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Nghién ctru anh hwéng cia cong suat by phat song radio
trong qua trinh say ca rot bang bom nhiét két hep gia
nhiét bang séng radio

Study of the effect of the radio frequency operator
power in the carrot drying process by radio frequency
assisted heat pump drying
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Tom tit:

Thuc nghiém sdy ca rét theo hai phuong phap sdy bom nhiét va siy bom nhiét két hop gia nhiét bing séng
radio (RF) & clng muc nhiét do tAc nhan say (t.) 45°C va van toc tc nhan say (va) 2,5 m/s dé nghién ctu
anh huéng cua cong suit bo phat song radio trong qua trinh sy ca rét bing bom nhiét két hop gia nhiét véi
RF (HP + RF). Két qua thyc nghiém cho thay khi ting cong suat bo phat RF (Pre) gilip cai thién hiéu qua
say dang ké véi thoi gian sy tai muc céng suat 0,65 kW, 1,3 kW va 1,95 kW giam tuong tng 23%, 31% va
38% s0 Vi muc cong suat 0 kW. Trong d6 mirc cong suit Pre = 0 kW twong ¢ng véi phuong phéap siy chi
sir dung bom nhiét (HP). Bén canh do, khi sdy bom nhiét két hop gia nhiét bang séng radio s& gidp duy tri
dugc mau sic mui vi cua ca rét tét hon, ca rét gan nhu van gitt dugc mau vang cam ban dau.

Tir khoa: Song radio; siy bom nhiét; ca rét; thoi gian say; cong suat bo phat séng radio.

Abstract:

The experimental drying of carrot was conducted by the heat pump drying (HP) method and radio frequency
(RF) assisted heat pump drying method at the same drying air temperature (t.) of 45°C and drying air
velocity (va) of 2.5 m/s to study the effect of RF operator power in the carrot drying process by RF assisted
heat pump drying (HP + RF) method. Experimental drying results showed that increasing the RF operator
power (Pre) improved the drying efficiency significantly and the drying time at the RF operator power of
0.65 kW, 1.3 kW, and 1.95 kW was reduced by 23%, 31%, and 38% comparing with at power of 0 kW. In
which, at RF operator power of 0 kW, only the HP drying method was used. Besides, in the radio frequency
assisted heat pump drying method, the color and taste of carrot samples were maintained better and the carrot
samples almost kept their original yellow-orange color.

Keywords: Radio frequency; heat pump drying; carrot; drying time; radio frequency operator power.

1. Giéi thi¢u sé kéo dai duogc thoi gian bao quan sau khi dugc
sdy kho. Phuong phap sy va cac thong sé sdy nhur
nhiét d6 sdy, m d6 va van téc tac nhan sdy cé anh
huong rat 16n dén cau trdc, chat luong va thoi gian

Say kho 1a mot phuong phép ngay cang duoc tng
dung rong rai va phé bién trong cong nghé thuc
pham va ché bién ndng san. Nong san, thuc pham
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bao quan san pham sy [1], [2]. Vi vay, viéc lya
chon Mot phuong phap sy phi hop la hét stc
quan trong, khéng nhiing cai thién duoc hiéu qua
qué trinh sdy ma con duy tri dugc chat lwong san
pham sy ca vé cam quan va dinh dudng.

Hién nay, trén thé gisi va ¢ Viét Nam da tng
dung nhiéu phuong phap sdy khac nhau cho néng
san, thuc phdm nhu sdy d6i luu bang khdng khi
nong, siy bom nhiét, siy chan khong, siy bang
s6ng hdng ngoai, sdy bang vi séng va siy bang RF.
Ky thuat sdy tng dung RF da duoc rat nhiéu nha
khoa hoc nghién ctu va phat trién vi c6 cac uu
diém ndi bat nhu: Co ché gia nhiét thé tich trén
toan bo thé tich vat liéu siy nén téc do gia nhiét
nhanh; nhiét d6 va am d6 phan bé dong déu trén
toan bo thé tich vat liu sdy; gradient nhiét d6 va
gradient 4m cuing chiéu nén thuan lgi cho qua trinh
khuéch tan am trong vat liéu sdy gilp ting toc do
sdy [3]. Wang va cong su [4] d4 nghién ciru thyc
nghiém sdy hat mic ca bang RF vai két qua cho
thdy tdc do siy nhanh hon, nhiét d6 va am do phan
bd déu trén toan bo san pham siy. Wang va cong
su [5] ciing dd nghién ciru vé hé thdng siy qua
hanh nhan bang khong khi ndng két hop véi ning
lwong RF va két qua cho thiy hiéu sut sdy cao,
nhiét d6 siy on dinh va déu trén toan bo vat liéu.
Wang va cong su [6] nghién ciru thém viéc so sanh
hiéu qua sdy ciia hai phuong phéap sdy hat méic ca
trong d6 sir dung khdng khi néng co két hop RF va
khéng két hop RF. Két qua thuc nghiém cho thiy
khi két hop véi RF s& gilp giam thoi gian sy dén
50% va chat lugng san pham duoc cai thién hon
dang ké. Jiao va cong su [7] da thuc nghiém siy
dau phung bang khong khi néng két hop RF, véi
két qua cho thay RF gitp ting hiéu suat sdy, cai
thién duoc chit luong va ting thoi gian bao quan
san pham sdy. Xu Zhou va Shaojin Wang [8] da
nghién ctu vé ky thuat sy ndng san thuc pham
g dung séng RF, trong d6, co ché gia nhiét thé
tich bang séng RF gilp cai thién dang ké téc do
sdy va duy tri duoc chat lugng san pham siy t6t
hon ca vé cam quan va dinh dudng.
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Ca rét 1a mot loai nong san c6 gia tri dinh
dudng cao gilp bdi bd sirc khoe. C6 thé néi 1a mot
trong s cac loai rau cu théng dung va phd bién
nhat hién nay. Ca rdt ¢6 chira ham luong cao o va
B caroten, biotin, kali, vitamin A (tir B carotene),
K1 (phylloguinone) va B6 [9], [10], [11]. Ca rbt co
nhiéu cdng dung gitp ting cudong hé thong mién
dich, tang cuong stc khoe cia mat, gilp giam
huyét ap va thac day tiéu hda, cd nhidu mau sic
khac nhau nhu vang cam, do, vang, hay tia [12].
Gibng nhu cac loai rau cu khéc, ca rot co do am
cao (khoang 92%, w.b) nén rat dé bi thdi, hong sau
thu hoach [13]. B4 c6 nhiéu nghién ctu vé phuong
phép sdy ca rét nham nang cao hiéu qua siy va
chat luong san pham say. Mustafa Aktas va cong
su da thuc nghiém sdy ca rot bang bom nhiét va
bom nhiét két hop séng hong ngoai. Két qua thyuc
nghiém cho thiy phuong phap sdy két hop giup
tang tbc do sdy va giam thoi gian siy dén 48%
[14]. Raees-ul Haq va cong su da thuc nghiém siy
ca rét boi dbi luu khong khi nong két hop tién xu
ly nhiét bang vi song. Két qua cho thay tién xir ly
nhiét bang vi song gitp ting toc do sy va giam
thoi gian sdy dang ké, dong thoi ca rét giir duoc
mau sac mai vi tot hon [15]. Bengang Wu va cong
su da thyc nghiém sy ca rét bang ba phuong phap
sdy d6i luu khong khi nong két hop tién xt Iy nhiét
bang séng hdng ngoai, siy bang séng hdng ngoai
va sy ddi luu khong khi néng két hop song hong
ngoai. Két qua cho thiy siy ddi luu khéng khi
nong két hop tién xir Iy nhiét bang séng héng
ngoai va siy ddi luu khong khi nong két hop séng
hong ngoai gitip ting tc do sdy va san pham siy
dat chit luong cao hon so véi chi siy bang hong
ngoai [16].

Hau nhu chua co cong trinh nghién ctiu ndo vé
sdy ca rét bang phuong phap siy bom nhiét két
hop RF. Trong do, nguyén 1y sdy bang bom nhiét
Vi t4c nhan sdy tuan hoan & nhiét do thap co thé
dam bao duy tri duoc ham luong chit dinh dudng,
dong thoi o thé giir lai dwoc mui vi, mau sac dic
trung cua ca rot. Co ché gia nhiét bang RF s& gidp
tang toc do gia nhiét, gidp cho qué trinh khuéch
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tan am dién ra nhanh hon trong qué trinh sy va rit
ngan thoi gian sdy. Muc tiéu cia nghién cau 1a
thyc nghiém siy ca rét theo hai phuong phap siy
bom nhiét va siy bom nhiét két hop gia nhiét bang
RF dé danh gia mtc d6 anh huong caa cong suat
bo phat RF dén hiéu qua qué trinh siy ca rot.
Trong d6 thong sb thoi gian siy va mau sic cua
vt lidu siy duoc xem xét.

2. Vit li¢u va phwong phap nghién ciru
2.1. Vatliéu

Ca rét sir dung trong nghién ctu 12 loai ca rdt tuoi
mau vang cam co kich thudc dai 18 - 22 cm,
duong kinh 2,5 — 3,0 cm duoc mua tai cho Pau
méi Tha Brc, Thanh phé H6 Chi Minh. Ca rét sau
khi mua vé dugc cat bo phan gdc, rira sach va théi
lat day 05 mm. Ca rét c6 am do ban dau 1a 92 +
0,1 % co s& w6t (%, w.b). Khdi luong ca rét dung
cho mdi mé sy 1a 03 kg.

2.2. Phuong phap thuc nghiém

Thiét bi thuc nghiém sy ca rét duoc st dung 1a
maéy sdy bom nhiét két hop véi RF. May say duoc
tinh toan thiét ké va ché tao bao gém bo phéat RF
va bd bom nhiét. Trong d6, bd bom nhiét co6 cong
suat I6n nhat 0,75 kW, b phéat RF hoat dong voi
tin sb 27 MHz c6 cong suat 16n nhat 5kW [17]. So
d6 m6 hinh méy siy bom nhiét két hgp RF duoc
trinh bay nhur trong hinh 1. Trong d6, tic nhan sdy
(TNS) (khong khi) dugc bom hat va di qua b
bom nhiét. Sau d6, TNS s& c6 nhiét d, am do va
van toc xac dinh. Tac nhan say lai tiép tuc di vao
budng say, tai day TNS s& két hop véi song RF do
bo phat song RF phat ra dé thuc hién qua trinh sdy
ca rot.

i i i

= 0 If-'? = &
Hinh 1. So d6 m6 hinh may sy bom nhiét
két hop RF.

Trong d6, 1-bo phat RF; 2-ban dién cuc RF; 3-
budng sdy; 4-huéng TNS; 5-khay sdy; 6-b6 bom
nhiét; 7-quat hat TNS.

Thyc nghiém sdy ca rét dugc thuc hién vai van
tdc TNS: va = 2,5 m/s, nhiét do TNS: t, = 45°C, va
cong suét bo phat Pre = 0; 0,65; 1,3 va 1,95 kW.

P chira am ban dau cia VLS duoc xac dinh
bang can siy 4m (DBS 60-3 model; khdi lwong
mau phan tich I6n nhat: 60 g + 0.01%; khoang am
do6 phan tich: 0 - 100%).

Can dién tu (Electronic scale — GS-6202) vai
gié tri do tiéu chudn 1a 6000 + 0,01 g dé can khéi
luong vat liéu mau nham x4c dinh do chia am
trung binh caa vt liéu say (VLS) trong qua trinh
sdy. Qua trinh can khéi luong dwoc thuc hién
thuong xuyén ctir 30 phit mét lan trong sudt qué
trinh say cho dén khi d6 am VLS dat gia tri 11 +
0,1 (%, w.b). Cang vé cudi quéa trinh sy, thoi gian
can khdi lwong mau s& giam xubng 20 pht va 10
phat mot 1an. Mai ché do thuc nghiém sdy duoc
thuc hién 1ap lai ba lan.

Mau sic cua san pham siy dugc do bang may
do mau Minolta CR-200. M4y do mau hién thj ba
cuong do anh sang phan Xxa tuong ung cac gia tri
mau Lab. Sy thay doi vé mau sic chung duoc thé
hién bang chi sb thay d6i mau chung AE* duoc
xac dinh theo cong thuc (1).

2 2 2
AE* = VAL* +Aa* 4+AD* 1)

Trong do, cac théng sb L, a va b trong cong thic
(1) duoc trinh bay cu thé tai muc 3.2.

3. Két qua nghién citu va thao luan

3.1. Anh hwéng caa cdng suit by phat RF
dén thoi gian say

D6 thi biéu dién méi quan hé gitta su thay dbi do
am VLS theo thoi gian trong qua trinh sdy ca rét
bang bom nhiét két hop RF dugc thé hién nhu
trong hinh 2.
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Thoi gian say (phit)
Hinh 2. Budng cong sdy twong tng voi ché do siy
xét dén anh huong cua cong suat by phat RF.

Két qua duong cong sdy tai hinh 2 cho thiy xu
hudng giam am cua ca rdt trong qué trinh sy bang
bom nhiét két hop RF twong ung véi cac ché do
sdy 1a tuong ddi gidng nhau. C6 thé thay khi ting
cong suat bo phat RF s& gidp rdt ngin dang ké thoi
gian sdy. Diéu nay duoc giai thich do khi ting
cong suat bo phat RF, VLS s& hip thu ning lugng
RF nhiéu hon, gitp ting toc do gia nhiét. Khi do,
quéa trinh khuéch tan am trong VLS s& dién ra
nhanh hon gilip ting téc do say. Co ché nay tuong
tu nhu co ché gia nhiét bang RF d6i voi céc loai
nong san dugc nghién ctu boi cac tac gia trudc
day [18], [19]. Tai muc cong suit bo phat RF 1a 0
kW tuong ung véi ché do sdy chi sir dung bom
nhiét, thoi gian sdy dé do am cua ca rt dat 11 (%,
w.b) 1a 480 phat. Tai mtc cdng suat 0,65; 1,3 va
1,95 kW, thoi gian siy tuong tng 1a 370, 330 va
300 phdt, giam 23%, 31% va 38% so Véi chi sdy
bang bom nhiét. Ching té khi két hop bom nhiét
va RF s& gidp rat ngan thoi gian siy rat nhiéu so
Vv6i chi sdy bang bom nhiét. Pay chinh 14 wu diém
cta phuong phap siy bom nhiét két hop RF.

3.2. Anh huéng caa cdng suit bs phat RF
dén mau sic cia vat ligu say

Dianh gia vé su thay d6i mau sic cua ca rot trudc
va sau khi siy dugc thuc hién trén may do mau X-
rite theo thang mau CIE Lab. Gié tri L dac trung
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cho mau sang thay doi trong khoang tir 0 (mau
den) dén 100 (mau tring); gia tri a thay ddi trong
khoang tir 0 dén 60 (cac mirc d6 mau dé) hozc tir 0
dén -60 (cac muc d6 mau xanh duong); gia tri b
thay doi trong khoang tir 0 dén 60 (cac muc do
mau vang) hoic tir 0 dén -60 (cac muc do mau
xanh 14 cay). Su thay d6i mau cua ca rét twong tng
VGi cac ché do sdy duoc thé hién nhu trong bang 1.
Céac mau thuc nghiém ca rét truéc va sau khi sdy
nhu trong hinh 3.

(a) (b) (c)
Hinh 3. Cac mau thuc nghiém ca rét trude khi sy
(a),sau khi sy bang HP + RF (b)
va siy bang HP (c).

Két qua bang 1 cho thdy khi siy bang bom nhiét
két hop RF thi tat ca céc chi s6 thay d6i mau AL*,
Aa*, Ab* va AE* d&u nho hon dang ké so voi
phuong phép chi siy bang bom nhiét. Khi ting
cong suat bo phéat RF, gia tri cac chi s6 thay doi
mau s& giam. Diéu ndy ching to ca rét duy tri
duroc mau sic tét hon tai mac cong Suat cao hon.
Chi sb thay dbi mau chung AE* dat gia tri 13,52
d6i vai chi sdy bang bom nhiét va khi ting cong
suat bo phat RF Ién 0,65 kW; 1,3 kW va 1,95 kW
thi gia tri 4E* giam tuong ung 1a 9,22; 8,72 va
8,21. Bén canh do, mau sic cua ca rot thay doi chu
yéu la do sy mat mau d6 va mau vang khi sdy, ung
Vai gid tri da* va Ab* tang 1én. Trong khi do, gia
tri da* va Ab* tuong (g vai cac ché do sdy bang
bom nhiét két hop RF nho hon rét nhiéu so véi chi
sdy bang bom nhiét, ching to khi sdy bom nhiét
két hop RF da gitr lai duwoc mau sic caa ca rot rat
tt. Hinh 3 cho thay khi sy bang bom nhiét két
hop RF ca rét van duy tri duoc mau gan giéng
mau vang cam ban dau va bé mat san phim siy
hau nhu khéng bj cong vénh va nut gay.
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Bang 1. Gi tri mau cua ca rét trong (ng véi cac ché do say.

Chi s6 thay d6i mau

Ché d¢ siy

AL* Aa* Ab* AE*
Séy bom nhiét (PRF = 0 kW) 10,62 5,47 6,33 13,522
Say bom nhiét két hop RF (PRF = 0,65 kW) 7,91 2,98 3,69 9,220
S4y bom nhiét két hop RF (PRF = 1.3 kW) 7,6 2,65 3,35 8,72¢
Say bom nhiét két hop RF (PRF = 1.95 kW) 7,27 2,35 2,99 8,21¢

Cac ky hiéu chiz khac nhau trén cung mét cét: sai khac cé y nghia ¢ muc 0,05.

4. Két luan

Thuc nghiém sy ca rot véi hai phuong phap siy
bang bom nhiét va sdy bing bom nhiét két hop
RF, két qua cho thdy rang phuong phap say bang
bom nhiét két hop RF ¢6 nhiéu vu diém hon so V6i
phuong phap chi sdy bang bom nhiét nhu rit ngan
thoi gian sdy, duy tri duoc mau sic caa san pham
sdy tot hon. Khi ting cong suit bo phat RF gilp
tang hiéu qua qua trinh siy dang ké ca vé tc do
sdy va chat luong san pham say. Dua trén két qua
nghién ciru dat duoc, phuong phap sdy bang bom
nhiét két hop RF néu duoc tng dung siy céc loai
ndng san khac nhu khoai tay, khoai lang, cu dén va
ca cai thi ¢6 thé rat ngan thoi gian sdy va duy tri
duoc chat luong san phiam sdy ca vé dinh dudng
va cam quan.
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