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VMO PHONG QUA 'gniNH TRAO DOI NHIET LIEN HOP
GIUA THUC PHAM VA MOI TRUGNG KET DONG

SIMULATION OF HEAT TRANSFER PROCESSING IN CONJUGATE
FOOD FREEZING/AIR CONVECTION

TS NGUYEN VIET DUNG*, ThS LE KIEU HIEP, ThS TRAN THI THU HANG. ThS vO DINH HIEP

DHBK Ha Noi

Béi bdo trinh bay vigc déng théi mé phong qud trinh luu déng cia méi trwong két déng va qué
trinh trao d6i nhiét gita moi trwong két dong va thuc phdm bén trong ti cip déng gid dira béng phuong
phap CFD. Dira trén khai niém hé sé nhigt dung riéng higu dyng, md hinh bai toan dan nhiét c6 nguén
trong bén trong khéi thyc phdm, do hién tugng chuyén pha Iéng rin cia thanh phan nute, sé duoc
chuyén vé mo hinh bai todn dan nhiét phi tuyén trong d6 tinh chét nhiét vt Iy thay déi theo nhigt do.
Qud trinh luu déng cda méi trudng cap dong va qué trinh trao doi nhiét tai bé mét khéi thyc phdm duoc
gidi dwa trén mé hinh ddng réi k-c. Hai m6 hinh toén hec nay duoc gidi két hop dua trén phan mém mé
phéng Fluent 12.0. Viéc so sénh trudng nhiét dé bén trong thyre pham theo két qua tinh toén vé két qua
thue nghiém da minh chimg cho tinh chinh xac coa mé hinh.

GIAI THICH CAC KY HIEU

t Nhigt 45, °C,
t: Nhiét 3o bt dau két déng cua thyec pham, °C;
To Nhiét 8¢ ddng d&c cia nudc (273 K);
W, Thanh phan khéi lwgng nwdce ban déu,
kg nwércrkg thire pham, )
W, thanh phéan khéi lugng clia chat béo,
W, thanh phén khoi lrong clia dam,
W, thanh phan khéi luong clia chét tro,
Ty nhiét 49 diém déng cla thye pham, °C,
o: Thanh phan khéi lvgng nuéc da trong tdng thanh
phan nude phy thuge vao thor gian,
Lo: Nhiét 4n chuyén pha cla nwéc, Jikg;
R: H&ng sb pho bién cla chat khi, J/kgK,
¢’ Nhiét dung riéng, J/kgK;
p Kndiluong rieng, kg/m®,
A hé sb dan nhiét trong 16ng thuc pham, WimK;
v. Tbc d6 gi6, mis,
1. DAT VAN BE

Nang cao chét lwgng qua trinh bao quan sau
thu hoach la mét trong nhirng dinh hwéng quan
trong cla nudc ta nham hién dai héa nén nong
nghiép. Bén canh cong nghé sdy, hap, bao quan
yém khi,... cong nghé lam lanh dong ciing da va
dang dugc (ng dung réng rai & nudc ta Viec
nghién ciru qua trinh trao doi nhiét trong qua trinh
két déng thyc pham sé cho phép nang cao chét
Ivgng sdn phdm, gidm tiéu hao nang lrong va 12
co s& dAu vao tin cdy cho viéc tinh toan, thiét ké
to cdp déng.

Viéc st dyng khai niém hé sé dan nhiét hiéu
dung cho phép chuyén bai toan ddn nhiét co
ngudn trong, bén trong thyc phdm két ddng, xuét

hién do qua trinh chuyén pha 16ng — ran cia thanh
phan nudc, vé bai toan dan nhiét phi tuyén cé tinh
chéat nhiét vat ly phy thuéc vao nhiét @ [1.2,7).
Hé sé trao doi nhiét do1 lvu o thudng dwoc tinh
trung binh cho toan bé bé mat cua khor thuc pham
theo cac cong thic thye nghiém va duoc xem I3
hang s6 trong sudt qua trinh két déng. Day la mot
trong nhizng yéu t6 gay ra sy sai léch lon giva két
qua tinh toan va két qua thuc nghiém do cac cong
thire thue nghiem nay ¢ the cho két qua sai lech
161 10%. Dé gidi quyét van @& nay, nhom nghién
clru da ap dung ly thuyét dong rdi va phan mam
Fluent 12.0 dé xac dinh dac tinh cia dong chay.
Tir d6 x4c dinh duoc dong nhiét chuyén qua bé
mét cua thwe pham,

Mé phéng qua trinh dén nhiét bén trong thyc
pham két dong va qua trinh trao ddi nhiét von
méi tredng la nhivng ndi dung chinh méa bai bao
sé de cap
II. MO HINH TOAN HOC

2.1. Qua trinh dan nhiét bén trong thyc
pham

Stefan (1889) da néu nén phuong trinh vi phan
dén nhiét mé ta qua trinh 1am fanh két déng thyc
pham viét cho phan té bt ky, & thoi diém T nhu sau

A . N
c(t)p()==A(1)V1 1
()3 = 1)V 1+a(x) Q)
Trong do.
¢(r)- ngubdn nhiét trong ciia phan t6, thes diém r .

Khi nhiét d¢ 1om hon nhiét do két dong, ngudn
nhiét trong q (1) = 0. Khi nhiét d & duoi nhigt do
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Kkét dong ciia thuc pham, bén trong lh'uc‘phém
xay ra qua trinh chuyén pha tr 1dng sang ran cta
nuéce trong thec pham. Nhiét &n 14a ra trong qué
trinh @éng bang duoc xem |3 nguén nhiét trong
4(r.r)duoc xac dinh theo phuong trinh 2,1}

- dw dT(r.1) 2

D= W p(MUT
q(F. 1) = Wo.p(T).L( )dT e

Thay phuong trinh (2) vao phwong trinh (1), ta
duoc

do eT(r.v)
SW LT = |p(T)y———— =
[C(T) L )dT]P( ) o

= MT) div(gradT(7.1))

3)

Két hop voi cac didu kign bién (loai 3) ching ta
cd phuong trinh (3) c6 thé giai duoc va cho phép
xac dinh treong nhiét @9, thoi gian cép dong cla
thuwe pham.

Trong khudn khd bai bao nay diéu kién bién
loai 3 co dién, x4c Ginh hé sé trao déi nhiét ddi lru
bé mat trung binh cia thuc pham theo cong thirc
thuc nghiém khong d@bi theo thoi gian sé duoc
thay thé badng céng cu mé phong CFD, c6 kha
nang mé phdng hé s a nhu ham cba thon gian
va toa do.

Dé gidi hé phuong trinh (3) cac tinh chét nhiét
vat ly cla thuc pham duoc mé phong dua theo
quan diém Trumak-Onhishencof1]

2.2. Qua trinh Ivu dong cua moi trwdng két
dong, qua trinh trac ddi nhiét ddi lwu giiva
thye phdm va méi trwong

Ma hinh chuyén dong clia dong chat khang khi
bén trong khong gian két dong duoc gia thiét tuan
theo mé hinh dong réi k - £. Theo dé, téc do cia
dang tai mét vy tri bao gdm 2 thanh phéan' thanh
phan van téc trung binh va thanh phan réi Hai dai
lwgng dong nang rdi k va téc do tiéu tan dong
nang ré1 duoc Bua vao dé khép kin mé hinh toan
hoc cla qua trinh luu déng.

Béi voi nhirng ving gan bé mat khéi thuc pham
hay vach cla khong gian thi nghiém, quy luat phan
bd cua trwdng van toc va nhiét do cua khong khi
duoc gia thiét tuan theo quy luat phan bd Launder va
Spalding duoc trinh bay trong tar liéu (6,7}

i, MO PHONG QUA TRINH DAN NHIET 3 CHIEU
BEN TRONG THUYC PHAM DANG KHOI HOP

3.1. Lwa chon déi tweng nghién ciru

péi twong thyc pham dugc lya chon nghién
ciru la thit bo nac dang khé hop co kich thuwoc
17.3 ¢m x 11,5 cm x 2,5 cm. Thanh phan khéi
lurgng va tinh chét cua thit bd twoi duoc cho trong
tai lidu [7].

W,o=0,7083,W=0,0489, W,=0,0107, W,=0,2203,
t,=-1.7°C

3.2. Stz dung phian mém Fluent 12.0 mo
phéng qua trinh dan nhiét bén trong thyc
phﬁm

Phan mém Fluent 1a phdn mém chuyén dung
€6 kha nang mé phong qua trinh truyén nhigt,
chuyén dong clia chét ran va chét 1dng. Voi viée
str dung phwrong phap s6 phan ti hiru han, phin
mém cho phép tinh toan nhanh chéng va chinh
xac cac qua trinh dan nhiét tuyén tinh cting nhu
phi tuyén.

Tinh chét nhigt vat ly cia déi tvong dwoc nap
vao chuong trinh théng qua ngén [190 18p trinh C
va trinh UDF cdia phan mém [4]. Két qua tinh toan
duoc xuét ra dudi dang db thy va file dir ligu,

3.3. Nghién ciru thyc nghiém qué trinh dén
nhiét bén thie phim két dong

Mt cht 6& ximg
clamdhioh T 500
e
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Hinh 1 Kich thuéc khéng gian thi nghiém (don vi mm)
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Hinh 2. CAc vi trf do nhiét db va téc dp gi6 tai cira cdp
Kkhong khi lanh

Dé kiém ching d6 chinh xac clia mé hinh va 161
giai dya trén phan mém Fluent, nhém nghién ctru
da tién hanh thi nghiém nham xac dinh bién thién
trwdng nhiét 46 trong thire pham két déng Nhiét
dd moi trudng két dong 1a -35°C, van tée gi6 2.5
m/s (nhiét d6 va van téc gio Ia trung binh cdng tht
ca cac diém do trén tiét dién cp gio vao). Day A
cac diéu kién co thé duoc sir dyung trong cbng
nghiép thwc phdm. Thiét bj si dung trong thi
nghiém bao gdm mot ti két dang gi6 co ti diu
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Kkhién di kem, mét thiét bj do nhiét do tu ghi
Datalogger si dyng dau do cap nhiét loai T Thiét
bi do nhiét dd gom 8 kénh, két qua do duoc hién
thi va lwu tri trén may tinh. Ta tién hanh do nhiét
dé moi trueng va tam cua khéi thic pham

V. KET QUA VA THAO LUAN

Mé hinh khéng gian két dong va khér thuc
pham duoc xay dyng dwa trén modun Geometry
clia bd phan mém Ansys 12.0. Khéi thyc pham
duoc chia thanh 80500 phan té hinh hgp, moi
truéng két dong dwoc chia thanh 467786 phan to
dang tu dén nhuw trén hinh 3.

L
Hinh 3 B mat m6 hinh vé mat cat dbr xing sau khy
dugc chia ludn

Kich thudc cac phan té mdi trvong két dong
duwoc chia khéng déu, & gan khdi thuc phim lwdi
duoc chia day dac dé dam bao db chinh xac cla
phéep tinh

Ung v& cac didu kien méi truong két dong
thure nghiém, tredng van tée, trugng nhiét d6 tar
mat cdt di qua tam cua san pham tai mét sé thin
diém duoc thé hién trén hinh 4, 5.6

Hinh 4 Phan bd tnsomg téc db tai 2 mat cét doc tric va
cua thar cua mér truong két dong

K&t qua tinh toan va két qua do thie nghiém
nhiét 6 tam cua tAm thit dwoc thé hién trén hinh
7 Quan sat két qua thu duoc, ta nhan thdy két
qué linh toan ly thuyét d& phan anh ding xu
hudng bién thién cua tredng nhiét dd bén trong
14m thyrc phdm

Hinh 5. Phan bé trudng nhiét do trén bé mat va mat cat
qua tam sau 30 phut

'E%

Hinh 6. Phén bé truding nhigt db trén bé mat va mat cat
qua tdm sau 60 phut

Sai s6 cla trudng nhiét do tar tam va bé mat la
nhd hon 5K tai mor thot diém  Truong nhiét do tal
tam c6 xu hwdng chia thor gian két déng tam 3
vung (6 rét. vang lam lanh so' bo, vung chuyén
pha va vung qua lanh Ving chuyén pha chiem
khoang 50% tong thén gian ket dong.
V. KET LUAN

Bai bao da xay dung moé hinh toan hoc cua
qua trinh dan nhiét bén trong thuc pham két dong
duoc chuyén vé bai toan dan nhiét phi tuyén vér
tinh chat nhiét vat ly bién dé1 theo nhiét do

Hinh 7 Bién thién nhigt df tar tdm theo thén gran
Dua trén khai niém hé sé nhiét dung néng hiéu
(Xem tép trang 11)
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V. KET LUAN

Trong khudn khd nghién ciru thire nghiém hién
tai, tbc A9 tudn hoan hat cua lop s6i tudn hoan
taing cing véi tde d gi6 so cap. va khéi lvong Iop
hatM#t khac, tdc do tudn hoan hat sé tang khi
dudrng kinh hat giam.Tir cac két qua thi nghiém,
mét biéu thire toan hoc daduge thiét 1ap dé xac
dinh téc do tuan hoan hat néu biét téc dd gié so
cép, tdc do gio tudn hoan hat, duéng kinh hat va
khéi lwgng I6p hat.Két qua tinh twong G6i phu
hgp vai cac so liéu thi nghiém.

LOI CAM ON

Cé4c tac gia tran trong cadm on Vién tién tién
KH&CN (Vién AIST) va Chuong trinh Gido swv
UNESCO cua Pai hoc Bach Khoa Ha Noi da hd
trg tai chinh trong viéc cai tao mo6 hinh CFB hién
¢ tai Vién KH&CN Nhiét-Lanh, DHBKHN.

ABSTRACT

This paper deals with an experimental study on
hydrodynamics of 200 zim, 300 om and 400 um
silica sand in a circulating fluidized bed (CFB) set-
up having its riser diameter and height of 0.108
meter and 7 meters, respectively. By increasing
the primary air velocity from 5.16 to 6.67 m/s and
with three values of total solid inventory (i.e 20 kg,
25 kg and 30kg), solid circulation rate of solid
particles was experimentally estimated to be in the
order of from 3.59 to 4267 kg/m’s. A
mathematical correlation was then developed that
helps predict solid circulation rate as a function of
primary air velocity, aeration air velocity, particle
size and total solid inventory of the CFB.
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Phan bién: PGS. TS. Lé Céng Cat

MO PHONG QUA TRINH TRAO DOI
NHIET LIEN HOP ...
(Tiép theo trang 7)

dyng, mé hinh toan hoc. S& dung phan mém mo
phong Fluent 12.0 va ngén ngG |ap trinh C, nhom
tac gid da mé phong qua trinh dan nhiét bén trong
thyc pham két dong va qua trinh trao dor nhiét
gitta thyc phdm va méi tredng. Viéc so sanh ket
qua tinh toan Iy thuyét va két qua do thuc nghiém
trén ddi teong thyc pham 1a thit bo véi sai s
khdng veot qua 10% da ching ching to kha
nang st dung md phong CFD vao vigéc nghién
clru qua trinh cp dong thire phdm trong diéu kién
Viét Nam
ABSTRACT

This paper presents the simulation of heat
transfer processing in conjugate food freezing/air
force convection inside a freezing device by CFD
method. Base on concept of effective specific
heat, modeling of heat conduction with heat
generation inside foodstuff, which generates by
phase chance from liquid to solid of water
contend, will be transferred to modeling of heat
conduction with thermal properties depend on
temperature Application of turbulent flow model k-
€, the mechanical air flow and the convection
between air flow and foodstuff on the suface will
be solved These processings will be coupling
simulated by simulation software Fluent 12 0. The
comparing between the calculated result in
temperature field inside foodstuff by this model'ng
and the experimental result showed the accuracy
of this modeling.

TAI LIEU THAM KHAO
[1] Chumak 1G., Onhishenko V P . Golovsky S €., Zheliba
Y A (1995) The method of prediction for charactenstics of cooling
and freezing of It ffs. Proc of In Confe
Commussions C2, D1. D2/3 of IIR. June 1994, Istanbul (Turkey) -
Pans, IR, - P 361-366
{2) Q Tuan Pham Modelling heat and mass transfor in frozen
foods a review i Journal of (3] Volume
29, Issue 6, September 2006, Pages 876-868
[3) Amencan Society of Heating, Refngerating and Ax-Condtioning
Engineers. (ASHRAE) Handbook-Refngeraton (S} 2006
[4] ANSYS, Inc: Ansys 12 0 User's gurde, April, 2009
[5) ANSYS. Inc: Ansys 12 0 UDF Manual, April, 2009
[6) ANSYS. Inc' Ansys 12 0 Theory guide. April, 2009
J M. McDonough INTRODUCTORY LECTURES on
TURBULENCE Physics. Mathemaiics and Modeling. Depaniments
E Unwversity  of

of and
Kentucky. http /www engr uky edu, 2007

[8) L& Kitu Hiép. Tran Thi Thu Hang M6 phdng qua trinh ddn
nhigt 3 chibu trong thuc phém két déng gi16 Tap chl Nang luong
nhigt, S 104-3/2012, trang IX

Phan bién: PGS. TS Nguyén Durc Lod





