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Abstract: The assessment of particle size distribution is important 

for predicting the effect of sand/duststorms on millimetric wave prop a-

gat ion. However, only equisized and exponential distributions are 

employed in the literature. Other measured distributions in atmos-

pheric science vary considerably and depend on location. In this 

paper, the distributions during different storms in Riyadh are analysed 

at various heights relevant to millimeter wave towers. For the 

measured sixteen samples, it is found that the particle size distribu-

tion can be described by lognormal and normal. The distributions 

depend on the storm conditions and the tower height. The average 

diameter of the distribution decreases with the increase of tower 

height increase according to: 

D = D H- a 
av 0 

1. Introduction 

The propagation of millimeter wave (MMW) into sand/duststorm is a 

function of ~ frequency of propagation, particles number concentra-

tion, particle's permittivity and size distribution function [1-4]. To 

predict the effect of sand/duststorm on the MMW propagation, it is 

necessary to assess these storm parameters. However, with MMW propaga-

tion in mind, the data on particle size distributions is lacking. 

Unrealistic equisized distribution is assumed [1] and only exponential 

distribution is measured [4,5] and employed for attenuation prediction 
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in a storm [2-5]. The investigations carried out by many researchers 

in atmospheric science have resulted in a variety of particle size 

distributions such as normal [6], lognormal [7], power law [8]. It is 

difficult to establish a global distribution during storms and the 

distribution may depend on the location and the storm conditions. 

The aim of this paper is to assess the particle size distribution 

functions during sand/duststorms in Riyadh, Saudi Arabia. Samples are 

collected at different heights and the variation of settling mass vs 

time is analysed using sedimentation technique. The probability den-

sity functions are calculated from the measurements and fitted to 

several possible functions using the least square method. The tested 

functions are: normal (N), lognormal (LN), power law (PL) and exponen

tial. The paper summarizes the sample collection routine, analysis and 

resulting particle-size distribution. 

2. Experimental Set-up 

The samples are collected during sand/duststorm at the receiving 

site of MMW links system. Passive collectors are manufactured 

according to the ASTM-D1739 [9], and are located at different heights 

above g\round, namely: 1, 6, 

height of the receiving tower. 

15 and 21 m. The last height is the 

This type of collector has the ad van-

tages of collecting the total suspended particles without filtration 

and avoids the bouncing of large particles. 

The collected dry sample is mixed in a watch-glass with a few 

drops of sedimentation fluid (des tilled water) with a small brush, and 

then this slurry is diluted up to about 100 mL It is boiled under 
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reduced pressure to remove any residual air bubbles and then stirred 

with a rotating brush. 

A sedimentation Chan balance system is used to obtain a record of 

particles settled weight M falling in the sedimentation fluid of height 

h vs elapsed time t· The particle diameter D is calculated using 

Stokes law: 

D = K/ it (1) 

where K is a constant which depends on the sedimentation fluid and the 

particle density. The fract ion weight W of particles of diameter 

coarser than D is given by Oden's equation [10]: 

W (2) 

where Mt is the total weight of the sample. The probability density 

function PDF is calculated as the fraction of particles per unit 

diameter interval range ~: 

PDF = (3) 

where Nt is the total number of particles, Aw is the weight of par-

ticles in diameter range ~ and D is the average of ~. 

3. Results and Discussion 

Fig. (1) shows an example of the results of calculating the pro-

bability density function (PDF) from the measured samples and the 

fitted PDF. In Table (1) the average, standard deviation and the 

fitted PDF for 16 samples at different height are summarized. Shown 
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also is the optical visibility during sand/duststorms. It is seen from 

the table that the samples cannot be represented by a single PDF. Out 

of the measured 16 samples, 40% can be fitted to either normal or 

lognormal distribution. It can be concluded that, each sand/duststorm 

may have different distribution and even this distribution is height 

dependent. 

The average diameter increases consistently with the decrease of 

height; as may be expected. The variation in the average diameter at 

low height is considerable if compared to the variation at higher 

height. For example, Dav varies from 42.5 ~ to 21 ~ at a height of 1 

m compared with a variation from 16 \lm to 18.4 ~ at a height of 21 m. 

This may be attributed to the different conditions of the storms. It 

is likely that larger particles have higher fall velocity and settle 

down rapidly while smaller size particles can rise to higher levels and 

remain suspended for a relatively appreciable time. For all the 

samples the relation between the average diameter Dav in ~ and the 

height in meters can be represented by: 

D 
av 

For the measured samples, Do 

(2). 

32 \lID and a 

(4) 

0.155, as shown in Fig. 

Compared with other measurements, it is seen that the exponential 

distribution measured by Ghobrial [4] and Haddad [5] is not indicative 

since the measurement is based on one sample only. The normal and the 

lognormal functions are in accordance with the results of [6] and [7] 

respectively and the variation of 

sand/duststorms is conformed by [11]. 

size distribution during 
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Table (1) Results of Particle Size Distribution 
Measurements for Some Duststorms. 

Sample Height Dav (J Fitted PDF Vo 
No. (m) ]..Illl Distribution km 

1 21 18.4 8.9 Normal 1.6-2.0 

2 15 19.6 10.3 Normal 

3 1 28.0 13 .0 Exponential, 
lognormal 

4 21 17.0 7.7 Normal 1.6-2.0 

5 15 18.0 9.7 Power law 

6 1 37.0 19.0 Power law 

7 21 16 6.3 Normal 5.0-6.0 

8 15 17.0 9.4 Lognormal 

9 1 21.0 6.0 Lognormal 

10 21 16.4 8.8 Lognormal 3.0-4.0 

11 15 17.0 7.0 Normal 

12 6 17.0 6.9 Normal 

13 21 16.5 7.5 Lognormal 0.6-1.0 

14 15 19.3 8.9 Lognormal 

15 6 30.6 10.8 Lognormal 

16 1 42.5 16 Normal 

Dav = Average diameter; (J = standard deviation; 
Vo optical visibility, 
PDF = probability density function. 
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Fig. (2) Variation of the average diameter Dav with height H. 


