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SYNOPSIS

Heating and refrigerating technique such as snow melting of

road and cold storage by utilizing temperature difference between

underground soil and atmosphere is widely used[1-4] in a cold area.

In the 1st Report, heat transfer characteristics of two phase

closed thermo siphon for extracting geothermal energy is studied

fundamentally. In the empirical study, heat extract rate is

measured in connection with the change of atmospheric temperature

utilizing real two thermosiphons on the site. Temperature

distribution on the surface of the thermosiphon and underground

soil around it is also measured. Based on the data of the

empirical experiment, it is confirmed that prevention of freezing

for fire hydrant can be achieved by geothermal heat utilizing two

phase closed thermosiphon. Present paper describes the heat

transfer behavior of the thermo siphon as the 2nd report.

1. INTRODUCTION

In the empirical study, actual extracting test of geothermal heat is carried

out on the site utilizing the real thermosiphon continuously for three month without

supply of power and maintenance. Heat extracting rate and surface temperature
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distribution of the thermo siphon including heat release plate are measured.

is alsoTemperature distribution profile of soil around the thermo siphon

investigated and it was found that the thermal influence by extracting heat

thermosiphon is limited within the distance of 1m around the thermosiphon.

2. NOMENCLATIJRE

Notation

A: area (m2
)

d: diameter (m)

1.: length (m)

q: heat flux (W/m 2
)

T, ~T: temperature, temperature difference ( C), (K)

Subscript

e: effective

i: inner

0: outer

3. EXPERIMENTAL APPARATIJS and PROCEDURE

with the

Empirical experiment is carried out for the investigation to prevent freezing

of outdoor fire hydrant using two real closed thermosiphons. Diameter and

effective length of them (each do=48.6mm, 1.e=S.Om and do=48.6mm, 1.e=3.0m) are shown

in Fig.I. Heat release plate is welded at the top of the thermosiphon, and upper

part of thermosiphon is covered with cylindrical insulating material of 2OV30 mm

thick to prevent heat release to the underground soil. R-22 is used as a working

fluid, because its physical property is well known and it can cover the working

temperature range (-20°C ~ 20°C) in this outdoor experiment under the condition of

appropriate vapour pressure.

Two kinds of thermo siphons are installed in the soil as indicated in Fig.I and

Fig.2, and the measuring instrument for temperature is laid in the soil between the

two thermosiphons. The instrument to measure heat release quantity and

temperature is the type of built-in buttery to work out continuously for three month

on the site where a power source is not supplied.

Experimental data is taken in and recorded continuously in every hour for three

months on the site, and the data is processed and integrated under the condition of

on line system. The thermocouples are installed on the surface of each

thermosiphon along the vertical axis at the pitch of every one meter. The

thermocouples to measure the temperature of underground soil is installed on the
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surface of vinyl chloride pipe having 35mm o.d (two of 5.5m length, one of 3.3m

length) which is laid in the underground soil vertically with each thermosiphon as

shown in Fig.l and Fig.2. Besides the above, four pieces of thermocouples are

installed, one for heat release plate, two for containing room of the heat release

plate, and one for atmosphere. Sensor to measure heat release rate is installed

on the heat release plate of the thermosiphon. The thermosiphon together with

its attachment has been placed in service continuously for three months without any

adjustment.

4. EXPERIMENTAL RESULT and DISCUSSION

4.1 Heat Release Rate from the Heat Release Plate

Heat release rate from the heat release plate of the two thermosiphons and

atmospheric temperature, are shown together in Fig.3. Fig.3 (a) shows the heat

release rate and the atmospheric temperature for 25 days from 29th, Dec, 1984 and

Fig.3 (b) shows the heat release rate and the atmospheric temperature for 30 days

from 24th, Jan, 1985. Heat release rate is observed as about 15W/m2 when the

atmospheric temperature changes from _25°C to _2°C and decreases to the range of 10

W/m2 to 15 W/m2 when the atmospheric temperature indicates from -10°C to -5°C.

The heat release rate of the two thermosiphons are approximately the same just after

the start of operation, but the heat release rate of the one of 5m length begins to

increase and the difference of heat release of the two thermosiphons reaches about 7
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Fig.4 Temperature distribution of the thermosiphon and surrounding soil

to 8 W/m 2 and stabilizes.

4.2 Temperature Distribution Profile of the Thermosiphon

,The temperature distribution of the thermosiphon (Sm length) along its axis and

the temperature distribution of the soil around the thermosiphon are shown in Fig.4

as a function of the elapsed time. The numbers showing the temperature proceeding

lines in Fig.4 are corresponded to the one in Fig.l (a). It is a remarkable

phenomenon that the underground soil temperature at the depth of O.Sm shows under

the freezing point, but the surface temperature of the heat release plate is from 6

°c to 7°C contrarily, and the room temperature of the heat release plate shows

approximately O°C.

It becomes clear according to the above mentioned temperature distribution that

the prevention for freezing of fire hydrant is possible by utilizing geothermal heat

with the two phase closed thermosiphon as studied in this experiment. The

thermal influence of the thermosiphon to the surrounding soil by collecting heat

seems to be limited to the range near the surface of ground and within the range of

1m around the thermosiphon as seen in Fig.4 (refer to the temperature difference

between 6-11-16, 8-12-17, 10-13-18 in Fig.4, and the temperature distribution of

underground soil is kept stable at the depth of more than 3m.

S. CONCLUSION

The extract system of geothermal energy with two phase closed thermosiphon to

prevent freezing of fire hydrant in cold area is investigated experimentally on the

site, and following subjects are obtained as the conclusion.
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(1) It is confirmed that heat extracting rate of approximate 10 ~ 15 W/m 2 from the

heat release plate is possible.

° °(Z) The surface temperature of the heat release plate was 6 C to 7 C when the

atmospheric temperature varied from -Z5°C to -ZoC.

(3) Thermal influence by heat extract from the underground soil with the

thermosiphon appears in the limited range of soil only, that is near the surface

of the ground and within the distance of 1 m around the thermosiphon, and no

influence is found in the other.

It is proved as described (1), (Z) and (3) above that prevention of freezing

of fire hydrant is possible by geothermal energy utilizing thermosiphon with R-ZZ as

the working fluid.
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