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Effects of Drying Conditions on Drying Performance
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Abstract

This present study was conducted for studying the effects of the drying conditions on drying
performance and quality of dried sliced bananas. There were two systems of heat pump in the same
dryer. The first system was the variable speed drive heat pump dryer (VSD-HPD) which used an
inverter to control the speed of the compressor for adjusting the refrigerant mass flow rate to be the
suitable for the heating load inside the drying chamber. The second system is the bypass working
fluid heat pump dryer (BWF-HPD) which used an external condenser to reject the excess heat to the
ambient. The sliced bananas were used as the testing materials. Each sliced bananas had 30-35 mm. in
diameter and 5 mm. in thickness. The initial and final moisture content were 208-250% and 16% dry-
basis, respectively. The experiments were carried out by using the closed loop system. The drying
conditions were the drying temperature of 40°C, 50°C, and 60°C, the fractions of evaporator bypass air

of 60%, 70%, and 80%, and the constant air velocity of 1.27 m/s. Experimentally, the criteria for
evaluating of the performance were the average drying rate (DR.y), the specific moisture extraction
rate (SMER.yr), and the useful coefficient of performance of heat pump dryer (COPpp.useq). It could be
presented that the VSD-HPD had higher performance than BWF-HPD. The percentage of the DR,y
SMER.yr, and COPyq.usea Were higher than 56%, 165%, and 41%, respectively. Moreover, it could be
concluded that the fraction of evaporator bypass air slightly effected on the performance of the VSD-
HPD, but it significantly effected on the performance of the BWF-HPD. Finally, it was found that the
changing of color of dried sliced bananas using heat pump dryers was less than using conventional hot
air dryer under the same drying air temperature.
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Y '

mswn 1 Seulwaznamsnaassmsouuiendleriiwsuin dgungiounia 60°C

Description Percent BP of VSD-HPD Percent BP of BWF-HPD Unit
sliced banana 60% 70% 80% 60% 70% 80%
Initial mass of product 4.845 4.872 4.815 4.885 4.685 4.744 kg
Final mass of product 1.721 1.868 1.736 1.709 1.768 1.762 kg
Initial moisture content (Mi) 226.0 214.7 218.4 230.9 208.6 213.5 % dry-basis
Final moisture content (Mf) 15.8 14.2 14.8 15.7 16.4 16.4 % dry-basis
Drying Time (DT) 7 7 7 13 16 18 h
Moisture extraction rate (MER ) 0.357 0.337 0.29 0.228 0.176 0.151 Kg, condensare’ KW-h
Specific moisture extraction rate (SMER ) 0.549 0.566 0.535 0.207 0.177 0.171 K, evaporated/ N
COP, et 2.427 1.967 1.42 1711 1.573 1.375 Dimensionless
Energy consumption of compressor 5.53 5.33 5.59 14.76 15.86 16.7 kW-h
Energy consumption of blower 0.156 0.156 0.167 0.304 0.387 0.436 kW-h
Energy loss of external fan - - - 0.265 0.272 0.289 kW-h

a4 A Yy vy 1 day a v o
ATNN 2 NE‘JH“léllll,iﬂgWﬁﬂTi‘ﬂﬂa’t‘NﬂTiﬂ‘]_l!LﬁQﬂﬂ’JEJHTNLLWHVI‘I%QmﬁQM@U!LﬁQ 50°C

Description Percent BP of VSD-HPD Percent BP of BWF-HPD Unit
sliced banana 60% 70% 80% 60% 70% 80%

Initial mass of product 4.985 4.925 4.882 4.903 4919 4.937 kg
Final mass of product 1.830 1.739 1.825 1.907 1.849 1.784 kg
Initial moisture content (Mi) 230.5 242.0 229.8 208.9 224.9 227.5 % dry-basis
Final moisture content (Mf) 21.3 20.7 23.3 20.1 22.1 24.3 % dry-basis
Drying Time (DT) 19 18 20 17 19 20 h
Moisture extraction rate (MER ) 0.177 0.173 0.156 0.173 0.158 0.151 kg, condensa’ KW-h
Specific moisture extraction rate (SMER ) 0.314 0.334 0.303 0.26 0.275 0.275 K, cvaporaed/ 1
COP,ysedanr 2.599 2.125 1.604 2.149 2.091 2.044 dimensionless
Energy consumption of compressor 9.43 9.12 9.62 10.92 10.45 10.40 kW-h
Energy consumption of blower 0.45 0.428 0.479 0.402 0.455 0.483 kW-h
Energy loss of external fan - - - 0.218 0.241 0.256 kW-h

A A Y v oy 1 dqw a v o
AN 3 N@uhl"lllmzwaﬂﬁﬂﬂﬂﬂﬂﬂﬁfJULL‘I’iQﬂﬁ'J‘(’J“LJTNLlWUVIGlGUQﬂ!WQIJ@‘U!,L‘VN 40°C

Description Percent BP of VSD-HPD Percent BP of BWF-HPD Unit
sliced banana 60% 70% 80% 60% 70% 80%

Initial mass of product 4919 4.858 4.902 4.699 4.758 4.799 kg
Final mass of product 1.798 1.954 1.951 1.893 1.858 1.895 kg
Initial moisture content (Mi) 263.7 235.9 2479 213.4 227.2 226.6 % dry-basis
Final moisture content (Mf) 32.9 35.1 38.4 26.2 27.7 28.9 % dry-basis
Drying Time (DT) 19 19 20 18 21 25 h
Moisture extraction rate (MER ) 0.161 0.15 0.147 0.158 0.138 0.111 Kg, condensac/ KW-h
Specific moisture extraction rate (SMER _ ) 0.410 0.389 0.384 0.351 0.334 0.304 K, cvaporaied
COP, et 2.240 1.871 1.453 2.121 2.236 2.304 dimensionless
Energy consumption of compressor 7.16 7.02 7.20 7.28 7.80 8.42 kW-h
Energy consumption of blower 0.452 0.453 0.475 0.424 0.498 0.603 kW-h
Energy loss of external fan - - - 0.280 0.396 0.528 kW-h
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