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Drying of Carrots by Using a Vacuum Heat Pump Dryer
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ABSTRACT

Drying of agricultural products depends on several factors, one of which is the equilibrium moisture
content (EMC). The main objective of this research is to experimentally determine the EMC of carrot under
vacuum conditions by using a vacuum heat pump dryer. Experimental drying of the products was carried out at
the pressures of 0.2 bar and the drying temperatures of 50, 55 and 60°C respectively. A saturated salt solution
was used to control the drying relative humidity to be in the range of 10-75 %RH. From this study, it was
discovered that under vacuum drying the equilibrium moisture content of the products and the relative humidity
tended to increase as the drying temperature decreased and that both the EMC and RH tended to decrease with
the drying pressure. Compare to the correlations proposed by Oswin, GAB, Peleg, modified Oswin and modified
GAB, it was found that the functional form of Peleg fitted the data the best with R” of 0.99. The values of the

moisture content of the products which were monitored at different times during drying were used with the EMC
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values obtained from the proposed equations to determine the moisture ratios of the product at different drying

times. Among nine well-known correlations, the functional form proposed by Midilli gave the best results in

predicting the drying of carrot under vacuum.
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MM 1 FUYULUUENMTUBIANNTUANGD

aumsmm%uauqa sUuuuanms 814994
Oswi 5 10
Swin M oA RH [10]
‘ (1I-RH)
GAB V- ABC(RH) [11]
© (1-B(RH))(1- B(RH )+ (BC(RH )]
Peleg M, =A(RH)" +C(RH)" [12]
Modified Oswin L [13]
M,=(A+BT _RH
(1-RH)
Modified GAB AB(CJ(RH) [14]
M- T

e

(1- B(RH )){(1 ~(RH))+ ([gjg(m )ﬂ

= a & Y & 4 = & W
M5199 2 USinaundauazihnaunldlumsieesuaisazaanindue [15]

d1sazanaLnae USanaunsa (n5x) Panash (faandw)
MgCl, 200 25
K,CO, 200 90
Mg(NO,), 150 30
KI 200 80
NaCl 200 60
KCl 200 80

M9 3 E“lJ LUUFNNTNTBULANTULN

ANMIMIBULRILULTUNG suuuuanns S99
1 Newton MR = exp(-kt) [16]
2 Modified Page MR = exp(-kt)" [17]
3 Approximation of diffusion MR = a exp(-kt) + (1-a)exp(-k b t) [18]
4 Wang and Singh MR =1 + at + bt" [19]
5 Logarithmic MR = a exp(-kt) + ¢ [20]
6 Simplified Fick’s diffusion MR =a exp(—c(t/LZ)) [21]
7 Modified Page equation-II MR = exp(-c(t/L2)") [21]
8 Two-term model MR = a exp(-k,t) + b exp(-k,t) [22]
9 Midilli MR=a exp(-kt") + bt [23]
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M7 4 ArefuazAIaNNENTUS TN aT ldnnudazsluuuannsiguvgll 55 avdgalded
anuaud 0.2 wisnldlumsdnmnmenusuangazauasan

AN .
i1k R SEE
A B C D
Oswin 0.119092 0.779054 0.9822 0.013371
GAB 2.307442 0.689570 0.157409 0.9690 0.017626
Peleg 2.064451 9.852015 0.220085 0.948766 0.9963 0.005688
Modified Oswin -1183436 21517 1 0.9888 0.044195
Modified GAB 0.676350 0.309360 28.1815 0.9789 0.081590

a v

P ' ] ' v v o aad o N = 4 &
MIFNN S ﬂ’]FN'VILLGZﬂ’]ﬂ’J']NHNWHS‘VI’NGGG]'Vlvl,ﬂf\l’lﬂ:jﬂLLU‘UﬂNﬂ’l‘j Peleg 'VIﬂﬂ??gﬂlﬁuﬂﬁ‘iﬂﬂﬂ’]ﬂ']ﬂ?’]wﬁu

ANAAVBIUATEN
anneiilaly Magiifilaannauns AANNTNNUSNITDH
MIBUURI A B C D R* SEE
50°C 0.694327  1.948119 -0.197261  1.948194 0.9456 0.024793
55°C 2.064451  9.852015  0.220085  0.948766 0.9963 0.005688
60°C 0.201178 0.853554 1.510019 9.009031 0.9912 0.007146

M50 6 AasiuazaaNNENRusINEdAnlannFUuuuaNmMIMsuLiILUUIUUN Tasauuiauasan
Mgl 50 svenwalded AnuauluMIauLe 0.2 15

magiinlannsluuuanms AANNSNNUSNIGDH
sUuuuanms u _ _
k n a b c L R X RMSE

1 Newton 0.005829 0.99320 0.00107 0.03200
2 Modified Page 0.072862 0.835916 0.99320 0.00113 0.03200
3 Approximation of 0.014512 0.30214 0.99530 0.00036 0.01816
diffusion

4 Wang and Singh -0.00428 0.00005 0.97550 0.00344 0.05580
5 Logarithmic 0.061580 0.91902 0.006814 0.99660 0.00119 0.03200
6 Simplified Fick’s 0.94569 0.000146 -0.1631 0.99030 0.00088 0.02753
diffusion

7 Modified Page 0.835913 0.86999 11.8266 0.99560 0.00034 0.01707
equation-1I

8 Two-term model k,=-0.00197, k,=0.00635 0.019446 0.95616 0.99670 0.00026 0.01457

9 Midilli 0.009615 0.919108 0.997208 0.00007 0.99730 0.00022 0.01320
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P ' o ' v w2 aadl ¥ . A N v
MIFNN 7 ﬂ']ﬂ\WlLL'ﬁzﬂ’]ﬂ’J'\NﬂNWL!ﬁ'ﬂ'Nﬂﬂ(ﬂﬂvlﬂ‘\ﬂﬂﬂNﬂ’]‘j Midilli VIﬂﬂ']’JZVII’ZﬂL!ﬂ']‘SBULL‘VI\'ILLﬂ‘iE]‘VI

annzild ) mﬁﬁlﬁmngﬂtmuaums AMANNANNUSNIEDH

2 2

Tunsauuia K n a b R X RMSE

50 °C 0.009615 0.919108 0.997208 0.000073 0.99730 0.00022 0.01320
55 °C 0.004888 1.093018 0.987092 0.000145 0.99670 0.00030 0.01537
60 °C 0.006687 1.088625 1.005041 0.000196 0.99940 0.00007 0.00698

External Condenser Expansion valve
Evaporator

( T4 E P2 M P3 T5
”’j Orifice type

C”’ flow meter
I X

Leak valve (”7 ™ EQ Solenoid valve

T2

8 o Receiver
Tairin(| ||| Tair,out
o L ™ T P1 P4 T7

\
Water pump

Compressor

T9

Air flow

Vacuum pump

Drying chamber
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