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Abstract

A temperature control system was developed to save energy in freeze dryer. The objective part in the
freeze dryer was a shelf with an electrica heater and cooling compressor. The shelf was a fluid circu-
lation heat exchanger. The temperature control of the shelf is generdly a feedback control by present
and set values of the shelf temperature only, whereas in new control agorithm the circulating fluid tem-
perature and fluid circulating speed were included as well. The control agorithm was based on a con-
cept of refraining the heater and cooler from being in operation if unnecessary. Actuators in use were
mainly thyristor for heater, relay for cooling compressor, inverter for fluid circulating pump, etc. Type
of Interfaces were RS232C, and digital-analog converter and digital-output converter. Program language
was Visual Basic 6.0. Finadly, control performance by the new agorithm could be improved in terms of

energy saving and accuracy.
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Fig. 1. Schematic representation of the energy saving control system for shelf temperature of freeze dryer.
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IMeans the measured temperature is higher than the set = 1o o 00 200
temperature.
“Means the measured temperature is lower than the set Nme{min}
temperature. Fig. 2. Effect of fluid circulation speed inside shelf on
SPump speed at 60 Hz of inverter frequency. shelf temperature in heating.

9Pump speed at 45 Hz of inverter frequency. __: high speed, ...: low speed.
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Fig. 3. Effect of fluid circulation speed inside shelf on
shelf temperature in cooling.
__: low speed, -..: high speed.
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Fig. 4. Energy consumption during freeze drying of
coffee solution at 20°C of shelf by new method.
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Fig. 5. Energy consumption during freeze drying of
coffee solution at 20°C of shelf by existing method.

Fig. 6. Energy consumption during freeze drying of coffee
solution at 35°C of shelf by new method.
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Fig. 7. Energy consumption during freeze drying of
coffee solution at 35°C of shelf by existing method.
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Fig. 8. Profile of process variables during freeze drying
of coffee solution at 20°C of shelf by new method.
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Fig. 9. Profile of process variables during freeze drying of
coffee solution at 20°C of shelf by existing method.
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Fig. 10. Profile of process variables during freeze drying
of coffee solution at 35°C of shelf by new method.
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Fig. 11. Profile of process variables during freeze drying
of coffee solution at 35°C of shelf by existing method.
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