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Experimental measurement of wind-sand flux and sand transport for naturally mixed sands

You-He Zhou* Xiang Guo, and Xiao Jing Zheng
Department of Mechanics, College of Physical Science and Technology, Lanzhou University, Lanzhou, Gansu 730000,
People’s Republic of China
(Received 8 March 2002; published 26 August 2002

This article presents an experimental test and a program to empirically fit experimental data for the hori-
zontal flux of wind-blown sand passing through a unit area along a vertical direction per unit time. The
experimental data for the sand flow flux as a function of the height for naturally mixed sands, which were
chosen from a sand dune at the southeastern edge of the Tengger desert, were measured with a sand collector
in a field wind tunnel. On the basis of the experimental data and a least squares method, a fitting program is
proposed here and, further, an explicit form of an empirical formula varying with height and axial wind
velocity or friction velocity for the flux structure of the sands is gained. After that, we obtain an explicit form
of the empirical equation for the measurement of streamwise sand transport per unit width and unit time by
integrating the empirical formula for sand flux along the height direction and considering the contribution of
sand creep. Finally, we evaluate the effectiveness of the predictions of some equations, especially the well-
known Bagnold equation and Kawamura equation, for predicting streamwise wind-sand transport using the
empirical equation obtained for mixed sands. The results show that the predictions from Bagnold's equation in
the region of friction velocityu, >0.47 m/s and Kawamura’s equation in the regigp<u, <0.35 m/s are
effective. Meanwhile, the measurement results given from the empirical equation smoothly transit from Kawa-
mura’s prediction to Bagnold’s prediction as the friction velocity increases in the range 0.35upm/s

<0.47 m/s.
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I. INTRODUCTION be efficient and are widely usddeg[5,10,17). Based on an

analysis of exchange of sand momentum, Bagrialdpro-

In the past six decades, research about the process of sapdsed a formula of streamwise sand transport in which the
desert development has intensified in order to meet the neesand transport rate is proportional to the cube of the friction
to prevent desert sand from spreading and to protect souelocity u, in a wind tunnel, based on momentum balance.
from wind erosion. Since Bagnolfil] pioneered the re- In practice, streamwise sand transport should be zero at the
search, it has been known that there are three major methogeint of the thresholdi, ; of the friction velocity, that is to
of motion of wind-blown sand particles, i.e., creep, saltation,say, there is no sand movement whegnis lower thanu, ;,
and suspension, during wind erosion and/or dust storms sees the definition ofu, ; indicates. However, Bagnold's for-
e.g.,[2-5]. Except for dust storms in which the suspensionmula [1] gives a nonzero prediction for the quantity even
motion is dominant, the saltation motion of sands usuallywhenu, =u, . In order to overcome this shortcoming of
plays the key role in the wind-erosion process, along withBagnold’s formula, under similar assumptions[a§ Owen
creep motion( [1,5]). In this area of research, most investi- [2] and Kawamurg14] obtained some revised formulas to
gations have been conducted to find the relation of windreflect that streamwise sand transport is zero whgnis
sand flow to the basic laws of physics of wind-blown sandsequal tou, ;. Zingg[13] gave a formula for streamwise sand
including the distribution of wind velocity, streamwise sandtransport using the concentration of saltation and then inte-
transport, momentum, and energy, efe.g., [1,2,5-11, grating it. It is found that this formula gives a smaller pre-
etc). As an important quantity in research into wind-erosiondiction than the experimental results for streamwise sand
mechanisms, the streamwise sand transport is employed tmansport because the contribution of creep on the sand sur-
measure the magnitude of wind erosion and the process @#ce is not taken into account. Horikawa and SHE?] con-
desert spreading. In general, they are mainly related to bothucted some experiments to show which prediction, in a
creep and saltation motion. Some experiments show that sagiven range of friction velocity, is more efficient. Their re-
tation movement generates approximately 80% of theults pointed out that for the moderate diameter of sampled
streamwise sand transp@ft2]. sand of 0.2 mm, when.,<u, <0.4 m/s, the prediction of

Many equations, based either on an analytical model wittkawamura’s formula is better than othérsyhen 0.4n/s
some assumptions or on an empirical form, have been pro<u, <0.7 m/s, Bagnold's formula is more efficient. More-
posed to predict streamwise sand transport for different sandger, from Fig. 7 in this article, we see that the prediction of
([2,2,13-186, etc., for examplg among which Bagnold’s
formula[1] and Kawamura’s formul&l4] are recognized to

We have noted the difference between the consfaint Kawa-
mura’s formula withK =1.8-3.1[5] and in the application of this
*Corresponding author. FAX(+86) 931-8625576. Email ad- formula to the experiments of Horikawa and SHér2] with K
dress: zhouyh@Ilzu.edu.cn =1.0.
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FIG. 1. Schematic drawing of the experimental apparatus in the field wind tunnel employed in the wind-blown sand experiment.

Kawamura'’s formula for the naturally mixed sand employedwind-sand flux and the streamwise sand transport for natu-
in our experiment is always smaller than that of Bagnold'srally mixed sands on the basis of experiments using field

formula in the whole range of friction velocity. As the fric- wind tunnels and sand collectors. By means of the empirical
tion velocity deceases to, <0.4 m/s, the relative error be- formula obtained for the measurement of wind-sand trans-
tween the predictions of these two formulas becomes verport, we evaluate the efficiency of the Bagnold and Kawa-

much larger. Through comparing the predictions of somenura equations when they are employed to predict the trans-
equations for streamwise sand transport, it is found that thergort for mixed sands.

is sometimes a difference of a factor of 3 among the predic-

tions of those equations in the literature although there is 1I. EXPERIMENTAL APPARATUS AND RESULTS

little formal difference among the equatio(eee[5]). _ . _
Evaluating which equation or formula is efficient in ap- ~ The wind-blown sand experiments were conducted in the

plications, as we know, is mainly dependent upon the precifield environmental wind tunnel of the Institute of Cold and
sion of the experimental data for the amount of wind-sandArid Region Environmental Engineeririgr Sand Deseytof
transport. Since this quantity is directly not measurable, théhe Chinese Academy of Sciences. The wind tunnel is mov-
precision of the experimental data for this quantity is sensiable and has a direct-blown closed jet. It can also be used
tively related to both the measurable data of the sand flufndoors and outdoors. In addition, the simulation of the sand
passing through a sand collector and the processing of th@ovement given by this tunnel is consistent with the move-
measured data. In practice, the processing of the measurégent in the field. The test section is 21 m long and both its
data is conducted by an artificial extension of the experimenheight and width are 1.2 m. The bottom of the wind tunnel
tal results of the sand collector, i.e., drawing the experimenwas covered with a mixed sand layer 16 m long and 10 cm
tal data for sand flux per unit area and unit time measured ithick. The distance from the sand surface to the axis of the
a sand collector on graph paper to find an empirical curveywind tunnel was 0.55 m.The wind velocity that can be con-
then extending the curve to the domain outside the heighrolled is that along the axis of the wind tunnel, called the
region of the sand collector, and finally calculating the areaaxial wind velocityu;, . The distance from the starting point
surrounded by the curve and the axes of the graph by meamd the sand bed to the collector was 11 m, which is larger
of numerical arithmetic. The area is then considered as than the “saturated fetch” (4—7 m)1]. The wind profiler
measurement of the rate of the wind-sand transport per unias fixed at the vertical midline of the wind tunnel, the end
width and unit time[17]. It is obvious that the quantity of point of sand surface. A schematic drawing of the experi-
streamwise sand transport obtained varies with the artificiainental apparatus is shown in Fig. 1.

empirical curve since it is not uniquely chosen. Until now, a The sand sample employed in our experiments was taken
general approach with a high precision and a satisfactorfrom a sand dune at the south-eastern edge of the Tengger
formula to reproduce the experimental measurement has ndesert. Analysis of the sand diameter in the sand sample was
been found. In particular, no explicit form of empirical for- conducted in the Grain Size Laboratory of Lanzhou Univer-
mula or approach to the distribution of wind-sand flux versussity; the instrument used for the testing analysis is a Master-
height and friction velocity has been found. In this article,sizer2000. Figure 2 illustrates the test results for the grain
we propose an approach with empirical formulas for thedistribution of the sand sample, whose volume mean diam-
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FIG. 2. Particle size distribution of sand sample employed in N /'

this paper. .
eter is 0.228 mm and surface area mean diamete y N T P T T
0.211 mm. In the experiments on sand flux, the sand was 5 3 4 5 5 7 8

collected using a steplike sand collector, which is 30 cm

high and 1 cm wide, with 30 vertical openingsach of area u (m/s)

1x1 cn?), whose efficiency is about 80%. The wind-

blown sand went into the tubes of the sand collector through FIG. 4. A set of experimental results of wind velocity profile
the openings. By weighing the sand in each tube, we can gearying with height (;,=8 m/s).

the data for the flux of sand passing through each opening.

The sand mass was measured with an electrical steelyatiine, g, in kg/n?s. In our experiments, six values of axial
balance (Mettler PM480 Delta Range with precision of wind velocityu;,=8, 10, 12, 14, 16, and 20 m/s, which are
1/1000 g. By dividing the measured sand mass in each tubell above the threshold wind velocity to make the sand move,
of the sand collector by the area of its corresponding openingsere used. The wind profiles for the distribution of wind
and the duration time of the experiment, we get the averaggpeed with height were measured using a wind profiler made
value of the sand flux in the central height of each openingby the Shanxi Air Instrument Company. The wind profiler is
When sand movement is in a dynamic equilibrium state, thein array of ten Pitot static probes mounted at ten heights
average values are equal to those instantaneous values of the10, 15, 30, 60, 120, 200, 350, and 500 mm) above the
flux. It is known that equilibrium transport rates are attainedsand bed as shown in Fig. 1. The Pitot static tubes are accu-
very quickly in the aeolian systef8,18], so it leads to little  rate enough that the wind speed near the tunnel surface can
error when the wind-tunnel experiments are considered age measured. Before being used, all the Pitot static tubes of
the dynamic equilibrium state. In our experiment, the dis-the wind profiler were calibrated with standard Pitot static
tance from the sand surface to the edge of the lowest openingibes. The difference between the total and static pressure of
of the sand collector is 4 cm. Thus, we get experimentathe Pitot static tubes at different heights was simultaneously
data for the sand flux per unit area and unit time at 30 difcollected by a digital manometer whose measurement range
ferent heights from 4.5 to 33.5 cm. A set of the experimentals 0—1 kPa. The manometer transmits the pressure differ-
results for sand flux varying with height is plotted in Fig. 3 ence data to a portable computer that converts pressure dif-
for an example when the axial wind velocity, is 12 m/s  ference to wind velocity according {d 9]

(the details of the measured data may be found in Fig. 5

below), W_here the horizontal axis represents the heigbt u=3.60[760 mm HgP(mm Hg]
the opening of the sand collector in centimeters, and the
vertical axis indicates the sand flux per unit area and unit X[(273+T °C)/293]Ah (mm alcoho))*?
0.40 . in which u is the wind velocity in m/sP is the atmospheric
0.35 pressure in mm HgT is the temperature in°C, ankh is the
0.30 . recorded pressure difference in mmalcohol, in conjunction
= 025 with the temperature and the atmospheric pressure readings
Ng 0.20 - that are made when the test is conducted. As an example,
= 015 . Fig. 4 plots a profile of the experimental wind velocity vary-
g 0.0 . ing with height on a semilogarithmic graph when the axial
o 005 .. wind velocity is 8 m/s. Fi_gure 5 displays_14 sets of expe_ri-
' Taaa, mental results for the horizontal flux of wind-blown sand in
0.00 . . ' -...l.....l.....l...- | saltation with six axial wind velocities. The tests were re-
-0.05 0 : " : : : : . : ” : - ! peated two or three times for each axial wind velocity. The

experimental results show that the wind profile is reproduc-
ible for each axial wind velocity; there are some deviations

FIG. 3. A set of experimental results of sand flux per unit areafor the sand flux per unit area and unit time at lower veloci-
and unit time varying with heightu,=12 m/s). ties, but their trend is similar in general.
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FIG. 5. Comparison between the fitting curves and the experimental data for sand flux per unit area and unit time. The dots with square
or circular shape represent the experimental measurement of the sand flow flux in our experiment, while the solid lines indicate the
simulation using fitting Eq(9) of the flux versus height and axial wind velocity, . u;,=(a) 8,(b) 10, (c) 12, (d) 14, (e) 16, and(f) 20
m/s.

lNl. FITTING EQUATION OF WIND-SAND FLOW FLUX mined. Assume that the experimental values »fy} are
represented byx{,y;) (i=1,2,...n). From the LSM, we

know that the parameteis, can be obtained by minimizing
Here, we briefly introduce the least squares methodhe following functional:

(LSM), which can be found in many texts of mathematics,

A. Least squares method of fitting curves

that we will employ to fit the experimental results. Denote a n
fitting function by x2=21 [yi—y(X,a1,az, . . am]? ©)
=
y=y(X,a1,a2, e 1a'm)y (1)

Thus, the parameters, satisfy the system of nonlinear al-
where a(k=1,2,...m) are the parameters to be deter- gebraic equations
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(9)(2 4

—=0, k=1,2,...m. (3 = experiment

day K simulation of Eq.(5)
When the fitting function of Eq(l) degenerates into a linear r
one, we can take the superposition approach on the basis of "
base functions that are prechosen, i.e., we have < 2
=3 aer(X). Heregy(x) (k=1,2, ... m) are one set of |
known base functions. In this case, the nonlinear algebraic
equations of Eq(3) for the parameters become a set of linear 1
ones. After the algebraic equations with unknowns are R
solved, the fitting equation is obtained to the problem. In the 0 '
following calculations using the LSM, the commercial soft- 20
ware ORIGIN is used.

u_(mf/s)
B. Fitting function of sand flux rate
5.5

experiment

Figure 5 displays the measured data, marked by dots, for ) i
simulation of Eq.(7)

the horizontal flux of sand per unit area and unit time varying 5.0
with height. From the measured data, we find that the data 4 ¢
decay with height with some negative exponential function.

In this case, the following exponential equation is used as a 4.0
guess to fit the experimental data: m 35

3.0

Z_ZO
q(z)=C+Aexp(— B ) (4) 55

2.0

in which z, is the offset ofz, C is the bias ofg(z), Ais the
amplitude, andB is the decay constant with respectzon
the ORIGIN software for the LSMz, is taken as an appropri- u_ (m/s)

ate fixed number, i.e., it is close to the minimum value of the "

variablez, the biasC is set to be a fixed number which is  FIG. 6. Comparison of the experimental data AcandB in Eq.
close to the asymptotic value of the functiqfz) whenz is (4) with the predictions of empirical equatiofs) and(7). The dots
large enough. For the case of the experiments in this papen the figures indicate the fitted values &fand B, denoted by
Z, is taken as the position of the central height of the lowestexperiment.” The solid lines represent the prediction of the fitting
opening of the sand collector, i.€,=4.5 cm. It is evident equationg5) and(7) for A andB, respectively.

that, whenz becomes large enough as the height increases,

q(z) will approach zero when suspension is neglected. Thugerimental data foA shown in Fig. 6a), after many attempts
we haveC=0. Then we can get the values of the coefficientsa satisfactory test function was found to be

A andB in Eqg. (4) using the LSM for the measurement data 9 a

of sand flux to each axial wind velocity; these are marked in A=A(Uin) = aUjp(Uin = Ucr) ™2 ®

Fig. 6 by dots, and are referred to as the experimental data . )
for the coefficients. It is obvious from the figure that the Herea,; anda, are the coefficients to be determined. For the

values ofA andB change with the axial wind velocity;,,, ~ Mixed sand sample used in our experiment, by means of the
that is,A=A(u;,) andB=B(u;,). test results for the wind velocity profile introduced in the
previous section and the Bagnold formula for threshold fric-
tion velocity (the details are displayed in the next sectjon
C. Fitting functions of A=A(u;,) and B=B(u;,) we obtain the threshold of axial wind velocity,,

It is a key step to find some suitable fitting equations for=6.83285 m/s. Then, applying the LSM to the experimen-
A=A(u;,) andB=B(u;,) in Eq. (4) for developing an ex- tal data in Fig. €a) using Eq.(5), one can get
plicit form of the empirical equation of the flux of sand mass
flow in the experiment, and, further, that of the streamwise a;=1.499x107%, a,=1.631. (6)
sand transport varying with axial wind velocity or friction
velocity, as seen later. Whe®=0 in Eq. (4), we know that  Similarly, for B=B(u;,), we take the following polynomial
the coefficientA implies how intense the sand flux or trans- function of second order:
port is. We useu., denote the threshold of the axial wind
velocity that makes the sand move. In order to display the B=B(Ujy) =by+b,uj +bauf,, (7)
fact that the sand movement occurs only when the axial wind
velocity is above the threshold value, according to the exin which the fitting coefficients are obtained as

8 10 12 14 16 18 20
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b,=2.26345, b,=-0.12103, b;=0.01368 (8) 0.966 65 R%<0.98208. The results obtained show that the
value ofc, or u, varies withu;, almost linearly. Hence, we

with the correlation coefficierR?=0.982 65. Obviously, the further introduce
experimental data are related to many properties of the sand o diu.+d 13
sample, such as the distribution of sand grain diameter, Uin= A1ty 02 (13
p_hyS|caI and chemical behavior, etc. Thus, the fitting coeffiy, \which the constantd; andd, are obtained by
cientsa,, a,, by, by, b, andu;, are dependent on the sand

sample employed. d;=11.49557, d,=4.32337. (14

Here, the correlation coefficient for Eq(13) is R?

=0.99195. Equation§13) and (14) give a relationship be-
Figure 6 shows a comparison of the experimental data angiveen the axial wind velocity and the friction velocity. Sub-

the fitted curves of Eqe5) and (7) with the fitted coeffi-  stituting Eq.(13) into Egs.(5) and(7), we have

cients of Eqs(6) and(8). It is found that those results given

D. Fitting results

by the empirical equation®) and(7) are in good agreement A=A(u,)=a;(d;u, +dy)%(u, —u, )%, (15)
with the experimental data fék andB varying with the axial

wind velocity. Substituting the obtained equatidBsand(7) B=B(u,)=b;+b,u, +bsu?, (16)
into Eq. (4), we get an explicit form of the empirical equa-

tion q(z) varying with axial wind velocityu;, and heightz. Uer=dqU, +dy. (17)
That is,

Here 51=a1diz, 51:b1+ b2d2+ b3d%, Bzzbzdl

10z—-4.5 ~
q(z)=A(uin)ex;{ _B—)) 9 +2bsd;d,, bs=bsd2, and the threshold friction velocity
(Uin u, is calculated by Bagnold's formuld]:
Here, the unit of height is meters. In Fig. 5, the solid curves — fp=p
indicate the fitted results of Eq9) for the six sets of axial U,=A ggD. (18
wind velocities, while the dots represent the measured data Py

of the experiment. From Fig. 5, one can see that the fittingi_|
results from Eq(9) are in good agreement with the measured
data also.

ere,Ais a constantp, andp are the density of mass of the
gaseous phase and sand solid phase, respectely;the

average diameter of the sangljis the gravity acceleration.
The value of the constar in Eq. (19) is taken different for
various sand samples. BagndM took A=0.1 for uniform
A. Empirical equation of sand flow flux sands, while Chep[120] thought that the value ok is in the

on friction velocity range of 0.09-0.11. Zingfl3] proposed a value of 0.12.

In most equations of wind-sand transport, the expressionsiere, we choosé= 0.1, which is widely used in research,
are formulated in terms of the friction velocity and its thresh-for the sand sample employed here. Further, we have

IV. EMPIRICAL EQUATION OF WIND-SAND TRANSPORT

old. In this case, we first transform the variablgs anduy, =21.83 cm/s by Eq(18). Substitution of Eqs(15) and(16)
in Egs.(5), (7), and(9) into u, andu,,. For this purpose, into Eq.(9) leads to an explicit form of the empirical expres-
we employ the logarithmic wind profile of Bagno|d]: sion with respect to the variables of friction velocity and its

threshold for the sand flux per unit area and unit time varying

u 7 . ) . L
u(z)= ?*In —~|+u, (10) with height and friction velocity, i.e.,
t
~ 100z—-4.5
wherek=0.4 is the Karman constant, and.{i,) is a fixed q(2)=A(u,)exp — B, | (19)
*

point. Rewriting Eq.(10) in the form

u(z)=c,Inz+c, (12) B. Empirical equation of streamwise sand transport
As pointed out in the Introduction, it is important to know
in which how to give experimental date for the sand transport as ac-
curately as possible on the basis of the inadequate experi-
U, U, mental data of the flux. In this subsection, we give an explicit
C1=7 0y Cem U ?In Zt. (12 form for its empirical equation. Denote the efficiency of the
employed sand collector bw. Then Eq.(19) should be
. ) . modified to
Applying Eq. (11) to fit the measured data for the wind pro-
file as introduced in Sec. Il by means of the LSM, we obtain 1 100—4.5
the values ot; andc, for each axial wind velocity;, , for q(z)= —"A(u*)ex;{ - ~—) ) (20)
which the correlation coefficient is in the region of w B(u,)
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10" Qs= fo a(z)dz. (21)
Because of the coupling of saltation and creep movement,
we known that the total streamwise sand transport per unit

510> width and unit time consists of both these. Bagridifffound
E . from wind tunnel experiments that the contribution of sand
£ this paper creep motion to the streamwise sand transg@gytis about
] " Bagnold 25% of the total transport. ChepR0] recognized the ratio to
R o Kawamura be about 15.7% for sands of diameter 0.15-0.25 mm, and

10 about 24.9% for sands of diameter 0.25-0.87 mm.
Horikawa and Shefl2] obtained a ratio of 20%. Here, the
ratio of 20% is chosen; thus total sand transport per unit
width and unit time may be written as

104 | 1 | 1 | 1 | ) B

0.2 04 06 08 1.0 Q=Q.+Q.,=1.25 . q(z)dz (22)
(a) friction velocity u, (m/s)
" Substituting Eq(20) into Eqg. (22), we get
| »  present-Kawamuara 1.25_ 5 45
s —0— present-Bagnold Q= Toon(Ux)B(uy)ex 3 : (23
10 F —— Bagnold-Kawamura (Uy)
= in which A(u, ) andB(u, ) are given by Eqs(15) and(16),
% 10° Oy ap—n—a—a—a—s—a—l—0—0—L respectively. We have now obtained an explicit form of the
e - =N 0-0—0-0—0—0-0—0—0 empirical equation to formulate the experimental data for
pd 10 - A i streamwise sand transport, which exhibits the fact fat
% - i =0 whenu, =u,, according to Eq(15).
e
10° ~ C. Discussion of results
- Here, we cite two well-known equations, the Bagnold for-
10" Y mula[1] and the Kawamura equati¢@4], for predicting the
i . streamwise sand transport per unit width and unit time, and
A Y I SR I T S T R give a comparison of their predictions with the measured
0.2 04 06 08 1.0 results of EQ.(23) obtained in this article for the sand
sampled here. From the textbook of Bagnfld, the Bag-
(b) friction velocity u, (m/s) nold formula is expressed by
FIG. 7. Comparison of the measured results from @8) with D pyq 3
the predictions of Bagnold’s equatid@4) and Kawamura’'s equa- Q=C D_OE Uy (24)

tion (25) for the rate of streamwise sand transport per unit width

(semilogari_thm_ic graph In _(a),_ the _rate of streamwise sand trans- whereDy=0.25 mm,pg is the density of the gaseous phase,
port per unit width, the solid line without dots are the measurement, 4 is a constant related to the grade of sand. Baghtld

results from Eq(23), while the solid Iin_es_with square and circular_ ointed out thaC=1.5 for uniform sandsC= 1.8 for natu-
dots, respectively, represent the predictions of Bagnold’'s equatio

[1][Eqg.(24)] and Kawamura’s equatidi4] [Eq. (25)] for the sand de}IIy Tlxed Eands, and:l 2.8 for Ithescase &Zagcis v;/kf:ose
sample in our experiment. Ifb), the absolute value of relative lameters change on a farge scalé. S0 we .o forine
errors, the solid line without dots displays the relative errors be-mlxe.d sands employed. For the other parameters ir(Z4).
tween the predictions of Bognold’s equation and Kawamura’s equa‘:jlpplled to the Sa”O_' sample here, We_h%0'228 mm and
tion, denoted by “Bagnold-Kawamura.” The solid lines with square Pg= 1-22 glend. It is noted thau, is in cm/s andQis in g
and circular dots, respectively, represent the relative errors betwedfM S in Eq.(24). Similarly, the Kawamura equatidd4] is
the measurement data from E@3) and the prediction of Kawa- formulated as

mura’s equatiofEq. (25)], and between the measurement results
from Eq.(23) and the prediction of Bognold’s formula of E(4). %(u* —u,)(u, + u*t)z (25)
Integrating Eq.(20) with respect to the variable of height

one can obtain a formula for the streamwise sand transpoih which the constari is taken as 2.7814] for sands whose
per unit width and unit time caused by saltatigienote it by — average diameter is 0.25 mm. In Kawamura’s equdtitm

Q,), in the form[2,5] (25)], the cgs unit system is used. To make the prediction of

Q=K
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the Kawamura equation close to the experimental resulter. Based on this approach, we get an explicit form for the
Horikawa and Shenl12] pointed out that the consta#t in empirical equation relating the sand flux per unit area and
Kawamura’s equation should be taken as 1.0 rather thaunit time varying with height and friction velocity to the
2.78, and in this case this equation is efficient only in thesaltation and creep motions. After that, an empirical formula
range ofu, <0.4 m/s compared with their experimental re- for the measured results of the streamwise wind-sand trans-
sults. HereK is taken as 1.0 also. The obvious characteristi®Ort per unit width and unit time was obtained, which is

of Eq. (25) is thatQ is equal to 0 when the friction velocity USeful and important in providing experimental data as accu-
U, =u,, rately as possible. On its basis we can evaluate which one of
* *U-

Fig. 7(a) illustrates a comparison among the predictionsthe equations in the literature for predicting the quantity of

B . . “sand transport is more effective in any region of axial wind
?r:eEgibgrig%e(itss) I;rt:i]se gr?itculflZerg)(iitj'czaslinnd;egno@/gﬁﬂ;n velocity or friction velocity. For the naturally mixed sands at

. o .the southeastern edge of the Tengger desert, it was found that
absolute relative errors among the predictions are plotted ithe empirical equation obtained in this paper for the experi-

Fig. 7(b) where the solid line without dots indicates the rela- o 5| data gives results that are close to Kawamura’s equa-
tive error between the predictions of Bagnold’'s form[da tion [14] in the region ofu, <u, <0.35 m/s, and near to

;nd Kawarrlurertﬁ ?ﬁuat'?'gll.‘l]' de_r;ﬁted by (;Btagno(ljd-_ the prediction of Bagnold’s equatiofi] in the region of
alwa(rjmtlwa, w Hta' Ie soll mest\;\r/]l s?lthre ots ag tCIr- u, >0.47 m/s, and gives a smooth transition from the pre-
cular dots, respectively, represent (e relative errors beWeeotions of Kawamura’s equation to Bagnold’s equation in

the measured results given by E@3) and Kawamura's the region of 0.35 misu, <0.47 m/s. In addition, there is

equation, and Bagnold's formula, which are respectivglyno difficulty in generalizing the fitting program displayed in

;Sl_enn?ﬂsd I"’:‘S “prlefent-Ka\_/;/quura”gTﬁ ‘:[p{ﬁsent-g_a?nold” |fn this article to other cases of wind-blown sand movement of
ig. 7(b). From Fig. X_a), LIS toun at the predicions of o5 q arosion when saltation is dominant.
the Kawamura equation in the range of friction velocity of

Us¢=u, <0.35 m/s and those of the Bagnold formula when ACKNOWLEDGMENTS
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