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A Study on Cycle and Flow Analysis for Improvement of Energy
Efficiency of a Heat Pump Dryer with Hot Bypass Gas and Air
Dampers During Warm-up Stage
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Abstract Recently, instead of hot air type dryers that require a lot of heat, energy-efficient heat pump dryers
have been used in various fields such as paper, textile, wood, food, etc. In this paper, the characteristics of
heat pump cycle were theoretically evaluated with hot-gas bypass system to further improve the energy
efficiency by minimizing the use of electric heaters in early warm-up stage of the dryers for frozen agricultural
products. In addition, damper system that leads outside air to flow into the dryer were optimized to obtain
extra heat for higher energy efficiency.
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[Fig. 1] Typical heat pump cycle
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[Table 1] Analysis condition for a heat pump dryer cycle

sy x2

Volume Flow Rate 2.9 x 10° m’/s
Efficiency of compressor 0.55
Refrigerant R134a
Superheated degree Tsh =5 T
Subcooled degree Tsc =5 C
a, 8 0.5 kW/K
Split 0~175%
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[Fig. 3] Cycle variation with air temperature inside the
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[Fig. 4] Variation of COP and mass flow rate with air
temperature inside the dryer
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[Fig. 5] Variation of compressor work and condenser heat
release rate with air temperature inside the dryer
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[Fig. 6] Variation of cycle with hot gas ratio bypassed to
the evaporator inlet
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[Fig. 9] Variation of COP with hot gas ratio bypassed to
the compressor inlet
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[Fig. 12] Variation of dryer internal air temperature and
front air volume flow rate of the evaporator
with ambient temperature
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[Table 3] Variation of evaporator pressure and COP with
operating conditions

Ttems Evaporator
Operating P COP
o, pressure

conditions
Basic model 197 kPa 8.7
Bypass only(25%) 213 kPa 8.8
Damper only
307) 303 kPa 6.1
Damper + bypass

333 kP 9
(30T, 25 %) 2 >
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