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Abstract
TE138201

Conventional dryer has low efficiency especially during the final stage of
drying where moisture diffusion from the inﬁcr part of product occurs at a vary low
rate. If heat pump, which is a heat recovery device, is coupled to the dryer, the
energy efficiency can be improved. The heat pump dryer (HPD) is a complicated
system because it involves two working fluid circuits which are closely interacting
cach other thrdugh the heat and mass transfer processes. This research project was
aimed to study the heat pump dryer performance under various conditions.

There are four HPD configurations classified by the arrangement of
components and flow of working air. Configuration 1 is an open-dehumidification-
heat recovering system where the working air drawn from the ambient flows
through a series of evaporator, condenser and dryer successively. Configuration 2,
an open-heating-heat recovering system, is characterized by the working air fl(‘)wing
through condenser, dryer and evaporator. Configuration 3 is a partially closed
system with the component arrangement similar to configuration 2, but fraction of
air leaves the system at the dryer exit. Fresh air is drawn into the system at the
condenser inlet to compensate the exhausted working air. Configuration 4 is similar
to configuration 3, but an evaporator bypass air is provided in the system. |

The HPD performances were examined by computer simulation. Variables in

. . . .. 0 - - .
the simulation were ambient conditions (temperature 20-40 C, relative humidity
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30%-70%), recirculation air ratio (RAR, configuration 3) and bypass air ratio (BAR,
configuration 4). The dryer efficiency (DE), which was defined as a percentage of
the difference of absolute humidity of the air passing through the dryer with respect
to the difference of absolute humidity of the air based on the saturated outlet air,
was fixed at 75%. The simulation of the heat exchanger components was based on
the effectiveness NTU-method and taken into account of phase change of the
refrigerant and moisture condensation on the evaporator surface. Polytropic
compression and isenthalpic expansion were assumed for the compressor and
cxpa.nsion valve, respectively.

The simulation results revealed that configuration 2 gives highest moisfure
extraction rate (MER, kg water/h) and specific moisture extraction rate (SMER, kg
water/kWh) if the drying rate is high and the ambient moisture is low. However, the
partially closed system, configuration 3, is recommended in the case of low drying
rate and high xﬁoisture content of the ambient. The RAR significantly affected the
HPD performance while the BAR showed minor effect. The maximum MER and
SMER achievable under the condition in the simulation were 10.0 kg/h and 4.30
kg/kWh for configuration 2 (Ta = 350C, RH = 30%) and configuration 3 (Ta = 350
C, RH = 30%), respectively.

A heat pump dryer system was assembled from air conditioner parts. The
cooling capacity was 11 kW. Evaporator and condenser had heat transfer arc;as of
61.3 m2 and 87.4 m2, respectively. The compressor was a reciprocating type v;/ith
the maximum discharge pfessure of 2760 kPa. Simulation results were verified by
experiments conducting with constant drying loads. The constant drying load was
achieved by using two layers of constantly wet cloth sheets where, in each layer,
the water flowing into the sheets was adjustable.

There are 8, 8, 24 and 72 experiments for the configurations 1, 2, 3 and 4,

respectively. The simulation models were verified by the Wc¢, COP, MER, SMER,
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Ta and (Da at the dryer inlet. It was found that compressor work was actually
higher than the predicted figure. Consequently, the simulation gave the valﬁes of
COP and SMER less than the experimental results. It was evident that the
simulation can predict the temperature and humidity of working air at the dryer inlet
accurately.

In conclusion, this research work has successfully established mathematical
models of HAD components, verified the models by experiment and, by the
computer simulation, characterized the HPD performance under various working

conditions.



