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TOM TAT

Bai bdo trinh bay cdc két qua xdc dinh cac théng sé sdy toi wu cho san pham cd ba sa sir dung hé
thong say két hop giitta bom nhiét va birc xa hong ngoai. Qud trinh thic nghiém dwoc bé tri theo phwong
phdp Taguchi, trong d6 cdc yéu té khao sdt chinh bao gom: nhiét dé sdy (1), van toc tic nhdn say (V),
khodng cdch tir nguon hong ngoai dén bé mdt san pham (H) va cong sudt dén hong ngoai (IP). Toi wu héa
da muc tiéu dong thoi dwoc thwe hién bang phwong phdp dép iing bé mdt, givip tim ra théng sé say phit hop
nhdt d@é dat chat heong cd ba sa khé tot, rit ngdn thoi gian sy va giam chi phi nang lrong. Cdc thong sé
say thich hop dwge xdc dinh la: nhiét d6 say 55°C, cong sudt hong ngoai 1999,83 W, vin téc khéng khi sdy
1,98 m/s, khodng cdch hong ngoai 29,45 cm. Ngodi ra, d¢ am twong doi ciia tdc nhan sdy dao dong tiv 15
dén 17%, dp am cia cd ba sa trude khi sdy la 77,26% va sau khi sdy déo dg am dat mikc 28 £ 1%, twong
ikng véi thoi gian sdy la 261,33 phiit.

Tir khéa: Cd ba sa sdy déo, sdy cd ba sa bang bom nhiét két hop hong ngoai, Téi wu héa theo phwong
phdp bé mat dap vmg, Kha ndng hiit mede phuc hoi ciia cd ba sa khé.

ABSTRACT

The paper presents the results of determining the optimal drying parameters for basa fish products us-
ing a drying system combining a heat pump and infrared radiation. The experimental process is arranged
according to the Taguchi method, in which the main survey factors include: drying temperature (t), drying
agent velocity (V), distance from the infrared source to the product surface (H), and infrared lamp power
(IP). Multi-objective optimization is simultaneously performed using the response surface method, helping
to find the most suitable drying parameters to achieve good quality dried basa fish, shorten drying time,
and reduce energy costs. The appropriate drying parameters are determined to be: drying temperature
55°C, infrared power 1999.83 W, drying air velocity 1.98 m/s, and infrared distance 29.45 cm. In addition,
the relative humidity of the drying agent ranged from 15 to 17%, the humidity of basa fish before drying
was 77.26%, and after soft drying, the humidity reached 28 + 1%, corresponding to a drying time of 261.33
minutes.

Keywords: Dried basa fish, infrared-assisted heat pump drying, optimization by response surface
methodology, Rehydration ratio of dried basa fish.

I. PAT VAN PE

Théng tin do VASEP cong bd trong quy I,
nam 2025 cho thay ca tra va ca ba sa tiép tuc
gilr vai tro chu luc trong nganh thiy san véi
kim ngach xudt khau dat 465 triéu USD, tang
13% so voi cung ky nam trude. Riéng trong
thang 3, kim ngach xuét khau dat 181 triéu
USD, tang 16,1%, tiép tuc khéng dinh vi thé
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din dau cua mat hang nay [15]. Pac biét, cac
san phdm c4 tra, ca ba sa dong lanh chiém
t6i hon 90% tong gia tri xuat khau nhém ca
nude ngot. Tuy nhién, dong san pham ca ba
sa kho ché bién van con ton tai nhiéu han ché,
cht yéu duoc san xuat quy mo nho 1é tai cac
dia phuong v6i phwong phép sdy cii nhu phoi
dudi anh n:fmg tu nhién, khién chat lwong
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thanh pham khong dong déu va kho kiém
soat. Mot sb co s& hién nay van s dung céac
dang 16 sdy tu ché sir dung nhién liéu rin nhu
than d4a hodc cui, dan dén viéc kiém soat nhiét
d6 kho khin, thoi gian sdy kéo dai, dong thoi
phat sinh khoi bui lam anh huéng dén mau
sdc, huong vi va chit lugng cua ca kho [7].
Ngoai ra, cac van dé lién quan dén vé sinh an
toan thuc phém cling chua dugc dam bao, tac
dong dén gia tri thuong mai va kha nang canh
tranh ctia san pham trén thi truong quéc té [1,
4, 8]. Trong bdi canh d6, cac cong nghé siy
hién dai nhu sdy lanh bang bom nhiét (HP) va
btrc xa hong ngoai (IR) dang dan dugc tng
dung rong rdi nhd cac wu diém ndi bat riéng
biét cua HP va IR [1-3, 7]. Do d¢, két hop
cong nghé siy hong ngoai va bom nhiét trong
sdy c4 ba sa 1a mot huéng di tiém ning, giup
phat huy uvu diém cua ting phuong phap va
khic phyc nhitng han ché khi ap dung don
1¢, tir d6 ning cao hiéu qua va chét luong san
pham sdy [ 6, 13].

I. POI TUQNG, THIET BI VA PHUONG

PHAP NGHIEN CUU

1. Poi twong nghién ciru va vit ligu
nghién ciru

Ddi twong nghién ctru 14 cac thong sb sy
thich hop cho cé ba sa bang IR-HP.

Vit li€u nghién ctu la ca ba sa (Pangasius
bocourti), ca ba sa dugc phi lé véi trong
lugng mdi miéng khoang 130 +150 gam, c4
van giit dugc mau sic va mui tanh dic trung
cua ca ba sa tuoi. Ca ba sa phi 1& dugc mua
tai siéu thi Big C & Nha Trang, sau d6 dugc
véan chuyén vé phong thi nghiém Truong Pai
hoc Nha Trang bing thung cach nhiét nhim
dam bao diéu kién bao quan. Tai phong thi
nghiém ca dugc ra dong, vé sinh va dua vao
quy trinh sdy trén may IR-HP véi cac ché do
séy da duoc xac dinh theo ma tran thi nghiém
ctia Taguchi. Qua trinh sdy duoc két thuc khi
d6 am cua c4 ba sa kho dat 28 1% [2-4, 7].

2. Thiét bi nghién ciru

2.1. T sdy bang bom nhiét két hop hong
ngoai IR-HP

Qua trinh thi nghiém duogc tién hanh trén
ta sdy IR-HP, c¢6 so d nguyén 1y duoc trinh
bay trén Hinh 1. T sdy duoc ldp dit tai Phong
thi nghiém Nhiét Lanh, Truong Pai hoc Nha
Trang v6i nang suat dat khoang 2 kg cé ba sa/
mé. Cac thong sb k¥ thuat chinh cua céc thiét
bi bao gém: Bom nhiét c6 cong suét 0,745
kW, dén buc xa héng ngoai 2 kW va quat ly
tam 0,1 kW. Thiét bi cho phép diéu chinh linh
hoat cac diéu kién sdy nham dép tng yéu cau
cong nghé, cu thé: Cong suat dén hong ngoai
tlr 200 dén 2000 W, nhiét d¢ say trong khoang
20 = 70°C, téc do dong khi tir 0,5 +5 m/s va
khoang cach tu nguén birc xa IR dén vat lidu
sdy dat tir 0,2 dén 0,45 m [3].

2.2. Céc thiét bi hé tro sir dung trong
nghién ctru

Trong qua trinh thyc hién thi nghiém, mot
sb thiét bi do luong dugc sur dung nham dam
bao do chinh xac va kiém soat cac thong sb
k¥ thuat, cu thé nhu sau:

Can phan tich dién tir (Model: XT2200C,
xuat x Thuy S7) duoc sir dung dé xac dinh
khéi lugng ca ba sa theo ting thoi diém sy,
Vi do sai s6 £0,01 g.

Am ké dién tir (Model: Testo 605H1, Dirc)
dung dé do d6 am twong ddi ctia khong khi
trong budng siy, voi sai s6 £3% RH.

Luu tc ké hién s6 (Model: LM81AT, Dai
Loan) duoc st dung dé do vén tdc gi6 tai khu
vuc séy, sai s6 +3%.

Nhiét ké dién tir da kénh (Model: EXTECH
TM500, Dai Loan), gdm 12 dau do, dung dé
ghi nhan nhiét do trong budng siy véi do
chinh xac + (0.4% gia tri doc + 1°C).

Hé théng do dém dién nang dién t&r mot
pha, Model: EMIC CE-38, Viét Nam) dung
dé do dién nang tiéu thu trong sudt qua trinh
sdy, hoat dong & dién ap 220V — 50Hz, cép
chinh xac 1a 1.

Can phan tich do 4m (Model: BM120,
hang OHAUS) dugc su dung dé xac dinh do
am ban dau ciia mau ca ba sa trude khi dua
vao séy.
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Trong do:

1. May nén;
2. Dan ngung tu
ngodi;
3. Dan ngung tu
trong; 4. Ong mao,
5. Dan béc hoi;

6. Mang chira nuwoc
ngung;

7. Quat gio dan
ngung ngodi;
8. Bén hong ngoai;
9. Luwoi scfy;

10. Quat gio phong
say;

11. Vit diéu chinh;

12. Can dién tir dang 4
moc treo; V1, V2 la
van chan diéu chinh vi
nhiét dé say; thl la |
dau do do nhiét do |
TNS; th2 dau do do E'l
nhiét do khong khi \

truoc khi vao tu sdy.
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Hinh 1. So’ @6 nguyén ly cia may say bang IR-HP [3]

3. Phwong phap nghién ciru

3.1. Thiét ké thi nghiém

Trong nghién ctu nay, toan b thi nghiém
sdy ca ba sa dugc thiét ké va thuc hién theo
phuong phap Taguchi nhim x4c dinh anh
hudng ciia cac yéu té cong nghé dén chét luong
san pham va hiéu qua ning luong ctia qua trinh

sdy c4 ba sa [11]. Cac thong s6 dau vao dugc
lya chon ¢6 co sé tir cac nghién clru trudc day
[1-3, 6-7], dugc danh gia la c6 anh huong rd
rét dén hiéu qua qua trinh siy. Cac thong s6 anh
hudng chinh cung v6i cac muc khéo sat tuong
g duoc trinh bay chi tiét trong Bang 1.

Bang 1. Cac yéu td tac dong chinh va cac mirc khao sat trong thiét ké thi nghiém

STT Thoéng s6 dau vao Mtrc dudi Mirc cosé | Murc trén | Khoang bién thién
1 |Nhiét do khong khi sdy, t (°C) 45 50 55 15
2 |Vantbe gio, V (m/s) 1 2 3 1
3 bKéhIcifl;gC Za;{h(tcu rIil)guon IR dén 24 30 36 6
4 | Cong suat hong ngoai, IP (W) 1600 1800 2000 400

3.2. Phuwong phdp toi wu héa (RSM —
Response Surface Methodology)

Phuong phap bé mit dap tmg (RSM) 1a mot
cong cu thong ké toan hoc dugc sir dung dé xay
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dung cac md hinh hdi quy (MHHQ) tir thuc
nghiém, cho phép phéan tich va mo ta tuong
quan gitra cac bién dau vao doc 1ap va cac bién
dau ra phu thudc [2-3, 11, 14]. Trong bai viét
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nay, ap dung k¥ thuat phan tich hoi quy dé thiét
1ap mé hinh toan tir thue nghiém nham dy doan
cac muc tiéu Ty 1¢ hat nude phuc hoi R, ),
thoi gian say (Tpp) v suat tiéu hao ning luong
riéng (SEC, ). Mbi quan hé glua cac bién dau
vao va cac ham muc tiéu dugc biéu dién thong
qua MHHQ (2.1) [9-10, 12]:

Y=f@V.H,IP) (2.1)

Trong do6, Y 1a cac ham muc ti€u bao
gom: R : Ty 1€ hut nu6c phuc hoi (HNPH)

(gVLA/gVLK); SEC,,: SEC (Specific Energy
Consumption) l1a suat ti€u hao nang lugng riéng
(kWh/kgH,0); 7,,: thoi gian sy (TGS) (phut).
Cac bién dau vao gom Nhiét dg say t (°C), van
tdc tac nhan siy V (m/s), khoang cach tir ngudn
IR dén vat liéu H (cm), va cong suit birc xa
hong ngoai IP(W), véi thong tin chi tiét duoc
md ta trong Bang 1. MHHQ 2.2 mé ta mdi
quan hé giita cac ham muc tiéu va “k” bién dau
vao dudi dang md hinh hdi quy bac hai, thuong
duogc st dung trong phuong phap RSM, ¢6 thé
dugc biéu dién nhu sau [5, 9-10, 12, 14]:

Y =5, +ZbX +ZbUXX +Zb X (22)

i=1 i,j=1

Trong do6, Y 1a cac ham muc tiéu; b, la hang
s6 hdi quy; b, bJ vab, lan luot 13 cac he s6 hoi
quy bac nhat va bac ha1 con X, X la cac bién
da dugc ma hoa dai dién cho cic yéu t cong
nghé trong qué trinh siy. Két qua thi nghiém

thu dugc theo thiét ké Taguchi dugc téng hop
trong Bang 2. Trinh tu x4c dinh cac thong s6
sdy toi uu cho c4 ba sa kho dugc trinh bay
trong luu d6 Hinh 2.

Ca ba sa (W,

=77,26%)

v

Rira, xtt Iy

v

Phi 18

v

Séy thue nghidm trén may sy IR-

HP, dén d6 4m W, =128 +1%

¥

Panh gia theo cac ham muc tiéu

A

L 2 v

, R
T hut DD
oo (phit (gVLA/gVLK)

SECpp
(kWh/kgH,0

v :

A

Phuong trinh, t6i uu héa bing
phuong phap RSM

v

Ché 6 shy cé ba sa tdi wu bing
phuong phap say IR-HP

Hinh 2. Lwru d6 bé tri thi nghiém xac dinh cic théng s6 siy tdi wu cho cd ba sa
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3.3. Phwong phdp tinh todn tir s6 liéu thuc
nghiém

3.3.1. Su bién d6i dd 4m cua ca ba sa theo
thoi gian sdy

Ham lugng 4m cla cé ba sa tai cac thoi
diém cu thé duoc tinh toan theo cong [1-3]:

(100—W
G

W, =100— 2 g, (2.3)

Trong d6: W, 1a d9 a arn cua ca bas a tai thoi
diém thu’ i, (%); W 1a d6 4m cua ca ba sa trude
khi sdy (%); G, la kh01 luong ban déu cia ca
basa(g); G, 1a kh01 luwong cuia ca ba sa tai thoi
diém thir i, (g)

3.3.2. Tinh ty 18 HNPH ctia ca ba sa sau khi siy

Khé nang HNPH cua c4 ba sa sau se"iy duoc
xac dinh thong qua qua trinh ngam mau kho
trong nudc cat, voi muc nude phi kin mau va
nhiét d6 duy tri trong khoang 25 dén 30°C.
Ctr sau mdi 30 phit, mau dugc 14y ra, lau kho
phan nudc bam bén ngoai, rdi tién hanh can
khéi lwong. Qua trinh nay dugc lap lai cho dén
khi khdi lugng mau giira hai 1an cén lién tiép
khong con thay doi. Tir do, ty 1& hut nude (R,,)
cua ca ba sa kho dugc tinh toan theo cong thirc
da dugc cong bd trong tai lidu [9-10].

m
R, =—
™ 2.4)

d

Trong do: m 1a khdi lwong cua miéng ca
ba sa sau kh1 ngdm nudc, gVLA; m, la khoi
lwong ctia miéng cé ba sa trude khi ngdm nudc,
gVLK.

3.3.3. Tinh suét tiéu hao ning lugng trong
sdy c4 ba sa bang IR-HP

SEC la tiéu hao nang lugng riéng, phan anh
luong dién ning tiéu ton dé loai bo 1 kg nudc
khoi vat ligu trong qua trinh say. Thong sd nay
duoc tinh dya trén dién nang ti€u thu trong toan

bo chu trinh séy va khéi lugng 4m dugc tachra
khéi vat li€u. Cong thirc tinh nhu sau [1-3]:

E
SEC =—Z~
AG,
Trong do: E 1a tong nang luong tiéu thu
trong qua trinh say (kWh) AG: la khéi luong
am duoc loai bdé khoi mau ca ba sa (kg)
3.3.4. Panh gia do tin cay cua két qua du
doan va thuc nghiém kiém ching
Sai s6 phan trim trung binh E [%] duoc
xac dinh theo cong thirc [9-10]:

(2.5)

E(%) = 1002‘ “tnl g
i,MP

Trong do6: lan 1u:0't la gia tri du doan, gia tri
thuc nghiém, n 14 s6 1an thi nghlem

3.3.5. Panh gia cam quan bing phuong
phap cho diém

Ca ba sa kho dugc danh gia cam quan(CQ)
bang phuong phap cho diém theo tiéu chuén
Viét Nam TCVN 3215 +79. Ca ba sa kho c6 do
4m 28 + 1%, duoc tién hanh danh gia theo cac
chi tiéu va hé $6 quan trong nhu: Mau séc, hé
s6 1,2; mui, hé s6 0,8; vi, hé sb 1; trang thai co
thit, hé s6 1 [1, 4].

III. KET QUA VA BINH LUAN

Trong qué nghién ctru nay, do 4am ban dau
cua ca ba sa duogc xdc dinh la W =77 26%
Ham luong 4m cia ca trong sudt th(n gian siy
duoc theo ddi dinh ky bang phuong phap xac
dinh khéi lucmg, ap dung cong thic (2.3), cho
dén khi do 4m cubi cung cua ca dat khoang 28
+ 1%. MOdi thi nghiém dugc tién hanh 1ap lai ba
14n nhidm dam bao tinh chinh xac va do tin cay
ctia dit liéu. Két qua thu dugc tir cac thi nghiém
theo ma tran thiét ké Taguchi, dugc trinh bay
trong Bang 2.

Bang 2. Két qua nghién ciru thwe nghiém

Ma tran thi nghiém Két qua thi nghiém
N t \% H IP T SEC R
[C] [m/s] [cm] [W] [phut] [kWh/kg H.O] | [g VLA/g VLK]
1 45 1 24 1600 600 23,711 1,295
2 45 1 24 1600 660 24,639 1,272
3 45 1 24 1600 640 22,303 1,297
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Ma trén thi nghiém Két qua thi nghiém
N t \Y% H P T SEC R
[°C] [m/s] [cm] [W] [phut] [kWh/kg HO] | [g VLA/g VLK]
4 45 2 30 1800 450 19,017 1,353
5 45 2 30 1800 460 20,300 1,363
6 45 2 30 1800 480 21,735 1,382
7 45 3 36 2000 560 19,368 1,246
8 45 3 36 2000 550 18,500 1,280
9 45 3 36 2000 570 20,928 1,261
10 50 1 30 2000 510 18,453 1,284
11 50 1 30 2000 500 17,113 1,285
12 50 1 30 2000 520 18,794 1,255
13 50 2 36 1600 520 16,907 1,271
14 50 2 36 1600 530 19,785 1,274
15 50 2 36 1600 540 19,688 1,273
16 50 3 24 1800 750 29,126 1,233
17 50 3 24 1800 780 30,649 1,233
18 50 3 24 1800 760 29,604 1,260
19 55 1 36 1800 440 23,958 1,287
20 55 1 36 1800 430 22,804 1,293
21 55 1 36 1800 420 22,577 1,291
22 55 2 24 2000 320 13,433 1,382
23 55 2 24 2000 310 12,717 1,380
24 55 2 24 2000 300 12,784 1,381
25 55 3 30 1600 580 21,979 1,265
26 55 3 30 1600 590 22,729 1,259
27 55 3 30 1600 570 19,229 1,284

1. Xay dung cac phwong trinh hdi quy

Dua trén dir liéu thu dugc tur thuc nghiém
dugc trinh bay tai Bang 2, cac phuong trinh hoi
quy da duoc thiét lap nham dy doan cdc muc
tiéu trong qua trinh sdy déo ca ba sa bang cong
nghé IR-HP. Cu thé, cic phuong trinh dugc xay

dung dé mo ta mdi quan hé giira cac ham muc
tidu va cac thdng sb anh hudng chinh (phuong
trinh 2.1 =+ 2.2).

1.1. Thiét lgp MHHQ xdc dinh TGS cd ba
sat,,, phut
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Bang 3. Két qua phén tich phwong sai (ANOVA) theo cic ham muc tiéu

Nguén . (phiit) SEC, (kWh/kgH,0) R, (g VLA/ZVLK)
F-giatri | P-giatri | F-giatri P-gia tri F-gia tri P-gia tri

Hoi quy 222,34 0,000 43,93 0,000 42,75 0,000

Bic nhit 218,87 0,000 22,94 0,000 17,45 0,000

t 255,03 0,000 12,95 0,002 1,88 0,187

v 245,03 0,000 12,21 0,003 19,99 0,000

H 78,40 0,000 8,09 0,011 23,31 0,000

P 297,03 0,000 58,53 0,000 24,60 0,000

Bdc hai 225,81 0,000 64,91 0,000 68,06 0.000

t*t 297,68 0,000 18,18 0,000 82,03 0,000

V*V 567,68 0,000 113,39 0,000 180,31 0,000

H*H 10,80 0,004 7,93 0,011 7,41 0,014

IP*IP 27,08 0,000 120,13 0,000 2,51 0,131
R(eq) (%) 99,00 95,13 95,00
R?(Adj) (%) 98,55 92,96 88,75
R?(Pred) (%) 97,75 89,04 92,78

Trong nghién ciru nay, hé s6 xac dinh R2(eq)
dat 99%, gia tri R* hi¢u chinh R? (Adj) 14 97,75%
va gia tri R? du doan R*(pred) dat 98,55%, cho
thdy m6 hinh c6 d phu hop cao giita dir liéu
thue nghiém va du doan. Chi sé F biéu thi ty 18
phuong sai theo kiém dinh Fisher, con gia tri p
thé hién mirc d9 y nghia thong ké. Két qua phan
tich phuong sai (ANOVA) trinh bay tai Bang
3 chi ra rang mo hinh hoi quy bac hai ding dé
dy doan thoi gian say Ty (phut) 13 c6 y nghia.
Cu thé, tat ca cac yéu to dau vao nhu nhiét do
sdy (t), van toc tic nhan (V), khoang cach dén
héng ngoai (H), cong suit hong ngoai (IP) ciing
v6i cac thanh phan béc hai (2, V2, H2, IP?) déu
c6 gia tri p nho hon 0,05, diéu nay chimng minh
chiing c6 anh huong dang ké dén thoi gian sdy
c4 ba sa bang IR-HP. Bén canh d6, két qua trén
Hinh 3a va 3b cho thiy viéc tang IP, t s& lam
giam thoi gian sdy. Bén canh do, khi ting van
te gid V tir (1 + 2) m/s, thoi gian siy giam. Do

T, =—10321,1+408,78.0 — 525V —38 52.H + 2,55.IP — 4,20.> +1451% +0,56.H> — 0,00079.1P>

1, trong khoang 1+ 2m/s, bé mit ca khong bi
tao mang, qua trinh khuéch tan ndi phu hop voi
khuéch tan ngoai, rit ngin thoi gian siy. Tuy
nhlen néu tang van toc gio trén 2m/s, thoi gian
sy s& tang. Diéu nay la do tang V, s€ tang cuong
trao d6i nhiét d6i luu, ting cuong khuéch tan
ngoai, bé mit 1t ca dé tao mang, kéo dai TGS.
Tuong ty H = (29 + 30) cm, s€ c6 TGS ngén,
tang hay giam H khoi khoang nay, TGS tang.
Hon nita, hé s xac dinh R? cao, v6i 0,99, gan
be"mg 1,0. Bo léch chuin th?ip & muc 14,90 so
v6i cac md hinh khac [10, 12]. Hé s xac dinh
ctia gia tri du doan R? (Pred) bang 0,9855 va gia
tri diéu chinh R? (Adj) bang 0,9775 déu rit cao,
gan bang 1 (Bang 3). Két qua trén chimg minh
ring mo hinh hoi quy thiét 1ap 1a phu hop véi
thuc nghiém va ¥ nghia thong ké va phu hop véi
cac nghién ctu trude [9-10]. Theo do, (MHHQ)
(3 1) 1a thich hop dé xac dinh TGS ca ba sa sdy
bang IR-HP.

3.1)

1.2. Thiét lap MHHQ dy dodin SEC, , kWh/kgH 0

Tuong tu, két qua phan tich phuong sai dbi
v6i suét tiéu hao ning ludng SEC duoc trinh bay
trong Bang 3 da cho thy gi4 tri P cia MHHQ
nho hon rét nhiéu so véi gia trj 0,05, ching to
cac thong s sdy nhu nhiét do sdy (t), van tdc
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glo (V), khoang cach dén hong ngoal (H), cong
sudt dén (IP) cting nhu cac thanh phan bac hai
(12, V2, H2, IP?) déu co tac dong dang ké dén
suét tiéu hao ning lugng. Bén canh do, két qua
minh hoa & Hinh 3¢ va 3d ciing cho thay khi
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tang nhiét do sfiy t hodc ting cong suét deén IP,
gia tri SEC c6 giam va ngugc lai, khi giam t va
IP, SEC tang. Do la, khi giam gia tri cua t va IP,
TGS dai; ting gia tri cta t va IP, bé mat ca bi
tao mang, kéo dai TGS nén tang SEC. Tuong
tu, khi V dat khoang 2m/s, H dat khoang 30cm
cho SEC dat thip nhat, néu ting hay giam V va
H khoi khoang gia tri trén déu lam ting SEC.
Do la khi ting V sé& ting qua trinh trao d6i nhiét
dbi luu, ting cuong do khuéch tan ngoai, gay
tao mang bé mit c4, tuong ty giam H, bé mat

cuia lat ¢4 lai gan bé mat IR, nén céa d& bi chin,
tao mang bé mit c4, kéo dai TGS, ting mirc
tiéu thy ning lugng SEC. Hon nita, cac chi s6
danh gia 6 phu hop ciia mo hinh gém R? =
0,951, R¥(Pred) = 0,929 va R2(Adj) = 0,89, tit
ca déu tién sat gia tri 1, cho thiy mé hinh hoi
quy dé xuat 1a phi hgp va ¥ nghia thong ké tot.
Do vay, MHHQ (3.2) hoan toan dang tin cdy
dé du doan SEC trong siy déo cé ba sa bing
phuong phap két hop hong ngoai va bom nhiét

SEC,, =—534,33+8141-19,85V —2,43.H +0,47IP—0,083¢> +521.V* +0,038.H* —0,000134.7P> (3.2)

1.3. Thiét lgp MHHQ dy dodn ty 1é HNPH
cua ca basakho R, gVLA/gVLK

K&t qua phéan tich phuong sai doi voi MHHQ
bac hai du doan t)’/’ 1€ HNPH (R[)D) cua ca ba
sa (Bang 3) cho thay rang cac bién t (nhiét do
sdy) va IP? (cong suat dén hong ngoai) co gia tri
P lan luot 14 0,187 va 0,131, déu 16n hon 0,05.
Diéu nay chimg to rang hai bién nay khong anh
huéng nhidu dén MHHQ (3.3). Nguoc lai, cac
bién con lai nhu V, H, IP, t2, V2 va H? ¢6 gia tri
P nho hon 0,05, phan anh sy tac dong dang ké

dén kha nang du doan ctia mé hinh. Két qua thé
hién ¢ Hinh 3e va 3f ciing cho thay rang su thay
ddi cua cac thong $6 sfiy nhu IP, t, H va V, déu
tac dong rd rét dén ty 16 HNPH cua c4 ba sa kho.
Thém vao do, cac hé sb xac dinh gém R2=0,95,
R2(Pred) = 0,88 va R2(Adj) = 0,928, tit ca déu
gan bang 1, cho thdy mé hinh hdi quy ¢6 do tin
cly cao, pht hop va c6 ¥ nghia vé mit thong ke.
Vi vy, c6 thé khiang dinh ring MHHQ (3.3) 1a
c6 thé str dung dé dy doan ty 1€ HNPH cua ca ba
sa kho trong qué trinh say bang IR-HP.

Ry, =4,607—0,184. +0,262V +0,0290.H +0,00080.1P+0,0186.1* —0,0688.7> ~3,837.10* H> —2.107.IP> (3.3)
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Hinh 3. Mi quan hé ciia cic thong sb siy diu vao dén cic ham muc tiéu (tDD, SECDD, RDD)

2. Xac dinh ché d§ sdy ca ba sa bing
phwong phap tdi wu héa da muc tiéu

2.1. Két qua xdc dinh ché dg sdy toi wu cho
cd ba sa say bang IR-HP

Nham xac dinh duge ché do séy tbi uu dap
g ddng thdi cac muc tidu gdbm: Rat ngén thoi

Bang 4. Cac ham muc tiéu toi wu va trong so wu tién

gian sdy, dam bao chit lugng san pham c4 ba
sa kho va giam thiéu muc tiéu thy ning luong,
nghién ctu da ép dung phu:ong phap bé mit
dap tng (RSM) dé thuc hién t6i uu hoa da muc
tidu. Cac bién dau vao, gidi han rang budce cling
nhu muyc tiéu t8i wu hoa mé ta trong Bang 4.

y = 261.3998

Composite
Desirability
1.0000

. N . . ia tri He 56
STT Ham muc tiéu dau ra Muc tiéu Miuc dudi Gid trAl mue Mirc trén ¢ soquan
tieu trong
T, [phut] Nhé nhét (Min) 300 300 780 1
2 |R,, [gVLA/gVLK] Lén nhat (Max) 1,23 1,381 1,381 1
SEC,, [kWh/kg H,O] | Nho nhat (Min) 11,72 11,86 31,64 2
t H P
N
1.0000 1 ow i 24. % ¥ : 1600.0 !
e —————

T
Minimum

d = 1.0000
SEC
Minimum
y = 10.8830
d = 1.0000
R
Maximum
y = 1.3820
d = 1.0000

Hinh 4. Két qua t6i wu héa
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Két qua tir qua trinh tdi wu héa da myc tiéu,
dugc thé hién trong Hinh 4, cho thay gié tri ky
vong cua cac ham muc tiéu dat 0,98792, gan sat
v6i 1. Didu nay chimg t6 rang két qua tbi ru cho
cac muyc tiéu: thoi gian say, ty 1€ phyc héi nude
va suét tiéu hao “nang luong, hop ly [7-9]. Cu
thé, cac thong s siy tdi wu cho ca ba sa bing
IR-HP duoc xac dinh: Nhiét do say t = 55°C,
cong suét hé)ng ngoai [P = 1999,83 W, van tde
tac nhan sy V = 1,98 m/s va khoang cach tir bé
mat den h(‘3ng ngoai dén vat liéu séy H=2945
cm. V6i cac thong sd nay, TGS dat ngin nhat
14 261,39 phut, ty 16 HNPH R dat toi da la 1,38
gVLA/gVLK va suét tiéu hao niang luong SEC
dat thap nhat 1a 10,83 kWh/kgH20.

2.2. Pdnh gid sw phiv hop cao giita két qua
dw doan va thuc nghiém

Bang 5 chi ra rang sai sd giita cac gia tri du
doan (7, R bD> SEC,,) tr cic phuong trinh
(3.1 +3.3)vacac gla tr1 thyuc nghlem (T Ry
SEC,,) tai ché do sy tbi wu rat nho, dao dong
trong khoang tir 7,24% dén 8,18%. Diéu nay
chimg to sai sb gitta gia tri du doan va gia tri
thue nghiém nho, cho thiy su phu hop cao giita
két qua dy doan va thuc nghiém [9-10]. Vi vay,
cac phuong trinh (3.1+ 3.3) 1a dang tin cdy va co
thé dugce sir dung dé dy doan cac muc tiéu nhu
Ty R o> SEC,, trong nghién tinh toan va thiét
ke tu say ca st dung cong nghé IR-HP.

Bing 5. Két qua danh gia sy phut hgp cao giira két qua dw dodn va thue nghiém

Két qua xac dinh tir

Két qua thyc nghiém

Stt | Ham muyc tiéu MHHQ 2 , Do sai léch (%)
(3.1+33) kiém chung
1 | TGSt (Phut) 261,39 240 8,18
Ty 1€ HNPH cua ca ba sa kho
2 R, (2VLA/GVLK) 1,38 1,28 7,24
Suét tiéu hao ning lugng
i 10,83 11,74 5
3 SEC_, (kWh/kgH O) ’ 7 77

3. Xay dung duong cong sy va tdc do sy &
ché a9 t6i wu so véi cac phwong phap sdy khac

Két qua trén hinh 5a Va 5b thy rang ca ba sa
sdy bang phuong phép say IR-HP c6 d6 giam 4m
nhanh hon va dat téc d6 sdy cao hon so vdi sdy
bang bom nhiét HP. Dic biét 13, sau 240 phut,
mau c4 sdy bang IR-HP d3 giam do am xudng
con khoang 28,23%, trong khi miu cé say bang

—4=CibasasiybingHP'  —H—C4 ba sasiy bing IR-HP

0 60 120 180 240 300 360 420 480 540

THOI GIAN SAY (PHUT)
a)

HP van trén 42,11%. Toc do sdy cua IR-HP dat
dinh gan 21,82%/h, cao gan gap d6i so v6i HP.
Diéu nay cho thay birc xa hong ngoai gilp gia
nhiét nhanh, tao chénh 1&ch 4p suét hoi gitra tim
va bé mit ca 16n, tir d6 ting cuong khuéch tan
noi Nhu vay, IR-HP la phuong phap rut ngin
TGS, tiét kiém nang luorng va ¢6 tiém nang ning
cao chat luong san pham.

25
—0— Cé ba sa sy bang HP

20 44 ba sa siy bing IR-HP

7

/

Téc d6 say (%/h)
= -
S &

w
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D5 5m W(%)
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Hinh 5. Pudng cong siy va toc dd siy
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4. Panh gia chit lwong va an toan thwe phidm ciia c4 ba sa sy & ché dd tdi wu
4.1. Panh gid chat lwong CQ va ty 1é HNPH ciia cd ba sa theo phwong phap sdy

Bing 6. Két qua danh gia CQ ciia c4 ba sa

i L Piém chét lugng cam | Ty 1€ hat nude phuc hdi cua ca
STT | Cdc phuong phip say quan (diém) R, (gVLA/gVLK)
1 Cé ba sa say bang IR-HP 18,28 1,28
2 C4 ba sa sdy bang bom nhiét HP 18,10 1,30

S Vig'

a) Mau ca ba sa sau khi say bang IR-HP

b) MAu ci ba sa trwée khi say

Hinh 6. Hinh anh c4 ba sa truéc va sau khi siy

Bang 6 va Hinh 6a cho thiy lat c4 ba sa
sdy déo bang IR-HP van giit dugc mau sic tu
nhién nhu ¢4 tuoi trudce khi sdy, voi diém CQ
cao nhit dat 18,28, Xép loai tét. Tiép theolaca
ba sa séy bﬁng HP véi diém CQ dat 18,10 dat
loai tot (Bang 6). Hon nita, Bang 6 con cho
thdy cé ba sa kho siy bang IR-HP c¢6 kha ning
hat nuéec phuc hdoi HNPH dat 1,28, tuong
duong voi miu ca sdy bang HP. Diéu nay co
thé giai thich rang qué trinh truyén nhiét va
khuéch tan am trong sdy ca ba sa bang IR-
HP & ché do tbi wu rat hiéu qua, gitp bé mat
c4 khong bi chay, chin nén céu triic bén trong
lat c4 van gitt dugc do xop. Qua trinh khuéch
tan 4m dién ra tot va TGS duogc rat ngan con
khoang 240 phut (Bang 5), giup cai thién diém
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CQ va tang HNPH cua ca ba sa kho. Theo do,
c4 ba sa sdy 0 ché d6 tdi wu 1a tot, dap tng yéu
ciu chat luong.

4.2. DBanh gia dé an toan thuc thuc phcfm
ciia san pham cd ba sa khé sdy bang IR-HP

Ca ba sa kho dugc phan tich vi sinh va
trinh bay trén Bang 7 cho thiy ring cac chi
tiéu vi sinh nguy hai trén cé ba sa siy déo, nhu
E.coli va Salmonella, khong dugc phat hién.
Céc chi sb vi sinh khac déu nim dudi mirc
gidi han cho phép theo tiéu chuan vé vi sinh
trong nhom thue phdm khé [13]. Két qua nay
cho thdy c4 ba sa say bang IR-HP c6 thé kiém
soat sw nhiém vi sinh. Nhu vdy, ca ba sa sy
déo bang IR-HP dap mg diy du cac yéu ciu
an toan thuc phdm [8].
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Bing 7. Két qua kiém nghiém vi sinh ciia miu c4 ba sa siy déo theo phwong phap siy

] . T8 L1~ .o
Stt MAu c4 ba sa Coliform, | Tong vi sinh vat F coll ngrlrllgni;)nbat?étr;r samonellz,
Ca ba sa sdy bang bom nhiét Khong phat| Khong phat | Khong phat
1|, ) <3 1,20.10° It It It
hong ngoai hién hién hién
2 |C4ba sa sdy bing bom nhiét | <3 234100 |Khongphat] Khongphdt ) Khong phdt
hién hién hién

IV. KET LUAN VA KIEN NGHI

1. Két luan

Két qua nghién ctru siy c4 ba sa béng
phuong phap IR-HP d3 xac dinh cac thong
s6 sy thich hop nhat, bao gdm: nhiét d6 siy
55°C, cong suit hong ngoai 1999,83 W, van
tbc tac nhan sy 1,98 m/s, va khoang cach hong
ngoai 29,45 cm. Do am tuong ddi cta tac nhan
sdy dao dong tir 15 dén 17%, trong khi do 4m
ban dau cia cé ba sa tuoi 1a 77,26% va do 4m
cubi cing cua ca ba sa sdy déo dat mirc 28 +
1%. Thoi gian sdy toi uu 14 261,39 phut, voi ty
1¢ hut nudc phyc hoi R tdi da dat 1,38 gVLA/
gVLK va suit tiéu hao ning luong SEC thip
nhit 14 10,83 kWh/kgH20.

Céc thong sb nay, két hop v6i cac mé hinh

TAI LIEU THAM KHAO

toan hoc da dugc xay dung (3.1 + 3.3), cung
cip co sé vimg chic dé dy doan cac muc tidu
quan trong nhu thoi gian sdy, mirc tiéu thy ning
luong riéng va kha nang HNPH cua ca ba sa
sau khi sdy. Két qua nay co thé dugc van dung
trong tinh toan, thiét ké hé thong siy ca ba sa
bang IR-HP cho quy mé 16n, gop phan vio viée
san xuét ca ba sa kho c6 chét lugng, bao dam
an toan thuc pham va tiét kiém ning luong.

2. Kién nghi

Nghién ciru thiét ké ché tao ti siy ca ba
sa bang bom nhiét két hop hong ngoai, nghién
ctru dong hoc sdy ca ba sa bang IR-HP, khao sat
nhiét do séy va nhiét d6 tdm cia ca ba sa khi
sdy bang IR-HP trong nhiing nghién ctru tiép
theo.
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