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Abstract

In snowy urban areas of Japan, the use of ground water is effective for snow
melling and devices for sprinkling ground water through pipes are not ex-
pensive, except for the initial cost equipment. Therefore, this method of
snow melting has spread rapidly and it has come to be widely used on roads,
parking places, roofs of factories and greenhouses in the regions where ground
water is abundant.

The snow-melting efficiency of ground water is remarkably affected
by the meteorological conditions such as air temperature and wind velocity
in the area. The author examined the heat efficiency of snow melting on
the rool using two kinds of small experimental houses in a field experiment
and a small experimental house in a cold room experiment.

Relations between the lowering of sprinkled water temperature on the
roof and flowing distance were obtained for representative meteorological
conditions. By use of the relation, the amount of snow to be melted by
sprinkling ground water was calculated. The amount of snow, S (mm/hour,
equivalent to water depth) was expressed by the following cquation:

S=6wT:/[(80—0.5T) x 107
where w is flow rate of sprinkled water (cc/min-m?), T, terminal water
temperature (°C) and T snow temperature (°C, equal to air temperature). The
terminal water temperature T will be obtained by Fig. 6 or Fig. 7.

I. Introduction

The ground water of 10 to 15°C in winter is very effective for snow melting. The
first hint of this effectiveness came from snow melting which occurred near leaking
wells. Devices for sprinkling ground water through pipes were soon used on roads.
They are called “‘Shosetsu-paipu system’ in Japanese. This method of snow melting
has proved effective. Snow is instantly melted away by a moderate sprinkled amount
of ground water.

The method of snow melting by ground water has come into wide use in the snowy
regions because it can be easily used as the heat source for snow melting. In practice,
the amount of ground water to sprinkle on the road is determined by the process of
trial and error. The heat energy of ground water to be used for snow melting depends
remarkably on the meteorological conditions such as air temperature and wind ve-
locity in the arca. To determine the efficiency in such conditions on roads, several
investigations have been made by II. Saito (1967) and H. Nakamura (1970).

*  Snow Disaster Laboratory
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In the built-up areas of snowy cities, until recent time, the removed snow cover
on the roofs used to be deposited onto the roads. But owing to the rapid progress of
the motorization, it has become a serious problem to disposc of the snow on the roofs.
Several reports of researches for roofs deal with the problem of snow melting (Furukawa,
1966 and Saito, 1967), but the heat efficiency ol snow melting by ground water has
not been obtained experimentally in outdoors. As each region has naturally its own
potential amount of ground water (Yuhara, 1972), therefore it is important to deter-
mine the heat efficiency of ground water to melt snow, so as to avoid useless sprinkling
of ground water on the roofs.

In this paper an experimental study of snow melting on the roof is described. It
aimed at finding the difference of snow-melting efficiency on the roof in relation to
meteorological conditions. It was made at the Shinjo Branch, National Research
Center for Disaster Prevention.

II. Field Experiments and results

1) Lowering of water temperature on the roof

Two kinds of small experimental houses with pipes (made of vinylchloride, 20 mm
in diameter), flow meters and equipments to measure temperature were used (Phot. 1
and Table 1).

Phot. 1 Experimental roofs for snow melting.

Table 1. Experimental roofs.

roof A B
pitch 2/10(11°8") 0~5/10(26°38")
area 15m2(5mx3 m) 16.5 m2(5.5 m x 3 m)

material | enameled zine (zine coating with paint) | enameled zinc (zinc coating with paint)
remarks |a wooden house with wall a housc made of steel, without wall
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Water was sprinkled by each nozzle (3 mmg) in the pipe (20 mmg), where the
nozzle was made at intervals of 35 cm (corresponds to each span of a roof) and the
pipe is fixed at the ridge of the roofs. As the sprinkled water flows down onto the
roof surface until it enters the eave trough at the eaves, the water temperature is
lowered. The difference of the temperature between the ridge and the eaves of the
roof, was measured in this experiment. On the roof-A, at the flow rate of 0.45 //min-m?
water was sprinkled and on the roof-B of fixed pitch of 2/10 (11°8’), the flow rate of
sprinkled water was .90 //min-m?. The experiment was done in the period from
16 January to 2 March, 1971.

The lowering of water temperaturc on the roof is considered to be caused by the
amount of water, air temperature and wind veloeity. Therefore, the relation among
them were examined. Although the measurement for obtaining the relation was done
continuously in the whole period, only the data cbtained at night (5 : 00 p.m. to
7100 a.m.) were analyzed to reduce the effect of solar radiation, where mean value
of water temperature, air temperature and wind velocity in thirty minutes were used.

In Fig. | is shown the relation between the difference ol water temperature at the
ridge of the rool and the eaves, and air temperature, at the condition of wind velocity
of 3 m/s and flow rate of sprinkled water of 0.43 //min-m? on the roof-A. Sprinkled
water temperature was about 10°C at the ridge (The solid line in Fig. 1 shows the
average.). A similar relation at wind velocity of 3 m/s and flow rate of sprinkled water
of 0.90 //min-m? on the roof-B is shown in Fig. 2. Here the broken line shows the
average of the obscrved values. Comparing the roof-A with the roof-B, on the lowering
of the water temperature, it seems that the lowering of water temperature on the

(AT =Ts-Te )
lowering of water temperature
-10°¢C
- 9
roof A L 8
- 7
flow rates 0.45 | /min.m? 0 © € {0
)
wind velocity: 3 m/s 3 2
(= ™Y o
o
L 4 o
-3
2
|
air temperatura
L L} T T T T T T T T T T
-0 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 | 2°C

Fig. 1 Relation between lowering of water temperature (AT=T¢—T:) and
air temperature. 75 and 1, are water temperatures at sprinkling
point (10°C) and at terminus, 5 m apart from it, respectively.
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(8T =Ts -Te)
lowaring ot water temperaiure
rlo°C
L 9
- B8

roof B

roof A

i A g
flow rate: 0.90 ! /min.m? -~
wind velocity: 3M/s .

L2
- |
air temperature
T T T T T = T T T T T -
-0 =9 =8 =7 -6 -5 -4 -3 -2 -—I| (o] | 2°C

Fig. 2 Relation between lowering of water temperature (AT =Ts—T¢) and
air temperature. T and T, arc water temperatures at sprinkling
point (10°C) and at terminus, 5 m apart from it, respectively.

rool-A is much larger, due to the difference of the sprinkled water amount. However,
the roof-A has a wall and the roof-B does not. To know, therefore, the effect of the
existence of wall, the samc amount of water of 0.90 //min-m? was sprinkled on the
roof-A in the next winter. The result obtained was that the lowering of the water
temperature on the roof-B is 0.5°C larger than on the roof-A. The solid line in I7ig. 2
is equal to the lowering of water temperature at the roof-A.

sprinkled water temp. (Ts} ; 10%C

109 19710 1. 16-3. 2
terminal temp. (Te)
flow rate of sprinkled
water (w): 0.45 |/min.m’
roof pitch (8): 1°* 8
roof length ; 5m
wind velocity: 0-3ms

(1 m high above ground level )

lowering of water tempsrature (*c)

Fig. 3

exper imental house

air temperature (*C ) ¢ ke 35
5mX 3m= 15 m

Lowering of water temperature for snow melting on the roof-A.
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All the data of flow rate of sprinkled water of 0.45 /fmin-m? at the wind velocity
range of 0 to 3 m/s were plotted (Fig. 3). According to this figure at the air temperature
ol 0°C, the heat cfficiency of snow melting on this roof became 68 percent in windless
time and 38 percent in the wind velocity of 3 m(s. It is ovbious that the lowering of
the sprinkled water temperature becomes larger as the wind velocity increases.

2) Velocity of sprinkled water on the
roof

Using the roof-B, flowing behavior
of sprinkled water on the roofl was ob-
served for five meters flowing and the
time required for 5 m distant flow of the
sprinkled water was measured using ink
as a marker and then the mean water
velocity was calculated.

The water was sprinkled to each
span (32 cm X9 spans x5 m) of the rool
through each nozzle 3 mme of the pipe.
The relation between mean water ve-
locity and roof pitch is shown in Iig. 4.
At flow rate of 0.45 Ifmin-m?* and roof
pitch of 2/10 to 3{10, water velocity was | 710 2710 3710
in the range of 0.7 to 1.0 m/s and at flow (5°42")  (II°18)  (16°40)
rate of 0.90 {/min-m? and roof pitch of roof  pitch
2/10 to 3/10, water velocity was in that
of 0.9 to 1.2 m/s. Tt was observed that

0.9!/minm?,

water veloclty {m/s)

medan

Fig. 4 Velocity of running water at a point
ol 3m distant from sprinkling point

running water did not flow on the whole on theroot. & watcrdid tiot How
roof surface evenly when both the flow on the whole surface of the roof
rate and roof pitch were small. evenly.

III. Cold room experiment and results

Some [actors were not changeable in the outdoor experiment. So an indoor
experiment was done in a cold room {Phot. 2). In this experiment a small cxperi-
mental house, a water temperature regulator, an apparatus to measure temperaturc
and an anemometer were used (Fig. 5). The experimental condition of this house is
the same as the roof-A. The walls were made of veneer board with a thermal insula-
tion board and the roof of enameled zinc was 105 x 230 em? in area.

Though the experiment in the cold room followed the same method as the field
experiment, the volume of sprinkled water, water temperature, wind velocity and roof
pitch were changeable (Fig, 5). The sprinkling procedure was as follows: To keep
constant water flow, a water pump, P, was used, and at the same time, the volume
of the water reservoir was kept constant as shown in the right hand of Iig. 3 and to
obtain the lower water temperature than 20°C, a water temperature regulator was used
as shown in the middle part of Fig. 5. So as to get any water temperature, a bulb of
the regulator was adjusted manually. Then the water of a fixed temperature was sent
to the experimental roof surface by a second pump (P,) where a given flow rate of
water sprinkled from nozzles 3 mme of the pipe 20 mmg. The sprinkled water tem-
perature, the terminal temperature and the room temperature were mcasured by
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S

b
En
hees e

~10°¢ cold room
Vd
7

small experimental roof

- 230cm //J/
Iz

-20°c c¢old room

Fig. 5 Schematic diagram of experimental setup in a cold room

the copper-constantan thermocouple and recorded. Wind velocity is controlled by
an electric fan and a cooler of the cold room. The wind velocity is measured by a
thermoelectric wind gauge which is fixed on the roof.

To compare the results of a field and a cold room experiment in a same condition,
the same wind velocity was used. The wind velocity of 3.2 m/s at the roof-A surface
of 2 m high above the ground was deduced by the following equation by the aid of the
measured wind velocity of 1 m high above the ground. When the wind blows steadily,
the vertical distribution of the wind velocity is given by (M.A.F.P.B., 1961),

Us=(V/K) In (Z]Z5)=5.75 Vy log (Z]Z)

T s

=1 wind velocity (cm/s) at the height of Z (cm)
Vi friction velocity {cm/s)
K: Karman constant (0.4)
Z4: roughness length (cm)
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The value of the roughness is adopted as 0.005 cm (M.AF.P.B., 1961) on the snow
surface.

The experiment in the cold room was done under the following conditions; flow
rate of sprinkled water: 0.43 //min-m?, 0.90 //min-m?, wind velocity: 0.5 m/s, 3.2 m/s,
air temperature (room): 0°C, —5°C, —10°C, roof pitch: 2/10 (11°8"), 3/10 (26°33').
The effect of each item upon the total effect was investigated and 24 different experi-
ments were done. In the case of the wind velocity over 3.2 m/s, no experiments were
done, because it was observed that the wind velocity over 4~5 mfs blows off snow
flakes from the roof surface.

A relation showing the lowering of water temperature between the sprinkled
point (ridge of the roof) and the terminus (cave trough) was shown in Fig. 6, where
the roof pitch was 2/10, flow rate 0.45 //min-m? and wind veclocity 3.2 m/s. For ex-
ample, sprinkled water of 10°C was cooled down to 6°C for 1.7 m flow down in the
atomosphere of —5°C. In the case of 0.90 //min'm?, a similar relation was obtained
as shown in Iig. 7. As for the result obtained from the roof pitch difference between
2/10 and 3/10, it was difficult to discriminate the difference of their heat loss in this

125 125
14 ; | 12
flow rate: 045 min.m’ flow rate: 090 /min-m®
11 wind velocity: 3.2 Myg - wind velocity: 3.2 M/
roof pitch: 2710 roof pitch:  2/10
10 10
N\ .
b \
-~ 8 -~
< 's 9 f‘i 8
@ o
2 ¥ \o\. 5 7]
b *a B
g 6 1 2 6
E E
2 5 \ g
8 air temp, 5 51
=] =
3 4 \ s " T 0% g 4
. ~N ‘L\(/
3 3
1 : - 5%
2 1 ™ 2 ]
A A .
! 100N 14
N ~N
0 T r — T T 1]
1 2 3 4 5 & 7 B o] 1 2 3 4 5 6 7 8
flowing distance (m) flowing distance (m)
Fig. 6 TRelation between water tempera- Fig. 7 Relation between water tempera-

ture and flowing distance in the
cold room experiment, Water tem-
perature was obtained at sprin-
kling point and & point 2 m distant
from sprinkling point on the roof.
Each pair of the same marks cor-
responds to cach experiment. Small
full squares show the results of
field experiment.

ture and flowing distance in the
cold room experiment. Water tem-
perature was obtained at sprin-
kling peint and a point of 2 m dis-
tant from sprinkling point on the
roof. Tach pair of the same marks
corresponds to each experiment.
Small full squares show the results
of field experiment.
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experiment.

As shown in Fig. 6 and Tig. 7, after 5 m flow down on the roof, the terminal water
temperature of the sprinkled water of 10°C in a cold room experiment showed about
0.5°C {Fig. 6) and about 1°C (Iig. 7) lower than the value in the filed experiment, re-
spectively.

IV. Estimation of the snowfall to be melted by the sprinkled water

When the terminal temperature of ground water sprinkled on the roof becomes
T.°C, the potential heat quantity equivalent to (7°.—0)°C will be used for snow melting.

The heat quantity, ¢, (cal/min) required to melt snow on the rool of 5x 1 m?
per minute in the snowfall intensity of S (mm/hour, snow temperature is 7°C) is
given by (Iig. 8)

»

Fig. 8 Model to calculate the heat quantity to melt snow on the roof by ground
water. S: snowlall intensity (mm/hour, cquivalent water depth), w:
flow rate of ground water (cc/min-m?2), 7 snow temperature (°C, equal
lo air temperature), Ts: water temperature in sprinkling point (°C),
1 water temperature in an eave trough (°C).

Q=S x 107460 x 5 x 1 x 10*x (80—0.57) (1)

On the other hand, the heat quantity (), (cal/min) of the flowing water on the roof,
5x 1 m? in area, where the terminal temperature will be T, is expressed as

0, =meAT=>5w(T:—0) (2)

where w is the flow rate of water (cc/min'm?), 7% is terminal water temperature.  If
(), was used completely for snow melting, then the following equation is obtained.

1"@2

Then, the amount of of snow equivalent to the snowfall intensity of S (mm/hour,
equivalent water depth per hour), which will be melted away by ground water, is
expresscd by

S=6wT/[(80—0.5 T) % 102" (3)

By using the equation (3) and Fig. 6 and I'ig. 7, the amount of snow melted by ground
water can be estimated. For example, in the case ol the flow rate of sprinkled water:
0.90 Ifmin-m?, wind velocity: 3.2 m/s, and air temperature: —5°C, and if the sprin-

— 22—



Snow Melting on Roofs by Sprinkling Ground Water —M. Higashiura

kled water temperature (1) is regarded to be 12.5°C, alter 5 m flow the terminal tem-
perature (T.) becomes 4.5°C in Fig. 7. Substitution of each value into the above
equation (3) figures out the value of 2.95 mm/hour snowlfall intensity which means
that any snowfall less than that of 2.95 mm/hour will be melted away completely.

Accordingly, if the meteorological elements such as snowfall intensity, wind
velocity and air temperature are known statistically in a region where the execution
of this method of snow melting is being planned, then the appropriate flow rate of
ground water between 0.45 to 0.90 /fmin'm? can be calculated by the equation (3)
and by the interpolation of Fig. 6 and Fig. 7.

V. Conclusions and Discussions

(1) As to the flow rate of sprinkled ground water of 0.45{min-m? (10°C) at
0°C air temperature, the heat efficiency of snow melting was 63 percent and 38 per-
cent in windless time and in 3 m/s (1 m high on the ground) wind velocity, respectively
(Fig. 3). The wind velocity plays a great part in the heat less of ground water for
snow melting.

(2) Tt was observed that running water did not flow on the whole roof surface
evenly when the flow rate and roof pitch were small (Fig. 4). If both the rate and the
pitch become larger, the velocity of running water becomes faster. But, when the
flow rate becomes larger, the roof will leak. When the roof pitch becomes steeper,
only a part of the heat energy of the sprinkled water will be used for snow melting
because the time duration for heat exchange from the water to snow becomes short.
Consequently, a moderate amount (0.5~0.6 //min'm?) of water and a moderate rool
pitch (2/10~3/10) are necessary to be determined for snow melting on the roof.

(3) As the terminal water temperature of sprinkled ground water on the roof
comes close to 0°C, thawing ability of water for snow melting is lost. But in the actual
case of snow melting by sprinkled water, even if the thawing ability of snow melting
is lost, running water flows in an adequate velocity so far as it does not freeze; so the
author considers that the running water washes away the falling snow flakes on the
rool surface.

(4) It was observed that there was a difference of terminal water temperaturc
between the ficld experiment and the cold room experiment: the temperature was
higher in the field experiment by about 0.5°C for a flow rate of 0.45 {/min-m?* and by
about 1°C for 0.90 //min-m?, respectively. For the reason of their differences, it is
considered that in the actual use on the roof it is very difficult to make the surface
smooth, and that water will not flow over the whole surface on the roof but makes a
narrow path, and in such a case heat loss of running water is less. On the other hand,
in the cold room experiment sprinkled water flew over the whole rool. As to the
difference between about 0.5°C for a flow rate of 0.45 /fmin'm? and about 1°C for
0.90 //min-m?, the reason is not certain but it is presumed that the flowing behavior
of sprinkled water in the field experiment and the atmospheric condition in the cold
room have an effect on the difference.

(5) Dor represcntative meteorological conditions, the amount ol snow which
can be melted away by sprinkled ground water on the roof was determined by the
ficld and the cold room cxperiments. The equation between snowfall intensity, and
water flow rate, terminal water temperature and snow temperature, was expressed as
follows (I'ig. 8):
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S=6wl.[(80—0.5 T} % 10?]
St snowfall intensity equivalent to water depth (mm/hour)
w: flow rate of sprinkled water (cc/min-m?)
Te: terminal water temperature (°C)
T: snow temperature (°C, equal to air temperature)

To obtain the value of the terminal water temperature, Fig. 6 and IFig. 7 will be used.

(6) The results of these snow melting experiments by sprinkling water on the
roof have been adopted to practical snow melting on some greenhouses and several
roofs in Yamagata Prefecture. The effective discharge of sprinkled water was found
to be 0.5~0.6 //min-m?.

For snow melting on roads and parking places, on the other hand, the empirical
value of 0.3~0.4 /fmin-m? has been adopted and applicd to the snowy regions of
Tohoku and Hokuriku.,

This snow melting method by sprinkling water is to be applied only in regions
where ground water is abundant.
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