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~ MO PHONG QUA TRINH TRUYEN NHIET
CAP PONG CA NGU TRONG TU LANH 3 SAO (-18°C)

HEAT TRANSFER PROCESS SIMULATION FOR TUNA FREEZING
IN 3-STAR REFRIGERATOR (-18deg C)
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TOM TAT

Sir tién bé cua khoa hoc, ky thudt doi héi nguweoi ki suwe thuc hién nhitng dé &n ngay cang
phirc tap, dat tién va doi héi @ chinh xdc, an toan cao va dat t6i wu cao nhat. Trong nganh ky
thudt nhiét ciing doi hoi nhirng yéu cdu trén. Dac biét 1a tinh toan thiét by truyén nhigt, trao
doi nhi¢t mgt cach c6 hiéu qua va toi uu nhdt Bai béo nay trinh bay két qua tinh toan truyén
nhiét cap dong ca ngir o nhiér do (- 18°C) bang _phuong phap mé phong theo phan mém
Comsol, két qua thuc nghi¢m dé kiém ching cho két qua md phang mdc dinh cua bai toan nay
la xdc dinh su thay déi truong nhiér do va thoi gian cap dong cd ngir trong tu lanh phu thuge
Va0 nhiét dé méi truong cdp dong, kich thidéc mau ca va van téc gié cdp dong. Két qua tinh
toan ly thuyét, do dac thuc nghi¢m duoc so sanh véi nhau, tac gia nhan thay rang nhiét do bé
M@t va tm cia mdu ca ¢ cac ché do cap dong khdc nhau thi sai sé tuyét doi khong qua 7°C.

Tar khoa: Cdp déng; thoi gian cdp déng; nhiét do cdp dong; cdp dong c& ngir; md phong
truyen nhiét.

ABSTRACT

The advancement of science and engineering requires engineers to make more complex,
expensive projects that require the highest levels of accuracy, safety and optimization. Such
requirements are also required in thermal engineering especially for calculating the heat
transfer equipment and optimal heat transfer process. This paper presents the results of
calculating heat transfer for tuna freezing at temperature (-180C) by the software Comsol
Multiphysics simulation and experimental results to verify the simulation results. The default
task is to identify changes in temperature and time of freezing tuna in the refrigerator in
accordance with the ambient temperature, the sample size of fish and freezing wind velocity.
When comparing the theoretical calculation results and experimental measurements, the
authors found that the surface and center temperature of the fish samples in different freezing
regimes had absolute error not exceeding 7°C.

Keywords: Freezing; freezing time; freezing temperature; frozen tuna; heat transfer simulation.

duoc diéu do, ching ta phai xac dinh duoc

1. DATVANDE cac yéu t§ anh hudng dén qua trinh cdp

Chét luong san pham thuy, hai san phu
thuoc vao ca nguyén liéu, quy trinh céng
nghé ché bién, trong d6 qua trinh bao quan
sau khi danh bat co vai tro rat quan trong,
dac biét 1a qua trinh cap dong san pham. Vi
vdy, quéa trinh cép dong ca ngir ciing anh
huong rat 16n dén chét luong san pham ciing
nhu kha nang xuat khau hang hoa. Bé lam

dong nhu: thong s6 nhiét vat ly cua thyc
pham nhi¢t do moi truong Cap dong, van
toc gi0, kich thugc san pham. Pé giai quyet
van dé nay, tac gia da xay dung mé hinh cip
déng ca ngu trong ta lanh -18°C va tién
hanh mé phong su thay d6i truong nhiét do
va thoi gian cip dong bang phan mém
Comsol.
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M6 phong qué trinh truyén nhiét bén
trong thuc pham két dong va qua trinh trao
d6i nhiét voi mdi trudong, cac yéu té anh
huong dén qué trinh cap déng ca ngtr trong ta
lanh -18°C 1 nhitng ndi dung chinh ma bai
bao s& dé cap.

2. MO HINH TOAN HQC

Stefan (1889) da dua ra phuong trinh vi
phan dan nhiét md ta qué trinh 1am lanh két
dong thuc pham viét cho phan té bat ky tai
thoi diém 7 nhu sau:

c(t) p(t) % — 2OV az) @

c(t) : Nhiét dung riéng phy, J/kgK

p (t): Khéi lwong riéng, kg/m?

A (t): Hé sb dan nhiét, W/mK

qv(r, 7 ): Ngudn nhiét bén trong, W/m®
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Két hop véi cac diéu kién bién (loai 3)
va diéu kién ban dau ching ta c6 hé phuong
trinh (4) c6 thé giai dugc va cho phép xac
dinh truong nhiét do, thoi gian cip dong cua
thuc pham [1].

3. MO PHONG QUA TRINH TRUYEN
NHIET CAP PONG CA NGU

3.1 Luwa chon ddi twegng nghién ciu

Déi tuong thuc phim dugc lya chon
nghién ciu la ca ngir dang khoanh, cé chiéu
day 30mm. Thanh phan khéi luong c& ngir
nhu sau: Thanh phin nuéc xwe= 71,21 %,
thanh phan khéi lugng Protein x, = 15,25%,
thanh phan khéi luong mé x;= 12.24%, thanh
phan khéi luong tro X, = 0.97%, thanh phan
Carbonhydratx;=0.32%. Nhiét do diém két
dong 1a t,=-2,2°C [2].

3.2 Sir dung phin mém Comsol mé phéng
qua trinh truyén nhiét cip dong ca ngir

Trong bai toan dan nhiét [1,3], phuong
trinh vi phan dan nhiét duoc viét:

ﬁ(ﬂxﬂji PUCLIR IRPRRN:) S
OX OX oy

or
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‘ Dé giai dugce phuong trinh (5) ching ta
can lay dieu kién bién theo [3]:
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Can phai x4c dinh cac dao ham 8_T 8_T 8_T

ox ' oy or
Dao ham cua nhiét d6 T theo toa do x va
y: Nhiét do trong phan tir xac dinh theo ham
noi suy Ng va nhiét do tai cac nut Tg. Ham
noi suy Ng chon 1a ham bac nhat caa x va y,
con nhiét do Tg tai cac nat phan tir khong doi
tai moi thoi diém theo [3].
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Na, Ng: Ham ndi suy

bao ham cua r]hiét do6 theo thoi gian: vi
Ng la ham bac nhat caa x va y, khéng phu
thudc vao thoi gian [3].

a_od
or Ot

Trong sb hangJ.NAa(Tm ~T,)dS, Tm la
S

nhiét do tai nat bé mit, do do:
Tm = TB = NBTB (10)

Thay cac dao ham trén va nhiét do T,
vao (2.8) dan dén:
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Phuong trinh (11) chinh 13 phuong trinh
ddc trung cua phan tir hitu han 2 chieu c6 buc
Xa va doi luu tai bién va nguon trong [3].

Viét gon lai & dang ma tran:

[cl{ L+ (k1T = (1)

T

(12)
Trong do:

[C]=|:j(pC[N]T [N])dv} - la nhiét dung ma tran.

[K]:D(A[B]T[B])ON+‘£(0![N]T[N])dv}- 1A

ma tran dan nhiét.

_ Bai todn néu trén (4) duoc giai bang
phan mém Comsol, ket qua the hién hinh 4
den hinh 7.

3.3 Nghién ciru thye nghiém cip dong ca ngir

Vach cach nhiét
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Hinh 1. M6 hinh thzc nghiém.

Dé kiém chiung do chinh xac cua mod
hinh va loi giai dua trén phan mém Comsol,
tac gia da tién hanh thuc nghiém nham xac
dinh bién thién trudng nhiét do trong thuc
pham két dong. Nhiét d6 méi truong két
dong 1a -18°C, van téc gi6 1a 2,5 m/s. Thiét bi
st dung trong thi nghiém la ta lanh ba sao (-
18°C), kém theo mét thiét bi do ty ghi nhiét
d6 2 kénh do nhiét do tai bé mat va tam cta
Mau c4 va luu trit trén may tinh.

Céc thdng s6 nhiét vat Iy cua thuc pham
bao gom: ty 1¢ nudc dong bang, nhi¢t dung
riéng, enthalpy, hé s6 dan nhiét va khoi
luong riéng.

Ty I¢ nudc dong bang: xac dinh theo
cong thuc [4]

1,105.x,
= w 1
Koo 0,7138 (13
14— =2
In(t, —t+1)

Nhiét dung riéng va enthalpy: xac dinh
theo [1,5,6,7]

e, (1)p(r) L)

Enthalpy :(ASHRAE, 2010)

=v(2(T)VvT(77)] (19)

h(T)= j C. (t)dT (15)
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Hé sb dan nhiét hiéu dung theo [7,9]
K - L,

A(T) Zﬂ,ﬁ (16)

X, N ,
= 2P - thanh phan thé tich thir .
P
Hé sb trao ddi nhiét bé mat duoc xac
dinh theo [10]

a =25x@"° [%ZK}

4. KET QUA VA THAO LUAN

M6 hinh khong gian két dong va khdi
thuc pham duoc xay dung trén phan mém
Comsol. Khéi thyc phim duoc chia ludi nhu
hinh 2.

V.

]

(17)

¢ Latca

Hinh 2. Chia luéi.
Ung véi cac diéu kién moi truong két
dong, dong khong khi chuyén dong qua mau
thuc pham nhu hinh 3.
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Hinh 3. Dong khdng khi chuyén déng.

Hinh 7. Truong nhiét dé mau ca sau 120 phit.
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Hinh 9. Anh hirong cua nhiét dé méi trieong
cap dong den thoi gian cap dong.
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Hinh 10. Anh huong ciia vén toc dén thoi
gian cap dong

Két qua tinh toan nhiét d6 tai tdm cua
mau ca dugc thé hién trén hinh 4, hinh 5,
hinh 6, hinh 7. Quan sat két qua thu duoc ta
nhan thay két qua tinh toan ly thuyét da phan

anh ding xu hudng bién bién cua truong
nhiét do bén trong tdm thuc pham. Sai sé cua
trueong nhiét do tai tdm nho hon 7K tai moi
thoi diém, tac gia ciing nhan thay rang thoi
gian cip dong nhiét do tm thyc pham dat -
18°C chénh léch sai sé gitra ly thuyét va thuc
nghiém la khoang 10 phut. Qua do, tac gia da
nghién ctu thuc nghiém vé anh huong chiéu
day san pham tbc d6 gi6 va nhiét d6 moi
truong cap dong ca ngu trong tu lanh -18°C
thé hién két qua qua hinh 8 dén hinh 10.

5. KET LUAN

Bai bao da xay dung mé hinh toan hoc
qua trinh dan nhiét bén trong khéi thuc pham
két dong duoc chuyen vé bai toan dan nhiét
phi tuyén véi tinh chat nhiét vat ly bién d6i
theo nhiét do.

Puong cong nhiét do tdm san pham du
do4n bang mo hinh ciing phan anh dung gia
tri thuc nghiém, dugc chia lam 3 giai doan.
Trong giai doan dau tién nhiét do giam khé
nhanh, & giai doan nay thuc pham chi trao
dbi nhiét hién véi moi truong bén ngoai. Giai
doan tiép theo, khi nudc trong thuc pham bat
dau chuyén pha, xuat hién thanh phan nhiét
an, nhiét do tm hau nhu & trang thai 6n dinh
(nhiét 6 diém bang). Giai doan tiép theo, khi
tam san pham két thuc qua trinh chuyén pha,
nhiét dung riéng hiéu dung giam xudng rat
nhanh ddng thoi hé s dan nhiét ting 1én,
nhiét d6 tam tiép tuc giam nhanh hon ca giai
doan dau cho dén khi san phiam dong bing
hoan toan.

Qua trinh cip déng phu thudc vao kich
thuéc san pham, khi kich thudc ca ting, thoi
gian cip dong ting duoc thé hién & hinh 8.
Do trong qué trinh két déng thuc pham
chuyén pha phu thuoc vao ty & nudc két
dong nén thoi gian cap dong khac nhau theo
su thay doi cua ty 1é nuéc dong bang.

Két qua trén cho thdy, khi nhiét do
khong khi méi trudng cip dong giam, thoi
gian cip dong s& giam, tuy nhién mutc do
giam thoi gian cap dong khong dong déu o
cac ché do khéac nhau ¢ hinh 9.

Yéu t6 van tég: gio ciing rat quan trong,
tac gia nhan thay rang van toc khéng khi thay
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déi thi thoi gian céap dong cling thay ‘dcx)i, tuy
nhién muac do thay doi khong dong deéu ¢ cac
ché do khac nhau ¢ hinh 10.

Str dung phan mém md phong Comsol, g 1 | 10 &
tac gia d@ mo phong qua trinh dan nhiét gitta % N X A -
thuc pham va moi trudng cap dong. Viécso 2 | . 5
sanh két qua tinh toan ly thuyét va két qua do S o] =\ qo £
thuc nghiém trén doi tugng thuc pham la ca N E
ngir va sai sé tuyét déi khong vuot qua 7°C 20 e Eee Lo
da chung to kha ndng s dung mo phong P T e
Comsol vao viéc nghién cau qué trinh cap o )
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déng thuc pham trong diéu kién Viét Nam.
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Hinh 11. So sanh #ruong nhiét do.
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