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Tém tat: Bai bao trinh bay két qud nghién ciu thuc nghiém xéc dinh cac théng sé sy téi vu
cho c& com thuong bang phuong phép sdy bom nhiét két hop birc xa hdng ngoai. Cac thi nghiém
duoc thiét ké theo phurong phap ciia Taguchi vé6i cac thdng sé sdy bao gém nhiét do sdy (t), van
toc tac nhan sdy (V), khodng cach bic xa hdng ngoai (H) va cong suat hong ngoai (IP). Két qua toi
wu héa da muc tiéu bang phuwong phap bé mat dap tng RSM dé thu dugc cac thong sé sy t6i vu
sao cho ca com co6 chét lwong tét, thoi gian sdy ngan va tiét kiém nang luong. Cu thé 1a cac thdng
sé say téi wu cho ca com khé dwoc xéac dinh nhw sau: t = 47,35°C,V =1,73m/s,H=30cm, IP =
1000 W, do &m tuwong déi cia tac nhan sdy ¢ = 15 + 17%, thoi gian sdy 1ss = 126 phut.

Tirkhoa: Sdy ca com, sy cé com bang bom nhiét két hop héng ngoai.

|. DAT VAN BE

Hiép hoi ché bién va xuat khau thiy san Viét Nam
(VASEP) da théng ké cho thay ndm nay, nganh thiy
san c6 thé 1an dau tién vwot mbe xuét khau trén 10
ty USD, tang khodng 12 + 15% so v&i nam 2021.
Trong dd, s&n pham nudi tréng thly san 1a ca tra va
tdm sé& chiém khoang 65%, cac san pham khai thac
tlr bién nhw ca com, ca nuc,...khodng 35%. [15]. C6
thé ndi méat hang ca com khé ché bién hién nay ciing
con nhiéu han ché, phwong phap ché bién chi yéu
la ché bién nhd 18, thu cong tir cac lang nghé bang
phwong phap truyén thong nhw phoi nang nén chat
lwong ca com khé bi giam dang ke Bén canh do,
mot sb CO SO ché bién ca com khé van st dung cac
dang 10 sy tw ché st dung phwong phap say bang
khong khi ndng. Phuo’ng phap trén thuong c0 nhiét
do séy cao |a bién ddi mau sic, mui vi va giam chét
lwgng cla san pham [1- 3]. Bac biét hon phuwong
phap phoi nang, van dé vé vé sinh, an toan thuc
pham kho dwoc dam bado, lam gidm gid tri st dung,
gia tri kinh té va lam giam gia tri xuét khau [2- 4]. Hién
nay, phwong phap sdy bang bom nhiét (HP) va say
bang birc xa héng ngoai (IR) da va dang duworc tng
dung nhiéu trong thuc t&, méi phwong phap déu co

nhitng wu diém va nhuwoc diém riéng. Do do, nghién
ctru két hop phuong phap sdy bang HP véi IR (IR-
HP) nham phat huy nhitng wu diém va han ché
nhwoc diém dé phu hop cho sdy ca com 14 rat can
thiét [1-2, 10, 12-13].

Il. DOI TWONG, THIET Bl VA PHUONG PHAP
NGHIEN ClU
2.1 B6i twong nghién ciru

Pbi twong nghién clru 1& ca com thwong
(Stolephorus commersonnii), kich c& than ca dai tw
5+ 7 cm, ca c6 mau sac, mui tanh tw nhién cla ca
com twoi (Hinh 4a). Ca com dwoc thu mua tai cang
Clra Bé, Phwong Vinh Trwong, Nha Trang, tinh
Khanh Hoa, qué trinh van chuyén ca com dwoc bao
quan bang nwéc da réi chuyén vé phong thi nghiém
Nhiét lanh, Treong Pai hoc Nha Trang. Tai day, ca
com dworc rira sach va ludc véi thoi gian khoang 5
phut trong dung dich nuwéc mudi (NaCl) c6 néng dé 2
+ 3 % (Hinh 2). Ca com sau khi ludc duwgc tién hanh
sy trén may IR-HP (Hinh 1) véi cac thong sb say da
duorc thiét ké theo ma tran quy hoach thuc nghiém
cha Taguchi (Bang 2). Qué trinh sdy cta méi thi
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nghiém (TN) dwoc két thic khi ham lwong 4m cudi
clia ca com kho dat khoang 20 +1 % [1, 3, 11].
2.2. Thiét bi nghién cteu
2.2.1. May sdy bang bom nhiét két hop héng
ngoai IR-HP

Nghién clru duoc tién hanh trén may say bang
bom nhiét két hop voi hong ngoai IR-HP (Hinh 1).
May sdy dwoc thiét ké va ché tao tai phong thi
nghiém nhiét lanh, Khoa Co khi, Triedng Bai hoc Nha
Trang vdi tinh nang ky thuét nhw sau: Nang suat dat
1kg/mé, cong suat ctia méi may nén (0,745 kW),
cong suat den hong ngoai (1 kW), quat ly tam (0,5
kw). May séy co thé diéu chinh dwoc céc théng so
sy theo yéu cau cla cong nghé nhu: nhiét do say
dat tlr 20 = 70°C, van tbc tAc nhan sdy (TNS) tir 0,5
+ 5 m/s, khodng cach tir bé mé&t dén IR dén vat liéu
say (VLS) tr 0,2 + 0,45 m [3-4].

2.2.2. Céc thiét bj khac s dung trong nghién
ctru

~ Xac dinh khoi lvong clia ca com theo thoi gian
say bang can phan tich dién t&r Model: XT2200C, sai
sOla +0,01g, Thuy S¥.

Xac dinh d6 &m twong dbi cta khong khi tai
phong say bang am ke hién s6 Model: Testo 605H1,
sai so la + 3%RH, buc.

~ Xac dinh van toc TNS tai phong séy bang lwu toc
ké hién s6 Model: LM81AT, sai so la + 3%, Pai Loan.

~ Xac dinh nhiét d6 trong phong séy say bang nhiét
ké hién thj s6 EXTECH, v&i 12 dau do, Model TM500,
v&i d0 chinh xac la + (0.4 % Rdg + 1°C), Bai Loan.

_ Xac dinh dién nang tiéu thu theo thoi gian say
bang cong to dién t& 1 pha, 220V, 50Hz, Model:
EMIC CE-38, cap chinh xac: 1, Viét Nam.
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Hinh 1. So'dé nguyén ly cia may sdy bang bom nhiét két hop hdng ngoai IR-HP [3-4]
Béng 1. Cac muc thi nghiém véi 3 yéu té dnh huéng chinh va cac mde thi nghiém

STT | Thong sé du vao Mrc dudi | M co s& | Mre trén Khot‘?]ri‘gnb'e”
1 | Nhiét do say, t[°C] 45 50 55 15
2 Van toc TNS, V [m/s] 1 2 3 1
Khoang cach tir bé mat
3 | gen IR dén VLS H [cm] 30 35 40 5

2.3. Phuwong phap nghién coru
2.3.1. Thiét ké thi nghiém theo phwong phédp
cua Taguchi

Trong nghién ctru nay, phuong phap Taguchi
duoc sr dung dé thiét ke tat ca cac thi nghiém cho
quatrinh say ca com. Cac théng so anh hwéng chinh
dén qua trinh say ca com da duwoc lwa chon dya trén
két qua clia mét s6 nghién ctru trwvdre [2-4, 5-6]. Theo

do, cac théng sb dau vao cua bai toan tdi wu dwoc
xac dinh va trinh bay trong Bang 1.

2.3.2. Phuong phdp bé mat ddp ung (RSM —
Response Surface Methodology)

RSM la phwong phap thdng ké toan hoc dwoc
str dung dé thiét [ap phwong trinh toan héi quy tw
thwc nghiém. Phu’o’ng phap nay co thé biéu dién
méi quan hé gitra cac bién dau vao doc lap véi cac
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bién dau ra phu thudc [2, 4-6]. Trong nghién ctru
nay, phwong phap phan tich héi quy dwoc st dung
dé thiét 1ap mé hinh thwc nghiém cho viéc dw doan
cac muc muc tiéu chinh (Rpp, Too, SECpp). Mbi
quan hé gitra gia tri ddu vao va cac ham muc tiéu
duwoc viét theo phwong trinh (2.1) [2, 5-6]:

Y =1(t, V, H) (2.1)

Trong d6: Y 1a cac ham muc tiéu cu thé nhu ty
l& hat nwéac phuc héi (HNPH) Rop (%), suét tiéu
hao nang lvong SECpp (kWh/kgH20), thoi gian
séy (TGS) Top (h). Céac théng sb diu vao cua bai
toan dwogc trinh bay trong Bang 1. Phwong trinh
(2.1) c6 thé dwoc viét theo cac ham muc tiéu véi
“k” bién dau vao dwéi dang phwong trinh bac 2 nhw

sau [2, 4-6, 10]:
k
Z byX; X +Zbu
]:

(2.2)

Y= b+

~Trong do: Y la cac muc tiéu dap tng; bo la hang
s0; bi, bj va biila cac hé so hoi quy bac nhat va bac
2; Xi, Xj la cac bién ma hoa cua qua trinh say. Két

qua thyc nghiém theo phuwong phap Taguchi [8]
duoc trinh bay trong Bang 2. Cac thong so say toi
wu cho ca com duwoc xac dinh theo so d6 Hinh 2.

2.3.3. Phwong phap xac dinh
Xéc dinh ham lwong dm va téc dé sy cla ca com
bién déi theo thoi gian

Do &m clia ca com bién dbi trong qua trinh séy
duoc xac dinh bang phwong phap can bang khoi
lwgng theo cbng thuc [1-4]:

W, = 100 — L2
G

i

(2.3)

Trong d6: Wi 1a ham lwong dm twong ddi cla ca
com tai thoi diém i, %; W1 1a d0 Am ban dau cla
ca com, %; G1 la khéi lwgng ban dau cta ca com,
g; Gila kh0| Iuo’ng cla ca com tai thoi dlem i, 9.
Tbc d6 sy cla ca com theo thoi gian say dwoc
tinh theo céng thirc sau [1, 13]:

dw AW

2.4
d1: A‘C 24)

Trong d6: U la tbc d6 sy, %/h; At la khoang thoi
gian gitra cac lan xac dinh At = 1, — 1, ; Bién thién
ham lwgng &m theo AT 1a Aw = Wi — Wi,

| Ca com nguyén liéu |

¥

| Rura, xur ly

¥

Lugc ¢4 com trong nude co ndng do
N.Cl dat 2+3%, thoi gian S phat

v

S'fl_v ca com theo ma tran thuc nghiém
cua Taguchi trén may IR-HP, dén do
am cua ca com kha dat 20 £1%

v
Panh gia theo cac ham muc tiéu
2
v v v
Thoi gian siy Ty 1¢ HUNPH Nang lugng SECrn
i (phiit) Ry (%) (kWh/kgH:0
¥ v v
v

Xay dyung phuong trinh hoi quy va toi
uu héa bang phuong phap RSM

v

Két qua: Céc thong s sdy ci com tdi
uu bang phuong phap IR-HP

Hinh 2. So d bé tri thuc nghiém xac dinh ché dé sy téi wu cho ca com

Xac dinh ty 1€ hat nwéc phuc héi cla ca com khé
sau khi say

Ty 1& HNPH cta ca com kho sau khi sdy dwoc
xac dinh bang phwong phap ngdm ca com khé
trong nuéc cat (nwéc ngap mau ca com kho) &
nhiét dé dat khoang 25 + 30°C. Theo méi thdi gian
30 phat, mau ca com ngam dwoc vét ra, thAm kho
nwdc dinh wét trén bé mat ngoai than ca com va
tién hanh can khéi lwgng mau, thye hién cho dén

khi khoi lvgng mau ca ngam gitka 2 lan can lién
nhau la khéng d6i. Ty 16 HNPH cta ca com kho
(Rtn) dwoc xac dinh theo cong thirc sau [9-11]:

m. —m
_ 'V
Rpy = —t—

vik 100
vik

Trong d6: myia 1a khéi lwong cﬂa,méu ca com sau
khi ngédm nuéc, gVLA; myk la khoi lwgng cda mau
cé com sau khi say, gvVLK.

(2.5)
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Xéc dinh suét tiéu hao ndng lwong trong qua trinh
séy ca com bang IR-HP

Suét tiéu hao nang lwong trong qué trinh say
ca com bang IR-HP dwoc xac dinh theo céng
thre [12-13]:

SEC = (2.6)

AG,,

Trong d6: SEC (specific energy consumption):
Nang lwong tiéu thu, kWh/kgH20; Ep: 1a tdng dién
nang tiéu thu ca ta sdy, kWh; AGy: la lwgng nwéc
bay hoi ra khéi vat liéu say, kg.

Phuong phap danh gié sai sé cta phuong trinh dw
doan va thyc nghiém

Sai sb phan tram trung binh E, % dwoc xac
dinh theo cong thaee [10-11]:

E(%) = 1002‘ |M; |TN‘

i,MP

2.7)

Trong do: Y, MP,Y,,TN ,1an lwot 1 gia tri dw doan,
gia tri thwe nghiém, n la s6 1an thi nghiém.

Phuwong phép danh gia diém chat lrong cdm quan

DBiém chét lwgng cdm quan cta ca com khd
dwoc danh gia bang phwong phap cho diém theo
tiéu chuan Viét Nam TCVN 3215 — 79. Ca com khd
sau khi sdy dat dén dd am yéu cau, dwoc tién hanh
danh gia theo céc chi tiéu va hé sé quan trong nhw
sau: Mau sac, hé sb 1,2; mui, hé sd 0,8; vi, hé sb
1; trang thai co thit, hé sb 1 [7].

Phuwong phap xac dinh cac chi tiéu héa hoc va vi
sinh vt

X&c dinh ham Ilwong 4m trong ca com truéc khi sy
theo TCVN 3700: 1990; xét nghiém chi tiéu E. coli
theo phwong phap kiém nghiém TCVN 7924-2:
2008; xac dinh Coliforms theo TCVN 6848: 2007;
xac dinh Salmonella theo TCVN 10780-1: 2017; xac
dinh téng vi sinh vat hiéu khi theo TCVN 4884-1:
2015. Cac chi tiéu vi sinh trén dwoc xét nghiém tai
Trung tam kiém nghiém, S& y té, Khanh Hoa.

ll. KET QUA NGHIEN ClPU VA THAO LUAN
Trong nghién ciru nay d6 dm clia ca com sau
khi lugc da dwoc xac dinh 1a W1 = 74%. D6 am cQa
ca com kho duwgc xac dinh qua moi thoi gian say
bang phwong phap can khoi lwvgng theo céng thirc

(2.3) dén khi d6 &m cubi ciia ca com kho dat 20 +
1%. Trong d6, méi thi nghiém dwoc lap 3 lan dé
dam bao d6 chinh xéac, két qua nghién ciru theo ma
tran thi nghiém cda Taguchi dwoc trinh bay trén
Bang 2.
3.1. Xay dwng cdc phwong trinh héi quy tiethuc
nghiém theo phwong phap RSM

Qua két qua nghién ciru thwc nghiém (Bang
2), tAc gia da xay dwng dwoc cac phwong trinh hoi
quy dw doan (DD) th&i gian sdy TGS = top; ty lé&
HNPH ctia ca com khé R = Rpp; suét tiéu hao ndng
lwong SEC = SECpp cho c& com séy bang IR-HP.

Trong d6: Hé sé xac dinh R2 = 96,25%, gia tri
dw doan R?(Pred) = 91,56%, gia tri hiéu chinh
R2(Adj) = 94,58%, SS la tdng binh phwong, MS 13
binh phwong trung binh, DF la bac tw do, F la ty 1€
phwong sai cta Fisher, P la gia tri théng ké. Két
gué phan tich phwong sai ANOVA cho phuwong
trinh bac 2 dy doan 1op (h) dwoc trinh bay trong
Bang 3 cho thay cac thdng sb sy nhu t, V, H, t2,
V2, H2, (tV), (tH) déu c6 gia tri p < 0,05. Hon niva,
gia tri R2, R? (Pred) R%(Adj) ctia phwong trinh hoi
quy lan lwot 14 0,9625, 0,9156 va 0,9458, cac gia
tri cGa R? rat gan t&i 1. Diéu nay co thé két luan
rang phwong trinh héi quy da xay dwng dwoc la
phu hop voi thye nghiém va cé y nghia vé mat
thdng ké. Nhu vay, phuong trinh héi quy (3.1) la
da tin cay de dy doan thoi gian say Top (h) cho ca
com khi sdy bang IR-HP.

oo = 11,111 — 0,267t — 7V + 0,330H + 0,0068t? +
0,583V? + 0,010H? + 0,087tV - 0,0196tH

(3.1)

3.1.2. Phuwong trinh héi quy dw dodn suét tiéu
hao nang lwong SECDD, kWh/kg H20

Két qua twong tw khi phan tich ANOVA cho
phuong trinh béc 2 dy doan SECop cho thay gié tri
P cta phuwong trinh hdi quy la rat nhé so véi 0,05
nén cac thong sé say nhw t, V, H, t2, H2, V2, tV, tH
la c6 anh hwdng dang ké dén mé hinh. Hon niva,
gia tri R2, R? (Pred) R%(Adj) clia phwong trinh hdi
quy lan lwot 14 0,9625, 0,9156 va 0,9458, cac gia
tri clia R2 rat gan t6i 1. Diéu nay c6 thé két luan
rang phwong trinh hdi quy dwoc dwa ra 1a phu hop
va c6 y nghia vé mat théng ké&. Nhw vay, phuong
trinh hdi quy (3.2) Ia dd tin cay d& dw doan SECop
cho qué trinh sdy ca com bang IR-HP.

SECpp = 44,444 — 1,070t — 28V + 1,322H +
0,0274t + 2,333V2 + 0,042H2 + 0,348tV — 0,078tH
(3.2)
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Béng 2. Ma tran va két qua thi nghiém

Bién ma hoa Bién thuc K&t qua thi nghiém
™ ™5 V | H t v H | T R SECm
¢C) | (is) | (em) | °C) | (mis) | (cm) | (h) (%) (KWhikg Hz0)

1 1 1 1 45 1 30 3,50 68,00 14,00
2 1 1 1 45 1 30 3,00 68,70 12,00
3 1 1 1 45 1 30 2,92 68,70 11,67
4 1 2 2 45 2 35 2,50 68,70 10,00
5 1 2 2 45 2 35 2,75 71,20 11,00
6 1 2 2 45 2 35 2,67 68,70 10,67
T 1 3 3 45 3 40 4,00 69,00 16,00
a 1 3 3 45 3 40 3,00 G740 12,00
9 1 3 3 45 3 40 3,00 71,70 12,00
10 2 1 2 a0 1 35 3,00 70,00 12,00
11 2 1 2 a0 1 35 2,83 62,80 11,33
12 2 1 2 50 1 35 3,00 65,90 12,00
13 2 2 3 a0 2 40 2,80 70,00 10,00
14 2 2 3 a0 2 40 2,75 65,90 11,00
15 2 2 3 a0 2 40 2,83 71,20 11,33
16 2 3 1 a0 3 30 2,00 70,00 8,00

17 2 3 1 50 3 30 217 71,20 8,67

18 2 3 1 a0 3 30 2,80 65,90 10,00
14 3 1 3 58 1 40 2,50 70,00 10,00
20 3 1 3 58 1 40 2,25 71,10 9.00

21 3 1 3 58 1 40 2,33 6910 933

22 3 2 1 58 2 30 2,00 6970 8,00

23 3 2 1 55 2 30 2,00 68,70 8,00

24 3 2 1 58 2 30 2,17 65,90 8,67

25 3 3 2 55 3 35 2,50 71,20 10,00
26 3 3 2 55 3 35 2,50 71,20 10,00
27 3 3 2 55 3 35 2,33 70,00 933

Bang 3. Két qug phén tich phuong sai ANOVA cho thiét ké thi nghiém duw doan o (h)

Nguén DF Seq SS Adj SS Adj MS F P Ghi chil
Héi quy 8 7,24280 7,24280 0,90535 57,70 0,000 ¥ nghia
Bic nhit 3 5,06867 6,23681 2,07894 132,51 0,000 ¥ nghia
t 1 4,09298 4,09298 4,09298 260,88 0,000 ¥ nghia
v 1 0,08681 0,89198 0,89198 56,85 0,000 ¥ nghia
0 1 0,88889 1,74093 1,74093 110,96 0,000 ¥ nghia
Bic hai 3 0,87423 1,87403 0,62468 39,82 0,000 ¥ nghia
t*t 1 0,17605 0,17605 0,17605 11,22 0,004 ¥ nghia
vy 1 0,68531 1,53125 1,53125 97,60 0,000 ¥ nghia
H*H 1 0,01286 0,31337 0,31337 19,97 0,000 ¥ nghia
Tuong tac 2 1,29990 1,29990 0,64995 41,43 0,000 ¥ nghia
£V 1 0,21618 0,85224 0,85224 54,32 0,000 ¥ nghfa
t*H 1 1,08372 1,08372 1,08372 69,07 0,000 ¥ nghia

1

Sai sb 8 0,28241 0,28241 0,01569
Téng 26 7,52521
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3.1.3. Phwong trinh héi quy dw dodn ty |é hit
nwéc phuc hoi trélai cia ca com khé RDD, %
Két qua phan tich phwong sai ANOVA cho
phuwong trinh bac 2 dy doan ty 16 HNPH cla ca com
khd RDD cho thay céc hé sb ctia H, H2 va tV c6 gia
tri P lan lwot 12 0,712; 0,294 va 0,516 (P > 0,05) do
do d6 tin cay la nhd hon 95% nén cac hé sé nay anh
hwéng khong dang d& dén mé hinh héi quy (3.3), cac
théng sé khac nhu t, V, 12, V2, tH déu c6 gia tri p <
0,05. Hon nia, gia tri R? ctia phwong trinh héi quy 1a
0,8123, R? rat gan t6i 1. Diéu nay cho thay phuong
trinh hdi quy dwoc dwa ra 14 phu hop va cd y nghia
vé mat théng ké&. Nhw vay, phuong trinh hdi quy (3.3)

du tin cay dé dw doan ty 1& HNPH clia ca com khi say
bang IR-HP.
RDD = 395,356 — 8,626t — 16,372V — 0,04711t* —
2,661V2 + 0,119tH (3.3)
3.2. T6i wu hoa da muc tiéu xac dinh ché dé say
ca com bang IR-HP
3.2.1. Két qua téi wu héa xéc dinh ché dé say

Dé xac dinh dworc cac thong sé say sao cho théa
mén cac muc tiéu la thoi gian say ca com la nho nhat,
chat lwgng san pham ca com kho tot nhat va tiéu hao
nang luwong la bé nhat. Nghién ctru dé tién hanh toi
wu hoa da muc tiéu bang phwong phap RSM voi cac
thdng s6 dau vao, cac rang budc va cac muc tiéu
dworc trinh bay trong Bang 4 nhw sau.

Bang 4. Muc tiéu téi wu va mién rang buéc

STT | Théng sb s&y va ham muc Muc tiéu Gigihan | Giatrimuc | Gigihan Trong

tiéu duéi tiéu trén sb

1 t[°C] Trong khodng 45 55

2 V [m/s] Trong khodng 1 3

3 H [cm] Trong khoang 30 40

4 oo [h] Lé&n nhét 2 2,10 4 1

5 Rop [%] Lon nhéat 62,80 71,00 71,20 1

6 SECop [kWh/kg H20] Nhé nhat 8,00 8,10 16,00 1

Két qua t6i wu héa da muc tiéu trén Hinh 3 cho
thay gia tri ky vong ctia cac ham muc tiéu (Composite
Desirability) 1& 0,98718, gia tri nay rat gan véi 1. Do
do, két qua tdi wu cho cac ham muc tiéu nhw TDD,
RDD va SECDD la phu hgp [8-10]. Nhw vay, théng
sb séy tbi wu cho c& com khi sdy bang IR-HP nhw
sau: nhiét do say t = 47,35°C; van tdc tac nhan say V
=1,73 m/s; khoang cach hdng ngoai H = 30 cm. Ung
véi ham muc tiéu (Target) cho thdi gian sy ngan
nhat 14 2,10h, ty I&6 HNPH cao nhat dat 71% va suét
tiéu hao nang lwong thap nhat dat 8,40 kWh/kgH20.

optimal ;.

0,98718 (2o,

55,0 3,0 40,0
[47,3574] [1,7506] [30/0
45,0 1,0 30,0

—
Composite
Desirability

0,98718

TGS(h)

SEC(kWh/ A

Targ: 8,10 \

y = 8,40

Zo, e |
d = 0,96203 s— =

Hinh 3. Bé thj téi wu hoéa da muc tiéu

3.2.2. banh gid dé tin cdy cda mo hinh dw dodn
so véi thuc nghiém & ché dé say tom téi wu

Két qua nghién ctru trén Bang 5 cho thay
sai s cla cac gia tri (Too, Rop, SECpp) dwoc dw
doan twr cac phwong trinh tir (3.1 + 3.3) so v&i cac
gia tri ctia (trn, Rtn, SECtn) dworc xac dinh tir thure

nghiém & ché do say téi wu la rat nhd, khodng tir
5,33 + 8,69 %. K&t qua trén cho thay sai sb gira gia
tri dw doan va thuc nghiém la nhé hon 9%, co thé
noi gia tri dw doan va thwc nghiém cé sw phu hop
v&i nhau dén 91%. Nhw vay, két qua dy doan tw
phwong trinh la phu hgp véi thye nghiém. Theo
do, co thé ap dung cac phuwong trinh trén dé dw
doan cac muc tiéu nhw Tpp, Rop, SECpp vao nghién
ctru ly thuyét vé truyén nhiét, truyén chét hoc tinh
toan nhiét, thiét ké may sy ca com bang IR-HP.

3.3. Panh gia chat lwong cta ca com & ché do
t6i wu khi say bang IR-HP
3.3.1. Ddnh gia chat lwgng cd com khé theo
diém chat lwong cdm quan va kha nang hat
nwéc phuc hoi

Két qua nghién ctru trén Bang 6 va Hinh
4b cho thay mau ca com sy bang IR-HP c6 mau
s&c tw nhién nhw ctia ca com trwéc khi say, diém
chét lwong cdm quan (CLCQ) cao nhéat la 18,55
diém, dat loai tbt. Hon niva, két qua trén Bang 6
ciing cho thdy ca com khé say bang IR-HP c6
kha nang HNPH tré& lai cao dat 75%. Diéu nay
c6 thé giai thich 1a ca com kho sdy bang IR-HP
& ché do say tdi wu cé qua trinh truyén nhiét,
truyén chét phu hop nén bé mat ngoai cla ca
khéng bi tao mang va c4u tric bén trong than ca
com khd xbp, qua trinh thoat 4m tét, thdi gian
sdy ngan nhéat khoang 2,3 gi& (Bang 5), nén
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diém CLCQ cao va kha nang HNPH clia ca com
khé dat gan nhuw trang thai cia ca com trwéc khi

say. Nhw vay, c6 thé noi ca com kho sau khi say
& ché do toi wu cé chat lwong la tot.

Bang 5. Banh gia dé tin cay ctia md hinh dw doan so véi thuc nghiém

. . Dy doan tir cac phuong Két qua thuc nghiém £ 10
STT Ham myc tiéu tinh hdi quy (3.1+3.3) | & ché do sy tdiuu | S SO (%)
1 | Thoigian sdy 1 (h) 2,10 2,30 8,69
2 Ty l1é HNPH cla ca com khé R (%) 71,00 75 5,33
Suét tiéu hao nang luvong
3 | SEC (kWh/kgH:0) 8,40 9,12 7,89
Béng 6. Béanh gia chét luong cua cé com béng phuong phap séy IR-HP
. s Diém chat lwgng cam Ty |& HNPH cta ca
St Phuong phap say quan (diém) com khd R (%)
1 | SAy ca com béng IR-HP 18,55 75,00
Béng 7. Két qua kiém nghiém vi sinh cda m4u cé com khé séy & ché dé téi uu
Tén san pham khd Céc chi tiéu vi sinh
Coliform, PMN/g | Téng vi sinh vat hiéu E. coli, Salmonella,
khi, CFU/g CFU/g CFU/g
Ca com sdy bang IR-HP & <10 1,4.10° <10 Khong phat hién
ché dé say toi wu

(b)
Hinh 4. Hinh anh ca com tuoi (a) va ca com khé
sau khi say & ché do say t6i wu (b)

3.3.2. Danh gia chat lwong cd com khé theo chi
tiéu vi sinh vat

Két qua phan tich trong Bang 7 cho thay céac chi
tiéu v& vi sinh nguy hai trén ca com khé nhw E.coli
nhd hon quy dinh, Salmonella déu khéng phét hién,
cac chi tiéu con lai 1a nho hon rat nhiéu so voi tiéu
chuan vé quy dinh giéi han cho phep vi sinh vat trong
nhom there an kho [14]. biéu nay cho thdy phuong
phap sy bang IR-HP la c6 thé kiém soat dwoc sy
nhiém vi sinh. Nhw vay, ca com kh khi sdy & ché do
t6i wu da dat yéu cau vé tiéu chuén vi sinh theo Quyét
dinh s6 46/BYT-2007 clia Bo Y té.
3.4. Xay dwng du’ong cong say va dwong cong
toc dé say cua ca com theo cdc phwong phap
séy

Két qua nghlen clru trén cho thay ca com say
bang IR-HP & che do téi wu c6 thoi gian say ngan
nhat 1a 138 phut, téc do sdy trung binh dat cao nhét
la 21,72 %/h, ké tiép 1a phuong phap say bang IR c6
thoi gian séy 1a 180 phut va téc d6 say trung binh dat
17,93 %/h, con lai la phwong phap say bang HP c6
thoi gian sdy 210 phut, téc d6 say dat thap hon dat
15,57 %/h (Hinh 5a, 5b). Theo dd, ca bang IR-HP ¢
thoi gian sdy ngan nhat va te do séy cao nhat. Diéu
nay c6 thé gii thich Ia nhér kha dam xuyén cla tia IR
lam lam néng s&n pham sy tir bén trong tam két hop
v6i khong khi sdy dwoc tach &m tr dan bay hoi,
khong khi lanh théi qua bé mét 1am cho cho bé mat
clia ca khéng bj khd chay hay tao mang ngoai, chinh
diéu nay da tao nén sy can bang gitra qua trinh
khuéch tan néi va qua trinh khuéch tan ngoai trong
con ca com, lam ting téc d6 say va rat ngan thoi gian
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séy. Day ciing la tinh wu viét clia phwong phap say
bang IR-HP cho vat liéu sy 1a ca com.
80
70 Céa com sdy bang IR-HP
Ca com sdy bang HP

@
S

Céa com séy bang IR

HAM LUQNG AM (%)
= (=] w I~ %
(=] (=] (=] (=] (=]

o

0 30 60 90 120 150 180 210
THXI GIAN SAY (PHUT)

(@)

Ca com séy bing IR-HP

[ )
on

(%]
(=}

Ca com séy bing HP
Ca com 'say bang IR

TOC PO SAY (%/H)
— — (=] (3]
= o [=1 h

n

=}

0 20 40 60 80
HAM LUGNG AM (%)
(b)
Hinh 5. Bién d‘0| Cla duong cong say va duong
cong téc do sdy ca ca com & ché do séy toi uu
TAI LIEU THAM KHAO

IV. KET LUAN VA KIEN NGHI
4.1. Két luan

Két qua nghién ctru tdi wu hda qua trinh say ca
com thuwdng bang phuong phap IR-HP da xac dinh
dwoc ché do say tdi wu: nhiét d6 say t = 47,35°C,
van tbc gié V = 1,73 m/s, khodng céch birc xa hdng
ngoai H = 30 cm, céng suat hdng ngoai IP = 1000
W, d6 &m twong dbi ctia khong khi sy ¢ = 15 +
17%, d® Am ban diu ctia ca com W1 = 74%, d6 &m
cubi clia ca com khé dat W, = 20 + 1% twong (ng
véi thei gian sdy ngan dat 126 phat, khd nang
HNPH cla ca com khd cao dat 71% va suat tiéu
hao nang lwong cho qua trinh sy ca nhé nhét dat
8,40 KWh/kgH-O.

Ché db say tbi wu trén va cac phuong trinh hoi
quy tr 3.1 + 3.3 da xay dwng duoc la co s& dé dy
doan thoi gian sy, suét tiéu hao nang lwvong SEC,
ty 1€ HNPH cua ca com kho, tng dung trong tinh
toan thlet ké hé théng sdy ca com béng phuwong
phap sdy IR-HP véi quy md thi nghiém va céng
nghiép.

4.2. Kién nghi

Nghién clru xac dinh bién dbi théng sé nhiét
vat Iy cGia ca com theo nhiét dd va thanh phan héa
hoc tlr d mé phdng qué trinh truyén nhiét, truyén
chét trong ca4 com khi sdy bang IR-HP.
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MULTI-OBJECTIVE OPTIMIZATION DETERMINATE THE
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ABSTRACT
This paper presents the results of experimental research to determine the optimal drying parameters
Stolephorus commersonnii by heat pump drying method combined with infrared radiation. The

experiment was designed according to Taguchi's method with drying parameters including drying
temperature (t), drying agent velocity (V), infrared radiation distance (H). As a result of multi-objective
optimization by RSM response surface method, optimal drying parameters were obtained for good
quality dried Stolephorus commersonnii, short drying time and energy saving. Specifically, the optimal
drying parameters for dried Stolephorus commersonii are determined as follows t = 47,35 oC, V =1,73
m/s, H =30 cm, IP = 1000 W, relative humidity of the air drying ¢ = 15 + 17%, drying time 1dying = 126
minutes.

Keywords: Drying Stolephorus commersonnii, drying Stolephorus commersonnii by heat pump

combined with infrared.



