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Abstract

The purpose of this paper is to design, construct and test a heat pipe air-preheater
for use in gypsum drying. Data was recorded and used as a basis for the simulated
experiment from flue gas of The Mae Moh Electric Power Station, which has a steam
capacity rate of 920 ton‘hr,, an average flue gas temperature of 170 °C with a flue gas
velocity of 8.5 m/s. The thermal resistance of the heat pipe was calculated by using the
Engineering Science Method Data Unit 81038. A Quick Basic 1 .1 computer program was
developed for designing and simulating a heat pipe air-preheater, Physical parameters of a
heat pipe air-preheater were used to calculate the optimum effectiveness and E by C and
the best result was selected for construction of the air-preheater. The pre-heater consisted
of 76 copper-water thermosyphons, arranged in 8 rows with each row containing 10 tubes.
The diameter of each thermosyphon was 12.7 mm. Both the evaporator and condenser
sections had a length of 500 mm. Aluminum fins were Used and set at 12 fins per inch.

Test conditions were varied; flue gas inlet temperature ranged from 45 to 180 °C,
with a flue gas flow rate of 1800 to 5400 m/hr. Air inlet temperature ranged from 35 to 100

°C with an airflow rate of 900 to 2700 m’/hr. Test data compared favorably with data



produced by the simulated computer program. At a flue gas inlet temperature of 170 °C,
flue gas flow rate was 5400 m/hr., air inlet temperature was 45.6 °C and airflow rate was
2700 m’/hr. It was found that at a flue gas outlet temperature of 111.7 °C, air outlet
temperature was 134 °C, heat transfer rate was 73.4 kW and the effectiveness of the heat
pipe air-preheater was 0.71. It was shown that the heat pipe air-preheater could recover
587.4 KW. per day of waste heat from the flue gas. Pressure drop across the heat pipe air-
preheater was 27 Pa. It was calculated that equipment investment costs could be
recovered in 3 years, with an Internal Rate of Return (IRR) of 28 percent.

By using the test data, design and gypsum-drying specifications for the system, it
was found that the heat transfer rate from the air-preheater would not be enough for
gypsum drying. Additional heat was required to increase the temperature from 134 °C to
150 °C to increase héat transfer to 13.3 kW which is needed to dry 7,930 Kg of gypsum
per day. It is suggested that a rotary dryer is the best solution for the additional heat
transfer needed for gypéum drying and it can be concluded that the heat pipe air-
preheater is suitable for gypsum drying due to the short investment recovery time, high

RR, low pressure drop and high effectiveness.



