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Tém tat: Bai bao nay trinh bay két qué md phdng xéc dinh théi gian cdp déng thit heo nda con bang
phuong phép CFD. Sai sé thoi gian cép déng gitra md phdng va thuc nghiém tuong ing 4%. Trén co
sé két qué md phdng dénh gia dnh huéng cda nhiét do va van téc dong khi I&én thoi gian cdp déng, két

qud mé phdng duoc str dung dé téi wu héa didu kién van hanh va thiét ké kho cdp déng thit heo.

Terkhoa: Ansys, cap déng heo, CFD, mé phdng cp déng, thoi gian cép doéng.

KY HIEU:

a: Hé sb trao ddi nhiét ddi lwu, W.m2.K1;

o: Van téc dong, m.s?;

c: Nhiét dung riéng, J.kgtK?;

cw: Nhiét dung riéng nwérc, J.kgiK?;

Cice: Nhiét dung riéng bang, J.kg*K?;

cu: Nhiét dung riéng chwa cap déng, J.kgiK?:
ca: Nhiét dung riéng nguyén liéu, J.kg*K1;
H: enthalpy, J.kg*

p: Khéi lvong riéng, Kg.m3

A: Hé sb dan nhiét, W.m1.K1

R: 8.314 kJ.kg*mol*K1;

Lo: Nhiét &n dong dac cla nuwéc tai 273,15 K
To: nhiét d¢ déng dac clia nwdrc tai 273,15 K;

Mw: Khéi lwong phan t& nuwéc kg.kmol?:
Ms: Khéi lwgng phan t& chat khé kg.kmol2;
¢: Do xbp clia nguyén liéu;

xi: Thanh phan khéi lwong thiy i, %:

X' : thanh phan thé tich,%;

Xb: Thanh phan Protein trong thwc pham %;
Xice: Thanh phan bang;

Xwo: thanh phan nwéc chwa déng bang, %;
t. Nhiét do bat dau két dong, °C;

t: Nhiét do, °C;

7. Thoi gian, st

T: Nhiét do, K;

E: Ty |é gitra khéi lwong phan t&r nwéc vai khdi lwong phan tir chat khé;

l. M& PAU

Thit heo ttr 1au 1a loai thwe phém dwoc wa chudng
va tiéu thu rat nhiéu trén toan thé gidi. Ngay nay,
trong chudi cung ng t ndng trai dén ban an,
qué trinh van chuyén, bao quan chiém vi tri quan
trong, &nh hudng rat Ién chat lwong thit. Sw bién
tinh cac thanh phan cta thit phu thudc ché dé cap
doéng. Vi thé chon ché d6 bao quan phu hop la
diéu hét strc quan trong. Loi ich cp dong khéng
chi lwu gitr gan nhw nguyén ven dwgc cac thanh
phan dinh dudng, gia tri cdm quan va han ché sw
phat trién cla vi sinh vat [1]. Trong do, thoi gian
cap dong bi &nh huéng béi nhiéu yéu td khac

nhau nhw nhiét dd nguyén liéu ban dau, nhiét do
phong cap déng, van tdc dong khi lanh. T nhirng
ly do trén, bai bao nay xay dwng quan hé gitra
nhiét d6 va van téc anh hwdng dén thoi gian cap
ddng thit heo ntra con.

1. POl TWUONG VA PHUONG PHAP NGHIEN
clu

2.1 Thwc nghiém

2.1.1. Xay dwng thwc nghiém

Qua trinh cip déng thit heo % con dwoc thuc
hién tai Trung tdm thi nghiém thwc hanh,
Trwdng Pai Hoc Céng Nghiép Thwe Phadm, Tp
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H6 Chi Minh. Kho lanh cé kich thwéc dai (4000
mm), réng (3000 mm) va cao (1800 mm). Thit
duoc treo Ién thanh ngang phia trén cach tran
420 mm va san 460mm. E)leu nay glup quatrinh
tiép xuc dong khi lanh t6t nhét, Xuyén subt quéa
trinh c&p déng. Dan lanh cung c&p dong khi (t =
(-35£0.1)°C, ® = (2.5 £0.1) m/s). Nhiét dé tai
tam san phdm & 9 mau khac nhau (hmh 1)
dwgc ghi nhan lién tuc qua hé thong cam bién
nhiét dén khi dat -18°C tai moi diém. Sé liéu
dwoc ghi nhan sau méi 100s.

2.1.2. Tién trinh thwc nghiém

Thit dwoc d&t mua céa hé théng cung cép
Vissan phi hop yéu cau cta mau thi nghiém
nira con. Trwéc khi tién hanh cip déng, thit
dwoc xt ly nhiét dat ddng nhat 25°C. Pau do
nhiét sé d&t tai tam san phadm. Qua trinh cap
déng & 9 ché do nhiét va van tdc khac nhau. Hé
thdng sé dirng lai khi cac diém ghi nhan dat (-
18°C). Sau qué trinh cdp déng. san pham sé
duwoc ra déng trong 12h dé tién hanh cho qua
trinh tiép theo.

2.2. Xay dwng mé hinh toan cho qud trinh
moé phéng

2.2.1. Xay dwng mo hinh vat ly.

M6 hinh héa thit heo nira con dang hinh hdp
dwoc co6 kich thuwdc (920x360x85)mm duoc
treo thdng ding trong kho cép déng. Khbi
lwong mdi miéng thit 30.15 kg. Md hinh nay
dworc do theo kich thwdc mau gan dang véi san
pham thyc té. Mau dwoc xép thanh 5 hang, méi
hang treo 16 miéng thit v&i kich thwéc bd tri
nhw hinh 1. Dong khi lanh vao va ra dwoc bd tri
& 2 dau kho. Nhiét d6 sé dwoc ghi nhan tai vi
tri tam cach déu theo chiéu doc, ngang cla cla
mau.

.
.
fr -

.

Hinh 1. M5 hinh bé tri nguyén liéu trong
phong lanh
2.2.2. Tao Iwéi.

Mién toan hoc chinh dwoc md ta trén san
phém. Qua trinh chia lwéi dwoc thwc hién
khéng déng nhat. Véi wu tién két qua that chinh
xac tai tam san pham. Vi thé, luvéi dwoc chia
min hon tai tam va sé dan thé hon ra phia
ngoai [2]. Tai phia tam, lwdi chia 5 16p, I&p dau

0.6 mm téng dan 1.2 1an ra ngoai. Tdng sé phan
tlr 1,384,632.
2.2.3. M6 hinh toan

M&u c6 kich thwéc theo chiéu dai rat Ién so voi
chiéu réng va day, truyén nhiét theo phuwong
doc s&n pham rat nhd nén c6 thé bd qua, nén
xem nhiét do chi thay ddi theo hai hwéng rong
va day cla mau, twong tng v&i phuwong x va y.
T =1(xy,1)
2.2.3.1.Dieu kién bién

Qua trinh cép déng thit dwgc mo ta bang
phwong trinh vi phan dan nhiét khéng én dinh
voi didu kién bién loai 3, phwong trinh toan hoc
mo ta va cac diéu kién sau [3]:

oT 0T o%T
e[S

Piéu kién dau:

=0, T= to = 25°C).

Diéu kién bién, téa nhiét tai mat ngoai san
pham:

x(ﬂ(% + %J =T, - Ty) (2)

Qua trinh mé phéng dwgc thwc hién trén
phan mém ANSYS 19.2 Khi déng hoc bén trong
kho dwgc md td theo phuwong trinh Reynolds
Averaged Navier Stokes (RANS). Qua trinh
truyén nhiét theo md hinh rdi k- va the
Enhanced Wall Treatment (EWT). Dong khi
lanh truyén nhiét ddi lwu cwdng blic bén trong
kho cép déng, bd qua blirc xa nhiét va bay hoi
am.
2.2.3.2. Pac tinh nhiét cua nguyén liéu va
dong khi

M& phéng qué trinh cp déng thit heo ban
chét 1a giai bai toan dan nhiét khéng én dinh véi
diéu kién bién loai 3, v&i nhiét d& méi trudng
clp dong tm = (-40+-35) °C, hé sb trao dbi nhiét
ddi lwu trén bé mat san phdm dwoc xac dinh
theo [4]:

o = 250" W.m2K) @3)

Déi véi mau 1a thit heo trong bai nghién ctu
nay, xem nhu toan bd khdi thit ddng nhat vé
thanh phan. Thit heo co ty 1& protein: 22.32%,
fat: 5.71%, nwédc 68.26% va mot sé thanh phan
khac. Theo [5], c&c gia tri tinh chat nhiét cta vat
liéu: nhiét dung riéng, hé sé dan nhiét, hé sb
cap nhiét, khéi lwong riéng phu thudc vao nhiét
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dd va thanh phan. Tinh chét nhiét vat ly nay
duwoc xac dinh nhw sau:

Ham lwong bang phu thudéc vao nhiét dé
duworc xac dinh theo phwong trinh (4) Chen
(1985) [4]:

_1.105%,,
Xi = 08765 @
+7
In(t; —t+1)

Khéi lvong riéng va hé sé dén nhiét duoc
xac djnh theo Choi, Y. and Okos M. R (1986) [5]
nhw sau:

(1-2)

p=- X, ®)
27
i=p;
Hé sé dan nhiét
A=2X/N, (6)
i=1

Nhiét dung riéng nguyén liéu khi cdp déng
dwoc xac dinh theo phwong trinh (7)
Schwartzberg, H.G.,(1976) [6]:

Ca = Cu +(Xb _XWO)AC

2 7
+Exs[ioz_om] g
M, t

w
Trong doé:
X RTZ
] —(Xwo = X5 JLots
tr ctia chat kho;
_ XRT¢ (t; —t)
TUML, tt
X, =0,4X: Thanh phan nuéc khong két

M, = : Khéi lwong phan

: Ham lwgng bang;

déng;

E= I\'\/I/IW : Ty sé gitra khdi lwong phan tr
S
nuwéc dbi véi khéi lwong phan tir chat kho;
ACc=cC,, —C,.: dd chénh léch gilra nhiét

dung riéng clia nwéc va bang;

X/
x" =—/Pi__thanh phan thé tich;
%)
i2\ / Pi
2.2.3.3. Quatrinh md phéng
Qua trinh cip déng la qua trinh phirc tap,

bao gébm qua trinh dan nhiét, chuyén pha cla
nwéc bén trong san phdm. Thoi gian cap déng

dién ra rat 1au dé nhiét tai tam dat (-18°C). Chon
nhiét d6 ban dau dé cai dat cho phan mém la
rat quan trong, quyét dinh thoi gian cha qua
trinh. Vi thé giai doan d4u, bai toan sé chay ché
dod Steady dén hdi tu. St dung két qua cai dat
lai cho qué trinh chay ché dé khong 6n dinh [7].
Véi phwong phap chay nhuw trén, thdi gian mo
phéng gidm hon 40%. V&i bwéc thdi gian 50
giay, kich thuwéc phan t& khi mesh (Ax) 40mm.

S dung phwong phap sé tim gia tri cia cac
tinh chat vat ly cla thit theo nhiét do. Thiét lap
dinh nghia ham: “user specific heat”, “user
thermal conductivity”, “user density” d& nhap
bién array twong dwong cac gia tri theo nhiét do
cila mau. Thém dir liéu vao Interpreted —
Functions dé hoan thién khai bao di¥ liéu cho
Ansys [8]. Bay la bwdc cwe ly quan trong gilp
qué trinh tinh chinh xac thi gian cap déng [9],
[10].

lIl. KET QUA VA THAO LUAN.

3.1. Két qua mé phéng

3.1.1. Trwong nhiét d6 phan bé

Két qua mé phéng thé hién trén hinh (2-8)

t= 1h t=5h t=5h
Hinh 2. Trwong nhiét mat cat tam phwong
ngang cda mau & -40°C

280
lzvz

144

w= 2.5m/s w= 5m/s w= 7.5m/s

Hinh 3. Trwong nhiét mat cat tam phwong
ngang cua mau ¢ -35°C
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-40°C
Hinh 4: Phan bé dong khi lanh van téc 2,5 m/s

-35°C -37.5°C -40°C L‘
Hinh 5: Phan bé dong khi lanh van téc 5 m/s

Velocit
Streamline 1

37.5°C -40°C
Hinh 6: Phan bé dong khi lanh van téc 7.5 m/s

& bién thidn H Bidw 6 bién (hién thm
‘Biéu 0 bién (hién nhit di tai tim . i A v:“i‘n?}-“l o T= -u‘-c 3 ':.:‘s:;:‘

T=-35°C v=25m/s

Temparature (°C) _
[
Temperature (€]

Time (h) 1 Tmeiheurs)
Biu dé bién thién nhit 0§ tai tim ‘Biéu dé bién thién nhiét d5 tal tam Biéu ab bién thién nhigt 4 tai tam
T=-35"Gv=5m/s T=-3750C;v=50mfs T=-40°C; v = 7.5 m/s

Temperature (°C)

Tempaeraturo (*C)

5 0 s [ 5 0 . 15
Time{hours}

** Timefh) " nimethaurs)
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Biéu db bién thién nhigt dé tai tim
T=-35°C,v=25m/s

Bifu

i bién thién nhi¢t & tai tam

Biéu do bién thién nhift dg tai tam
T=-37.5°C;v=75m/s

T=-40°C v=7.5m/s

Hinh 7: Anh hwéng céc yéu té va vj tri mau dén thoi gian cap déng

30

25

20

15

10

Temperature (°C)
wn

-10

-15

-20

Theri gian trung binh mau tai tam khi cap déng

2.5m/s_-35.0°C
——2.5m/s_-37.5°C
——2.5m/s_-40.0°C

5.0m/s_-35.0°C
———5.0m/s_-37.5°C
5.0m/s_-40.0"C

7 8 =]

——7.5m/s_-35.0°C
—7.5m/s_-37.5°C
—7.5m/s_-40.0°C

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)

Hinh 8: Thoi gian cdp déng trung binh & cac ché dé khac nhau

3.2 So sdnh két qua mé phéng va thurc nghiém.

Qua trinh thyc nghiém dwoc thwe hién tai khu
thU”C hanh Trwong Pai hoc Céng Nghiép Thyc
Pham Tp HCM. Nhiét d6 dwoc ghi va lwu trén

thiét bi lwu nhiét

Model

R3-NM1-R;

No:OLO24692 MSYSTEM. Két qua thu dwoc
dwoc thé hién trén bang 1, hinh 9 va hinh 10.

Kiém ching thwe nghiém tai ché dd hoat dong
(-37.5°C) va 5.0m/s tai 9 mau, do léch chuan
dwong gitra thdi gian cdp déng md phéng va

Bdng 1: Thoi gian cdp m6 phéng va thuc nghiém ché d6 -37.50C va 5.0m/s

thwc nghiém cao nhat dmax = 7.8%, thap nhét
0.8%. Sai sbé trung binh 4.0%. Diéu nay c6 thé
ly giai sai s6 do ban chét sai léch vé thanh phan
cta, &nh hwéng dén cac gia tri nhiét vat ly mau.
Céc gia tri nhiét vat ly dwoc |4y gan ding theo
ty 1& dinh dwéng cla thit nén cac théng s nhiét
dung riéng, enthalpy va khéi lwong riéng c6 sai
sb 1&n 1am anh hwéng dén qué trinh md phéng.

Th tw Mau1 |Mau2 |Mau3 |Mau4 | Mau5 | Mau6 | Mau7 | Mau 8 | Mau 9
Mo phéng (h) 7.60 15.60 11.70 8.66 15.40 | 11.89 7.70 15.28 | 11.56
Thyc nghiém (h) 7.8 15.01 11.25 9.02 14.2 11.8 8.05 14.9 12.35

9.0%

8.0%

7.0%

6.0%

5.0%

4.0%

3.0%

2.0

1.0

X

0.0%

S

ES

I I I I I = I I

Mau 4 Mau 5 Mau 6 Mau 7 Mau 8 Mau 9

Mau 1

Mau 2

t=-37.5°C, 5.0 m/s

Mau 3

6.4%

Hinh 91. B6 |éch chuan dwong thoi gian cdp déng gitka md phéng va thuc nghiém.
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t=.37.59C

5
Vian téo

t=-400C -1

6§
(mis)

Hinh 20. Anh hwéng véan téc dén thoi gian cap déng.

3.3 Anh hwéng cda cdc yéu té6 dén thoi
gian cap déng.
Thoi glan cap doéng san pham chiu anh huéng
b&i cac yéu td6 nhiét dd, van tdéc dong khi
lanh[11],[12]. Qua trinh khao séat bang thuc
nghiém va mé phdng duoc thé hién trén bang 1
va hinh 9.
Anh huéng véan téc dén thoi gian cép déng.
Khi tang van téc dong khi tr 2.5 m/s Ién 5.0
m/s, thoi gian cdp déng gidm khoang 5.6h.
Trong khi d6, van téc 5.0 m/s 1én dén 7.5 m/s,
thoi gian giam it hon, khoang 2.5h. Ty |é gilra
thoi gian cép déng va van téc dong khi lanh c6
xu hwéng giam dan. Co thé thay khi tang van
tbc dong, thdi gian cép doéng giam di dang ké
nhwng dé giam thoi gian cap dong & tbc do
thap sé Ién hon & tbc do cao.
Anh huéng nhiét do dén thoi gian cp déng.
- C6 thé thay ty |& gitra bién thién thoi gian cap
dong va bién thién nhiét d6 dong khi cé xu
hwéng gidm déu, gan nhw tuyén tinh.
- O van téc 2.5 m/s, vj tri 2,5,8, thdi gian giam
khoang 5.2 h khi ha tir -35 °C xubng -37.5°C.
Va ha tiép nhiét d6 xubng -40 °C, thoi gian gidm
khoang 2h. - O van téc 7.5m/s, khi thay dbi
nhiét do thi thoi gian gidm thap nhét so voi cac
ché d6 khéac, khoang 0.5h.
- Trong khi d6, ché dé 2,5 m/s, khoang thoi gian
gidm dang ké nhét, khoang 3.1h tr -35°C xuéng
-37.5°C.
C6 thé thay rang khi gidm nhiét d6 khong khi
lanh sé& lam gidm dang ké thoi gian cap déng.
Tuy nhién, anh hwéng ctia nhiét d6 nhé hon
anh huéng cla van tbc khdng khi lanh (Hinh
1la,b,c).

25m/s ®

|
\
B
\
Thai gian (h)

40 -39 38 37 36 35
Nhigt 5 °C)

@)

5.0m/'s

N
T\

-40 -39 -38 37 36 35
Nhigt dg *C)

(b)

7.5m/s

Thai gian (h)

-8 37
Mhiét dé °C)

(c)
Hinh 31. Anh hwéng nhiét dé dong khi dén
thoi gian cép déng.

IV. KET LUAN

Céc két qua tinh toan trén Ansys so v&i két qua
thwc nghiém cung diéu kién cé do léch chuan
dwong thoi gian trung binh 4.0%. Véi tinh chét
vat lieu khong déng nhat vé thanh phan, qua
trinh cdp déng nhiéu giai doan phirc tap. Dan
dén cac gia tri vat ly nhiét nhw khéi lwong rleng
hé sb dan nhiét, nhiét dung riéng,... co sai sb
dang ké. Nén sai s gitra m6 phéng va thuc
nghiém trung binh nhw trén cé thé chap nhan
dwoc. D liéu bai nghién clru nay c6 thé lam co
s& cho cac bai toan thiét ké hé thdng lanh trong
cung diéu kién. Cing nhw lam co s& cho bai
toan vé téi wu hoa thdi gian cap déng khi thay
ddi cac yéu té anh hwédng, vi tri sdn pham trong
kho.
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SIMULATION HAFT PORKS FREEZING BY USING
ANSYS

Vo Van Sim, Do Huu Hoang
Faculty of Chemical Engineering, Ho Chi Minh City University of Food
Industry

E-mail: hoangdhuu@hufi.edu.vn
ABSTRACT:
This article presents the results of half- pork freezing time by CFD. Freezing pork is the process of heat
conduction with phase change including heat and mass transfer occur simultaneously. At the freezing
point, the physical thermal properties of the product change dramatically. Using ANSYS software to
simulate the process, determine the time when the center of products reach -18 °C. Error of simulating
and experimental freezing time are 4%. Based on simulation results assessing the effects of
temperature and airflow velocity on freezing time, the data can be used to optimize operating conditions
and the design of pork freezer storage.

Key words: Ansys, freezing pork, CFD, freezing simulation, freezing time.
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