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Abstract: The air pollution concentration in Kathmandu valley in the winter season was found to
be higher than in the summer season due to the formation of the inversion layer. This mechanism
was simulated in the water-tank experiment by measuring the temperature and flow field using
liquid crystal thermometry and particle image velocimetry. Thermal stratification was made at
the beginning of the experiment and the surface temperature of the valley model was changed
with 12 minutes period matching the diurnal field temperature pattern of the Kathmandu valley.
The updraft wind and Bernard convection occurred during daytime and downdraft wind and
inversion layer were realized during nighttime. The temperature, flow field and mass dispersion
characteristics obtained in the water-tank experiment explained clearly the mechanism of air
pollution in Kathmandu valley.

Keywords : Kathmandu Valley, Water-Tank Experiment, Inversion Layer, Flow Field, PIV.

1. Introduction

Kathmandu, the Capital of Nepal, has an altitude of approximately 1400 m above the sea level and is
surrounded by many mountains having about 1000 m height from the ground level of the valley. Due
to the bowl-shaped topographical structure of Kathmandu valley, the air circulation in the valley is
very weak and easy to trap the pollution emitted inside the valley. The atmospheric pollution in
Kathmandu is getting worse and is found to be higher during winter season. The authors measured
the concentration of NOg, total suspended particulate (TSP) and temperature in Kathmandu during
winter season in 2001. It was found that the concentration of NOz and TSP became high in the
morning and a strong inversion layer was formed from midnight to early morning (Shrestha et al.,
2001). The formation of inversion layer was verified by the vertical height temperature measurement
in Kathmandu valley (Shrestha et al., 2002a; Kondo et al., 2002). The vertical distribution of the
meteorological and pollutants data helps to understand the pollution dispersion mechanism in the
valley but such data are not available in Kathmandu yet. The understanding of pollution dispersion
mechanism in the Kathmandu valley helps to make counter measurement policy regarding the air
pollutant in Kathmandu valley.

The purpose of this research is to find out the air pollution dispersion mechanism over
Kathmandu during the winter season by performing a water-tank experiment. Although wind tunnel
experiments are carried out for an atmospheric air pollution, generally it is very difficult to
understand air pollution phenomenon caused by natural convection in a wind tunnel because of high
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turbulence of air and difficulty to obtain stable layer of air above the ground surface. Therefore, the
water-tank experiment which can realize similar winter atmospheric condition was chosen. The
water-tank experiments that simulate the atmospheric phenomena caused by natural convection
were done by several researchers. Matsumoto and Ueda (1983) and Kaga et al. (1995) simulated the
land and sea breeze circulation in a laboratory using a temperature controlled water-tank. Heping et
al. (2001) simulated the plume dispersion in stratified atmosphere of Hong Kong Island. Ohba et al.
(1991) studied the plume rise and diffusion of gases discharged from a stack under calm and unstable
condition using a water tank. Park et al. (2001) compared mesoscale measurement of vertical
dispersion coefficient by using a composite turbulence water tank and convective diffusion observed
with remote sensors field data. All these researchers suggested the atmospheric phenomenon and
pollutant dispersion qualitatively by applying water-tank experiments. In our study, quantitative
analysis of visualization techniques was used as a tool of experiment to measure and verify the
vertical atmospheric phenomenon near the ground surface of Kathmandu valley creating the winter
atmospheric stable layer in the water-tank experiment.

2. Water-Tank Experiment
2.1 Similarity Rule

The experiment was carried out by using the dimensionless variable proposed by Ueda (1983). The
proposed dimensionless variables of wind speed, horizontal length and vertical length shown in
equation 1, 2 and 3, respectively, may be the universal similarity variables for comparing field
measurements with laboratory-scale experiments.

Ut UG, 2p2 1
7t — Z*Pr1/4 (3)
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Where U is the dimensionless wind speed, X “and Z are the dimensionless length of the
horizontal direction and the vertical direction, respectively. G, and P, are Grashof and Prandtl
number, respectively. The representative wind speed and the representative length are defined by;
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where g is the gravitational acceleration, [ is the volumetric expansion coefficient, A® is the
maximum temperature difference of the surface temperature variation, @ is the angular velocity of
earth’s rotation and v is the eddy diffusivity of momentum. Grashof number G, and Prandtl
number P, are expressed by;
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where I'is the mean atmospheric temperature gradient and «is the eddy diffusivity of heat. The
typical values of « , [ etc. in this experiment and in the field are shown in Table 1. @ is used only
for time adjustment of a day in the experiment. Equating both cases of experiment (taken as 1mm)
and field of wind speed, horizontal length and vertical length by using equations 1, 2 and 3
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respectively, the relation of the wind speed, horizontal length and vertical length of the experiment
and the field are calculated as shown in Table 2 by using the values of Table 1. The similarity
variables of U', X and Z%in the experiment as well as the field are also shown in Table 2 which
are reasonable and show that present water-tank experiment successfully simulated the air
pollution mechanism of Kathmandu valley.

Table 1. Typical values of physical variables in the experiment and in the field.

V] 1% a @ r A@ G
[K-1] [m2/s] [m2/s] [rad/s] [K/sl | [K]

Experiment | 2.07X104 106 1.43x107 | 8.73x103 | 100 5.6 2.63X10% | 6.99
Field 3.41x103 10 10 7.27x10% | 0.005 15 3.16 X104 1

r

Table 2. Relation between experiment and field.

Experiment Field
Wind speed 1 [mm/s] 4.4 [m/s]
Horizontal length 1 [mm] 90 [m]
Vertical length 1 [mm] 56 [m]
Ut 0.22 0.10
X 0.22 0.25
z" 3.04 3.10

In consideration of above calculation in Table 2, a simple Kathmandu valley model is designed
and constructed to analyze the winter air pollution dispersion mechanism. The horizontal length of
valley is 150 mm in experiment which corresponds 13.5 km of the field (Kathmandu Valley) and 20
mm of the valley depth corresponds to the 1120 m high mountains of the field from ground surface of
the valley. Thought X* and Z* are almost similar in the experiment as well as in the field, the wind
speed for the field is found a little smaller than the one obtained by the similarity rule.

2.2 Experimental Set - Up

The set-up of our water-tank experiment is shown in Fig. 1. This set-up consists of three water-tanks.
The middle tank (500 mmx400 mmx70 mm) filled with pure water was regarded as the atmospheric
layer of Kathmandu valley. The water temperature in the top tank was kept at a constant while the
water temperature in the bottom tank was changed with a constant period and amplitude in order to
change the lower surface temperature of the middle water-tank which was assumed to be the ground
surface of Kathmandu valley.
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Fig. 1. Set-up of the water-tank experiment.
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2.3 Experimental Method

The schematic flow diagram of the experiment is shown in Fig. 2. The water temperature of the top
tank and the lower tank were kept at 40 °C and 35°C respectively for 3 hours so that the thermal
stratification with constant temperature gradient was formed in the middle tank as the initial
condition of the experiment. A laser beam was focused at the central cross section of the middle tank
by passing the laser beam through a slit provided at the top tank to take the images for measuring
the temperature, velocity and mass dispersion with a CCD camera. From the start of the experiment,
the bottom surface temperature of the middle water-tank was changed with the period of 12 minutes
as shown in Fig. 3. The temperature pattern of the experiment resembles the 24 hours ground
temperature variation pattern of Kathmandu Valley during February and 12 minutes experimental
time corresponds to the local time of Kathmandu valley as also shown in Fig. 3. All the
measurements of temperature, velocity and mass distribution were carried out in that condition.
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Fig. 2. Schematic flow diagram for temperature, flow field and
mass dispersion measurement in water-tank experiment.
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Fig. 3. Bottom surface temperature in the middle tank.
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2.8.1 Measurement of Temperature

Thermocouples were used to measure the temperature in the middle tank at the height of 0 mm, 5
mm, 10 mm, 15 mm, 20 mm, 40 mm, 60 mm, top tank and the valley surface. The 20 mm height
corresponds to the mountain height of Kathmandu valley. The temperature distribution of the entire
valley region in the water-tank experiment was also visualized by using a thermo liquid crystal sheet.
The thermo liquid crystal sheet having the same inner size and shape as that of the Kathmandu
valley model was placed at the central cross section of the middle tank.

Several researchers (Dabibi and Gharib, 1991; Ozawa et al.,1992; Kimura et al.,1993) have
used hue for converting the color information into the temperature but as the observation area in
our water-tank experiment was wide and uniform illumination in the whole area was difficult, this
method could not be adopted. Therefore, the temperatures of the entire region were determined by
calibrating the RGB (red, green and blue colors) luminance intensity of each pixel from the entire
image taken through a color CCD camera versus temperature (Kaga et al., 1999). The calibration of
the thermo liquid crystal sheet was done from temperature 32 °C to 40 °C at the interval of 1 °C. After
the calibration, the images of the color change of thermo crystal sheet were digitalized every 1.5
seconds. A typical example of the luminance intensity of RGB at a certain pixel (i j) versus
calibration temperature is shown in Fig. 4.
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Fig. 4. Calibration of luminance intensity of RGB.

The luminance intensity of £ and G possessed the same value at two different temperatures,
and the slope of B was also very low. Therefore, the value of the temperature was designated to
minimize the error value as £, defined by the following equation.

{EG, . T) = {R(i. j)- RG, j.T)f +1G(i. j)- G, . T)f +{B(i. j)- B(i, j.T) ®)

Here, R{i, ), G(i, j), B(i, j) are the luminance intensity of RGB in the experiment image at the
pixel of (i, j), and R(i,j,T), G(i,j,T), B(i,j,T) are the luminance intensity of RGB at temperature 7’
in the calibration curve.

2.3.2 Measurement of Flow Field by PIV

Styrofoam was formed into fine particles by using an electric mixer and was suspended in water for 3
hours to select the particles having the same density as water. These fine particles were used as PIV
tracers. These tracers were suspended homogeneously in the water in the middle tank. Six hundred
frame images were taken up to 15 minutes with the interval of 1.5 seconds.

A Particle Image Velocimetry (PIV) method developed by the authors (Kaga et al., 1993) was
used for the measurement of the flow field from visualized images. Generally, PIV analysis is done by
finding the movement of the gray level pattern of a fixed shape of interrogation area (usually
rectangular area) and it is very difficult to extract the velocity vector at the vicinity of inclined
surface. But in our research, flow field along mountain slope is also important. Therefore, the image
having the slope (Fig. 5(b)) was converted into rectangular image (Fig. 5(c)) and vector extraction
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was done on the converted image (Fig. 5(d)). Later, the vectors were transformed back to their
original image (Fig. 5(e)). This reverse transformation of the vector was performed by reversely
transforming the coordinates of starting and terminal point of the vector expressed with converted
coordinate to the original coordinate.

(a) Original image (b) Analyzed zone . () Conveed image

.!
|
i

(d) Horizontal lines on converted (e) Corresponding lines on
image original image

Fig. 5. Image conversion for PIV at the point near uneven surface.

The coordinate transformation of the analyzed zone from Fig. 6(a) to rectangular image 6(b)
was done by the following equation.

v [z-25Y"
PAEN Pt
(H—ZGJ ©

Where Zis the vertical coordinate, Z* is the transformed vertical coordinate, Z¢ is the bottom height
of the middle tank before transformation, A is the top height of the analyzed region before
transformation and Sis the top height of the analyzed region after transformation. Through the
coordinate transformation, Z=Z¢ was transformed to Z¥=0 and Z=H was transformed to Z*=S. Here,
the value of m was taken as 0.9 to enlarge the lower analyzed region in comparison with the upper
region [Figs. 5(d, e)].
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Fig. 6. Coordinate for image conversion.
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2.8.8 Measurement of Mass Dispersion Characteristics

The fluorescence dye (Uranine: 30 mg/f) was used as tracers for the experiment. For the calibration
of the tracer concentration, Uranine solution up to 10 ml, made by adding 2 ml at each step was
mixed homogeneously with the water contained in the middle tank and the images were taken at all
steps. Calibration of RGB was done from the images taken during the addition of 2 ml of Uranine
solution at each step. Calculated luminance intensity of RGB in the whole image suggested that R
and B were almost negligible and G demonstrated almost the linear characteristics. Therefore,
luminance intensity of GG was used as the mass concentration.

The tracers were injected uniformly at midnight (3 a.m.) during the experiment from a small
tube kept on the center of the bottom of the middle tank. The tracers were considered as the
pollutant in the valley emitted at 3 a.m. Similarly, the tracers were injected at 3 p.m. to compare the
mass dispersion characteristics in the valley between daytime and nighttime. The injected tracer
puff moved by flow and diffused as the time proceeded. The standard deviation of the concentration
distribution around the centroid was calculated to quantify the extent of diffusion of the puff. The

centroid coordinate (;,;) of the puff was calculated by

= o i g)eli,g) Zy(i,j)c(i,j)j
V)= . > . . (10)
O 7 v
The standard deviation of concentration distribution was calculated by
Z{(x(z', N=xf + (i) —})Z}c(i,j)

> cli,j) ’
where ¢ (7, j), x (7, j) and y (7, j) are the tracer concentration, x and y coordinate of each pixel (z, ;)
respectively.

3. Results and Discussions

In describing the experimental results, local time is used instead of the experiment time in order to
make easy understanding of the field phenomenon.

3.1 Temperature

The changes in temperature measured by thermocouples are shown in Fig. 7. The amplitude of
temperature variation on the surface of the middle tank was 5.5 C in the experiment which
corresponds to 15 °C field temperature of Kathmandu valley. This temperature gives the maximum
temperature difference of Kathmandu valley during winter season. The effect of the change of
temperature on the surface was seen up to 20 mm vertical height which was equivalent to 1120 m in
the field. Figure 7 showed the formation of the inversion layer taking place from 9 p.m. to 9 a.m. of
the next day.
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Fig. 7. Vertical distribution of temperature in water-tank.
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The temperature distribution of the entire region of middle tank measured with the thermo
liquid crystal sheet is shown in Fig. 8. Temperature contour lines seem almost parallel except for the
vicinity of the ground surface. The temperature contour lines were found dense near the ground
surface at nighttime while the temperature stratification became weak in the daytime. The
temperature at the bottom layer was found lower than the initial condition from 10 p.m. to 8 a.m. of
the next day in the images. The formation of the inversion layer in the nighttime was also confirmed
by Shrestha et al. (2002a) by measuring the vertical distribution of temperature at Mt. Raniban,
Kathmandu (altitude of 60 m, 220 m and 540 m above the ground surface of the Institute of
Engineering, Pulchowk, Tribhuvan University). Shrestha et al. (2002b) got the similar temperature
distribution by numerical calculation of the water-tank. The inversion layer phenomenon was also
realized in the present experiment.

32.0C 36.0 C 40.0 C

' 10 am. . 12 am.

Fig. 8. Temperature distribution calculated from the thermo liquid crystal sheet.

3.2 Flow Field

Results of the velocity distribution measurements are shown in Fig. 9. After the temperature
inversion (stable layer) was generated, the flow field was quite calm until 6 a.m. The field near the
ground surface started to flow after the temperature inversion disappeared at 8 a.m. High value of
updraft wind and Bernard convection occurred from 10 a.m. to 2 p.m. The maximum updraft wind
obtained in the experiment was 1.5 mm/s at 2 p.m. which corresponds to 6.6 m/s in the field according
to the similarity rule. The observation data obtained from Department of Hydrology and Meteorology
(DHM), Airport Section, Kathmandu, indicated that the daily maximum wind velocity in the daytime
was 4 m/s during winter season. Updraft wind was seen clearly in the daytime. Such an updraft wind
system is quite similar to the one suggested by Barry (1981). The flow field was observed almost calm
from 6 p.m. The wind velocity measured at DHM also showed calm wind in the nighttime during the
winter season. Downdraft wind was observed at the slope of the valley from 8 p.m. to 6 a.m. in the
next day.
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12 am.

Fig. 9. Flow field extracted from visualized images.

3.3 Mass Dispersion Characteristics

The dispersion of tracers emitted in the nighttime and daytime are shown in Fig. 10 and Fig. 11
respectively. The tracers emitted at 3 a.m. did not disperse even after 2 hours of emission. The
dispersion gradually took place at 6 a.m. Such phenomenon occurred due to the very calm flow field
and the formation of inversion layer in the nighttime. Updraft wind started to occur and the rate of
dispersion speeded up corresponding to the high temperature in the daytime after 8 a.m. as shown in
Fig. 10. On the other hand, Fig. 11 shows that the tracers emitted at 3 a.m. immediately rose up and
dispersed around the vicinity of the emission within an hour.
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Fig. 10. Mass dispersion of the tracer emitted at 3 a.m.

Fig. 11. Mass dispersion of the tracer emitted at 3 p.m.

The time change of the standard deviation of the distribution of tracer concentration after the
emission of tracers at 3 a.m. and 3 p.m. are shown in Fig. 12. The graph suggested that the dispersion
in the nighttime (3 a.m.) was extremely suppressed when compared with daytime (3 p.m.). The rate
of dispersion in the nighttime was very slow and remained suppressed till approximately 5 hours
after the emission of tracer. The mass transport coefficient was small until that time when the
temperature was low in the water-tank experiment. The rate of dispersion in the daytime was found
very high in comparison with that in the nighttime. When standard deviation of concentration
distribution was compared after 2 hours of emission, daytime dispersion was found to be
approximately 10 times faster than that in the nighttime.

The results obtained from the water-tank experiment can be related with the atmospheric
phenomenon of Kathmandu valley. The dispersion of pollutant becomes small during the night as it
gets cold. If the pollutant sources are present in the valley, the pollutant will remain in the vicinity of
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the sources for a long time due to the formation of the inversion layer, the very weak flow and
downdraft wind. The presence of many sources of pollutants may affect the entire area severely,
resulting in high pollutant levels in the valley. When the Kathmandu valley gets warm by sun rays,
updraft wind and Bernard convection cause higher dispersion rate in the daytime, resulting low
pollutant levels in the daytime.

60 —&—3 am. emitted |
—— 3 p.m. emitted | |

50
40
30
20
10

Dispersion [mm]

Time after tracer emitted [hr]
Fig. 12. The dispersion after emission of tracers.

We measured the NO2 and TSP at the Institute of Engineering in Kathmandu during the
winter season which showed higher pollutant concentration from night to early morning, rather than
in the daytime (Shrestha et al. 2002a). During that time, large numbers of brick kilts were under
operation even in the nighttime. Due to the low rate of diffusion of pollutant, downdrift flow and the
formation of the temperature inversion, anthropogenic pollutant emitted in the nighttime might
accumulate in the Kathmandu valley causing high concentration of pollutant in the early morning.
The high pollutant concentration of the Kathmandu valley during winter season was simulated by
water-tank experiment and the results are believed to elucidate the field measurements qualitatively.
The mechanism suggested above by the present water-tank experiment logically supports the reason
of high pollutant level in the Kathmandu valley during winter season in the nighttime and early
morning.

4, Conclusion

The high air pollution mechanism in the Kathmandu valley in winter was simulated by a water-tank
experiment and quantitatively analyzed by visualized images. The formation of temperature
inversion was attained in the water-tank. The flow field was measured by a PIV method. Updraft
wind and Bernard convection occurred from 8 a.m. to 2 p.m. Downdraft wind and inversion layer
occurred from 8 p.m. to 6 a.m. in the next day. Pollutant dispersion in the nighttime is found
approximately 10 times weaker than that in the daytime. This phenomenon and anthropogenic
emissions may cause the cyclic high air pollution in the valley from night to early morning. Brick
factories, poorly maintained vehicles etc. may be considered as the source of anthropogenic
pollutants within the valley. Therefore, it is suggested restricting such anthropogenic pollutants to
improve the air quality in the Kathmandu valley. The improvement of fuel quality used in vehicles,
domestic heating and cooking are also important factors to reduce the pollutants.

The methods used in the analysis of temperature, flow field and concentration in water-tank
experiments are helpful to understand the air pollution dispersion mechanism influenced by the
natural convection. A similarity rule developed for land and sea breeze was used in this research but
detail study of the similarity rule for the valley model is required for future study.



398 Simulation of Winter Air Pollution Dispersion Mechanism of Kathmandu Valley by Water-Tank Experiment

References

Barry, R.G., Mountain weather and Climate, (1981), 313, Methuen, London.

Dabiri, D. and Gharib, M., Digital particle image thermometry, The method and implementation, Experiments in Fluids, 11
(1991), 77-86.

Kaga, A., Inoue, Y. and Yamaguchi, K., Pattern Tracking Algorithms Using Successive Abandonment, J. of Flow Visualization
and Image Processing, 1 (1993), 283-296.

Kaga, A., Yamaguchi, K., Inoue, Y. and Kondo, A., A laboratory experiment on land and sea breeze through PIV, ASME &
JASME Fluids Eng. Conf. ( South Carolina), FED, 218 (1995), 139-143.

Kaga, A., Tani, A., Inoue, Y., Abe, T. and Yamaguchi, K., Experiment of water-tank model for displacement ventilation using
image processing, J. Visualization Soc. Japan, 19, Suppl. 2 (1999), 107-110 (in Japanese).

Kimura, I., Kuroe, Y. and Ozawa, M., Application of neural networks to quantitative flow visualization, Journal of Flow
Visualization and Image Processing, 1 (1993), 261-269.

Kondo, A., Shrestha, M. L., Kaga, A., and Inoue, Y., Comparison of field observation with water-tank experiment on air
pollution concentration in Kathmandu valley, Air Pollution X (Segovia, Spain) (2002),493-502, WIT press.

Heping, L., Boyin, Z., Jianguo S., and Andrew Y. S. C., A laboratory simulation of plume dispersion in stratified atmospheres
over complex terrain, J. of Wind Engg. and Industrial Aerodynamics, 89 (2001), 1-15.

Matsumoto, S., Ueda, H. and Ozoe, H., A Laboratory Experiment on the Dynamics of the Land and Sea Breeze, J. of
Atmospheric Science, 40 (1983), 1228-1240.

Ohba, R., Kakishima , S. and Ito S., Water-tank experiment of gas diffusion from a stack in stably and unstably stratified
layers under calm conditions, Atmospheric Environment, 25-10 (1991), 2063-2076.

Ozawa.m., Mullet, U., Kimura, I. and Takamori, T., Flow and temperature measurement of natural convection in a hele-show
cell using a thermo-sensitive liquid- crystal tracer, Experiments in Fluids, 12 (1992), 213-222.

Park, O.H., Seo, S. J. and Lee, S. H., Laboratory simulation of vertical plume dispersion within a convective boundary layer,
Boundary Layer Meteorology, 99 (2001), 159-169.

Shrestha, M. L., Kaga, A., Kondo, A. and Inoue, Y., Diurnal Air Pollution Variation of Kathmandu Valley, Proceedings of the
42th Symposium on Japan Society for Atmospheric Environment (Kyusyu, Japan) (2001), 521.

Shrestha, M. L., Kaga, A., Kondo, A., Inoue, Y., and Sapkota, B., Diurnal Variation of Air Pollution Concentration during
Winter in Kathmandu Valley, Air Pollution X (Segovia, Spain) (2002a), 653-662, WIT press.

Shrestha, M. L., Kaga, A., Kondo, A. and Inoue, Y., Winter air pollution Mechanism of Kathmandu valley by Water-tank
experiment, 10t international symposium on flow visualization (Kyoto, Japan), August 26-29 (2002b), 64.

Ueda(, H., )Effects of External Parameters on the Flow Field in the Coastal Region - A Linear Model, J. of Appl. Meteor., 22

1983), 312-321.

Author Profile

Manohar Lal Shrestha: He graduated his B. E. degree in Mechanical Engineering from Aligarh Muslim
University, India in 1991 and worked at Toyota Nepal (United Traders Syndicate Pvt. Ltd., Nepal) as a
Service Manager. He joined the R & D section of Fujikin Incorporated, Japan, in 1992 as an engineer.
He got his M.E. degree in Environmental Engineering from graduate school of engineering, Osaka
University, in 2002. Currently, he is a Ph. D. candidate in Osaka University and his research interests
are atmospheric pollution mechanism, air flow measurement using flow visualization and image
processing.

Kaga Akikazu: He received his B. E. degree in 1969, M. E. in 1971 in Mechanical Engineering, and his
D. E. degree in 1985 in Environmental Engineering from Osaka University. He has been working in
Osaka University from 1971 as an assistant professor, from 1988 as an associate professor and from
2000 as a professor. His current research interests are airflow measurement using flow visualization
and image processing, and the analysis and management of air pollution problems in Asian cities.

Akira Kondo: He received his B. E. degree in 1982, and M. E. degree in 1984 and his D. E. degree in 1999
in Environmental Engineering from Osaka University. He worked in Matsushita Industrial Co. till 1989.
After that, he worked as an assistant professor in the Department of Environmental Engineering in
Osaka University. Currently, he is working as an associate professor and his research interests are
numerical simulation model of atmospheric boundary layer and environment management in
South-East Asia.

Yoshio Inoue: He received his B. E. degree in 1973 in mechanical engineering from Osaka Institute of
Technology and his D. E. degree in 1999 in Environmental Engineering from Osaka University. He has
been working in Osaka University from 1971 as a technician and as an assistant professor from 1988.
His current research interests are airflow measurement using flow visualization and image processing,
and automatic recognition of aerosol particles such as asbestos fibers and allergic pollens from
microscopic image of specimen using image processing.




Shrestha, M. L., Kaga, A., Kondo, A., Inoue, Y., Sugisawa, M. and Sapkota, B. 329

Masahiko Sugisawa: He graduated his B.E. degree in Environmental Engineering from Osaka
University in 2002 and is currently a master student in the same University and his research interests
are atmospheric pollution mechanism, air flow measurement using flow visualization and image
processing.

Balkrishana Sapkota: He received his M. Sc. (Physics) from Tribhuvan University, Nepal in 1980, M.
Tech. (Hydrology) from University of Roorkee, India in 1984 and got the Ph. D. from same University in
1988. He joined Trichandra College, Tribhuvan University (T.U.) as an Assistant Lecturer in 1981. He
moved to Institute of Engineering, T.U. to work as a Lecturer in 1988. Currently, he is working as a
associate professor at Institute of Engineering, Nepal. His research contributions include
measurement/analysis of Air pollutant, Noise Pollution and development of Global Circuit Model to
study the variation of atmospheric electrical parameters due to variation in air pollutant.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


