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Fig. 1. The trend of changes in moisture ratio versus drying time under different experimental pretreatments
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Table 1 Regression equation of response variable for drying temperature and microwave power effect on energy parameters
Response variable Equation . , , C.V.
@wb cSL" ol R* value Adj R Pred R (%)
Energy efficiency (%)
© il as: 110.91281- 4.38013xA+0.017063xB + 0.044928xA? 0.95 0.92 0.83 8.58
SRR
Drying efficiency (%)
ae 119.03061 - 4.71773xA + 0.020729xB + 0.048374x A2 0.95 0.93 0.84 8.66
00,5 S 003l
Thermal efficiency (%)
5 . 465.15529 - 18.39328xA +0.0749xB + 0.188640xA> 0.95 0.92 0.83 8.60
Sl ool
Drying coefficient
. . 1.626 — 0.074457xA — 7.12x10xB + 2.45xAxB + 9.73x10x A2 0.99 0.98 0.93 11.97
Convective efficiency (%)
. 221.09197 - 9.05103%A + 0.032896xB + 0.095154xA? 0.99 0.98 0.95 5.84
8y 033l
Specific heat consumption
(M/kg) -237.68247 + 11.38907%A - 0.043222B - 0.116269xA> 0.92 0.89 0.85 14.66
o5y Bras slo,S
Specific power consumption
(MV/kg) -178.26185 + 8.54180%A - 0.032417xB-0.087202xA> 0.92 0.89 0.85 14.66
o5 (Bras Ol
Specific energy consumption
(M/kg) -233.53224 + 11.43103A - 0.045967B - 0.117860xA> 0.93 0.88 0.83 14.63

0513 (B (&5
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Fig. 2. Response surface and contour plots for a) energy efficiency and b) drying efficiency: interaction effect between microwave power (W) and
air temperature (°C)
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Fig. 3. Response surface and contour plots for a) specific heat consumption, b) specific power consumption and c) specific energy consumption:
interaction effect between microwave power (W) and air temperature (°C)
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temperature (°C)
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Abstract

Today, the use of pretreatment operations has been considered to reduce the time and energy with the aim
of reducing the cost of agricultural products drying, such as medicinal plants. In this research, the modeling
and optimization of energy parameters in the Rosmarinus officinalis drying with microwave pretreatment
was evaluated using response surface methodology in three treatments (90 W for 5 min, 180 W for 2.5 min
and 360 W for 1.5 min) and control (without pretreatment) in a convection dryer at temperatures of 40, 50
and 60 oC and the constant air flow velocity of 0.4 m/s. The results showed that with increasing power
(from 90 to 360 W) and temperature (from 40 to 60 °C), the amount of drying coefficient increased
quadratically. The value of energy efficiency, drying efficiency, thermal efficiency and convective
efficiency increased by increasing of power and temperature from 90 to 180 W and 40 to 50 oC, respectively,
but these amounts decreased by increasing of power and temperature from 180 to 360 W and 50 to 600C,
respectively. The increasing of the power (from 90 to 360 W) and temperature (from 40 to 50 °C) increased
the amount of specific heat, specific power and specific energy consumption, while with increasing of
temperatures from 50 to 60 °C, these values were reduced during quadratic equation. Based on modeling
using RSM, optimum conditions for obtaining of the best energy parameters were determined to be
microwave power of 360 W and drying temperature of 60 °C with desirability 99.5%.

Keywords: Energy optimization, Drying, Specific energy consumption, Thermal efficiency,
Rosmarinus officinalis.
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