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SUMMARY

1. Title
Development of agricultural latent heat storage boiler using a phase change

material(PCM253)

II. Objectives and Necessity

Diesel boiler is very convenient for heating in green house. Major problem is its
energy cost. In order to save the energy cost, some of farm are using wood and
coal instead as its fuel. However, this system has another big problem. It is very
hard to control the heating temperature as well as managing the control system.
Recently a phase change material(PCM253) which having very high level of latent
thermal storage was developed in HNL Co. Ltd. Its latent capacity has 4 times

higher than that of water has.

In order to save the energy cost and to make easy to control the temperature of
a green house, new heating system for the green house by using both PCM 253
as latent heat material and solid-fuel boiler is developed in this research. The
followings are the final goals in this project.

(D main fuel is coal, use electric energy as sub-fuel,

@ thermal energy can be used by directly and storage both of ways,

@ easy to control temperature in greenhouse,

@ thermal efficiency is higher than other boiler using coal fuel,

® easy to fuel supply and remove ashes,

® to good for environment,

(@ be able to use in greenhouse, flower farm, cattle shed, fish farm, etc.,

the price for installing this boiler is about 10 million won.



III. Methods of studies

The research have been performed for 2 years in cooperation with Kyungpook
National University and executed as following steps;
1) In order to estimate the design capacity of the thermal storage boiler, test
equipment for measuring the heat absorption emission of PCM253 is developed.
2) As a model system, a testing boiler which is consist of @ combustion part, @
thermal storage part, @ controller and test of each parts and boiler carried on is
manufactured.
3) Two different size(50,000 Kcal and 200,000 Kcal) of prototype boiler are tested
and modified in order to applicate greenhouse in order to avoid any problem in
the future for the farmer.
4) Based on the manufactured prototype boilers developed in this project, a series
of test are performed and a lots of data are collected and analyzed to develope
the mechanized operation model, mechanical technology, energy efficiency, optimum
size of the greenhouse for application to the green house farm.
5) Also, the economic feasibility is analyzed in order to determine the optimum

boiler size for green house.

IV. Results and conclusion of the research
The results of the research project are summarized as follow;

1) According to the result of heat absorption and emission test, the phase change
material PCM?253 has very high latent heat capacity. The absorption thermal
energy is 216 Kcal per unit weight of material(kg) within the range from 60T to
110°C. This result proved that PCM253 is a very useful material for using as a
latent heat storage from solid-fuel boiler energy for a green house.

Also, this test results are used for designing and manufacturing of prototype

boilers.

2) The combustion part of prototype is consist of @ heat exchange part, @ fuel

supplying part, @ ignition part and @ ashes removal part. The outside diameter

,10,



was 76.3mm, the thickness is 5.2mm in the heat exchange pipes. The number of

pipes is 16 ea and the length is 3,870mm.

3) The thermal storage part of prototype is consist of thermal oil tank(4307¢),
PCM253 tank(1,050 #) and water jacket(2,200¢). At thermal storage mode, the
energy of thermal oil of combustion part is supplied to the PCM253 with thermal
energy from coal fuel. At thermal emission mode, the PCM253 is supplied to the

water with thermal energy and the water warm the air in the greenhouse.

4) The control unit of prototype is designed as two modes which are heat storage
mode and heat emission mode. They can be converted by temperature of inside
greenhouse . If temperature of green house is below the setting temperature which
i1s located in the water jacket in the thermal storage part, coal fuel is supplied to
boiler and start to ignite and burn. From this moment the control units is carried

out as a heat storage mode and emission mode at the same time.

5) Thermal oil which used as a heat exchange material in this heating system
can be controlled withen the range from 110~150C without any difficulties.
Withen this range, optimum temperature which produces the maximum efficiency
is examined at 130°C. At this temperature, combustion efficiency is 76.9% and

emission efficiency is 71.92%6, respectively.

6) The 101 kg of coal in this burner developed can generate 489,395 Kcal. As the
result, the temperature difference of oil inlet and outlet is 29.5°C when oil flux is
85.3 /4 /min. Also, the temperature difference of water inlet and outlet is 14.4TC

when water flux is 17.5¢ /min.
7) The temperature distribution difference of inside greenhouse is £1C. Also, the

surface temperature of boiler case is measured 50C at insulation part and 240C

at no insulation part. Therefore, it can be conclude that the performance of this

,11,



boiler developed in this project research seems to be excellent.

&) The costs of laten heat storage boiler developed in this project is analyzed by
comparing with traditional system. According to the results, operating cost of
prototype is estimated as 34,206,000 won/yr. This system costs lower by 30.8%
than that of traditional coal-fuel system which is estimated as 49,407,000 won/yr.
Also, this model system can save energy cost by 60.9% compare with that of

traditional diesel heating system which is estimated as 87,409,000 won/yr.
As an overall conclusion, the model boiler designed in this project can be

recommended as a very useful. Also it is expected that the effect of cost

reduction will be very large for the greenhouse farm.

,12,
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File: C:..\DSC\Shin Do\sio2-kyuongbuk-2.002

250

Sample: Si02-2 DSC
Size: 3.3000 mg Operator: rda
Method: Cell constant calibration Run Date: 2005-01-24 20:11
Comment: Heating= 10C/min N2=S0mLimin Instrument: DSC Q100 V8.2 Build 268
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