multi-functional environment
wind tunnel of Lanzhou University (Fig. 1). Thewind tunnel is DC blow-
ing, with 22 m experimental section, 1.45 m high and 1.3 wide. The
roughness on front of wind tunnel was used to accelerate the develop-
ment of boundary layer thickness, which is about 0.65 m thick in mea-
surement section (Fig. 1).

In this experiment, flow velocities on 4 different bed surfaces,
including flat sand bed surface (Fig. 2A), sand ripples bed surface
(Fig. 2B), slope bed surface (Fig. 2C) and smooth flat surface (Fig. 2D)
were measured using 1-D hot wire in the wind tunnel. We use the 3-
dimensional automatic traverse machine to hold detector (Fig. 2D), its
minimum displacement is 0.1 mm. The highest measurement point is
over 300 mm. But we mainly focus on the vertical region below
100 mm, where the strong turbulence characteristics happen (Crowe,
1993).
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We stick sand to the model surface (Fig. 2A, B, C) for strengthen-
ing the roughness of surface model. All models are placed in area of
8 m–10 m from roughness (Fig. 3). Natural sand ripple is about
7.5–15 cm length and 0.5–2.0 cm height. So the single sand ripple

of model is 15 cm length and 2.0 cm height. The triangle dune
model with the angles of 17° and 28° in the windward and leeward
slopes, respectively, and height of 0.178 mwas used to mimic complex
surface.

Fig. 1. The wind tunnel with roughness.

Fig. 2. 4 different bed surfaces.
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