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TOM TAT
Nghién ciru ndy nham xdc dinh cdc théng sé sdy t6i wu cho cd nuc (Decapterus maruadsi) bang phwong
phdp bom nhiét két hop hong ngoai (IR-HP). Bon théng sé cong nghé chinh dwoc khao sdat gom nhiét dé sdy
(45-55°C), vin toc gié (1-3 m/s), khoang cach dén hong ngoai (24-36 cm) va cong sudt hong ngoai (1600~
2000 W), theo thiét ké thi nghiém Taguchi L27. Cdac mé hinh hoi quy bdc hai dwoc xdy dung bang phirong
phdp bé mdt dap vimg (RSM), véi hé s6 xdc dinh R? dat 96.74 — 98.43% va ¢6 ¥ nghia thong ké cao (p < 0.001).
Nghién cieu di vmg dung phwong phdp RSM dé t6i wu héa cdc chi tiéu vé thoi gian sdy, sudt tiéu hao ning
leong riéng va ty 1é hit niede phuc hoi, dong thoi xdy dung cdc mé hinh di dodn phuc vu thiét ké va t6i wu héa
hé théng scfy IR-HP. Két qua da xac dinh ché do sdy 16i wu tai nhiét do sdy 1a 51.77°C, vén téc gio 2.05 m/s,
khodng cach dén hong ngoai la 36 cm va cong sudt hong ngoai 2000 W, O diéu kién nay, thoi gian sdy la 104.16
phiit, sudt tiéu hao nang lwong riéng la 8.58 kWh/kg HO va ty 1é hiit nude phuc hoi dat 1.81 g/g. So véi cdc
phirong phép sdy hong ngoai va say bom nhiét, hé thong IR-HP tai ché dg toi wu givip giam thoi gian say lan
heot 23.33% va 83.33%, dong thoi van dam bao chdt lwong cam quan ciia san pham. Két qua nghién ciru cung
cdrp co s6 khoa hoc va thuec tién cho viéc thiét ké, toi wu héa va vin hanh hé théng scfy IR-HP trong ché bién
thity san, g6p phan giam tiéu hao ndng lwong, ndng cao ndng sudt va chat lwong san pham, dong thoi tao tién
dé cho viéc g dung cong nghé nay ¢ quy mé san xudt.
Twr khoa: Ca nuc, Sd'y bom nhiét, buc xa h5ng ngodgi, 16i wu héa RSM, Taguchi.
ABSTRACT

This study aimed to determine the optimal drying parameters for Pacific mackerel (Decapterus maru-
adsi) using a combined heat pump and infrared drying system (IR-HP). Four key process parameters were
investigated, including drying temperature (45-55°C), air velocity (1-3 m/s), infrared lamp distance (24-36
cm), and infrared power (1600-2000 W), based on a Taguchi L27 experimental design. Second-order regres-
sion models were developed using Response Surface Methodology (RSM), with coefficients of determination
(R?) ranging from 96.74% to 98.43% and showing high statistical significance (p < 0.001). RSM was further
applied for multi-response optimization of drying time, specific energy consumption, and rehydration ratio,
while also developing predictive models for the design and optimization of the IR-HP drying system. The
optimal drying conditions were determined to be 51.77°C drying temperature, 2.05 m/s air velocity, 36 cm
infrared lamp distance, and 2000 W infrared power. Under these conditions, the drying time, specific energy
consumption, and rehydration ratio were 104.16 min, 8.58 kWh/kg H,O, and 1.81 g/g, respectively. Compared
with conventional infrared drying and heat pump drying, the IR-HP system at optimal conditions reduced
drying time by 23.33% and 83.33%, respectively, while maintaining good sensory quality. The results provide
a scientific and practical basis for the design, optimization, and operation of IR-HP drying systems in seafood
processing, contributing to reduced energy consumption, improved productivity, and enhanced product quality,
and offering potential for industrial-scale application.

Keywords: Decapterus maruadsi, heat pump drying, infrared radiation, RSM optimization, Taguchi.
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I. DAT VAN DE

Theo Hiép hoi Ché bién va Xuit khau
Thay san Viét Nam (VASEP), xuat khau thuy
san Viét Nam dugc du bao sé€ tiép tuc duy
tri da tang trudng tich cuc trong giai doan
2025-2026, trong d6 gia tri xuit khau céc
san pham ca bién ngdy cang gia ting. Pang
cht y, xut khau thuy san Viét Nam da khoi
dau nim 2026 voi muc ting truéng an tugng
30.6% trong thang 1, dat hon 1,01 ty USD,
so v&i 774 trigu USD cung ky nam 2025 [2,
20]. Béo cido cua VASEP cho thay su ting
truong nay chu yéu do nhu cau ngay cang cao
dbi véi cac san phim thuc phidm ché bién va
thuc pham kho tai nhiéu thi truong qudc té.
Ca nuc (Decapterus maruadsi) la mot trong
nhirng loai ca bién co san lugng khai thac
16n, gia tri dinh dudng cao, giau protein va
axit béo khong no, dong thoi duge sir dung
phd bién trong ché bién thuc pham kho.

Tuy nhién, hién nay viéc san xuét cac san
pham ca nuc khé van chii yéu dugc thyc hién
bang phuong phap truyén théng nhu phoi
ning hoidc sdy thu céng quy mé nho. Cac
phuong phap nay c6 nhiéu nhugc diém nhu
thoi gian sdy kéo dai, phu thudc vao didu
kién thoi tiét, khé kiém soat chat lugng va
tiém 4n nguy co mat an toan thyc pham [1,
4, 8].

Lo say bang than hodc cui 1a 10 sdy duogc
st dung trong mot s6 co so ché bién, day 1a 10
sdy gay kho khan trong viéc kiém soat nhiét
do, do 4m tac nhéan siy, dong thoi phat sinh
khoi bui gay anh hudng dén mau sic, mui vi
va chat lwong cam quan cua san pham [3, 7].
Nong d6 phosgene oxime (PHOSGEN) c6
thé duoc 1am giam do qué trinh sdy & nhiét
do cao trong thoi gian dai con co thé gay
bién doi cdu trac san pham. Vi vay, nghién
ctru va ung dung cong nghé sdy hién dai dé
dam bao chét luong ca nuc kho, tiét kiém
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ning lugng va dap tng tiéu chuan xuat khau
1a thiét yéu.

Trong nhitng nim gan day, cong nghé
sy bom nhiét (Heat Pump — HP) va sy btrc
xa hong ngoai (Infrared — IR) dugc xem Ia
cac giai phap tiém nang trong ché bién thuc
pham nho kha nang tiét kiém ning lugng va
cai thién chat luong san pham [1-3, 7, 13].
Cong nghé sy hong ngoai c6 nhirng uu diém
sau: thoi gian siy ngin, hiéu sudt truyén
nhiét cao, gia nhiét déng déu, két hop séy
hong ngoai v&i cac cong nghé say khac. Khi
burc xa héng ngoai tac dong 1€n vat li€u cod
do 4m cao, nang lugng blrc xa s€ tham nhép
vao 16p bé mat vat lidu va chuyén hoa thanh
nhiét, thiic diy qua trinh bay hoi 4m hiéu qua
hon so voi phuong phap siy ddi luu truyén
thdng.

Hiéu qué cia cong nghé sdy hong ngoai
trong ché bién thuc pham di duoc ching
minh qua nhiéu nghién ctru. Cac nghién ciru
trudc day [14-15, 19] cho thiy hé thong sy
hdng ngoai két hop co thé giam 17,78% thoi
gian séy va 18,37% nang lugng tiéu thu so
v6i hé théng sdy thong thuong. Tuong tu,
Pekke va cong su [16] ciing nhan thiy siy
hdng ngoai gitip rat ngin dang ké thoi gian
sdy chubi 14t ma khong lam suy giam chét
luong san phém. Bén canh d6, cong nghé
hong ngoai gan (NIR) va hong ngoai trung
(MIR) da dugc ung dung thanh cong trong
séy nhiéu loai nong san nhu dau Ha Lan, dau
do, kiwi va 1&, gép phan rat ngin thoi gian
sdy va nang cao chit lugng san pham sau sdy
[17-19].

Mic du cong nghé sdy hdng ngoai va siy
bom nhiét di dugc nghién ctru trén nhiéu
loai néng san va thuy san, cadc nghién clru
vé sdy ca nuc (Decapterus maruadsi) bang
hé théng sy hong ngoai két hop bom nhiét
(IR-HP) van con rit han ché. Pic biét, chua
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c6 nghién ctru danh gia dong thoi anh huéng
ciia cac thong sb cong nghé siy dén dong
hoc sdy, tiéu hao niang luong va chat luong
san pham. Do d6, nghién ctru nay tap trung
danh gia dong thoi anh huong cua cac thong
s6 cong nghé IR-HP dén qua trinh sdy ca
nuc va xac dinh ché do séy t6i vu nham nang
cao chat luong san pham, giam tiéu hao ning
lugng va cung cap co sd khoa hoc cho viée
mg dung céng nghé nay trong ché bién thuy
san.
I1. D(j)I TUQNG, PHUONG TIEN

VA PHUONG PHAP TIEN HANH

NGHIEN CUU

1. Poi twong va vat liéu nghién ciru

Dbi tugng 1a xéc dinh cac thong s siy tdi
wu cho ca nuc bing phuong phap sdy bom
nhiét két hop blrc xa héng ngoai (IR-HP).

CHU THiCH

@ Méy nén

@ Dan ngung trong

(3 Dan lanh / dan bay hai
@ Dan ngung ngoai

@ Quat sdy / quat tudn hoan
@ Dén hdng ngoai trén

@ Deén hdng ngoai dudi

Gid sdy / khay chifa vat ligu
(® Van chin dan ngung ngodi
Van chan dan ngung trong
(i) Van dién tir

(1) T dién

Vit li¢u st dung trong nghién cuu la ca
nuc (Decapterus maruadsi), duoc lam sach
va phi 1& v6i khdi lugng mdi miéng dat tir
35 dén 60 gam, dam bao van gitt dugc dac
trung vé mau sic tu nhién va mui vi cua ca
nuc tuoi. Mau ca nuc dugc thu mua tai cho
Vinh Hai (Nha Trang), sau d6 dugc bdo quan
lanh va véan chuyén vé phong thi nghiém cia
Truong Pai hoc Nha Trang trong diéu kién
cach nhiét nham han ché bién ddi chat luong
trude thi nghiém. Trude khi séy, mau duoc
rira sach, dé rao va tién hanh bd tri thi ng-
hiém theo ma tran Taguchi. Qua trinh sy
duoc dung khi d6 am san pham dat 20 = 1%
[2-4, 7].

2. Hé thong thiét bi va cong cu do lwong
phuc vu thi nghiém

2.1. Tu sdy bom nhiét két hop birc xa

hong ngoai

(33) B3 diéu chinh khoing cich dén
Binh chia

(#) Gng mao

Mang nudc ngung

\@ Vit lidu sdy

J

CHU THICH MAU DUGNG MOI CHAT LANH

= Hdi nong ap sudt cao (tir méy nén)
s |3ng p sudt cao (sau ngung tu)

wmm Sau 5ng mao (hdn hop 1ong - hai dp sudt thip)
" Hoi 4p sudt thp (hi vé may nén)

Hinh 1. So' @6 nguyén ly ciia ti siy bang IR-HP
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Thyc nghiém dugc thyc hién trén hé
théng sdy bom nhiét két hop hong ngoai
(IR-HP) dat tai Phong thi nghiém, Truong
Dai hoc Nha Trang, voi ning suat say 2 kg
¢4 nuc/mé (Hinh 1). Hé théng gdém ba bod
phén chinh: hé théng bom nhiét, b phat buc
xa héng ngoai (IR) va quat ly tdm tao tudn
hoan khong khi. Thiét ké dang méo-dun cho
phép diéu chinh doc 1ap hodc dong thoi cac
thong sd sdy gém nhiét do sy (t), van tdc
dong khong khi (V), cong suit hong ngoai
(IP) va khoang cach tir ngudn birc xa dén san
phdm (H). Cong suat dinh murc cua céc thiét
bi chinh gdm: h¢ thong bom nhiét 0,745 kW,
bd phat héng ngoai 2 kW va quat ly tdm 0,1
kW. Pham vi diéu chinh cac thong sb k§
thuat cua ti sy twong tng la: t = 20-70°C,
V = 0,5-5 m/s, IP = 200-2000 W va H =
0,20-0,45 m [3].

2.2. Dung cu, thiét bi do dac phuc vu thyc
nghiém

Cac thong s6 van hanh va chi tiéu do
luong duoc theo ddi bang cac thiét bi chuyén
dung nham bao dam d6 chinh xac cua két
qua. Khéi lwong mau duoc xac dinh bang

can phén tich dién tir (20,01 g). D6 4m twong
dbi cua khong khi trong budng sdy duoc do
bang 4m ké dién ta, van toc dong khong khi
duoc do bang luu téc ké (Model LM81AT,
Dai Loan; sai s6 +£3%) va nhiét d¢ khong
khi trong budng siy do bang hé thong cam
bién nhiét da diém nhiéu kénh c6 do chinh
xac +(0,4% gid tri doc + 1°C). Dién nang
tiéu thu ciia hé théng séy duoc xac dinh bé“mg
cong to dién t¢ (Model EMIC CE-38). Bo
am ban dau cua ca nuc trude khi séy duoc
xac dinh bang can phan tich d6 4am (Model
BM120) truée khi sdy [1-3].

3. Phuwong phap nghién ciru

3.1. Phurong dn bé tri va quy hoach thyc
nghiém

Nghién ctru st dung phuong phap Taguchi
[11] dé thiét ké thi nghiém nhiam danh gia
anh huong cia cac thong sd sdy dén chit
lwgng san pham va mtc tidu thy ning lugng.
Cac yéu td khao sat duoc lya chon dua trén
co s& tong hop cac nghién ctru trudc diy
[1-3, 6-7] va dic diém cua qua trinh sdy ca
nuc. Cac mic gia tri ciia cac thong sd cong
nghé duogc trinh bay trong Bang 1.

Bang 1. Cac thong s6 du vao va mirc thiét 1ap trong thiét ké thi nghiém Taguchi

Thong s6 say Muc dudi Mtc co so Mc trén
t (°C) 45 50 55
V (m/s) 1 2 3
H (cm) 24 30 36
IP (W) 1600 1800 2000

3.2. Phwong phdp téi wu héa da muc tiéu

Phuong phap bé mat dap tng (RSM) la
cong cu thdng ké toan hoc trong quy hoach
thuc nghiém, cho phép lugng héa va moé hinh
héa mdi twong quan giita nhom bién doc lap
dau vao va cac bién phu thudc dau ra [2-3,
11]. Trong nghién ctu nay, RSM dugc tng
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dung dé xay dung mo hinh hdi quy tir thuc
nghiém, nhim déng thoi du bao va tim ra
thong sb tdi wu cho ba chi tiéu trong tam. Sy
phu thudc cua cac ham muc tiéu vao thong
s6 say dugc din giai qua phwong trinh (2.1)
[9-10, 12].

Y=1{t V,H,IP) (2.1)
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Trong d6, bién phu thudc (Y) trong nghién IP (W); cac murc thi nghiém tuong Gng dugc
clru nay bao gom ba chi tiéu danh gia: ty 18 trinh bay trong Bang 1. Mdi quan hé phi tuyén
tai hap thu nudc R (g/g), suét tiéu thu ning giira (k) bién dau vao va ham muc tiéu duoc

lugong riéng SEC (kWh/kg H,0) va thoi gian mod ta thong qua phuong trinh hdi quy béc
sdy TM (phut). Cac yéu té cong nghé dau hai (2.2), vén 1a mé hinh chuén thuong dung
vao duoc lya chon dé khao sat 1a: nhiét do trong t6i wu hoa RSM [5, 9-10, 12, 14]:

sdy t (°C), van toc dong sdy V (m/s), khoang

cach birc xa H (cm) va cong suat hong ngoai

k k k
? = by + z biX; + Z by X, X; + Z by X% 2.2)
i=1 ij=1 i=1

Trong d6, Y 1a gia tri du doan cta ham theo thiét ké Taguchi va tong hop két qua
muyc tiéu, b la hang s6 hoi quy, b, bij, b.la hé trong Bang 2. Két qua thi nghiém duoc thu
s0 hoi quy bac nhat va béc hai. X, X, 1a bién thap theo thiét ké Taguchi va tong hop trong
ma hod dai dién cho cac thong so say dau vao. Bang 2. Trinh tu x4c dinh cac thong so say toi

Nhom nghién ctru thu thap két qua thi nghiém wu duge thé hién trong Hinh 2.

Canuc (W, =76%)

v

Rira, xit Iy

v

Phi lé

v

Séy thuc nghiém trén may sdy IR-
HP, dén do am W2=20 £1%

v

Panh gia theo cac ham muc tiéu

v
v v v
TM (phit) R (g/8) SEC (kWh/kg H,0
v A4 v

Xay dung phwong trinh, t6i wu hoa
bang phuong phap RSM

v

Ché @6 tdi uu bang phuong phép sdy
IR-HP

Hinh 2. So' dd x4c dinh ché d siy t6i wu cho c4 nuc bang hé thong IR-HP
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3.3. Phwong phap thu thdp va xw ly dir
liéu thuec nghiém

3.3.1. Xé4c dinh d6 4m cua cd nuc theo
thoi gian say

P06 4m cua ca nuc tai cac thoi diém trong
qua trinh sdy dugc tinh theo cong [1-3]:

W; = 100 — @ G, (23)
1

Trong d6: W. 1a do am cua c4 nuc tai thoi
diém tht i, (%); W, la do am cia cé nuc
trude khi sdy (%); G,, G, 1a khdi luong cia
c4 nuc tai thoi diém ban du va tht i cia qua
trinh say, (g).

3.3.2. Ty 1& hip thu nudc tro lai
(Rehydration Ratio)

Ty 1& hap thu nuée tro lai (R) cta ca nuc
sdy dugc xac dinh bang phwong phap ngam
mau ca nyc khé trong nudc cit & 25-30°C
cho dén khi dat can bang. Mau ngam duogc
kiém tra khéi lugng dinh ky mdi 30 phut sau
khi da thim kho bé mat; qua trinh két thic
khi khdi luong miu 6n dinh gitra hai lan
can lién tiép. Chi tiéu R duoc tinh toan theo
cong thire da dugce thiét 1ap trong cac nghién
ctru [9-10], phan anh kha ning tai hap thu
nuéce va phuc hdi ciu triic cua san pham ca
nuc sau say.

R=22 (54

mgq

Trong d6: m 1a khoi luong cua 14t ¢4 nuc
sau khi ngdm nuéc, g; m, la khdi luong cua
14t ca nuc sau khi sdy, g.

3.3.3. Xac dinh suit tiéu hao ning lugng
riéng SEC

Dé danh gia hiéu qua kinh té va k§y thuat
ctia qué trinh sy, dai lugng suét tiéu hao
nang luong riéng (SEC) thudng dugc sur
dung. Chi sb nay phan anh muc tiéu ton dién
ning dé tach duoc lkg nudc ra khoi ca nuc.
SEC duoc tinh toan dua trén tong nang lugng
dién nang tiéu thu cua toan bo hé théng séy
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va lugng nudc thuc té d3 bdc hoi theo cong
thie [1-3]:

sEC — Lr
A - @9

Trong do6: EE: 1a tong ning luong ’tiéu thu
trong mot me say (kWh); AG  : 1a khoi luong
nudc duge tach ra khoi ca nuc (kg H,0)

3.3.4. Banh gia d0 chinh xac ciia mé hinh
thong qua sai sb du doan va thuc nghiém

D¢ chinh xac va d¢ tin cay gitra cac gia
tri du doan tir mo hinh so véi dit liéu thuc
nghiém, sai s6 phan tram trung binh (E %)
duoc tinh toan theo biéu thirc sau [9—10]:

E(%) = 100 Z |Y;,M11 Y;,TN| (2.6)
n Y, e
Trong d6: Y, \p, ¥, 7 » lan luot 1a gia tri

mo phong, gia tri thi nghiém, n 1a s 1an thi
nghiém.

3.3.5. Panh gia chit lugng cam quan
bang phwong phap cho diém

Péanh gia cam quan dugc tién hanh trén
mau ¢4 nuc cd do am cudi dat 20 + 1% theo
phuong phap cho diém c6 trong sé quy dinh
tai TCVN 3215:1979 [20]. Hoi dong danh
gia cam quan doc 1ap chdm diém ting chi
tiéu dya trén thang diém chuin, sau d6 nhan
voi hé s6 trong sb da dugce xac dinh trude
dé phan anh ding tdm quan trong cua timg
dic tinh. Cac chi tiéu danh gia gdm: mau sic
(hé s6 1,2), mui (hé $6 0,8), vi (hé s 1,0) va
trang thai cau truc (hé sb 1,0) [2-3, 8].
III. KET QUA VA BINH LUAN

Céa nuc trudce khi séy c6 dd 4m ban dau
W, = 76%. Su thay doi d6 am trong qué
trinh sdy duoc theo doi bang phuong phap
can mau dinh ky va tinh toan theo cong thirc
(2.3), qua trinh sdy dimng lai khi miu dat d6
4m cudi cung 1a W, = 20%. Dé nang cao do
chinh xac théng ké va kha nang lap lai, mdi
thi nghiém say déu dugc thuc hién 3 lan. Dir



Tap chi Khoa hoc - Cong nghé Thiiy sdn, S6 3/2026

liéu thu thap dwgc sau d6 dugc tong hop, thi nghiém Taguchi trong Bang 2.
phén tich va trinh bay theo ma tran thiét ké

Bing 2. Két qua nghién ciru thye nghiém

Ma tran thi nghiém Taguchi Théng s6 dau vao Thong s6 dau ra
STT X | X, | X, | x| t |V |H IP | T | SEC | R
1 1 1 1 1 45 1 24 1600 450 | 20.14 | 1.52
2 1 1 1 1 45 1 24 1600 440 | 19.57 | 1.54
3 1 1 1 1 45 1 24 1600 441 | 18.57 | 1.53
4 1 2 2 2 45 2 30 1800 320 | 1485 | 1.72
5 1 2 2 2 45 2 30 1800 320 | 1457 | 1.77
6 1 2 2 2 45 2 30 1800 300 | 1471 | 1.72
7 1 3 3 3 45 3 36 2000 340 | 17.29 | 1.62
8 1 3 3 3 45 3 36 2000 370 | 16.71 | 1.61
9 1 3 3 3 45 3 36 2000 320 | 17.85 | 1.60
10 2 1 2 3 50 1 30 2000 230 | 13.71 | 1.63
11 2 1 2 3 50 1 30 2000 232 | 13.14 | 1.67
12 2 1 2 3 50 1 30 2000 235 | 13.12 | 1.67
13 2 2 3 1 50 2 36 1600 220 | 12.85 | 1.84
14 2 2 3 1 50 2 36 1600 220 | 12.85 | 1.87
15 2 2 3 1 50 2 36 1600 210 | 12.67 | 1.85
16 2 3 1 2 50 3 24 1800 320 | 18.57 | 1.68
17 2 3 1 2 50 3 24 1800 322 | 1842 | 1.69
18 2 3 1 2 50 3 24 1800 325 | 19.71 | 1.66
19 3 1 3 2 55 1 36 1800 210 | 13.28 | 1.89
20 3 1 3 2 55 1 36 1800 210 | 13.14 | 1.86
21 3 1 3 2 55 1 36 1800 240 | 13.57 | 1.89
22 3 2 1 3 55 2 24 2000 150 9.28 | 1.79
23 3 2 1 3 55 2 24 2000 140 8.85 | 1.77
24 3 2 1 3 55 2 24 2000 120 8.28 | 1.71
25 3 3 2 1 55 3 30 1600 350 | 18.88 | 1.72
26 3 3 2 1 55 3 30 1600 320 | 17.14 | 1.70
27 3 3 2 1 55 3 30 1600 340 | 18.57 | 1.76
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1. Xay dung cac phwong trinh du doan

S liéu thi nghiém trinh bay trong Bang 2
dong vai tro dau vao dé thiét 1ap cac phuong
trinh hoi quy, phuc vu cong tac tién luong cac
dai lugng muyc tiéu khi séy ca nuc béng hé
thong IR-HP. Cac mé hinh nay nham dién giai

dinh lugng sy phu thudce ciia ham muc ti€u vao
cac yéu tb diéu khién chinh, duoc hé théng hoa
theo cdu tric tong quét tai cac phwong trinh
(2.1)-(2.2).

1.1. Xdy dung phuwong trinh dy doadn thoi
gian sdy cd nuc TM, phiit

Bang 3. Tong hop két qua phan tich phwong sai (ANOVA) dbi véi cac chi tidu dap ing.

Nguon TM (phiit) SEC (kWh/kg H,0) R (g/2)
F P F P F P

Hoi quy 140.72 0.000 120.97 0.000 66.70 0.000

Bdc nhdt 190.83 0.000 133.32 0.000 88.11 0.000

t 463.09 0.001 200.66 0.001 213.16 0.000

\% 31.61 0.001 112.40 0.001 2.56 0.127

H 42.07 0.001 22.66 0.001 129.96 0.000

IP 226.54 0.001 197.54 0.001 6.76 0.018

Bdc hai 96.61 0.000 108.63 0.000 45.29 0.000

2 58.71 0.001 1.62 0.220 5.33 0.033

V2 297.48 0.001 421.93 0.001 112.85 0.000

H? 6.27 0.022 2.02 0.172 1.33 0.263

IP2 0 0.952 8.95 0.008 61.65 0.000
R(sq) (%) 98.43 98.17 96.74
R2(Adj) (%) 97.73 97.36 95.29
R2(Pred) (%) 96.46 95.89 92.66

Phan tich phuong sai (ANOVA) trong Bang
3 cho thdy mé hinh hdi quy bac hai dy doan thoi
gian sy TM c6 y nghia thong ké rét cao véi gia
tri (F = 140.72) va (p < 0.001). Hé s6 xac dinh
cta mo hinh dat R? = 98.43%, trong khi R’(Adj
) =97.73% va R*(Pred) = 96.46%. Su chénh
1éch nho gitta R?(Adj va R*(Pred) (1.27%) cung
v6i d6 1éch chuan thap (S = 13.373) cho thiy
mo hinh c6 @6 phu hop cao véi dir liéu thuc
nghiém va kha niang du doan tot. Trong cic
yéu t6 tuyén tinh, nhiét d6 sdy (t) c6 anh hudng
manh nhéat dén thoi gian sdy voi gia tri (F =
463.09), tiép theo la cong suit hong ngoai (IP),
¢6 (F = 226.54), khoang cach dén hong ngoai
(H), c6 (F = 42.07) va van tbc tac nhan siy (V),
(F = 31.61) [6-7]. Cac thanh phan béc hai (t?),
(V?) va (H?) déu c6 y nghia théng ké (p < 0.05),
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trong khi thanh phan (IP?) ¢ (p > 0.05), it anh
huéng hon dén mo hinh hoi quy.

Két qua tir cac dd thi duong dong mic &
Hinh 3a va 3b cho thay thoi gian sdy giam khi
tang nhiét do sy va cong suit hdng ngoai. Diéu
nay la do sy gia ting cudong do truyén nhiét lam
tang toc d6 khuéch tan 4m tir bén trong ra bé
mit vat liéu. Di v6i van tde tac nhan sdy, khi
tang tir 1 dén khoang 2 m/s, thoi gian sdy giam
nhd su can biang giita khuéch ndi va khuéch
tan ngoai. Tuy nhién, khi van tdc vuot qua 2
m/s, bé mit lat ca dé bi kho cung, lam can trd
su thoat 4m tir bén trong va kéo dai thoi gian
sdy [7, 15]. Tuong tu, khoang cach dén hong
ngoai dat 29-30 cm cho thoi gian sdy thap
nhét; khi ting hodc giam khoang cach nay, déu
anh huong dén qua trinh truyén nhiét va truyén
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am, 1am thoi gian sdy tang tr lai. Cac két qua
trén ching minh ring mé hinh hdi quy (3.1)
¢ do tin cdy cao va hoan toan phu hop dé du

doan ciing nhu t6i wu hoa thoi gian sdy ca nuc
bang hé thong sdy két hop hong ngoai va bom
nhiét IR-HP.

TM = 5567 — 180.9t — 358.9V + 19.37H — 0.207IP + 1.673t? + 94.17V? — 0.380H? — 0.000008IP* (3.1)

1.2. M6 hinh hoi quy dw dodn SEC, kWh/kg H,O

Phan tich phuong sai (ANOVA) & Bang 3
cho thdy mé hinh hoi quy bac hai dy doan SEC
¢6 ¥ nghia thong ké rit cao (F = 120.97; p <
0.001). Cac hé sb xac dinh dat R?= 98.17 %,
R’(Adj ) = 97.36 %, va R*(Pred) = 95.89 %.
Su chénh léch nho gitra R*(4dj va R’(Pred) la
1.47 %, khang dinh mé hinh c6 do twong thich
cao véi dir liu thuc nghiém va kha nang du
doan tot [5, 11]. V& anh hudng tuyén tinh, ca
4 yéu t6 dau vao (t, V, H, IP) déu tac dong co
¥ nghia dén SEC (p < 0.05), trong d6 nhiét do
sdy (F = 200.66) va cong suat hong ngoai (F =
197.54) c¢6 anh hudng manh nhat. Déi véi cac
thanh phan bac hai, chi c¢6 V2 ¢ (F = 421.93
va p <0.001) va IP? c6 (F = 8.95; p = 0.008)
¢6 y nghia thong ké, trong khi # va H ?¢6 anh
huong khong dang ké dén mé hinh (p > 0.05).
Bén canh d6, Hinh 3c va 3d, cho the"iy SEC
giam manh khi ting nhiét do sdy (tir 45 dén
54-55 °C) hoic ting cong suat hong ngoai (tir

1600 dén 2000 W). Nguyén nhan 14 do cuong
d6 truyén nhiét ting cao thic day toc do bdc
hoi 4m, rat ngan thoi gian siy va giam luong
dién nang tiéu thy trén mot don vi nudce tach ra.
Nguoc lai, van tde gi6 va khoang cach dén déu
ton tai gia tri toi vu cho SEC cuc tiéu (Ian lugt
tai V = 1.8-2.0 m/s va H dat khoang 30 cm).
Néu van toc gi6 qua thap hoic khoang cach dén
qué xa, kha nang truyén nhiét - truyén am bj
han ché 1am kéo dai thoi gian sdy. Tuy nhién,
néu van tdc gid vuot qua khoang t6i wu s& gy
hién twong kho cimg bé mit, hodc néu khoang
cach dén qua gan s& 1am nhiét do bé mat ting
qua muc, déu dan dén suy giam hiéu qua sy
va lam tang SEC [7, 15, 18]. Nhin chung, cac
chi s6 thong ké va xu huéng thuc nghiém déu
khang dinh mé hinh hdi quy (3.2) hoan toan
dang tin cay dé du doan va t6i uvu hoa suit tiéu
hao ning lugng riéng trong qua trinh sdy ca
nuc bang hé thong IR-HP.

SEC = 32.4 - 1.519t — 17.186V + 0.432H + 0.0517IP + 0.01149t? + 4.642V? — 0.00892H? — 0.000017IP? (3.2)

1.3. M6 hinh hoi quy dy dodn R, g/g
Két qua ANOVA cho thiy mo hinh hoi
quy bac hai dy doan ty 1& hap thu nuée tré lai
(R) ctia ca nuc kho c6 y nghia thng ké cao (F
=66.70; P < 0.001) [5, 11, 14]. Trong cac yéu
tb khao sat, nhiét do sy (t) va khoang cach dén
héng ngoai (H) anh huong manh nhat dén R
v6i gia tri F 1an luot 14 213.16 va 129.96 (P <
0.05), trong khi van téc gi6 (V) khong co anh
huong dang ké (P > 0.05). Pdi voi cac thanh
phan bac hai, cac hé s6 t2, V2 va IP2 ¢6 ¥ nghia
thong ké (P < 0.05), con H2 khong c¢6 y nghia
(P=0.263) [5, 11].
Phan tich d6 thi duong dong mic cho thiy,

ty 1& R tang khi nhiét do sdy tang tir 45 — 55°C
va dat gia tri cao & van tdc gié khoang 2 my/s.
Giéa tri R cling tang theo khoang cach dén IR
va dat cuc dai tai ving cong suit IP trung binh.
Diéu nay chimg minh viéc t6i wu hoa cac thong
s6 sy gitip nang cao kha ning hut nudce tro lai
ctia san pham. M6 hinh thu dugc c6 d6 phu
hop cao véi cac hé sb R? = 96.74%, R*(Adj )
= 95.29% va R’(Pred) = 92.66%, khang dinh
kha ning giai thich va dy doan tot cia md hinh
trong mién khao st [5, 11, 14]. Do d6, mé hinh
toan hoi quy (3.3) c¢6 thé duoc sir dung dé du
doan ty 1& hap thu nudc phuc hoi cua ca nuc
kho trong quéa trinh sy hong ngoai két hop
bom nhiét.

R = -7.61+0.1059t + 0.4V — 0.0080H + 0.006728IP — 0.000889t2 — 0.1022V? + 0.000309H% — 0.00002IP (3.3)
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2. Ung dung phwong phap téi vu da muc
tiéu dé xac dinh ché d¢ siy ca nuc

2.1. Két qua toi wu héa théng sé sdy cd nuc
bang IR-HP

Bing 4. Két qua ché d9 sdy toi wu héa da muc tiéu

Thong sd Gia tri ti wu
t (°C) 51.77
V (m/s) 2.05
H (cm) 36.00
IP (W) 2000
Bang 5. Gia tri du doan va khoang tin cay 95% cua cac chi tiéu dap @wng
Chi ti€u dap Gng Gia tri dy doan SE Fit Khoang tin cay 95% (CI)
TM (pht) 104.16 7.50 88.40 — 119.92
SEC (kWh/kg H,0) 8.58 0.311 7.934-9.24
R (g/g) 1.81 0.024 1.761 — 1.86

Két qua t6i uvu hoa da muc tiéu (Bang 4 va
Bang 5) cho thdy gia tri ky vong tong hop dat
0.9061, chtng to nghiém ti uu dap tng tt cac
muc tiéu dé ra [5, 11, 14]. Thong sb sdy t6i vu
dugc xac dinh gdm nhiét d6 51.77°C, van toc
gi6 2.05 m/s, khoang cach dén hong ngoai 36
cm va cong suat birc xa hdong ngoai 2000 W. Tai
diéu kién nay, cac gia tri du doan cia TM, SEC
va R lan luot dat 104.16 phut, 8.586 kWh/kg
H,O va 1.811 g/g. Céac gia tri SE Fit thap cing

v6i khodng tin cdy 95% cua cac chi tiéu dap ung
cho thay cac mé hinh héi quy dugc xay dung co
do tin ciy va kha nang du doan tdt trong mién
nghién ctru. Két qua cho thay ché do sy tbi wu
¢ kha nang rat ngan thoi gian sy, giam tiéu
hao ning luong va duy tri chat luong cua san
pham c4 nuc khé [6, 9-10].

2.2. Kiém chitng thiec nghiém va danh gid
sai 6 dw bdo ciia mé hinh

Bang 6. So sanh gia tri dw doan va gia tri thwe nghiém ctia cic ham muc tiéu

Ham muc tiéu Gia tri du doan Gia tri thyc nghiém Do sai 1éch (%)
TM (phut) 104.16 115 9.42
SEC (kWh/kg H,0) 8.58 9.55 9.20
R (g/g) 1.81 1.65 8.83

Két qua kiém ching tai ché do sy ti wu
cho théy cac gia tri thyc nghi€m va gia tri du
doan tir mé hinh hdi quy co su phu hop tot
(Bang 6). D0 sai Iéch gitra gia tri dy doan va
thuc nghiém cua cac chi tiéu TM, SEC vaR lan
luot 12 9.42%, 9.20% va 8.83%. Mac du co su
sai khac nhat dinh do anh hudng cua diéu kién
thuc nghiém va sai sb do ludng, cac gia trj sai
léch déu nam trong gidi han chép nhan duoc
d6i véi cac mo hinh thuc nghiém trong linh

vuc sy thity san [5, 11, 14], ching té cac mo
hinh hdi quy da xay dung c6 kha nang dy doan
t6t cac muc tiéu trong mién nghién ctru. Do do,
cac phuong trinh héi quy thu dugc co thé duoc
sir dung dé du doan thoi gian sdy, suét tiéu hao
nang lugng riéng va ty 1& hut nudc phuc hdi
trong qua trinh sdy ca nuc bang bom nhiét két
hop birc xa hong ngoai.
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3. Phén tich dong hoc qua trinh siy tai ché dé t6i wu va so véi cong nghé HP va IR
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Hinh 4. Puong cong siy ca nuc theo cic phwong phap siy khac nhau

Két qua nghién ctru trén Hinh 4 cho thay
d6 4m ctia ca nuc giam lién tuc theo thoi gian
dbi véi ca ba phuong phap siy (IR-HP, HP va
IR). Tuy nhién, tbc d6 giam 4m va thoi gian dat
d6 am cudi co sy khac biét dang ké giita cac
ché do. O ché do sdy t6i wu (IR-HP), d6 am
clia ca giam tir 76% xudng 20% chi sau 115
phut sdy. Trong cing khoang thoi gian nay, do
am clia mau ca nuc sdy bang hong ngoai (IR)
chi giam xubng 26.3%, trong khi mau sy bom
nhiét (HP) van con ¢ mirc 64.8%. Dé dat do 4m
khoang 20%, phuong phap siy hong ngoai can
khoang 150 phut, con phuong phép sdy bom
nhiét can t6i 690 phat. Két qua cho thiy thoi
gian sdy cuia ché d6 ti uu giam khoang 83.33%
s0 voi say bom nhiét va giam khoang 23.33%
s0 v&i sdy hong ngoai. Diéu nay 1a do & ché
do sy tdi wu, qua trinh truyén nhiét va truyén
khdi dién ra ddng thoi va hd trg 1an nhau. Ning
luong birc xa hong ngoai dugc hap thu truc tiép
tai bé mat va l6p vat ligu g?m bé mit, nhanh
chong chuyén thanh nhiét, lam ting nhiét do
san pham va tao chénh léch 4p suit hoi giita
bén trong va bé mit c4. Chénh léch nay thuc
day qué trinh khuéch tan 4m tir bén trong tim
ca ra bé mat. Pong thoi, khong khi siy co do
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am thap va nhiét d6 6n dinh do hé thong bom
nhiét cung cap lién tuc mang hoi am ra khoi bé
mit san pham, duy tri chénh 1éch ap suat riéng
phan hoi nuée giita bé mat san phdm va moi
truong sy, qua do duy tri dong luc truyén 4m
trong sudt qua trinh siy. Nho su phdi hop giita
truyén nhiét bang birc xa, truyén nhiét ddi luu
va qua trinh truyén khdi tir bén trong lat ¢4 ra
moi truong, hién tugng tich tu am trén bé mat
dugc han ché, 1am tang téc d6 sdy va rat ngan
dang ké thoi gian say, phi hgp voi cac nghién
ctru [7, 15, 17]. Nhu vay, ché d¢ sy tbi wu cho
kha ning thoat 4m nhanh nhat, rat ngan déng
ké thoi gian sy so voi cac phuong phap con
lai. Py 14 co s& quan trong dé nang cao ning
suét thiét bi, giam tiéu thu ning lugng va han
ché cac bién tinh vé chét lugng san pham trong
qua trinh sdy khé cé nyc.

4. Panh gia chit lwong sian phim ca nuc
sdy tai diéu Kién t6i wu theo tirng phwong
phap siy

4.1. Anh heong cia phwong phép sdy dén
chat liwong cdm quan va ty 1é hit nuwée phuc
hoi ciia cd nuc
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Bang 7. Két qua danh gia cam quan ciia ca nuc theo phwong phap siy

Céc phuong phap siy Diém CQ (diém) Ty 1&¢ HNPH, R (g/g)
Cé nuc sy bang IR-HP 18.12 1.65
Cé nuc sdy bang IR 17.88 1.52
Cé nuc sdy bang HP 18.20 1.68

a) Ca nuc siy bang IR-HP

b) Ca nuc sdy bang IR

b) Cé nuc siy bang HP

Hinh 5. Hinh anh c4 nuc khé theo cic phwong phap siy

Bang 7 va Hinh 5 cho thiy chét luong
cam quan (CQ) cua ca nuc sdy bang cac
phuong phap déu dat mirc tét, vdi diém CQ
dao dong tir 17.88 dén 18.20 diém [3, 6-7].
Mau sy bang bom nhiét (HP) dat diém CQ
cao nhit (18.20 diém), tiép theo 1a miu siy
IR-HP (18.12 diém) va miu siy IR (17.88
diém). Tuong tu, kha ning hat nuéc phuc
hdi ctia mau ca nuc sdy bang HP va IR-HP
lan luot dat 1.68 va 1.65 g/g, cao hon so v&i
mau c4 sdy bang IR (1.52 g/g). Két qua cho
thay phuong phap siy bang IR-HP van duy
tri duoc chat luong CQ va kha ning phuc
hdi nude twong dwong mau ca nuc sdy bom
nhiét, d(‘Sng thdi vuot troi hon mau ¢ nuc séy
hdng ngoai. Diéu nay cho thiy két hop buc
xa hong ngoai voi bom nhiét gitp rat ngin
thoi gian say ma khong lam suy giam chat

lugng san pham [10, 15, 18].

4.2. Phan tich hiéu qud nang luong thong
qua chi s6 SEC theo phwong phadp sdy

Két qua trén Hinh 6 cho thiy phuong
phap siy hong ngoai (IR) c6 mic tiéu hao
ning lugng riéng thap nhit, dat 9.57 kWh/
kg H,O bay hoi. Phuong phap say két hop
hdng ngoai va bom nhiét (IR-HP) c6 SEC dat
10.57 kWh/kg H,O, chi cao hon 10.45% so
voi IR, trong khi sy bom nhiét (HP) c6 SEC
cao nhit, dat 22.43 kWh/kg H,0. Su khdc
biét nay chu yéu do birc xa hdng ngoai cung
cip nang lugng truc tiép cho lat ca, thic day
qua trinh khuéch tan va bay hoi 4m tir bé mat
lat ca vao méi truong, tir d6 rat ngin thoi
gian sdy [7, 17-18]. Mic du IR cho gia tri
SEC thap nhét, phuong phap IR-HP dugc
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danh gi4 13 t6i uu hon do vira duy tri hiéu qua
ning luong cao, vira dam bao chat luong san
pham nho sy két hop giita kha ning gia nhiét

@ Ca nuc say bang IR-HP
B Ca nuc say bang IR

Ca nuc i:*sj.’ If:”l‘.lj_ bom nhiét HP

10.57

SEC (kWh'kg H.0)

nhanh ctia hong ngoai va kha nang kiém soat
nhiét 46, d6 4m cua hé thong bom nhiét [6,
9-10].

72 43

Hinh 6. Bién d6i SEC theo phwong phap siy

5. KET LUAN VA KIEN NGHI

5.1. Két lugn

Nghién ctru da xay dung thanh céng cac
mo hinh héi quy bac hai dy doan thoi gian
sdy (TM), suét tiéu hao ning lugng riéng
(SEC) va ty 18 hit nudc phuc hdi (R) cia
¢4 nuc trong qua trinh siy bang hé théng
hdng ngoai két hop bom nhiét (IR-HP). Cac
mo hinh déu c6 y nghia thong ké cao (p <
0.001), véi hé sd xac dinh R? dat tir 96.74
dén 98.43%, cho thay kha ning du doan tot
trong mién khao sat. Két qua téi wvu hoa da
muc tiéu xac dinh duoc ché do sdy ti wu
gém nhiét 6 sdy 51.77°C, van tdc gié 2.05
m/s, khoang cach dén hong ngoai 36 cm va
cong suit hdng ngoai 2000 W. Tai diéu kién
sdy nay, cac gia tri du doan cia TM, SEC
va R 1an lugt dat 104.16 phut, 8.58 kWh/kg
H,O va 1.81 g/g. Két qua thuc nghiém kiém
chtrng cho théy d6 sai 1&ch gitra gia tri dy
doan va thyc nghiém nhé hon 10%, khéng
dinh d6 tin cay ciia cac md hinh hdi quy.
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So véi phuwong phap sy hong ngoai va
sdy bom nhiét, ché do sy téi wu IR-HP cho
hiéu qua cao hon véi thoi gian sy ngan chi
115 phat d¢é giam d6 am cua ca nuc tir 76%
dén 20%, ngin hon khoang 23.33% so v&i
mau sy bang IR va 83.33% so vdi sdy bang
HP. San phdm ca nuc sdy thu dugc c6 chit
luong cam quan tét (18.12 diém), kha ning
hat nude phuc hoi cao (1.65 g/g) va dap
mg yéu ciu chét lugng ca nuc kho. Két qua
nghién ctru khang dinh cong nghé IR-HP la
giai phap trién vong cho ché bién c4 nuc kho
nhd kha ning rat ngin thoi gian sdy, giam
tiéu hao ning luwong va duy tri chit lugng san
pham.

5.2. Kién nghi

Can tiép tuc nghién ctru dong hoc qua
trinh sdy, danh gia anh huong cta ché do sy
IR-HP dén chét luong dinh dudng va céac chi
tiéu chat lugng khac cta san pham, dong thoi
phan tich hiéu qua kinh té va kha ning tng
dung & quy md san xuat cong nghiép.
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