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A Data Acquisition System for Snow-cover Measurement

Kazuhiko TONOOKA, Yasunori NISHIKAWA
Hidetaka YAMASHITA* Sogo SAYAMA

*Hokkaido Electronic Equipments Co.

ABSTRACT

A data acquisition system for snow-cover measurement has been developed.
Application of computers to the system has made it easier to observe snow-cover and
snow-fall. This system consists of an outdoor measuring station and a host computer.
The outdoor measuring station has a multi-channel A/D converter, a CPU, a 32KB
RAM, a clock, a modem, a temperature sensor, a wind gauge and snow pressure
pillows to detect the pressure of the covered snow. The host computer saves the
transmitted data to a floppy disk and displays the saved data as graphic images and
tables. Field tests were carried out at Sapporo, Japan during the period from
December 12, 1985 to April 10, 1986. The obtained informations can be utilized for
efficient removal of snow.

1. INTRODUCTION

Hokkaido and the Japan Sea side area in Japan are covered with snow for a portion of the
year. Working, living and modes of transportation are transformed with the arrival of snow.
Even though it is appreciated for its beauty, usefulness to winter sports and huge value as a
natural resource, snow may paralyze social communities and stagger economies in snowy
regions. Recently, new challenges are planned to settle these troubles caused by heavy snows
and to utilize snow as a resource. Information on snow-fall and snow-cover is required for the
effective control of snow. The depth, density, wetness and hardness of the snow-cover are
major physical factors affecting snow removal and use.

In this study, a data acquisition system is designed to measure the weight of snow-cover as
an important information for snow removal. The automatic measurement, data acquisition
and processing are realized by the application of computer to the system.

2. SYSTEM DESIGN
To build a friendly automatic data acquisition system for snow-cover measurement, there
are some requirements as follows.
1) The system operates during the winter season without any help.
2) Equipment outdoors must function in cold condition at about —20°C.
3) Independent operation of measurement and data processing is necessary.
4) Obtained data should be easy to use for considerable types of computer.
5) Graphic outputs are required to understand the results clearly.
Considering these requirements, a system has been designed as shown in Fig.1. Two
pressure pillows"? are chosen to measure the snow-cover weight. One of them is connected to
a 50kg/m? full scale pressure sensor and the other is connected to a 600kg/m? full scale pressure
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sensor. In Sapporo, the maximum snow-cover pressure is about 400kg/m?, which is over the
measurement range for a 50kg/m? full scale pressure sensor. A differential method has been
applied to expand the measurement range of a 50kg/m?* full scale pressure sensor. In this
method, the difference between the snow-cover pressure and a counter pressure is measured by
a small range pressure sensor. The pressure pillows, wind gauge, air temperature sensor of Pt
100, measurement and control unit, and modem, are set up outdoors. The host computer
installed a 5.25 inches floppy disk drive, a printer, a CRT display and a modem are set up
indoors.

o
Outd Indoor
WIND GAUGE utaoor
\ PRINTER
PRS[-ZNSOSHURE 1200
PRESSU
PILLOVY SREENSDRRE RS5232C {baud RS230C
50Ka/n? tHEASUREHENT HoST
g/mnmax & CONTROL HHODEM J\,~ MODEH|—
| J—. UNI T COHPUTER
SNOW  |—|PRESSURE
PRESSURE SENSOR FLOPPY —
cveh par[ ty
Pt100 4]

AR TEHPERATURE SENSOR

Fig.1 Schematic diagram of measurement and the data acquisition system.

Fig. 2 shows the schematic diagram of measurement and control unit. CPU of Z-80
controls the valve driver, A/D converter, multiplexer, RAM and modem. These computers
communicate at the speed of 1200 baud through RS-232C ports. The information is described
in a 7 bits ASCII code with even parity form, which is chosen for the wide adaptivity to another
data processing system.

The snow pressure pillow is a metal wafer of 900 mm by 1800 mm in rectangular shape and
15mm in thickness, and filled with antifreeze liquid, which transmits the pressure of the
covered snow to the pressure sensor. The pressure pillows were mounted with pressure
sensors on flat ground surface. They were kept horizontal and at the same height to make an
accurate measurement. Snow pressure pillows and pressure sensors were calibrated within
5 9% accuracy by water weight.

One of the advantage of using snow pressure pillows is measuring the snow-cover weight
as pressure. The output from the pressure sensor depend on only the weight of snow-cover.
The density, depth, wetness and hardness of the snow-cover will not have any influence on the
measured results. This system worked in very stable, because the temperature of the pillows
and pressure sensors was kept witin +1°C under the snow-cover condition.
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Fig.2 Schematic diagram of mesurement and the control unit.

3.

DATA ACQUISITION AND PROCESSING

As is shown in Fig. 2, snow pressures, air temperature and wind velocity are measured and
stored with the date and time to RAM every 10 minutes. The 32KB RAM is able to save the
data during a week. The data is transmitted to the host computer under the request to send
and saved as a text file, The data are processed in the host computer by the system program
which has been developed for this system. Fig. 3 shows how the data are processed from the
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oo | SYSTEM [ | DATA
\ / > O “% O Text File
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DATA Datg | cros° mrdphic
O > O |—
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Fig.3 Data processing to the tables and graphic plots,



text files to tables and graphic plots. The Multiplan of the Microsoft corporation and the
Microsoft Chart of ASCII CORPORATION are employed in the package softwares; they
produce the tables and graphic plots. The data are processed to interchangeable symbolic files
for the package softwares by the system program. An example of the graphic plots is shown
in Fig.4. The indicated values are the snow pressure, the air temperature and the values
measured by the snow sampling method during from Dec. 27 to Dec. 31, 1985. This graph
describes that accumulation of snow on Dec. 27 increased gradually and that snowfalls equiva-
lent to about 30 mm rainfall occurred on early Dec.31. At 15 o’clock on Dec. 28, the temper-
ature was —1°C., the snow pressure by the pillow of 600 kg/m? range, PLW600, was 64 kg/m?,
the snow pressure by the pillow of 50kg/m?* range, PLW50, was 83 kg/m?. The latter is almost
the same to the value 84 kg/m? measured by the snow sampling method.

The reason that the snow pressure measured by PLW50 is consistently less than the
corresponding values obtained by PLW600 is attributed to the differential method. It is
considered that the lower estimation of the counter pressure of PLW50 has resulted in those
errors.

B 180

S , Dec. '85

HS 1601 - pLWsB  -o- PLUGER

o - 140 |-

) a 1og || — Temp. ‘ 5

hS 100 bo

e DU e

g’, E 60 °”°: R o 1 et et ORI AU - N

hoo !

o 40

a fp 20

0 H glosedl . et S - N

g sgrpsamem ama DT sy e e ey e

NH ol o« . e
27 28 29 30 31

Date (time=3:00,9:00,15:00,21:00)

Fig.4 An example of the graphic plots.

4. CONCLUSIONS
It has been proved from the field test during a winter season that the system is useful for
snow-cover measurements, data acquisition and data processing.
The main features of this system are;
1) real-time measurement of snow-cover,
2) automatic measurement and data acquisition,
3) graphic image outputs,
4) processing data to interchangeable file for some software packages such as Microsoft’
s MULTIPLAN and ASCII CORPORATION’s MICROSOFT CHART, and
5) wide adaptivity to many software packages on MS-DOS.
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Good results could not be partly obtained in the snow pressure measurements. [t is the
subject for a future study to get better results. Snow-cover and snow-fall data depends on the
needs to utilize. This system will be able to contribute to removal, control and use of snow.
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Fig. 1 Schematic diagram of experimental apparatus.

(a) Raw material {b) Glass-balloon

Fig. 2 Photographs of raw material and glass-balloon.
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Table 1 Proximate analysis of volocanic ash.

Si0, Al,O; Fe,Os Ig. loss
72.0% 13.0% 1.6% 4.6%

Table 2 Experimental conditions for
preliminary test.

Roasting temperature 930 ~ 1,000°C
Air feed rate 290 ~ 900 kg/m?-hr
Fliudizing gas velocity 0.62 ~ 1.23m/s

Feed rate of raw material 285 ~ 1,020 kg/m?-hr

LPG feed rate 20 ~ 50 kg/m?-hr

Static bed height 0.05 ~ 0.25m
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Fig. 4 Temperature profiles in fluidized
bed (0.15m 1. D. ).
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Fig. 6 Initial destructive load of products.
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L#EEFRLET,
i =
Cse = apparent specific heat of solid.
[kcal/kg-°C]
C,¢ = apparent specific heat of gas

[ keal/kg-°C]
Dy = diameter of roaster [m]

particles

F, =feed rate of raw material [kg/m?-h]

Goe = feed rate of air [ kg/m?-h]
Gz = feed rate of gas [kg/m?*-h]
Gop = feed rate of LPG [kg/m?-h]

L. = static bed height [m]
[ kcal/m? h)]
[kcal/m?®-h]
t, = roasting temperature [T]

q = heat loss from roaster

Q, = heat generation rate

t, = room temperature [C]
U, = superficial gas velocity [m/s]
Y = yield of product [%]

ps = bulk density [kg/m?® ]
& E X B
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ABSTRACT

Production of Glass-balloon with a Sand Fluidized Bed.

Senji HONMA

A new production method for the fine glass-balloon from the volcanic ashes was
developed by using fluidized beds of 0.15m and 0.5 m i.d. Silica sand was fluidized
in the bed at temperatures of 930°C to 1,000°C. The volcanic ashes and fuel gas were
mixed with fluidizing air in the blowing pipe and then were fed into fluidized bed
through wind-box and gas distributor. To avoid explosion of the fuel gas, ceramic
balls were packed in the wind-box. The yield and quality of the glass-balloon were
examined as a function of roasting temperature and fluidizing gas velocity.

The yield of the glass-balloon increased with the temperature and showed to have
the maximum value at a certain gas velocity. The bulk density and the initial
destructive load of the glass-balloon decreased with the temperature. The relationship
between the feed rate of the volcanic ashes and the heat demand for operation was
obtained from the heat balance data. The reliability of the fundamental results
performed in the small scale has been confirmed in the industrial scale.
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Table 1 Properties of Sample Coals

Sample Proximate Analysis(wt%,d.b.) Ultimate Analysis{wt%,d.a.f.)
Coal Ash Volatile Matter TFixed Carbon H c Others

Akabira 4.39 44.62 50.99 6.19 82.09 11.72

Taiheiyo 4.23 45.57 50.20 6.39 76.61 17.00




Table 2 Experimental Results

Reaction Condition; Temp. 430°C, Nominal Time 0 hr.,
Coal/Solvent = 8 g/174¢g

Ex. No. Heating . Ash.of (wt3) Conver= Gas (L) Ulti. Anal. of Residue(wt%)
Rate(°C/min.) Residue sion (%) produced H C Others
Akabira coal
17 Injection 17.25 78. 1.5 4.35 78.40 17.25
19 7.6 10.04 59. 2.5 2.15 83.24 14.61
18 4.3 6.23 32. 6.0 3.46 88.71 7.83
20 2.7 7.81 47. 4.7 3.78 85.51 10.71
Taiheiyo coal
11 Injection 18.27 78. 3.1 4.50 79.15 16.35
12 Injection 22.10 83, 3.8 4.44 80,50 15.06
16 7.6 9.49 56. 3.1 3.10 78.67 18.23
14 4.3 7.08 39. 5.9 3.21 78.20 18.59
15 2.7 8.46 51. 4.1 3.76 90.34 5.90
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Extractive Chemical Disintegration of Coals
—— Effects of Feed Heating Rates on Reaction ——

Mikio MORITA and Kunio HIROSAWA

Effects of feed heating rates on the extractive chemical disintegration of Akabira
and Taiheiyo coals were investigated at a temperature of 430°C and a nominal reaction
time of 0 hr, using a 500 cc autoclave and anthracene oil as a solvent.

A rapid heating of the feed made about 809 of the coals dissolved, whereas even
a heating rate of 7.6°C/min. changed only about 60% of those into soluble parts; the
effects were confirmed to be remarkable.

Comparisons of carbon distribution of the coals and undissolved ones by C-13 NMR
measurements showed that coals were dissolved from aliphatic richer parts of their
molecules and undissolved ones became gradually richer in aromaticity.
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Table 1 Analyses of samples

Wood Coal
Peat
Silver fir | Taiheiyo,A|Taiheiyo,B | Ermelo
Proximate [wt%]
Moisture 3.4 7.8 5.3 5.3 3.4
Ash 4.5 0.7 ld.6 32.9 12.9
Volatile matter 62.8 80.3 43.7 39.0 29.3
Fixed carbon 29.2 11.2 36.4 22.8 54.4
Fuel ratio 0.46 0.14 0.83 0.58 1.86
Ultimate [wt%,daf]
‘ C 63.6 52.5 77.8 75.6 82.6
H 5.9 6.5 6.1 6.3 4.6
0 28.0 41.0 14.6 16.8 10.0
N 2.2 1.1 1.2 2.1
S 0.3 0.4 0.1 0.7
High heating value|5,200 4,750 6,280 4,900 6,600
[kcal/kg]
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STUDIES ON THE COMBUSTION OF PEAT PARTICLES

Hideo HOSODA and Katsutoshi YAMADA

ABSTRACT

The combustion of peat particles was studied by injecting a batch of particles into
a thermobalance and a fluidized bed, respectively. Wood and coal particles were also
used in comparison with peat. It was found that the temperature of ignition becomes
high as increasing the heating rate and the fuel ratio. The ignition temperature of peat
is almost equal to that of wood. The values of activation energy of peat, wood and
coal in carbon burning process are ranged from 0.6 to 1.6 kcal. This indicates that the
combustion rate is controlled by the oxygen-diffusion. The burn-out time of samples
increases with increasing the fixed carbon content.
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