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TOM TAT

Bai béo trinh bay két qua md phong qua trinh Cap dong thit bo bang phan men Ansys,
trén co so két qua md phong, cac yeu t6 anh huong dén thoi gian cap dong bao gom van tbc
va nhiét d6 khong khi moi truong cap dong duoc nghién ciu. DI voi van tdc, trong khoang
van toc khong khi moi truong cap dong o = (5-15) m.s’%, khi thay ting van téc Vo =1 m.s?
thoi gian Cap dong giam Vt =(6,5-2,0)%, di vai nhiét do trong khOang nhiét @6 khong khi
moi truong cip dong te = (-35 - -45) °C khi giam nhiét d6 moéi trudng cap dong Ve = 1 K, thoi
gian cip déng giam Vt =(3,2-2,5) % .

Tir khéa: Thit bo, truyén nhiét, bién ddi pha, phan ti hitu han, md phong, nhiét do, van téc.

1. MO PAU

Chan nubi gia sdc, gia cam 1a mot trong nhirng thé manh cua nén kinh té Viét Nam. Trong
nhitng ndm gan day, bén canh su nghiép cong nghiép hda, hién dai hoa dat nudc, thi nganh
chan nudi bo & Viét Nam ciing duoc ddy manh. Tuy nhién, van con nhiéu théch thirc ma chiing
ta can phai d6i mat nhu: Ting trudng chua bén viing, nhit 1a van dé kiém soét dich bénh, an
toan thyc pham, moi trudng va thj truong san pham. Trir chan nudi bo sira, con lai hau hét cac
linh vuc, viéc t6 chirc chan nudi theo chudi lién két con chiém ty l¢ thap ca vé quy mo va mic
dd lién két, hiéu qua chua cao. Bén canh d6, hoat dong chan nudi phdi dbi mat véi nhiéu thach
thire khi hoi nhap sau rong véi quéc té, nhat 1a khi nhiéu hiép dinh thuong mai tu do di dwoc
ky két, san pham chin nudi trong nudc s& phai canh tranh gay gat hon vai san pham ciing loai
clia cac nude co trinh do, kinh nghiém trong phét trién chan nudi tét hon Viét Nam [1].

Trudéc thuc trang trén, Nha nude ciing nhu cac dia phuong di ban hanh nhiéu chinh sach
khuyén khich va thiic day phét trién chin nu6i nham gia ting san luong thit bo trong nudc.
Dic biét, Chién luoc phat trién chin nuéi giai doan nam 2021-2030, tim nhin nim 2045 phat
trién chan nudi noi chung va chin nudi bo thit néi riéng da dwoc phé duyét, dinh huéng, duy
tri tbc do tang dan trung binh 1%/nam giai doan 2021-2030 va san lugng thit bo ting trung
binh 6%/nam; nang ty 1& dan bo lai cac gidng chuyén thit I&n trén 70% tong dan [2].

Cung véi do, tich hop quy hoach phat trién chian nudi & cum tinh, vung, mién voi quy
hoach chung cta qubc gia; dong thoi chuyén dién tich kém hiéu qua sang trong €6 cb ning
Suit va gia tri cao cho chan nudi. Té chirc lién két gitra cac khau trong san xuit chin nudi theo
chudi gid trj tir: san xuat - thu mua - ché bién - bao quan - tiéu thu san pham. Xay dung thuong
hiéu va chi dan dia ly cho san pham; hudng dén san Xuét thit bo, thit trau theo tiéu chuan thit
maét nhim bao dam vé an toan thuc phdm trong suét qué trinh trinh san xuét, chudi bao quan
va phan phdi [2].
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M6 phdng qua trinh cdp déng thit bo va danh gié céac yéu té énh huéng dén qua trinh...

Bén canh d6, chat luong thit bo khéng chi duoc quyét dinh boi giai doan chan nudi ma
ngay ca qua trinh giét md va cap dong ciing anh huong rat Ién dén do ngon ciing nhu viéc giir
nguyén ham luong dinh dudng cua thit va tiéu hao ning luong trong qua trinh cip dong. P6
1a ly do ma quy trinh giét md va cp dong thit rat duoc chl trong, dac biét 1a qua trinh cip
déng. Tuy nhién, & Viét Nam, chua c6 nghién ctu chuyén sau vé qué trinh cip dong thit bo
sau khi giét mo, cac hé thong cap dong thyc pham duoc thiét ké theo mot quy trinh chung,
khong tinh toan cho mét san pham riéng biét. Vi vay hiéu qua sir dung nang luong chua cao
va dac biét 1a chat lwong san pham khéng on dinh, do ton hao san pham 16n téi gan 20%. Nhu
trén da néu thi day 1a mot bai toan thyc té cap bach chua c6 16i giai. Do d6, viéc dua vao két
qua md phong dé danh gia cac yéu té anh hudng dén thoi gian cap dong thit bo va tir do xay
dung quy trinh cdp déng hop ly vé mit tiéu hao ning luong ciing nhu ning cao chit lwong cua
san pham la viéc 1am cap thiét.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

Déi trgng khao sét 1a cac mau san pham thit bo dang hinh hop (Hinh 1) ¢6 cac kich thudc
caox rong x dai (m): 0,15x0,03x0,23 (m).

Hinh 1. Mau thit bo str dung trong khao sét

Thanh phan cua mau thit bd khao sat thé hién trong Bang 1

Bang 1. Thanh phan héa ly cua thit bo [3]

. Protein (%) | Lipid (%) | Carbohydrate (%) | Nudc (%) | Tro (%) | Fiber (%)
Thanh phan

21 3,8 0 74,1 11 0

2.2. Phwong phap

Qua trinh cp dong thuc phdm néi chung hay thit bd néi riéng l1a qua trinh hét stc phuc
tap, mot s6 hién tuong xay ra dong thoi nhu qua trinh truyén nhiét, truyén chat, qua trinh bién
ddi pha, sy thay ddi co tinh... Dac biét tai diém két dong, cac tinh chat nhiét vat Iy cua thuc
pham n6i chung va thit bo néi riéng (nhiét dung riéng c, hé s6 dan nhiét A, khéi lugng riéng
p) bién doi dot ngot, khi d6 phuong trinh vi phan dan nhiét mo ta qua trinh 1 phi tuyén tro
nén vo cung khé giai. Cho dén nay nhiéu tac gia da sir dung cac phuong phap gan dung nhu
Sai phén hitu han, Phan tir hiru han véi cach tinh lap dé giai bai toan blen dbi pha trén theo so
dd bién gisi phan pha cb dinh hay di dong [4-9], hoic x4c dinh thoi gian cip dong theo phuong
phap giai tich [10-12]. Trong bai bao nay, tac gia sir dung phan mém Ansys dé mo phong qua
trinh cap dong thit bo dang khéi theo phuong phap giai bai toan dan nhiét khdng 6n dinh co
bién doi pha véi diéu kién bién loai 3 trong qua trinh dong lanh thit bo.
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2.2.1. Xay ding md hinh toan cho qua trinh cdp déng thit bd

_ Bai toan cép dong thit bo dang khdi dugc xem nhu bai toan dan nhiét khong 6n dinh voi
diéu kién bién loai 3, qué trinh cap dong thit bo dugc mo ta nhu Hinh 2. Qué trinh cap dong
thit bo dugc thuc hién trén bang chuyén IQF dang thang, véi thong so6 1am viéc nhu sau:

Nhiét d¢ khong khi méi truong cip dong te = (-45 - -35) °C;
Van toc khong khi méi truong cap dong o = (5 - 15) m.s™.
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Hinh 2. M6 hinh vat ly mé ta qua trinh cap dong thit bo dang khdi

Trén co so mo hinh vat I):/ mo ta qué trinh cép dong thit bo dang Khéi (Hinh 1), phuong
trinh vi ph&n dan nhiét khéng on dinh trong qué trinh cap dong dugc viét nhu sau:

aT o°T o*T o°T

biéu kién ban dau:
T(x,y,z,0) = const tai T =0
Diéu kién bién: toa nhiét tai mit ngoai biéu thi bai:

o°T 2T o1

)

(2)

3)

M hinh toan cho bai toan cip déng thit bo duoc viét nhu sau:

oT o%T o%*T o°T
p(T)c(T)aT:x(T){axz+ayz+azzj+qv

5453
aX x=0 ay y=0 az z=0

1=0=>T=T(X,Y,z,0) =const

Trong do:

A: hé sb dan nhiét, (W.m™.K™):
p: khéi lugng riéng, (kg.m3);
c: nhiét dung riéng, (J.kg.K?);
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a: hé s6 trao doi nhiét ddi luu, (W.m2K™);
T: nhiét do, (K)

T: thoi gian, (s);

av: Ngudn nhiét trong, (W.m3).

2.2.2. Tinh chat nhiét vat ly cua thit bo

Dé thuc hign mo phong qué trinh cap dong thit bo, tinh chat nhiét vat Iy cua thit bo can
duogc xac dinh. Tinh chat nhiét vat ly caa thit bo phu thudc va nhiét @6 va thanh phan va duoc

xac dinh nhu sau:

Hé sé dan nhiét va khéi lugng riéng dugc xac dinh theo Choi and Okos (1986) [13]:

n
Hé sb dan nhiét A(t,x;): A= %N
i=1
% x . (1 8)
Khoi lugng riéng p(t,xi): p=———"2

(5)

(6)

Nhiét dung riéng dugc xac dinh theo phuong trinh (7) (Schwartzberg (1976) [14] c(t,xi):

RTq
C, =C, + (X, = X0 JAC+EX, W—O.SAC

w

Enthalpy dugc xac dinh theo phuong trinh (8) (Schwartzberg (1976) [14] H(t,xi):

—0.8Ac

RTZ
H=(T-T, — Xy JAC)+ (T =T, )Ex 0
( r)(cu +(Xb Xwo) C)+( r) s|:18(-|-0 _Tr )(To —T)

Két qua tinh toan thdng sé nhiét vat Iy thit bo duoc thé hién trén Hinh 3.
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Hinh 3. Tinh chit nhiét vat ly cua thit bd phu thudc vao nhiét do va thanh phan

(7)

(8)
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2.2.3. M6 phéng qua trinh cdp déng thit bd dang khai

Qua trinh cap dong thit bo dang khéi dugc thyc hién trén hé thdng cép dong nhanh (IQF),
nhiét do cua san pham trudc khi dua vao cap dong dugc xem la dong nhat trén toan bg khoi,
tsp = 12°C. Khong khi méi truong cap dong duoc xét trong khoang nhiét do

te = (-45 - -35) °C, van téc o = (5 - 15) m.s™..

Ban chét cua qué trinh mo phong qua trinh cap dong thit bo dang khdi la giai bai toan
dan nhiét khong 6n dinh vei dieu kién bién loai 3, theo Willix, J., va cong su [15] hé so toa
nhiét doi lvu duoc xac dinh nhu sau:

a=25x 0 (Wm2K?) ©)

Mau san pham thit bo dwoc chon dé thuc hién md phong cé kich thuéc (m):
0,15x0,03x0,23 (m) (Hinh 1), Khi &4p dung phuong phap PTHH, phan tir s& duoc chon la phan
tr hinh hop 8 ndt, 1udi duoc chia theo cau tric déu nhau (Hinh 4). Bang phan mém Ansys, qua
trinh tinh lap da thé hién nghiém hoi tu tuyét dbi (Hinh 5).

Hinh 4. Cau tric phan tir sau khi chia ludi khéi thi bo

Hinh 5. Két qua md phong

~ Qua trinh bién doi pha va bién thién nhiét do trén tiét dién ngang cua khdi thit bo dugc
thé hién trén Hinh 6.

-20.€831 -13.403 -€.12254 1.15714 2.43722
=17.0431 -9.7E252 -2.48225 4.73718 12

a. Thay déi nhiét dé trén tiét dién ngang sau 500s
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-31.8655 -24.525% -17.5823 -11.038¢ -4.05455
-228.3577 -21.4541 -14.5104 -7.5€c21 -.823172

b. Thay déi nhiét dé trén tiét dién ngang sau 1000s

(D)

—-38.085¢ —-33.6427 -25.15958 —-24_75€59 -20.314
-35.8€42 -21.421%2 -2€.5734 -22.5355 -1z

c. Thay doi nhiér dé trén tiét dién ngang sau 2000s

Bién thién nhiét do tai tam trén mat cit ngang san pham

20

Nhiét d6, °C
‘ 5
1

50 1
00 150 200 250 300 350 400 450 20

Thei gian cap déng, S
d. Bién thién nhiér d@ tai tam trén tiét dién ngang cia mau
Hinh 6. Bién thién nhiét do tai tam san pham trén mat cat ngang

Can ctr két qua md phong thé hién trén Hinh 6 (a,b,c) cho thiy, sau khoang thoi gian
© =500 s, b mat san pham bat dau dong dic, sau khoang thoi gian © = 1000 s, toan b san
phdm da dong dic hoan toan va thoi gian con lai 1a qua trinh qua lanh san phim. Dong thoi
trén hinh 6d cho thay, qua trinh cap déng thuc pham néi chung, thit bd néi riéng dugc chia
thanh 03 giai doan, giai doan (1) 1am lanh san pham, giai doan (2) két dong thuc pham va gia
doan (3) qua lanh thuc pham dén nhiét d6 bao quan.

2.2.4. Pdanh gia dé tin cdy cua két qua md phong

Chi tiét vé phan tich danh gia d¢ tin cay két qua md phong dugc trinh bay trong [5, 8, 9],
theo d6 sai léch tuong ddi giita thuc nghiém va két qua mo phong khong vuot qué 5%. Tuy
nhién xét dén do phirc tap cua qué trinh cdp dong, dac biét 1a sy bién ddi dot ngot cua thdng
s6 nhiét vat ly tai diém két dong thi sai s6 twong ddi ndy hoan toan chip nhan dugc va md hinh
ly thuyét méd phong qué trinh cap dong thit bd dang khéi cé thé ap dung.
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3. KET QUA VA THAO LUAN
3.1. Két qua md phéng qua trinh cap déng
Qua trinh md phong duoc thuc hién ¢ 25 ché d6 khac nhau trén cling mot mau san pham

¢6 kich thude (0,15%0,03%0,23) m, thoi gian dé giam nhiét do san pham tir nhiét d6 ban dau
tsp = 12 °C dén nhiét do tai tdm tsp, = -18 °C dugc trinh bay trong Bang 2 va Hinh 7.

Bién thién nhiét do theo thoi gian, t=-35°C Bién thién nhiét do theo thoi gian, t=-37,5°C
& 10} & 107f
& st & st
Ny <
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k] ke
@ 15| @ 15|
ey e
z z
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Bién thién nhiét do theo thoi gian, t=-40°C Bién thién nhiét do theo thoi gian, t=-42,5°C
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Thoi gian cép dong, s Thei gian cap dong, s
Bién thién nhiét d6 theo thoi gian, t= -45°C
O 10+ 1
° -1
= sl | v=5(m.s™')
@
<
o -1
&S Or 1 v=7,5(m.s™")
(2]
E =l J
@ O v=10 (m.s™)
=
S0t 1
S v=12,5 (m.s™")
@ 15} 1
z
_ -1
.20 . L L | v=15 (m.s™')
0 500 1000 1500 2000 250C

Thei gian cép dong, s

Hinh 7. Bién thién nhiét do tai tam san pham theo thoi gian trong qué trinh cép dong
& cac ché do khac nhau
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Bang 2. Két qua md phong xac dinh thoi gian qua trinh cap dong

t(°C)
-35 -37,5 -40 -42,5 -45
® (m/s)
5 2946 2698 2485 2304 2145
7,5 2459 2248 2067 1913 1778
10 2178 1988 1824 1687 1566
12,5 1989 1814 1665 1537 1426
15 1853 1687 1548 1429 1325

3.2. Panh gia dnh hwéng cia van tdc khong khi dén thai gian cip dong

Dé danh gia mot cach chi tiét anh huong cua van téc va nhiét dong khong khi dén thoi
gian cip dong, mdi quan hé cua nhiét 6 va van téc cua khong khi méi truong cap dong dwoc
thuc hién hdi quy khoang van téc o = (5-15) m/s & nhitng ché do nhiét d6 khéac nhau trong
khoang te= (-45- -35) °C, két qua hdi quy duoc trinh bay trong Bang 3a,b.

Bang 3a. Mdi quan hé giita van téc va thoi gian cip dong & cac ché do nhiét do khac nhau

3000

»

dong

4p

N
o
S
=3

Thoi gian c:

@
S
=]

I\Itgl(fg)m Phuong trinh hdi quy
-35 T =4141,4-287.726xm + 9,07429xw?
-37,5 T = 3801,4-265,554%x0 + 8,36571xw?
-40 1 =3514,2-247,84%® + 7,84%w?
-42,5 T = 3266,4-231,783x0 + 7,33714xw?
-45 T =3048,8-217,737x® + 6,90286 % w?

2800
2600
2400

2200

1600 -
1400 -

1200
5

Anh hwéng cua van téc khong khi dén théi gian cap dong
- : . : . - . - :

-35°C
-37,5°C | |
-40°C
425°C| |
-45°C

6 7

Van téc khéng khi méi trwong cap déng, (m/s)

8

10 1"

13

14 15

Bang 3b. M do giam thoi gian cip dong khi van téc khong khi thay doi Vo = 1 (m.s)

[ i n e | s [ 75 [ w0 [ws |
-35 V1 =(-287,726 + 18,14858%0)Vw -197 -152 -106 -61 -15
-37,5 V1 = (-265,554 + 16,73142x®)V® -182 -140 -98 -56 -15
-40 Vit = (-247,84 + 15,68X0)Vo 169 | -130 | -91 | 52 | -13
-42.5 V1 =(-231,783 + 14,67428 x®w)V® -158 -122 -85 -48 -12
-45 V1t =(-217,737 + 13,80572%0)Vw -149 -114 -80 -45 -11

Nhan xét: V&i moi tée do trong khoang o = (5 - 15) m.s™, khi tang vén toc khong khi
lanh s& lam thoi gian cap dong giam di dang k€. Tuy nhién d6 giam thoi gian cap dong khong
dong déu trong cung ché do nhiét do vai cac ché @6 van toc khac nhau, cu thé nhu sau:

177
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> Trong khoang van toc o = (5 - 7,5) m.s’%, khi ting vén toc, o giam thoi gian trung
binh 6,5% khi van téc khong khi ting Vo=1 m.s™.,

> Trong khoang van toc o= (7,5 - 10) m.s’%, khi ting van toc, do giam thoi gian trung
binh 5,5% khi van téc khong khi ting Vo=1 m.s™.

> Trong khoang van téc w= (10 - 12,5) m.s™, khi tang van toc, o giam thoi gian trung
binh 4,0 % khi van toc khong khi ting Vo=1 m.s™,

> Trong khoang van téc m=(12,5 - 15) m.s%, khi tang van tdc, d¢ giam thoi gian trung
binh 2% khi van toc khong khi ting Vw=1 m.s™.

Nhu vay, ché do cap dong & van toc thap, khi ting van toc do giam thoi gian cip dong
I6n hon & ché do van toc cao.

3.3. Panh gia danh hwéng cia nhigt dd khong khi dén thoi gian cip dong

Tuong tw phan dénh gia anh huong ciia van téc khong khi dén thoi gian cp dong thit b,
téc,gié su dung ket qua xac dinh thoi gian cap dong ¢ Bang 2 dé xay dung phuong trinh hoi qui
thiét 1ap moi quan hé gitra thoi gian cap dong véi nhiét do, ket qua thé hién trong Bang 4a,b.

Bang 4a. Mbi quan hé giira nhiét do va thoi gian cip dong ¢ cac ché do van toc khac nhau

Van téC X- Anh hwéng cua nhiét dd khong khi dén th&i gian cap déng
) Phuong trinh hoi qu 3000 —_— =
(O] (m/s) g quy —s5(ms’")
2800 - 7.5(m.s™")
_ 2 10 (m.s™")
5 |t =9519,2 + 271,84xt, + 2,4xt, 2600 - et
15 (m.s'w)

2400

7,5 [r=8055,77 + 231,537 xte+ 2,04571xtc?

N
N}
=
S

Thoi gian, s
N
o
3
3

10 [t =7282,17 + 211,857t + 1,88571xt,?

1800

12,5 [=6634,29 + 192,349xt, + 1,70286xt.>

1600 -

1400 -

15 [t =6283,37 + 184,217t + 1,64571xte? 1200

45 44 43 42 41 40 -39 38 37 36 -35
Nhiét d6 khong khi méi truong cép dong, °C

Bang 4b. Muc do giam thoi gian cap dong khi van toc khong khi thay d6i Vo = 1 (m.sh)

| e g | s [ s | [ aes | 4o
5 |Vi=(271,84+48xt)VT 104 92 80 68 56
75 | Vr=(231,537+4,09xt;)VT 88 78 68 58 47
10 |Vr=(211,857 + 3,77142xt)VT 80 70 61 52 42
125 | Vr=(192,349 + 3,40572xt)VT 73 65 56 48 39
15 |Vr=(184,217 + 3,29142xt)VT 69 61 53 44 36

Qua két qua tinh toan, tac gia c6 mot s6 nhan xét sau:
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M6 phdng qua trinh cdp déng thit bo va danh gié céac yéu té énh huéng dén qua trinh...

V&i moi nhiét @6 khdng khi moéi trudng Cap dong trong khodng te= (-45 - -35) °C, khi giam

nhiét do khong khi lanh s& lam thoi gian cap dong giam, tuy nhién muc d6 giam khong dong

déu & cac nhiét do khac nhau, cu thé:

v Trong khoang nhiét do te = (-37,5 - -35) °C, khi nhiét d6 méi truong cip dong giam Vit =1°C,
do6 giam thoi gian trung binh 3,2%;

v' Trong khoang nhiét do t.= (-40 - -37,5) °C, khi nhiét d6 méi truong cip dong giam Vt.=1°C,
d6 giam thoi gian trung binh 3%;

v Trong khoang nhiét do t. = (-42,5 - -40) °C, khi nhiét d6 méi truong cap dong giam Vt=1°C,
do6 giam thoi gian trung binh 2,85%;

v' Trong khoang nhiét do t.= (-42,5 - -45) °C, khi nhiét d6 méi truong cap dong giam Vte=1°C,
d6 giam thoi gian trung binh 2,5%.

4. KET LUAN

Bang Phuong phap phan tir hiru han két hop vai phan mém Ansys da giai quyét hiru hiéu
bai toan xac dinh thoi gian cip dong cuia thit bo, bai toan bién doi pha phirc tap ma cac phuong
phap khac gap kho khan.

Két qua giai bai toan cho phép danh gia anh huong cua thay dbi nhiét /d6 mdi truong
lam lanh va anh huong cua thay do6i van toc khong khi lanh dén thoi gian cap dong. Trong
khoang vén téc khong kh1 moi truong cip dong o = (5 - 15) m.s, khi thay ting vén téc
Vo=1 m.s™ thoi gian cip dong giam vz = (6,5 - 2,0)%, trong kh0ang nhlet d6 khéng khi moi
truong cip dong te = (-35 - -45) °C khi giam nhiét d6 méi truong cap dong Vte = 1K, thoi gian
cap dong giam vt = (3,2 - 2,5)% .

Céc két qua xac dinh thoi gian cép dong cua thit bo va cac anh huong trén dén thoi gian
cap dong, c6 thé dwoc sir dung lam co so dit lidu cho cac nghién ctru lién quan dén dong lanh
nay nhu tdi wu héa qua trinh ché bién va bao quan san pham quan trong nay cua dat nudc.
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ABSTRACT

SIMULATION BEEF FREEZING AND EVALUATE THE FACTORS
AFFECTING THE FREEZING PROCESS

Do Huu Hoang
Ho Chi Minh City University of Food Industry
Email: hoangdhuu@hufi.edu.vn

This paper presents simulation results of beef freezing process by Ansys software. Based
on the simulation results to determine freezing time, evaluate influencing factors such as
velocity, air temperature on freezing time. With the velocity of air ranging from ® = (5 -15)
m.st, when the freezing velocity increased by Vo = 1 m.s* the time reduction was on average
V1 =(6,5- 2,0)%, With all freezing temperatures ranging from t. = (45 - —35) °C, when the
freezing temperature was reduced by Vt. = 1 K, the time reduction was on average
Vti=(3,2-25)%.

Keywords: Beef, heat transfer, phase change, finite element, simulation, temperature, velocity.
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