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NiMO PHONG QUA TRINH TRAO DOI NHIET LIEN HOP 

GIUTA THirC PHAM VA MOI TRITONG KET DONG 

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

TS NGUYEN VIET DONG*. ThS LE KI^U Hl£P. ThS TRAN THI THU HANG. ThS VO DINH HIEP 
DHBK Hd Npi 

Sd/ bao trinh bay W#c ddng thai md phong qu^ trinh luv dong cua moi tnrang ket dong va qua 
trinh trao ddi nhiet gidy moi tnrang ket dong va thuc phim ben trong tu cip dong gio dwa bing phirang 
phap CFD. Di/a tren khai ni^m he s6 nhiet dung ri§ng hi^u dung, mo hinh bai toan din nhiet co nguon 
trong ben trong khdi thu-c phim, do hien tuung ehuyen pha long rin cua thanh phin nwae, se duuc 
chuyen v4 md hinh bai toan dan nhiet phi tuydn tmng do tinh chit nhidt vit I'jf thay ddi theo nhidt do. 
Qud trinh Iwu dong cua mdi trwang dp ddng va qua trinh trao ddi nhiet tai be mat khdi thwc phim dwoc 
giai dwa tren mo hinh ddng rdi k-t. Hai md hinh toan hoc nay dwoc giai kit h<yp dwa tren phin mdm md 
phdng Fluent 12-0. Vide so sinh trwang nhiet do bdn trong thwc phim theo kit qua tinh toan va kit qua 
thwc nghiem da minh chCmg cho tinh chinh xac cOa md hinh-

GIAI THICH CAC KY HIEU 
t Nhi^tdo, "C, 
tf: Nhidt dp b i t ddu k i t ddng cua thyc pham, °C; 
To Nhidt dd ddng ddc cua nude (273 K); 
Wwo Thdnh phdn kh l i lupng nude ban ddu, 
kg nude/kg thyc pham, 
Wr thdnh phan khdi lupng cua chat beo, 
Wp' thdnh phin kh l i luang cua dam, 
Wa: thdnh phan khoi lupng cua chat tro, 
T| nhidt dd d i lm ddng cua thyc pham, '^C, 
or. Thdnh phan kh l i lupng nude dd trong tong thdnh 
phin nude phy thupc vdo thdi gian, 
U : Nhidt I n chuyen pha cua nude, J/kg; 
R: H ing so pho b i ln cua chat khi, J/kgK, 
c' Nhidt dung ridng, J/kgK; 
p Kh l i lupng ridng, kg/m^; 

X hd s l dan nhiSt trong Idng thuc pham, W/mK; 

V, T i c tfd gid. m/s, 

t. DAT V A N Dt 

Ndng cao chdt luang qua trinh bao quan sau 
thu hoach Id mot trong nhOng djnh hudng quan 
trong cua nude ta nhdm hidn dai hda nen ndng 
nghidp. Bdn cgnh cdng nghp sdy, hdp, bao quan 
ydm khi,... cdng nghp ldm Ignh ddng eung da vd 
dang dupe ung dgng rpng rai a nude ta Vide 
nghidn cuu qud trinh trao doi nhipt trong qua trinh 
k i t ddng thyc phdm se eho phep ndng cao chat 
lup'ng sdn p h i m , giam tidu hao ndng luang yd Id 
c a s d d i u vdo tin cdy cho vipc tinh todn. th i l t k l 
tu c l p ddng. 

Vide su dgng khdi nidm hd s l ddn nhidt hidu 
dgng cho phdp c h u y i n bdi todn d i n nhidt cd 
nguAn trong, bdn trong thyc p h i m k i t ddng, x u l t 

hien do qua trinh chuyen pha Idng - rdn cua thdnh 
phdn nude, ve bdi todn dan nhidt phi tuydn cd tinh 
ch i t nhidt vat ly phu thudc vdo nhiet do [1.2,7]. 
Hd s l trao d l i nhiet ddi luu a thudng duae tinh 
trung binh cho toan bd bd mat cua khdi thuc phdm 
theo cdc eong thirc thuc nghidm va duac xem Id 
hdng s l trong sudt qua trinh k i t ddng. Day Id mpt 
trong nh&ng y l u t l gdy ra sy sai lech Idn giOa k i t 
qua tinh todn vd k i t qua thuc nghipm do eae cdng 
thuc thyc nghidm nd r̂ cd thd cho k i t qua sai Idch 
tdi 10%. D l giai quydt ydn dd nay, nhom nghien 
cuu da dp dgng ly thuydt ddng r l i vd phdn mdm 
Fluent 12.0 d l xac djnh dgc tinh cua ddng chay. 
Tip dd xdc djnh dupc ddng nhidt ehuyen qua bd 
mdt eua thuc phdm. 

Md phdng qud trinh dan nhiet bdn trong thuc 
phdm k i t ddng vd qud tr inh trao ddi nhidt vd i 
mdi t rudng Id nhung ngi dung chinh md bdi bdo 
se dd cdp 
II. MO HINH TOAN HOC 

2.1 . Qua t r inh d i n nhidt ben t rong t h y e 
phdm 

Stefen (1889) da ndu ndn phuang trinh vi phan 
dan nhiet md ta qua trinh lam lanh k i t ddng thyc 
ph im v i l t cho phdn td bat ky, d thdi d i lm ^ nhu sau 

<:(i)p(>)£=Mi)^''+q(^) (1) 

Trong dd. 

^ ( r ) - ngudn nhidt trong cua phan td, thdi diem r . 

Khi nhidt do Idn han nhipt dp k i t ddng, ngu In 

nhidt trong q ( T ) = 0 . Khi nhipt dp d d u d i nhidt dO 
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kit ddng eua thue phim, ben trong thuc phdm 
xay ra qud trinh chuydn pha tu Idng sang ran cua 
nude trong thuc phdm. Nhiet In toa ra trong qud 
trinh dong bang duac xem Id ngudn nhidt trong 
y{r.r)duac xac djnh theo phuang trinh 2,[1] 

/- . M/ /-Tx. ,-r^do>aT(r.T) (2) 
q(^ i )TW^.p(T) .L(T)~-—-— V̂ J 

dT ox 
Thay phuang trinh (2) vdo phuang trinh (1), ta 

C < T , - W „ „ . U X , ^ p , T , - ^ 

= MT)div{gradT(r.i)) 

(3) 
Kit hpp vdi cac dieu kien bidn (loai 3) chung ta 

cd phuang trinh (3) cd thd giai duac vd cho phep 
xac dinh tnj-dng nhiet do, thdi gian elp ddng cua 
thuc phdm. 

Tronp khudn khd bdi bdo ndy didu kien bien 
loai 3 CO diln, xac djnh hd s6 trao dl i nhidt dl i luu 
bd mat trung binh cua thuc phdm theo cdng thuc 
thuc nghidm khdng ddi theo thdi gian se diroc 
thay thd bdng edng cu md phdng CFD, cd kha 
ndng mo phdng hp sd a nhu ham cua thai gian 
va tga dp. 

Oe giai he phuang trinh (3) cac tinh chdt nhiet 
vat ly cua thuc phdm duac md phdng dua theo 
quan dilm Trumak-0nhisheneo{1] 

2.2. Qua trinh lu'u dong cua moi tru'dng k i t 
dong, qua trinh trao d l i nhiet ddi lu'u giOa 
thyc phdm va mdi tru'd'ng 

Md hinh chuydn dgng cua ddng chdt khdng khi 
ben trong khdng gian ket dong dup'c gia thidt tuan 
theo md hinh ddng rl i k - ^ . Theo dd, t ie do cua 
ddng tai mdt v| tri bao gdm 2 thanh phdn' thanh 
phdn van tie trung binh va thanh phan rdi Hai dai 
lupng dgng ndng rl i k vd toe do tidu tan dgng 
ndng rli duae dua vao d l khdp kin md hinh toan 
hpc cua qua trinh luu ddng. 

Ddi vdi nhung vung gdn bd mat khdi thuc phim 
hay vdch eua khdng gian thi nghiem, quy luat phan 
bd cua trudng van tde vd nhidt dp cua khdng khi 
duae gia thidt tudn theo quy luat phdn t>l Launder vd 
Spalding duac trinh bay trong tdi lidu [6,7] 
III. MO PHONG QUA TRJNH DAN NHIET 3 CHI^U 
BEN TRONG THU'C PHAM DANG K H 6 I HOP 

3.1. Lya chpn d l i tu'p'ng nghien CCPU 
Dli tupng thyc pham dupe lya chpn nghien 

cdu Id thit bd nac dang khdi hdp cd kich thudc 
17,3 cm x 11,5 cm x 2,5 cm. Thdnh phdn khli 
luo'ng vd tinh chat cua thjt bd tuai duae eho trong 
tdi lidu [7]. 

Ws«,=0,7083,Wf=0,G489, Wa=0,0107, Wp=0,2203, 

t f = - l , 7 ' ' C 

3.2. SLP dung phdn mdm Fluent 12.0 mo 
phong qua trinh ddn nhiet ben trong thuc 
phim 

Phdn mdm Fluent la phdn mdm chuyen dung 
ed kha nang md phdng qua trinh tnjydn nhipt, 
chuyen dpng cua chdt rdn va chdt long. Vdi vide 
su dung phuang phap sd phdn tu hl>u han, phdn 
mdm eho phdp tinhtoan nhanh ehdng vd chinh 
xdc cdc qud trinh dan nhiet tuyin tinh cung nhu' 
phi tuyin. 

Tinh chdt nhiet vat ly cua ddi tuang duac nap 
vdo ehuang trinh thdng q̂ ua ngdn ngu ldp trinh C 
vd trinh UDF eua phdn mem [4] Kit qua tinh toan 
duac xudt ra dudi dang dd thj vd file dd lidu. 

3.3. Nghien CCFU thiPc nghiem qua trinh din 
nhiet ben thirc phdm k i t dong 

Hinh 1 Kich thwac khong gian thi nghi§m (don vi mm) 
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Hinh 2 Cdc vi tri do nhiet do vd toe dd gid tai ciia c&p 
khong khi lanh 

Dd kilm Chung dp chinh xde cua md hinh vd Idi 
giai dya tren phdn mdm Fluent, nhdm nghidn cuu 
da tiln hdnh thi nghidm nhdm xac dinh biln thidn 
trudng nhidt dd trong thuc phdm kit ddng Nhidl 
dd mdi trudng kit ddng la -35°C, vdn tic gid 2,5 
m/s (nhidt dd vd van t ie gid la trung binh cOng tat 
ca cde dilm do tren ti l t didn clp gid vdo). Ddy Id 
cdc dieu kidn cd th i dudc SLP dgng trong cfing 
nghidp thyc phim. Thilt bj si> dgng trong Ji 
nghidm bao gdm mdt tu ki t ddng gid cd tu deu 
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khidn di kem, mOt th i l t bj do nhidt dd t u ghi 
Datalogger su dgng dau (io cap nhidt loai T Th i l t 
bl do nhidt dp gdm 8 kdnh, k i t qua do duac hidn 
thi va luu tri> trdn mdy t inh. Ta tidn hdnh do nhiet 
dp mdi t rudng vd tdm cua k h l i thue phdm 
IV. K^T QUA VA T H A O LUAN 

Md hinh khdng gian k i t ddng vd kh l i thuc 
phdm duae xdy dung dua tren modun Geometry 
cua bg phdn mem Ansys 12.0. Khdi thuc phdm 
duac chia thdnh 80500 phdn td hinh hop, moi 
t rudng k i t ddng dup'c chia thdnh 467786 phdn td 
dang tu dien nhu trdn hinh 3. 

Hinh 3 B4 m$t md hinh vd mBl cBt doi xu-ng sau l<hi 
duvc chia Iw&i 

Kich thudc cdc phdn td mdi t rudng k i t ddng 
duac chia khdng deu, d gan khdi thuc phdm ludi 
duac chia day ddc d l dam bao do chinh xdc cua 
phdp tinh 

l^ng vdi ede dieu kidn mdi t rudng k i t ddng 
thuc nghiem, t rudng vdn toe, t rudng nhiet do tai 
mat cdt dl qua tdm eua san phdm tai mdt sd thdi 
d l l m dup'c t h i hien tren hinh 4, 5, 6 

I 
Hinh 4 PhSn bd inrCmg tdc dd tai 2 m$t cit doc true vi 

cua tf)Ai cua m6i trw&ng k4t dong 
K i t qua tinh todn vd k i t qua do thuc nghipm 

nhidt dd tdm cua t i m thjt dupc t h i hidn trdn hinh 
7 Quan sdt k i t qua thu duac, ta nhgn th i y k i t 
qua tinh todn ly thuy l t da phan dnh dung xu 
hudng b i l n thidn cua t rudng nhidt dd ben trong 
t i m thyc pham 

Hinh 5- Ph§n b6 trut/ng nhiet do tren be mat va mat cSt 
_ qua tam sau 30 phut 

I 
Hint) 6, Phan bo trwang nhi$t d^ tr&n bS mSt va mat cSt 

qua tam sau 60 phdt 

Sai so cue t rudng nhiet do tai tam va b l mat la 
nhd han 5K tai moi thai d i l m Trudng nhiet dp tai 
tdm cd xu hudng chia thdi gian ket ddng lam 3 
vung rd ret: vung lam lanh sa bd, vung chuyen 
pha va vung qua lanh Viing chuyen pha chiem 
khoang 50% tdng thdi gian kdt ddng, 
V. K t T LUAN 

Bai bdo_da xay dung md hinh toan hpc cua 
qua trinh ddn nhiet ben trong thuc p h i m k i t dong 
duac chuydn v l bai toan ddn nhiet phi tuyen vdi 
tinh chdt nhiet vat ly b i l n d l i theo nhiet dd 

ThM gian (Phu) 

Hinh 7 Bien thi&n nhi$t dO tai tim theo th&i gian 

Dua tren khai mdm he s l nhidt dung ndng hidu 

(Xem tiip trang 11) 
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IV. K t l LUAN 
Trong khudn khd nghidn cuu thuc nghiem hidn 

tai, t ic dp tudn hodn hat cua Idp sdi tuan hodn 
tdng cOng vdi t ie do gid sa clp, va khdi luang Idp 
hatMdt khdc, tdc dp tudn hodn hat se tang khi 
dudng kinh hat giam.TCr cdc kit qua thi nghidm, 
mOt bilu thuc todn hpc dadup'c thilt lap dd xdc 
djnh tic dp tudn hodn hat ndu bidt t ic dp gid sa 
clp, toe dp gid tudn hodn hpt, dudng kinh hat vd 
khli lup'ng Idp hatKet qua tinh tuang dl l phii 
hpp vdi ede sd lieu thi nghiem. 

LOI CAM ON 
Cde tae gia trdn trpng cam an Vien tien tiln 

KH&CN (Vidn AIST) vd Chuang trinh Gido su 
UNESCO cua Dai hge Bdch Khoa Hd Ngi dd hd 
trp' tdi chinh trong vide eai tao md hinh CFB hidn 
cd tai Vidn KH&CN Nhidt-Lanh, OHBKHN. 

ABSTRACT 
This paper deals with an experimental study on 

hydrodynamics of 200/.im, 300//m and 400/^w 
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 42.67 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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m PHONG QUA TRINH TRAO DOI 
NHIET LIEN HOfP... 

(Tiep Hieo trang 7) 
dung, md hinh todn hoc. Su dung phdn mem md 
phdng Fluent 12.0 va ngdn ngu lap trinh C, nhdm 
tae gia da md phong qua trinh dan nhidt bdn trong 
thue phdm kdt ddng va qua trinh trao ddi nhidt 
gijia thuc phdm va mdi tnrd'ng. Vide so sdnh kdt 
qua tinh toan ly thuydt va kdt qua do thuc nghidm 
tren ddi tupng thuc phdm Id thit bd vd'i sai sd 
khdng vuat qud 10% dd ehi>ng chCrng td kha 
nang si> dung md phdng CFD vao vide nghidn 
euu qua trinh cdp ddng thuc phdm trong dieu kidn 
Viet 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 modeling 
and the experimental result showed the accuracy 
of this modeling. 

TAI LIEU THAM K H A O 
[1) Chumak 1.G-, Onhishenko VP , , Golovsky SE. , Zheliba 

Y A (1995) The method of prediction for characteristics of cooling 
and freezing processes of foodstuffs. Proc of In Conference 
Commissions C2, D l . D2/3 of MR, June 1994. Istanbul (Turkey) • 
Pans. I IR . -P 361-366 

(2) Q Tuan Pham Modelling heat and mass transfer in fmzen 
foods a review International Journal of [3]Refrigeration Volume 
29. Issue 6, September 2006, Pages 876-688 

[3], Amencan Society of Heating, Refrigerating and Air-Condiboning 
Engineers, (ASHRAE) Handbook-Refngemtion (SI) 2006 

[41 ANSYS, Inc: Ansys 12 0 User's guide. April, 2009 
[5) ANSYS. Inc; Ansys 12 0 UDF IVIanual. April, 2009 
[61 ANSYS. Inc; Ansys 12 0 Theory guide. April. 2009 
[71 J M- McDonough INTRODUCTORY LECTURES on 

TURBULENCE Physics. Mathematics and Modeling. Departments 
of Mechanical Engineering and Mathematics University Of 
Kentucky, http IIVMW engr uky edu, 2007 

[8] L* Kifeu Hi$p. Trdn Thi Thu Hdng Md phdng qui Irinh din 
nhi$l 3 chiSu trong thi/c phim kit ddng gi6 Tap chi Ndng Ivpng 
nhi$t, So 104-3/2012. (rang IS 

Phan bi^n: PGS. TS Nguyen Duv Lqn 




