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Abstract. In this study, we present the results of a wind- that of dust emission (Goossens and Offer, 2000). The sam-
tunnel experiment on dust deposition. A new method is pro-plers used for dust-deposition measurements in field exper-
posed to derive dust deposition velocity from PDA (particle iments have been found to be quite inefficient (Sow et al.,
dynamics analysis) particle-velocity and particle-size mea-2006). The large uncertainties in dust-deposition estimates
surements. This method has the advantage that the motions regional and global dust models have been documented by
of individual dust particles are directly observed and all rele-Uno et al. (2006) and Textor et al. (2006, 2007). Our prelim-
vant data for computing dust deposition velocity is collectedinary tests of existing dust deposition schemes show that the
using a single instrument, and thus the measurement uncescheme estimates can easily differ by an order of magnitude,
tainties are reduced. The method is used in the wind-tunnehnd it is often unclear how the scheme parameters should be
experiment to measure dust deposition velocities for differ-specified in regional and global dust models.
ent particle sizes, wind speeds and surface conditions. For We must come to terms with several problems in dust-
sticky-smooth wood and water surfaces, the observed dusieposition parameterizations, but the most outstanding is the
deposition velocities are compared with the predictions usingserious lack of high-quality and cohesive data sets for testing
a dust deposition scheme, and the entire data set is comparellist-deposition theories and schemes. Field observations on
with the data found in the literature. From the wind-tunnel dust deposition over time intervals of days and weeks have
experiments, a relatively reliable data set of dust depositiorbeen made using direct or indirect techniques (e.g. Gao et
velocities is obtained, which is valuable for the developmental., 1997; Liu et al., 2004). Such observations are valuable
and validation of dust deposition schemes. in determining the order of magnitude of dust deposition
for given areas, but do not provide sufficient details for the
conceptualization and derivation of dust-deposition theories.
Chamberlain (1967) conducted a wind-tunnel experiment on
1 Introduction the deposition of particles of various sizes over a surface of
artificial sticky grass. His data have proved to be very use-
In the past few decades, the dust research community hag| for the verification of dust-deposition schemes. However,
been struggling to develop dust emission and depositiothatyral surfaces are very different from a sticky grass surface
schemes for large scale dust models. As far as dust emisn physical and aerodynamic characteristics. Only very few
sion is concerned, several wind-tunnel and field observationgrface types have been investigated in wind-tunnel studies
(e.g. Gillette, 1977; Shao et al., 1993; Ishizuka et al., 2008)sq far, and to our knowledge no equivalent field experiments
have been carried out, which serve as the basis for the corhaye ever been carried out.
ceptualization of dust emission schemes (Shao, 2001, 2004; pyst deposition is mostly parameterized through deposi-
Marticorina and Bergamatti, 1995; Alfaro and Gomes, 2001).tjon velocity, wg, and in most dust-deposition experimental
The understanding of dust deposition is at least as poor as
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Figure 1. Some existing measurements of deposition velocities against particle size for different surfaces.

studies, measurements of dust flux and/or concentration ar2 Particle dynamics analysis (PDA) and wind-tunnel ex-
made for the estimation aby (Sehmel, 1971; Wesley et al., periment
1983; Gallagher et al., 1997; Ould-Data, 2002; Pryor et al.,
2008). Various techniques and devices have been used (Se-
infeld and Pandis, 2006) and measurements made under di?DA is an extension of LDA (laser Doppler anemometry),
ferent conditions. As a consequence, the comparability beWhich can measure both the velocity and size of a parti-
tween the data sets has been poor (Wesely et al., 1985; Hickde passing through the measuring point. Particle velocity is
et al., 1989; Goossens and Rajot, 2008). As shown in Fig. 1measured by using the laser Doppler effect and particle size
a large scatter over orders of magnitude among the measuré&ccording to the phase shift between two signals of the scat-
ments published in the literature exists. The scatter may béered light detected by different detectors (Dantec Dynamics
caused by the uncertainty in measuring techniques and th&/S, 2006).
differences in experimental conditions. The lack of knowl- ~ Figure 2 illustrates the functioning principle of PDA. A
edge in measurement precision and the unrecorded informdaser beam emitted from the generator is split into two co-
tion of experimental conditions undermine the value of theherent beams. These beams intersect to form a measuring
measurements for the validation of models. A considerableg?0int with an elliptical volume and the interference produces
discrepancy between the measurements and the model esRarallel bright and dark planes, known as fringes. The dis-
mates is also apparent, due to reasons which are yet to b@nce between the fringes depends on the laser wavelength
fully explained. and the angle between the incident beams (upper right corner
In this paper, we propose a new method for measuring dus®f Fig. 2). When a particle moves across the fringes, a current
deposition velocity using a single device: a particle dynam-Pulse (right hand of Fig. 2) will be generated by the photo-
ics analysis (PDA). This technique has the advantage of obdetector because of the changing intensity of the light scat-
serving the motion of individual particles and avoids uncer-tered by the particle, which alternates between the bright and
tainties arising from using a combination of devices. Wind- dark fringes. The time interval between the peaks of pulses
tunnel experiments are carried out by using the PDA to meacan be obtained and the particle displacement (in the direc-
sure dust deposition velocities for various surfaces, rangindgion perpendicular to the fringes) is the spacing of adjacent
from a sticky-smooth wood surface (wood surface hereafterffinges. The velocity component orthogonal to the fringes is
to a rough vegetation surface, and a reliable data set is opaccordingly calculated. This is the so called “fringes model”
tained. The measurements are then used to test the Slinn afi PDA. Also, an aperture plate as shown in the lower right
Slinn (1980, SS80 hereafter) scheme for smooth (wood angorner of Fig. 2 is fixed in the receiver probe to create several
water) surfaces. The advantages of our technique are demo#ght detectors, and the phase shift between the Doppler sig-
strated and the possible improvements required in the ssgpals from the different detectors can be obtained to deduce
scheme are identified. The dust deposition velocities meathe size of the passing particle.
sured in our experiments are compared with those of several The structure of the Lanzhou University (LZU) wind tun-
other experiments published in the literature after correctionn€l is shown in Fig. 3. It is a blow-down wind tunnel of 55 m

of all data to 1 m above the zero-plane displacement height./ength, including a fan, a rectification section, a working sec-
tion and a diffuser. High-speed and turbulent wind can be

generated by the fan of 75 kW. The turbulent air flows into
the rectification section where the flow speed slows down
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Figure 2. Basic structure of PDA. The velocities and sizes of particles passing through the measuring point are obtained by analyzing the
light scattered by the particles.

because of the bigger cross-section. Turbulent eddies in thexperiments. These particles have a good spherical degree
original flow generated by the fan are destructed by a com-and the mean diameter is 10 um (Fig. 5).
bination of honeycomb and damping screens (rectangular Dust deposition over different surfaces is investigated
grids) deployed in this part. After passing the rectification in our wind-tunnel experiments, including a wood surface
section, the air flow becomes uniform. The rectified air flow (oiled by lubricating oil) and a water surface, which we will
is accelerated in the working section which has a smaller butliscuss later in detail. For both surfaces, the possibility of
uniform cross-section of 1.3mx 1.45m & h). The length  particle rebound should be low, and thus it is reasonable to
of the working section is about 22 m. Some spires or rough-assume that dust concentration at the surface is zero, an im-
ness elements (or both) are set up in the front of this sectioportant assumption made in most dust deposition schemes.
to generate a turbulent boundary layer. Finally, the air flowsFor these reasons, dust deposition over the wood and water
out from the diffuser with an increasing cross-section. Thesurfaces is relatively simple and suitable for testing the PDA
wind tunnel is controlled by a computer and the wind speedtechnique against theory and for examining the essence of
can be adjusted between 3 and 40Ths dust deposition parameterizations. The experiments are then
The configuration of the wind-tunnel experiment is as operated over sand, sandy loam, gobi (a surface consists of
shown in Fig. 4. A 6-meter long roughness-element sectiorsands and gravels) and tree surfaces to produce a more com-

is located in the front of the working section to generate ap
deep turbulent boundary layer. Downstream of this section
is the test surface. A dust feeder is placed at the beginning
of the working section to inject dust into the tunnel through
a tubular manifold which consists of two rows of three out-
lets with even spacing of 0.2m (Fig. 4a). The manifold is
adjusted such that the bottom and the top rows are at approx-
imately 0.2 m and 0.4 m above the top of the surface. After
release, the dust particles are fully dispersed in the turbulent
boundary layer over the test surface. The PDA is located near
the end of the working section and the distance between the
measuring point and the dust outlets is about 10 m to ensure
sufficient development of the turbulent boundary layer and
dust dispersion. The height of the measuring point is fixed
with distance about 20 mm away from the top of the surface
(Fig. 4c).

The PDA works best for spherical particles. Therefore, the
optical characteristics and spherical degree of the particles
are important factors which affect the reliability of the PDA
measurements. A white powder of fused silica (i@ith
density of 2200 kg m?3 is selected as the dust source for our

www.atmos-chem-phys.net/14/8869/2014/

lete data set.
The experimental procedure is as follows:

1. Preparation:the instruments are arranged as shown in
Fig. 4. The sand and sandy loam surfaces are wetted and
then air dried to produce a crust to prevent emission of
surface particles.

2. Profile measurementabout 10 points of different
heights are selected. Dust particles are released from
the dust feeder and the speeds of dust particles passing
through these points are measured by PDA. As the par-
ticles are small, their horizontal velocities can be con-
sidered to be the same as the local wind speed. The hor-
izontal particle velocities and concentrations are mea-
sured one by one with duration of 3min, to produce
mean wind and dust concentration profiles. Simultane-
ously, a device is fixed at a certain height to measure
dust concentration with the purposes of monitoring sta-
bility of dust feeding and verifying reproducibility of
the concentrations.
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Figure 3. A sketch of the Lanzhou University wind tunnel.
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Figure 4. Configuration of the wind-tunnel experimefi4) Dust feeding outlets(b) Working section; the roughness elements fixed at the

front of the working section generate a deep (at least 0.4 m) turbulent boundary layer. Downstream of the roughness-element section is the
test surface. A dust feeder is placed at the beginning of the working section and injects dpkir®i@®e tunnel through a tubular manifold.

The measuring point is located near the end of the working sectip®robe of the PDA with laser beams intersecting at the measuring
point.

3. Point measurement point, at about 20 mm above the 3 Methodology of PDA data processing
top of surface, is selected for dust deposition measure- . o -
ment. The velocities and sizes of the particles that pas¥Ve now describe the method for deriving dust deposition ve-

through this point are measured by PDA. The durationlocity for different particle-size bins based on the PDA mea-
of the measurement is 10 min. surements. Our discussion is confined to the vertical direc-

tion. As shown in Fig. 6, the sampling area of PDA has a
volume of V. If no particle appears i, then dust concen-
4. Repeatthe surface is re-prepared and the Steps 2 and Jration in the sampling area is zero. If parti¢lef massm;
are repeated. passes through’ with (vertical) velocity wpi then the cor-
responding concentration over the transit tine is m; /V
The experiments are carried out for different wind speedsand the associated vertical dust flux is
and for each wind speed at least 3 successful runs are m;
made. Because PDA can only identify particles larger thanf di = Vo Wi @)

0.5um (limited by the wavelength of the laser beam), the S : .
raw data are divided into the following of particle size Suppose the sampling time intervaflisduring which¥ par-

bins, 0.5-1.5um, 1.5-3um, 3-5um, 5-10um, 10-15 umticles pass through'. Then, the average dust concentraion
15-20 um, 20—25 um, 25-30 um, 3050 um, 50-80 um, 80-2nd dust fluxiy are, respectively,
100 pm, 100-150 um, and 150-200 um. For each bin, the par- n

ticles are considered to be mono-dispersed with the respeg-= <ﬁ . ﬂ) @)
tive median sizes of 1, 2.25, 4, 7.5, 12.5, 17.5, 22.5, 275, i=1\V T

40, 65, 90, 125, and 175um. The deposition velocity for N At;

each size hin is obtained by using the technique describedy = Z <7 - Wp - 7) 3)
in Sect. 3. i=1
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Figure 5. SiO, powder used as dust for the wind-tunnel experiment.
(a) Powder appearance (top left corner) and microscopic picture
(measured by Scanning Electron Microscope, SU15@))Prob-
ability distribution of particle size (measured by Particle Size Ana-
lyzer, S3500).

S o RSP SR, y.
The deposition velocity can be expressed by combiningrigure 6. lllustration of one particle’s contribution to dust con-
Egs. (2) and (3) as centration.(a) A dust particle (dot) passes through the sampling
N area (shadedjb) Dust concentration corresponding to the situation
.Zl<DSi wpi - At,-) shown in (a).
1=
Wd = N 3 ’ (4) S 2w,
> (Dpi : At,-) o
i=1 w, A A

where Dy (particle diameter)wp andAy; are measured si-  *

multaneously by PDA. Wl |

The deposition velocity calculated with Eq. (4) includes of
the contributions of Brownian diffusion, eddy diffusion, _
gravitational settling and is possibly affected by the mean
vertical windw, which is generally considered to be zero un- g
der the condition of neutral boundary layer. But in our wind- . . . )
tunnel experiments, it may be locally of the order of magni- Figure 7. lllustration of th_e_PDA data of partlcle velocity. Solid and
tude comparable to the particle terminal velocity. Even if it ©P&N dots represent positive and negasiyameasured by PDA, re-
. . . . . spectively, and the solid lin@a+ wt. As an example, supposég >
is zero in reality, error in flow measurements may still occur oo . -

. ! ; . 0, the full data set is divided into four parts: (1)x0wp < wp; (2)

because a small alignment error in the PDA vertical with re- ' * _° ' =~ - (3) wp > 2ip; and (&), < O.
spect to the surface normal may result in interpreting a com- P=P P P P P
ponent of the horizontal wind as the vertical wind and cause
a serious bias in the deposition velocity estimates. Thereforey viscosity, ppthe particle density ang the gravitational
we must remove the effect of, from Eq. (4). _ _acceleration. However, the calculation§ from the PDA

Sur aPproéz‘C)hf's to first fﬁmhove the mear:j p‘;"”r']de (verti- particle-velocity measurements requires a correction of sam-
cal) motion ¢up) from wg, which is composed of the mean p|ing pias. Particles observed by PDA can be considered to
air (vertical) motion () and gravitational settling terminal e giscrete samplers of the flow speed. Due to the uneven
velocityw (I.e. wp = wa+wy), then to addy back towa.  particle—number distribution with height (e.g. more particles
Equation (4) can now be written as moving downward than upward), the samplingigfmay be

N biased, as shown in Fig. 7. In that figure, the dots represent
> (Dgi - Wpi - Ati) wp measured by PDA, and the solid line + w. The up-
wq = i=1 — Wp + wy, (5) ward air motion is less frequently observed by PDA due to
% (D3. , At~) the lower dust concentration at lower height. The situation
S \Te is the opposite for the downward air motion. To estimage

(bold dashed line in Fig. 7), the full data setwf is initially
divided into two subsets according to its sign, anglis set
Ccpppg to (u‘;,;* +u‘)5)/2, with u')lgL and Wy being, respectively, the
Wy = 181 " & (6) mean values of the positive and negative patrticle velocities.
The full data set is then divided into four subsets as follows
with C. being the Cunningham correction factdp, the

mean particle diameter of the particle-size hindynamic

wherew; is computed with
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8874 J. Zhang et al.: Measurements of dust deposition velocity in a wind-tunnel experiment

10 ¢ : T
f m - --4=0.12ms"
1k O ---u=040ms" ]
Eox - 14,(:0.54ms‘1
01— w
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1 10 100
_ = 0I5 0.30 D (um)
g 150r 1 o 036 0.31 4
g x 057 0.31 _ ” _ . o .
N Figure 10. Deposition velocity against particle size under different

1001 wind conditions over the wood surface. The dots are averaged

and the error bars represent the variability of the three runs. The

50+ : curves are the results predicted with the SS80 scheme. The height
of the measuring point is 15 mm above the wood surfaggfor

small particles (1-12.5um) have been inserted in the lower right

0 1 1 1 1 1

0 2 4 6 8 10 12 corner to display the possible negative deposition velocities which
u (m s impossibly appear in logarithmic coordinate system.
Figure 9. Wind profiles measured over the water surface for three 10 v ——r
experiments with the fan speed set to 3000, 9000 and 12 000 rpm. f m - — ‘u=0.15ms’
The dots are the mean wind speeds, and the error bars show the [ O - 4=036ms"
standard deviations. The curves are the logarithmic profiles fitted to 1L -

the data.

1. wp € (0, bp);

-1

w, (ms’)
(=)
-

_ _ 0.01
3. wp > 2wp, if wp>0 (orwp < 2wp, if wp<0); and i

1 10 100
The number of measurements of the subgetsd N; are D, (um)

counted, and the average of particle velocity deviation of the
subsetw, — wp prj is calculated. As an example fair, >0 Figure 11.As Fig. 10, but for the water surface. The curves are the

(corresponding to Fig. 7)p is determined iteratively to sat- results predicted with the SS80 scheme by setting the laminar layer
resistance p to zero. The height of the measuring point is 25 mm

isfy above the water surface.
—F N> N2 ———N3 N3
Wp—Wp "+t Wp—Wp - = - o
N2+ N3 N2+ N3 over the water surface are shown in Fig. 9. The logarithmical
—N N ——N, N wind profile
Wp— T e Y i
2 2 ua(z) = (/1) - IN[(z — za) /0], ®
is fitted to the data for the estimates of friction velocity,
4 Results u,, and roughness lengthg. The zero-plane displacement

height, zq4, is set to zero for the low-roughness surfaces
Figure 8 shows two examples of the six surfaces tested in théwood, water, sand, loam and gobi), but to 200 mm for the
experiments. For each surface, the experiment is repeated ufiee surface (the height of the trees is about 230 mm.
der three wind conditions. As an example, the wind profilesvon Karman constant (~0.4).
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Figure 12. As Fig. 10, but for(a) sand,(b) sandy loam(c) gobi, and(d) tree surface. For the tree surface, the measurement height is
zm =250 mm.

Figure 10 shows the observed deposition velocity for thehanced by waves and spray droplets. The effects of waves
wood surface, which increases as expected with friction ve-and spray droplets are not included in the SS80 scheme, but
locity. The SS80 scheme (Appendix A) is originally pro- can be accounted for by reducing the laminar layer resis-
posed for water surfaces, but is applicable to other smoothance to zero. The predicted dust deposition velocities using
surfaces if the particle-growth mechanism embedded in thehe modified SS80 scheme by setting the laminar-layer re-
scheme is excluded. The predictions of the SS80 scheme amdstance to zero are now found to agree much better with the
also shown in Fig. 10, which are generally comparable withmeasurements as shown in Fig. 11. Itis also observedthat
the measurements although somewhat smaller. The underegicreases with friction velocity, and for particles in the size
timation by the scheme can be attributed to the inaccurateange of 1 um <D, <10 pm,wp is almost constant (particle-
estimates of the dust transfer through the laminar layer. Fosize independent) for given wind speed. This is caused by
very small particles (about 1 um) under high friction velocity, the indistinctive collection of particles with different sizes
the observedvy showed occasional negative values (lower by waves and spray droplets.
right corner of Fig. 10), probably due to the re-suspension of The above described techniques of wind-tunnel experi-
the deposited particles. ment and data analysis are also applied to sand, sandy loam,

Water surface is special because it is wet and sticky. Thegobi, and tree surfaces. A relatively comprehensive data set
air layer of high humidity adjacent to the water surface pro-of dust deposition for different surfaces, particle sizes and
motes the growth of hygroscopic particles and thereby enwind conditions is obtained, as shown in Fig. 12. Some nega-
hances their gravitational settling. The SS80 scheme was prdive deposition velocities were occasionally observed, possi-
posed for parameterizing dust deposition to water surfacebly due to the additional dust emission from the surface. Al-
by accounting for this mechanism. However, the dust parti-though we took measures to reduce dust re-suspension and
cles used in our study are hydrophobic and thus the enhancathwanted dust emission by oiling the surface or promoting
gravitational settling due to particle-size growth must be ex-crust formation prior to the experiment, it was not possible
cluded from the SS80 scheme. Compared with the observao entirely suppress the re-suspension of the dust deposited
tion, the SS80 scheme is found to substantially underestimat® the surface and dust emission from the surfaces when crust
dust deposition velocity (as shown in Fig. A2). The failure of was destructed by wind and turbulence during the experi-
the SS80 scheme is most probably due to the neglect of arments. Also over the tree surface, occasional negative depo-
other important mechanism, that is, under windy conditions,sition velocities were observed. This may be caused by mea-
dust deposition to the water surface can be significantly ensurement errors in case of low dust concentrations for some

www.atmos-chem-phys.net/14/8869/2014/ Atmos. Chem. Phys., 14, 8&882 2014
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particle-size bins, which result in inaccurate estimatedpf 1
and henceuyg.

The sand, sandy-loam, gobi, and tree surfaces are rel-
atively rough surfaces. We have tested the existing dust 0.1

deposition schemes against our data, but good agreements >
between the model predictions and the measurements cannog
be achieved by setting the scheme parameters in reasonable 001
ranges. A new scheme needs to be developed to overcome=,

Surface u, (m )
— Water 0.15~0.57

the deficiencies of existing schemes in parameterizing dust Wood 012-054 1
deposition over rough surfaces, which we will discuss in de- ~ 1E-3¢ Sand 0.14~049
. . E == Sandy loam 0.17~0.60
tail in a companion paper (Zhang and Shao, 2014). Gobi 0.19~043 ]
It is appropriate to put our data set in perspective to the ) Trees 0.24~1.06 1
existing data published in the literature. However, dust de- IE'41 10 100
position velocity is dependent on the reference heightt D, (um)

which dust concentration is also measured to compute dust
deposition flux. The measurement heights for existing ex-Figure 13. Comparison between the results of our measurements
periments, including our work, are normally different. The and other experiments. The lines and the shaded areas represent the

same reference height is required to achieve a proper compa@”ge of dust deposition velocity over different surfacc_esi extractt_ad
ison. By considering the similar aerodynamic characteristico™ our data set. The dots are the results of the existing studies
corresponding to Fig. 1 (with the same shape), but are recalculated

over different surfaces (logarithmic wind profile), the term 0 2 = (2g + 1) M
of “same reference height” is defined as the same distance ' d '
away from the zero-plane displacement height (here, we take

zr —zd = 1 m). To facilitate comparison, we have therefore

corrected all data to this same reference height by solving Summary
dust concentration equation under the assumptions of steady

and horizontal homogenous We carried out a wind-tunnel experiment to measure dust
9c deposition velocity for different particle sizes, surfaces and
Kp- 5, Twee= —Fg=wyq-c. (9)  wind velocities. A new method based on the PDA technique

was proposed for the measurements. This technique is more
reliable than other dust deposition measuring techniques, as
it directly measures the motion of the dust particles. The PDA
method was first applied to a sticky-smooth wood surface
1 17/ zm —2zq\ 5 1 - and a water surface and the measurements compared with
wd(z,) = [ @ —] < — ) +—1¢ - (10)  the SS80 scheme predictions. For these surfaces, the SS80
wdtem Wil \ 2r—zd wt scheme is expected to work reasonably well. For the wood
wherewq(zr) is the deposition velocity at andz,, heightof  surface, good agreement between the measurements and the
the measuring point. scheme predictions was found, and for the water surface, the
The corrected data of our and other experiments (as showmeasurements and the scheme estimates only agree if the ef-
in Fig. 1) are illustrated in Fig. 13. The results of our data fect of waves and spray droplets on dust deposition is taken
show that the deposition velocity for particle bigger than into consideration. These comparisons confirm the effective-
1um increases with particle size and friction velocity. The ness of the method we proposed.
comparisons between the measurements of different surfaces After testing the PDA method for the simple (wood and
show that the deposition process is enhanced over water suwater) surfaces, the technique was then applied to measur-
face (because of waves and spray droplets) and over tree sunrg dust deposition over four other surfaces including sand,
face (because of efficient surface collection). sandy loam, gobi, and vegetated (tree) surfaces. A reliable
Figure 13 also shows the comparison between our dataata set of dust deposition velocity for six surface types,
with the existing results corresponding to Fig. 1. As seen,three velocities and 9 particle size groups (ranging from 1
for low-roughness surfaces, our data are in general consistemid 40 um) is obtained. This data set is an enrichment of the
with the existing studies. Likewise, our measurements areexisting dust deposition data, has relatively high accuracy,
comparable with the field observations for high-roughnessand serves as a reference for development of dust deposition
surface. But we also note that, the deposition velocities measchemes.
sured in field seem to be larger than our measurements, under It is found that dust deposition velocity for particles in the
the similar wind friction velocity. That is may be caused by 1 - 40 um size range increases with particle size and friction
the complex surface condition which is hard to simulate invelocity. In comparison with the other surfaces, the deposi-
laboratory. tion velocity is large for the water surface (because of waves

Here, the dust diffusivity, is set tocu, (z —zq) and the dust
deposition fluxFy is considered as a constant.
Then we have

wt
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and spray droplets) and the tree surface (because of efficient
surface collection). We have used the measurements to test
the performance of some existing schemes and have found
that they generally perform poorly for rough surfaces. This
finding suggests that better representation of surface rough-
ness elements in dust deposition schemes is required. In a
companion paper, we will propose a new dust deposition
scheme and validate the scheme with the observations from
our wind-tunnel experiments.
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Appendix A: The Slinn and Slinn (1980) scheme for dust Figure A2. Results of our measurements and the SS80 scheme.
deposition

Slinn and Slinn (1980) used a two-layer model (depicted inaA1  Comparison between our measurements and the
Fig. Al) to explain dust deposition over a water surface, results of the SS80 scheme

which is considered to be smooth (without roughness ele-

ments) and wet (leading to hygroscopic growth of particleWe now compare the results of dust deposition velocity

size). The atmosphere below a certain height is divided intoover water surface, between our measurement and the SS80

two layers, an upper constant flux layer of depthwhere  scheme. As shown in Fig. A2, the predicted results of the

turbulent diffusion dominates, and a lower deposition layer SS80 scheme under the condition of RED0% (solid lines),

of depth§, where molecular diffusion dominates. Dust is which consider the particle growth effect, agree with the

transferred to the surface by impaction, Brownian diffusion measurement (dots) well. But actually, the particles £$iO

and gravitational settling. The dust deposition velocity overused in our experiments do not satisfy the requirement of

the water surface is expressed as particle growth mechanism. This implies that the good agree-
ment between the scheme and the measurements should be

i - i i — M achieved by a wrong reason. In fact, we should setRt

wd  we  wp  Wewp to exclude the effect of particle growth. The predicted results

of the SS80 scheme without the effect of particle growth is

where shown as the dash lines in Fig. A2. As seen, these predictions
1 u? are substantially underestimated. We conclude that this fail-
we=9_"," ita(zr) + wi(Dp) ure of the SS80 scheme is caused by ignoring the effect of

waves and bubbles or spray droplets emitted from the water
is the transfer velocity for the upper layer, with being fric- surface.
tion velocity, ua(zy) the mean wind speed at reference level
zr, k the von Karman constanti(Dp)is the particle terminal

velocity and
) u? 12 | 103/
tz—am/—i-—'_—*-(Sc_/ +10 p)‘f‘wt(Dp,w)
Kk ualzr)

is the transfer velocity for the low deposition layer, where
m' represents the contribution from diffusiophoresis and
10%cms /(1 gcen2s1). Hygroscopic growth of particles

is taken into accountD, and D, ,, represent the diameter
of dry and wet particle, respectively. Here, both the Schmidt
number §9 and the dimensionless relaxation timgLQ re-
lates to the wet particle diameter.
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Appendix B: Data set of the wind-tunnel experiment

Table B1. List of wind-tunnel experiments.

Fan speed and repeat times

3000 rpm 6000 rpm 9000 rpm 12000 rpm

Surfaces (~3msl) (~5msl) (~8msl) (~11ms?
Water 3 3 3 /

Sticky wood plane 3 - 3 3

Sand 3 3 4 -

Sandy loam 3 3 3 -

Gobi surface 3 3 3 -

Tree 3 3 - 3

Table B2.Dust deposition velocity for different particle sizes, wind
speeds and surface conditions.

Deposition velocity w (z) (nms~1) on wood planedm = 15 mm,zg =0 mm)

Particle diameter (um) up (ms1)0.12  0.40 0.54

zo (mm) 0.08 0.03 0.03
1 *0.08+— *0.09+— *0.09+—
2.25 0.48+7.16 *0.88+— *1.42+18.21
4 2.16+13.15 3.92+8.60 28.78+3.42
7.5 3.52+3.89 32.35+£11.45 55.02+11.46
12.5 13.86+3.96 33.24+£6.04 82.12+13.65
175 24.13+2.11 39.00+5.37 78.20+22.99
225 32.79+2.01 7490+14.32  89.66+6.20
27.5 53.35+0.30 63.52+5.42 94.86+42.90
40 108.70+£0.24 163.72+49.74 156.05+4.04

Deposition velocitywq(z) (mm s—l) on water surfacezfn = 25 mm,zg =0 mm)

Particle diameter (um)

uy (ms 1015 0.37 0.57

20 (mm) 0.30 0.31 0.31
1 20.07+11.85 79.68+75.35  68.65+65.51
2.25 26.90+9.86 54.45+4155  114.86+106.63
4 21.57+5.1 56.79+33.14  101.05+58.07
75 22.79+4.21 44.00+9.24 120.70+50.24
12,5 33.36+8.37 61.32+23.54  97.50+37.93
17.5 41.87+5.47 79.59+23.38  122.56+55.14
22,5 54.77+9.44 101.36+22.5  153.46+68.54
275 68.17+8.35 115.21+32.65 176.56+62.62
40 128.48+6.80 179.70+31.94 240.83+46.5

Deposition velocitywg(z) (mms1) on sand surfacef, = 15 mm,zg =0 mm)

Particle diameter (um) up (ms 1014 032

0.49
z0(Mm)0.15  0.14 0.13

1 *0.41+— *0.54£— *6.69%—
2.25 1.00+1.06 6.92+11.64  12.74%11.64
4 2.95+2.64 12.99+1.76 *16.2127
75 6.72+5.76 19.71+4.65  24.37+4.65
125 14.79+1.22 23.29+6 23.07+6
17.5 23.65+4.03 26514601  50.17+6.01
225 35.91+3.39 55564642  47.21+6.42
275 51.33+3.88 47.01+21.35 96.34+21.35
40 113.69+4.3 121.97+1.76  123.48+1.76
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Table B2. Continued.

Deposition velocity w(z) (mm s‘l) on sandy loam surfacey= 15mm,zg=0mm)

Particle diameter (um) ue (Ms1)0.17  0.40 0.60

zo (mm) 0.85 0.84 0.68
1 *4.86+— 8.21+9.85 *20.12+—
2.25 *6.32+— 26.24+2.35 37.34+24.88
4 7.89+£0.97 35.71+£4.13 53.61+5.47
7.5 12.05+3.87 37.64+13.89 64.41+6.5
12.5 19.72+£2.93 48.20+17.19 81.11+15.57
175 30.34+2.28 64.89+20.73 103.56+25.54
225 43.94+4.36 67.40+14.14 90.32+0.03
27.5 57.92+8.90 90.44+8.21 102.61+22.95
40 119.43+0.94 145.73+7.76 178.70+5.40

Deposition velocitywg(z) (mm s~1) on gobi surfacezm = 15 mm,zq =0 mm)

Particle diameter (um)

us (Ms1)0.19 043 0.67

zo (mm) 1.58 1.09 1.05
1 5.86+4.86 *37.28+— -
2.25 10.01+8.91 63.72+46.8 -
4 10.31+6.14 51.48+35.72 -
75 *16.40+— 16.46+51.58  —
125 * 25,62+ 47.73+20.9 -
17.5 34.79+3.39 42.39+0.32 -
225 61.10+16.08 132.03+84.78 -
275 73.61+21.95 69.00+66.8 -
40 114.19+1.91 142.40+6.35  —

Deposition velocity w(z) (mms1) on tree surfacezfn = 250 mm,zq = 200 mm)

Particle diameter (um)

ux (ms1)0.24 050 1.06

z0 (Mm) 5.93 2.88 2.10
1 2.38+19.27 9.24+39.35  *48.04+—
2.25 6.13+16.08 15.79+40.74 * 67.59+—
4 *7.76+— 42.96+30.58 79.39+119.73
75 9.13+13.52 36.03+42.69 *119.79+—
12.5 *20.14+— *35.28+— 137.55+116.91
17.5 41.25+44.56 54.68+130.33  203.97 +76.49
22,5 *43.71+— 37.81+114.76  246.57+138.4
27.5 *59.87 +— 4291+74.84  403.57+221.76
40 107.28+14.26  130.26+113.86 328.59+154.32

* Estimated from the dust profile (polynomials) fitted to the experimental data.
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