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TOM TAT

Qua trinh lam dong lanh cé 1a qua trinh dan nhiét c6 su bién d6i pha hét stic phirc tap,
bao gdm rat nhidu qué trinh xay ra dong thoi: truyén nhiét, truyén chét, hinh thanh va phat
trién pha rin ciia cc tinh thé dong bang 1am mit phan pha thay ddi lién tuc, ngoai ra thé tich
cling nhu co tinh cta ca ciing thay d6i. Dic biét tai diém két dong, cac tinh chat nhiét vat ly
clia ca bién d6i dot ngot, khi do phucng trinh vi phan m6 ta qua trinh la phi tuyén tré' nén vo

cung kho giai. Bai toan c6 thé giai bang phuong phap gan dung. Phuong phap phan to hiru
han duoc 4p dung dé giai bai toan dan nhiét khong 6n dinh c6 bién doi pha véi didu kién
bién loai 3 trong qua trinh dong lanh ca tra.

Tir khéa: Truyén nhiét, bién d6i pha, phan tir hitu han, mé phong, nhiét dung riéng, hé s6 dan
nhiét, hé s6 toa nhiét bé mat.

1. MO PAU

Cé tra 1a mot trong nhing mat hang xuat khau chi luc ciia nudc ta. Tuy nhién, trong
nhirng nim gan ddy san luong khai thac lién tuc ting nhung téng kim ngach xuat khiu khong
tang tuong umg do mot 56 san pham ‘phai ban ha gia vi khong dat yéu ciu chét lugng [1].
Mot trong nhiing yéu to chii yéu quyét dinh chat luong san pham thuy, hai san sau danh bat
1a cong nghé két dong va bao quan lanh. Vé nguyén tac tbc do cap dong cang nhanh, thoi
gian cap dong cang ngan thi chat lwong san pham cang tot va thot gian bao quan cang dugc
kéo dai. Pidu ndy dan t6i nhiét 3o moi truong cap dong phai rat thap, tbc do khong khi moi
tru’cng cép déng phai 16n. Do d6 cong suat hé théng lanh ting 1én, hidu suat nang lugng
giam, gia thanh san pham tang cao [1]. Cho nén, xdc dinh chinh xac thoi gian cap dong san
pham trong qua trinh cap dong ca tra noi ri€ng va thyc pham no6i chung c6 ¥ nghia rat quan
trong trong viéc danh gia chat luong san pham, cong nghé cip dong va tiéu hao ning lugng
trong qua trinh 1am lanh va cép dong.

2. NOQI DUNG NGHIEN CUU

Cép dong la mot qua trinh phure tap, trong do nhiéu qua trinh cung xay df)ng thoi nhu :
qué trinh truyén nhiét, qué trinh truyen chat, qua trinh bién d6i pha, sy thay doi co tinh cua
san pham... Dic biét tai diém két dong, céc tinh chat nhiét vat 1y (nhiét dung rleng C, hé sb
dan nhiét A, khéi luong riéng p) bién d6i dot ngot, khi d6 bai toan trd nén phi tuyén va rat
kho giai. Cac nha nghién ciru da dua ra mot sd mo hinh xéac dinh thoi gian cap dong theo
phwong phap giai tich [3, 8, 9, 10, 11] va theo phuwong phép hoi quy tir s6 liéu cho trude [1,
2,4, 7, 14]; Tuy nhién d6 chinh xac khong cao, ddng thoi cac phuong phép nay chi xac dinh
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duogc thoi gian cip dong ma khong xac dinh dugc truong nhiét do bén trong san phdm. Cong
trinh nghién ctru ndy str dung phuong phap phan tir hiru han dé mo phong bai toan dan nhiét
khong 6n dinh c6 bién ddi pha véi diéu kién bién loai 3 nhdm muc dich xac dinh thoi gian
cap dong ca tra fillet trén bang chuyen IQF va tng dung dé nghién ctru anh huéng ciia mot
sO yéu to co ban nhu: nhiét d va téc do dén qua trinh cap dong.

2.1. Poi twgng va pham vi nghién ciru

2.1.1. Péi tiegng nghién ciru
béi tuong khéo sat 1a cac mau san phém cd tra fillet dang hinh hop co6 céc kich thude
nhu Bang 1 [13].

Bdng 1. Thong s6 hinh hoc c4 tra fillet

Sit Khbi lugng, | Day 8, Rong W, Dai L, WL S/
(8) (mm) (mm) (mm)
1 85,5-124,5 10-14 60-80 150-200 0,35-0,4 0,06-0,067
2 124,5-199,5 14-16 80-90 200-250 0,32-0,35 0,06-0,064
3 199,5-256,5 16-18 90-110 250-270 0,32-0,33 0,064-0,067
4 256,5-313,5 18-21 110-120 270-290 0,37-0,38 0,072- 0,104
5 > 320 > 24 120-130 280-300 0,37-0,38 0,085- 0,089

2.1.2. 6 liéu ban dau va giGi han nghién ciru

2.1.2.1. Phan tich thanh phéan ca

MaAu ca duqc phan tich ) tai trung tdm dich vu phan tich thi nghiém TP. Ho Chi Minh
véi thanh phan nhu sau: chat béo 15,4%; nudc 67,3%; protein 16,3%; carbohydrate 0%;
sugar 0%; tro 1,02%.
2.1.2.2. Thong s6 nhiét vat 1y cua ca

Thong s6 nhiét vat 1y duoc xac dinh theo cong thirc cua céc tac gia nhu sau: ‘Ham
luong bang: Chen (1985b) [15]; Nhiét dung riéng: Schwartzberg (1976) [16]; Hé s6 dan
nhiét : Choi va Okos (1986) [17]; Khoi lugng riéng: Choi va Okos (1986) [17]. Hé s toa
nhiét bé mat: Willix (2006) [18].

2.2. Phuwong phap nghién ciru
2.2.1. Xdy dung mé hinh todn cho bai todn cdp déng

Trong bai bao nay, ddi twong dugc nghién ctru 14 ca tra fillet duge xem 1a dang hinh
hop c6 thong sé duoc trinh bay trong Bang 1. Do cac miu san phdm ca trén co kich thudce
dai 16n hon nhiéu bé rong va day, truyén nhiét doc theo chidu dai san pham rat nho c6 thé bo
qua, nén coi nhiét do chi thay dbi theo hai huéng bé rong (huéng x) va bé day (huéng y):
T =1(x,y,t) (xem Hinh 1).
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Nghién ctru mé phéng qué trinh cap déng ca tra fillet trén bang chuyén IQF
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Hinh 1. Mb ta so d vi tri xép dat san phim
Viéc xac dinh thoi gian cip dong san phadm ca tra fillet 13 giai phuong trinh vi phan dan
nhiét khong 6n dinh véi diéu kién bién loai 3, phuong trinh vi phan cha dao va cac dicu kién
nhu sau:

oT o’T o°T
T)C(T)—=MT) —+— 1
p(T)C(T)— ()(axz WQJ (1)
Diéu kién ban dau:
T =T, tai T =0 2)
Diéu kién bién: toa nhiét tai mat ngoai biéu thi boi:
T oT

—k(T)(a— +8—J =h(T, - Ty) 3)

ox 0Oy

2.2.2. Phuong trinh ma trdn déc trung phan tir hitu han (PTHH) mé phong qud trinh cap
dong fillet ca tra

Béng cach dung phuong phap PTHH, phan tir s& duoc chon 1a hai chiéu chit nhat bac
nhét 4 nut, ludi duoc chia theo ciu tric df‘?u nhau (xem Hinh 2).

v
o, (a,b)
4 3
X
—
1 2
(0,0) (a,0)

Hinh 2. Phan ttr hitu han chit nhit bic nhét 4 nat

Theo phep bién d6i Galerkin [12] Phuong trinh ma tran dic trung PTHH cho phén tir ¢6
dang tong quat sau:

& AN SR @

Trong do
[C] = j pCp [N ]T [N ]dV 1a ma tran nhiét dung;

[K] = J [B]T [D][B]dV + Ih[N]T [N]dS 12 ma tran dan nhiét ;
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f}=[ AT [N] ds 1a véc to phu tai nhiét.
N

[N] 1a ham ndi suy; [B] la dao ham ctia ham ndi suy; [D] 1a ma tran hé sb6 dan nhiét; V
la thé tich phan t, S 1a dién tich mat co buc xa va doi luu; T 1a véc to nhiét do nut; {0T/0t}
1a dao ham nhiét do theo thoi gian; tk 1a nhiét d6 moi trudng.

2.2.3. Két qua gidi bai todn cdp dong cd tra
2.2.3.1. Tao ludi cac PTHH

) Mau san phﬁm c4 tra duoc chon dé thuc hiép tinh toan c6 kich thu('?c (cm): 12 x 60 x 180;
khoi lugng 120 gam. PTHH la chir nhat mét chiéu 4 nat, Hinh 1, mét cat ngang dugc chia boi
ludi chir nhat tao thanh 5 x 55 phan tir (xem Hinh 3).

Hinh 3. So d6 chia ludi tiét dién ngang cua fillet c4 tra

2.2.3.2. Céc diéu kién ban dau va diéu kién bién
- Piéu kién ban dau: Nhiét @6 mau san pham ban dau dong nhét 12 °C
- Piéu kién bién loai 3 biéu thi ché d6 cap dong khac nhau gobm
Tdc d6 khong khi lanh o (m/s): 5; 7,5; 10; 12,5; 15.
Nhiét d6 moi truong khong khi lam lanh t(°C): -35; -37,5; -40; -42,5; -45.
2.2.3.3. Roi rac theo thoi gian

Pé xac dinh dugc nhiét do can roi rac (4) theo thoi gian C6 thé roi rac theo bude thoi
gian At = (zP*'-1P), khi 6 AT = (TP"'-TP), nhiét d6 T c6 thé 1y tai thoi diém p hodc thoi
diém p+1 tuong Gmg 1a T 1a T**' | tirc 1a (4) tré thanh:

[c]{TP“—-T"}qK]{TPﬂ}:{ L @

At
hay )
[C]{%;TP}[K]{TPF y o

Tt d6 giai ra nghiém twong ung la:
T = [[c]-[Kad” [l + " ad] ()
hay (6)

=[] #[(e]- [KIpofrt f+ 7 jadh - )

Nghiém (6a) 1a dang 4n hoan toan c6 thé chon At tiy ¥ nghiém van hoi tu, tuy nhién
khi chon At 16n, nghiém s& kém chinh xac. Nghiém (6b) 1 dang hién hoan toan can chon At
du nho dé nghiém hoi tu.
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Nghién ciru mé phdng qua trinh cép déng cé tra fillet trén bdng chuyén IQF

2.2.4. Két qua tinh todn

Bai toan dugc gidi bang phin mém Ansys theo so do rdi rac sau:
b bl el 1204
(ol K= e e ) 50 o

Vi 0 = 1, bude thoi gian duge chon At = 5s, va dugc lp tr dong, bang phan mém
Ansys giai phuong trinh (7) v&i bude phu tai duoc ap dung la theo bude thoi gian xac dinh
dugc thoi gian cap dong va truong nhiét do ciia san pham trong qué trinh cip dong.

Bang phuong phap ap dung phan mém ANSYS v6i luu d thuat toan (xem Hinh 4),
qua trinh tinh I13p da thé hién nghiém hdi tu tuyét d6i (xem Hinh 5)

-

| Tao tiét dién hinh hoc |

Dinh nghia phan t& hiu
han,tao lw¢i cho bai toan

v

Binh nghia thudc tinh vat
lidu va diéu kién bién

v

Chon phwong phap giai
va buwéc thoi gian

Thwce hién gidi bai toan K
5 \
M6 phéng qua trinh két Két thuc
déng san pham

v

Xuét két qua tinh toan
[

Hinh 4. Luu dd thuat toan

héng héi tu

Phan bé nhiét dé tai tam san phim theo tiét dién ngang

®@=10m/s, t=-40"C

Nhiét d6 san phim t (°C)
s

H]

agl =
e ) pha\'“ \‘“"“
i . 6 Zan
Théi gian c4p d6ng +(s) - é mnes

Hinh 5. Két qua md phong qua trinh cap dong
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Qua4 trinh bién ddi pha trong mau san pham (Hinh 6)

——11| )
(@) (b) (c)

Hinh 6. Qua trinh hinh thanh va phat trién pha rén trong mau san pham cé

(a) Bit dau hinh thanh pha gén tai mdt ngoai (mau xanh 1a), bén trong chwa dong déac
(mau do), ving dang bién do6i pha (vang); (b) Pha ran phat trién, bién gi6i phan pha di
chuyén dan vao sau trong vét; (c) Pha ran chiém toan bg vat, ca dong lanh hoan toan.

2.2.5. Pdnh gid dg tin cdy cua két qua bai todn

Dé 1am d6i chung di tién hanh khao sat trén mo hinh thuc nghiém, duoc xdy dung tai
Truong Pai hoc Cong nghiép TP. H6 Chi Minh, trén ba miu san pham cé cung kich thudc
va khdi lugng trong cung diéu kién nhiét d6 cAp dong t; = -40 °C va tdc d6 khong khi
w=(18%03)m/s, két qua thu duoc thé hién trén Hinh 7. Nhiét do san phém dugc dé cap dén
dudi day 1a nhiét 6 ¢ tim san phdm va thoi gian cap dong 1a thoi gian can thiét dé san pham
duoc lam lanh tir nhiét do ban dau déng déu dén mot nhiét do tdm nao do tuy thudc vao yéu
cau cip dong.

- Mau san pham c6 kich thudc day x rong (12 x 70) mm, khdi lwong 100 g

Ly thuyet va thuc kiem xac dinh thoi gian cap dong, mau (3-5)

10 NHIET DO CHO QUA TRINH CAP DONG [ e Jrumvoms| mcroms 15 ’—‘—‘—’
O Thuc nghiem
W Jie 58 25 fx ) 295 1 Tinh toan ly thuyet
s \
) Al
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< s S
<
3z \
£ a
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15 \
o

0 100 200 300 400 500 600
‘Thoi gian cap dong, [S] (d)

Hinh 7. Df‘), thi so sanh giita 1y thuyét va thuc nghiém xéac dinh thoi gian cép dong, mziu
ca tra c6 khoi lugng 100 g, kich thuee (12 x 70) mm, (a) mau ca truge cap dong, (b) mau
cé sau cap dong, (c) két qua thi nghi€m, (d) so sanh giira 1y thuyét va thuc nghi¢m
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Nghién ciru mé phdng qua trinh cép déng cé tra fillet trén bdng chuyén IQF

- Mau san pham c6 kich thudc day x rong (15 x 85) mm, khdi lwong 160 g.

Ly thuyet va thuc nghiem xac dinh thoi gian cap dong, mau (5x7)
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Hinh 8. D6 thi so sanh giira 1y thuyét va thuc nghiém xac dinh thoi gian cép dong,
mau ca tra c6 khoi lugng 160 g, kich thudce (15 x 85) mm

Theo két qud thi nghiém, thoi gian cip dong tir nhiét do t = 12 °C dén nhiét do
t =18 °C trung binh cho ba lan thi nghi¢m la 7 =273 phut. Theo két qua tinh toan 1y thuyet
thoi gian cap dong can thiét dé dat nhiét do trén la 26,7 phut, sai léch twong doi gitra 2 két
qua & =2,3%. Sai l¢ch gilra nhi¢t dg tinh toan 1i thuyét va thuc nghiém trong suodt qua trinh
cép dong 1 khong dong déu, & gan cudi qua trinh sai 1éch 16n hon (xem Hinh 7, Hinh 8).

Tuy nhién, xét dén do phtic tap cta qua trinh, dac biét la sy bién dbi dot bién cua tinh
chat nhiét vat Ii tai diém két dong thi sy sai khac trén day 13 hoan toan chip nhin dugc va mo
hinh 1i thuyét nay c6 thé ap dung dé nghién ctru qua trinh cap déng ctia nhidu loai thuc pham,
trude hét 1a cua ca da tron dang fillet v&i d0 tin cdy cao.

2.2.6. Nghién ciru anh hudng ciia méi truong cdp dong dén thoi gian cap dong

Du6i déy trinh bay két qua vé viéc ap dung mé hinh 1i thuyét nghién ctru anh huong
cua nhiét dd, téc do gié cia moi truong cap dong dén qua trinh cap déng ca da tron dang
fillet.

2.2.6.1. Nghién ctru anh hudng cua van toc khong khi dén thoi gian cap dong

Bdng 2. Két qua tinh toan thoi gian cAp dong cuia ca tra véi mau 18 x 100

Van tée o, (m/s)

Kich thude Nhiét do (°C) 5 75 10 12,5 15

Thoi gian cAp dong t,(s)

-35 1925 1573 1366 1226 1123

-37,5 1773 1447 1253 1122 1028

(18x100) mm -40 1643 1336 1159 1035 946
-42,5 1530 1242 1072 959 876

-45 1430 1158 999 892 815
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Anh hudng cua tdc do gi6 dén thoi gian cép dong dugc trinh bay trén Bang 3 va Hinh 8
thoi gian cap dong (tur nhi¢t d6 ban dau dong nhat bang t, = 12 °C d€n khi nhiét 4o tai tdm
san pham dat t;= -18 °C) ¢ cac toc do va nhiét do0 moéi truong cap dong khac nhau.

Bdng 3. Phuong trinh hdi quy thé hién mdi quan hé ctia van toc khong khi dén thoi gian

cép dong
Van tdc khong khi o = (5 + 15) m/s Phuong trinh hdi quy
Thoi gian cip dong 1, (S) ¢ t="-35 °C (a) ©=2788,0-207,183wm + 6,457 14w’
Thoi gian cip dong 1, (S) 6 t.=-37,5°C (b) | ©=2577,6-193,0570 + 6,022860°
Thoi gian cip dong T, (S) 6 t=-40 °C (c) 7=2390,8-179,57 1 + 5,5885 7w’
Thoi gian cip dong 1, (S) 0 t=-42,5°C (d) | ©=2239,2-170,3830 + 5,337140’
Thoi gian cap dong 1, (S) 6 t=-45 °C (e) 7=2099,2-160,869 + 5,05143w’
2000 Alnh hm?’ng cﬁa‘ van tf’)‘c kh(")n‘g khi qén th(‘r‘i gian clfip d(’mlg
—6—35'C
== 37,5'C
1800 —6—:20:%

S

1600

1400

Thoi gian cép dong

—
N
=3
=3

1000 -

800 . . . . . . . . .
5 6 7 8 9 10 11 12 13 14 15
Vian tc khong khi mdi trudng cip dong, (m/s)

Hinh 8. Anh hudng ctia van toc khong khi dén thoi gian cép dong (a) t. = - 35 °C;
(b) t. =-37,5°C; (c) t. = -40 °C; (d) t. = -42,5°C ; (e) t. = -45 °C

- V6imoi tdc do trong khoang (5 + 15 m/s), khi tang tbc d6 khong khi lanh s& 1am thoi
gian cap dong giam di dang ke;
- Khi ting téc d6 khong khi lanh, d6 giam thoi gian cdp dong & nhiét do t. = -35 °C ludn
16m hon & nhiét do t. = -45 °C tai moi toc d trong khoang = (5 + 15) m/s;
- Khi ting tdc do khong khi lanh, d¢ giam thoi gian cip dong ¢ toc d6 thap s& 16n hon
o toc do cao;
2.2.6.2. Nghién ciru anh hudng cua nhiét 6 méi truong dén thoi gian cap dong
Dé danh gia tong quat sy anh hudng cia thay doi nhiét do dén thoi gian dong két, c6
thé hoi quy thoi gian t theo nhiét do (trong khoang t, = (-35 + -45) °C). Véi sai s6 < 0,05%
quan hé gitta T va t, dugc thé hién trong Bang 4 va Hinh 9.
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Nghién ciru mé phdng qua trinh cép déng cé tra fillet trén bdng chuyén IQF

Bdng 5. Quan h¢ giira thoi gian cap dong voi nhiét ¢ méi truong cép dong

Nhiét d6 cap dong t, = (-45 + -35) °C Phuong trinh hdi quy
Thoi gian cip dong 1,(s) & © = 5 m/s (a) T=15828,29 + 159,949 t, + 1,38286 t.>
Thoi gian céip dong t,(s) 0 @ = 7,5 m/s (b) T =4839,63 + 133,743 t, + 1,15429 t.
Thoi gian cap dong 1,(s) & @ = 10 m/s (c) T1=4212,23 + 116,143 t. + 0,994286 t.”
Thoi gian cap dong 7,(s) & » = 12,5 m/s (d) 7=3918,54 + 110,954 t. + 0,971429 t.”
Thoi gian cap dong 1,(s) @ @ = 15 m/s (e) ©=13637,83 + 103.863 t, + 0,914286 t.>

2000 Anh huéng ciia nhiét d9 mdi truwong cip dong dén thoi gian cAp dong
T T T T T T T T T

—O—5 (m/s)

—¥—17.5 (mls)
10 (m/s)

1800 || —O—12,5 mis)

15 (m/s)

s

» 1600

1400

Thoi gian cAp dong
o

1200 -
3

1000

800 ! . . L . . . . .
45 44 43 42 41 40 -39 38 37 36 35

Nhiét dp méi truong cp dong, °C

Hinh 9. Quan h¢ gilta nhiét d¢ khong khi méi truong cap dong vai thoi gian cap dong &
cac ché dd van toc khac nhau

C6 thé thay rang khi giam nhiét d6 khong khi lanh s& lam giam dang ké thoi gian céap
dong, anh hudng cta nhiét do nhé hon anh hudng cua van toc khong khi lanh va khi nhiét o
ket dong cang cao thi anh hudng cia van toc cang 16n.

4. KET LUAN

Phuong phap phan tir hitu han da giai quyét hiru hiéu bai toan xac dinh thoi gian cp
dong cua ca tra, bai toan bien d6i pha phuc tap ma cac phuong phap khac gép kho khan.

Céc két qua tinh toan 1y thuyét theo phuwong phép trén phu hop rat tét véi két qua do
dac thuc nghiém, chirng té phuong phap nghién ctru da chon la phu hop, két qua c6 do tin
cdy va tinh thuyét phuc cao.

Két qua giai bai toan cho phép danh gia anh hudng cia thay ddi nhiét do méi truong
lam lanh va anh huéng cta thay do6i van toc khong khi lanh dén thoi gian cap dong.

Céc két qua xac dinh thoi gian cip dong cla ca tra va cac anh hudng trén dén thoi gian
cap dong, c6 thé dugc st dung lam co s& dir liéu cho cac nghién ciru lién quan dén dong lanh
nay nhu toi uu hoa qua trinh ché bién va bao quan san pham xuat khau quan trong nay cua
dat nudc.
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ABSTRACT

MODELLING OF FREEZING PROCESS FOR PANGASIUS FILLET
ON IQF CONVEYOR

Do Huu Hoang*
Ho Chi Minh City University of Food Industry
*Email: hoangdh02@cntp.edu.vn

Cooling and freezing of Pangasius is a terribly complex process of heat conduction
with phase change, which includes many processes occuring simultaneously: heat and mass
transfer, formation and development of solid phase of ice crystals which makes the phases
frontier face moves continually, besides that the volume as well as the mechanical properties
of food also vary. Especially, around the freezing point, there are large and sudden variations
in thermophysical properties such as specific heat, density and thermal conductivity. Then,
the differential equation describing the process of nonlinear partial one becomes extremely
difficult to solve. In this paper, the finite element computation of unsteady phase change heat
transfer during freezing of Pangasius had been applied to determine the accurate freezing
time.

Keywords: Freezing time, heat transfer, phase change, finite element, simulation.
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