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Abstract

The objective of this research is to determine the optimal
drying conditions for spring onion drying. Minimal energy
consumption and drying time are the criteria. A mathematical
mode! is developed and simulated for evaluating the optimal
conditions. The drying experiments are carried out at drying air
temperature of 50°C , 80°C and 70°C and specific airflow rate of
1050 kg/h-kg solid, 1290 kg/h-kg solid and 1550 kg/h-kg solid. It
is found that the energy consumption and drying time decrease
with increasing drying air temperature. Also, the energy
consumption decreases with decreasing specific airflow rate but
the drying time increases. However, if specific air flow rate is

less than 200 kg/h-kg solid, the energy consumption and drying

time increase sharply. It can be concluded that the optimal drying

conditions should be specific airflow rate of 400 kg/h-kg solid and

. drying air temperature of 70°C. The corresponding specific

energy consumption and drying time are 17 MJ/kg-water and 13

h, respectively.
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Al Ma(Wao-We) = mp(M-i;Mf) )

Taufl
M, fa moisture content after drying, decimal dry basis
M; e moisture content before drying, decimal dry basis
Wi fin humidity ratio of air entering chamber, kg/kg dry air
Wy, §18 humidity ratio of air leaving chamber, kg/kg dry air
m, fia dry mass of product, kg
my A8 dry air flow rate, kg dry air/ h
Al 8 time interval, h
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md[CaTdi+Wdi(hfg+Cdei)'CaTdo'Wdo(hfg+Cdeo)] =0 (2)

o
Tondi
Tdo fia temperature of air leaving drying chamber, oC
Ta fin temperature of air entering drying chamber, oC
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MR = exp(-Kt) (3)
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MR @& moisture ratio, decimal

K @8 drying constant, h'
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Me=Mp (Mgq-Min) A tKexp(-K) _ . 4
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Meq §l0 equilibrium moisture content, decimal dry basis
Min 8 initial moisture content , decimal dry basis

t fin drying time , h
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Meq = AIRHg/(1-RH)] ©)

o A = 0.14-0.36(T 4/100)
B = 0.40-0.13(T4/100)
Toufl

RHg A8 relative humidity , decimal
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Py fo vapor pressure of air entering drying chamber, kPa

va(do)ﬁasaturated vapor pressure of air leaving chamber, kPa

anueularhdudmauisonldinaunives  Clausius-

U G J
Clapeyron @ owiiingunsldaadt

P\s(do)=eXP[-7511.52/(T4,+273)+89.6312+0.0239989(T 4+ 273)-
2 3
1.16545516-5(T4+273) -1.28103366-8(T4,+273) +2.09984e-11

4
(T4o+273) ~12.150799In(T 4 +273) @)
w ¥ o A @ o

auanloveslotrlusutaufasiuvasnrnueutaef

° Y da 3 & A o @ W &
m:m‘[ﬂv‘[maQamaﬂammagluamawﬂu FaflanuFuwusiy
v . & e
SaTEIuaNNTUaIdl
P, = 101.325W,,/{0.62189+W,.) ©)

v L

UUUIIABIN AT A FEA Tyas AR A BINA I

) . a e a & 4
ienuinsrnunaanazn vlignimpiivasaugsin o

o v g
FRNTOMUIT AR

AT, = PIP,e{C+C W) (10)
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ATfan = temperature rise across a fan, °c
P = pressure drop, kPa

Pa = air density, kg/m3

& = fan efficiency, decimal
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ATy = Tg - T+ ATg ) (11
o

Towh

ATh = temperature rise across heat source, °c

ATfan = temperature rise across a fan, °c

Tamb e temperature of ambient air , °c
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Q, = my(C,+CWyAT, (12)
E = mygPl(Peer)  © (13)
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Q,, = the rate of heat consumption, kJ/h
E = the rate of electricity consumption, kJ/h
e,, = motor efficiency, decimal
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Total energy = 2.6E+Qy, (14)
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if RH ot

\ 4
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