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Industrial - Scale Heat Pump Drying

d
a

S a d a Qd a [ =
1UNY LITETHUN N‘lﬂﬂi NUIUGNT Uas HA I AL 3

Thanid Madhiyanon, Somchart Soponronnarit and Thanit Swasdisevi

ABSTRACT

The prototype of an industrial-scale heat pump dryer (HPD) was designed, constructed and evaluated
for performance. Drying chamber contained four trolleys with product capacity of 600-700 kg. In the
experiments, papaya glace’ was dried in closed system at an average temperature of 55°C, specific air flow
rates of 25-32 kg dry air / h - kg dry papaya glace’ and the evaporator by-pass air of 81%. The papaya glace,
with initial moisture content of 83-86% dry basis was dried to final moisture content of 12-14% dry basis
within approximately 32 hours. No significant variation of the average final moisture gradient along horizontal
and vertical of dryer was observed (due to uniform air distribution within drying chamber). The results of
experiment indicated that drying rate decreased rapidly with time, while total power consumption remained
nearly constant. At high initial moisture content, the rate of moisture removal was higher than that of low
initial moisture content. (The maximum average drying rate and SMER were 9.34 kg water evap/h and 0.782
kg water evap/kWh, respectively. The maximum average MER is 9.21 kg water cond/h, and the relative lowest
average specific energy consumption is 4.92 MJ/kg water evap. The (COPhP)Sys varied from 4.2 to 4.9 which

used Obtained by the internal condenser load which varied from 3.3 to 3.8. This

was higher than (COPhp)
attributed to the excess heat rejected to atmosphere through the external condenser.) The quality of dried papaya
glace’ in terms of color was acceptable due to low drying temperature. In conclusion, HPD achieved high
energy efficiency, and it was feasible to be commercialized, particularly in food drying industry.
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Tablel Experimenta results of papayaglace’ drying.

Description Test No. 1 Test No. 2 Test No. 3

1 2 3 1 2 3 1 2 3

Ambient condition
Average temperature (°C) 284 285 282 2855 2797 2825 29.70 2750 34.70
Average relative humidity (%) 70 72 73 75 72 75 65 75 46
Condition of fruit glacé
Average moisture before drying (%d.b.) 83.48 44.11 2220 86.29 4239 1947 86.95 40.88 16.93
Average moisture after drying (%d.b.) 37.39 2229 14.23 3156 1947 1470 33.60 16.93 12.00
Initial weight (kg) 7115 35152 34397 6025 P587.9 4953 670.2 5057 4207
Final weight (kg) 5325 437.2 4107 4256 4933 4755 479.6 419.7 403
Moisture removed (kg ) 179 78 29 1769 946 198 1906 86.0 177
Drying air condition
Drying temperature (°C) 53 525 534 534 5290 5435 550 542 558
Specific air flow rate
(kg dry air / h - kg dry papaya glacé) 270 3156 3067 323 2530 2520 291 291 291
Evaporator by - passair (%) 810 820 89 817 817 8.7 8.7 8.7 817
Drying time (h) 195 85 9.5 19 9.5 3 19 8 45
Performance of heat pump
Drying rate,,q (kg water evap / h) 918 918 305 931 99% 66 1003 1075 3.93
MERayg (kg water condensate/ h) 739 993 399 873 1180 406 861 943 373
SMERgyq (kg water evap / kWh) .7649 0.7572 0.2265 0.728 0.618 0.495 0.781 0.860 0.305
Specific energy consumption
(MJ/ kg water evap)ayg 470 475 1588 495 582 727 461 419 11.80
(COPhp)sys 449 460 340 442 457 424 458 462 490
(COPhp)used 368 379 273 325 345 360 336 350 381

aNot the same batch of Papaya glacé dried in 1% stage.

b Including approx. 130 kg of papayas glacé dried with an existing steam dryer
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