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1. MO DAU

Muc éng la dong vat thudc nganh
than mém cua 16p nhuyén thé chan dau, co
gia tri dinh dudng va kinh té cao. Tuy nhién,
do dic tinh cu tao cia co thé nén muc 6ng
rat d& bi hu hong ngay sau khi danh bat. Dé
duy tri duoc chét luong ctia muc tuoi, bao
quan muyc bang cach dong lanh 1a phuong
phap duoc str dung phd bién va ¢ hiéu qua.

Db6i voi qua trinh dong lanh thyc
pham, tinh chét nhiét vat 1y quyét dinh dén
sy van chuyén ning luong, luu trit ning
luong va chuyén pha trong thyc pham. Doi
v6i ky thuat déng lanh, tinh chit nhiét vat Iy
cua thuc phém duogc str dung dé udc tinh toc
d6 truyén nhiét va dé tinh toan tai nhiét
trong cac qua trinh nhu dong bang va tan
bang. Trong do, tinh toan thoi gian cap dong
12 yéu t6 quan trong quyét dinh dén chat
luong thuc pham. Dé giai dugc bang giai
tich, ngudi ta phai c¢6 nhiéu gia thiét dé don
gian hoa bai toan nén hién nay chua c6 mot
phuong phap gidi nao da do tin cay va chinh
xac. Hau hét cac phuong phap giai tich dé
tinh toan thoi gian dong bang dugc phat
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Bai bao nay trinh by mot mé hinh giai tich don gian dé tinh toan
tinh chét nhiét vat 1y va thoi gian cap dong muc dng bing hai bién
d6i Iuu khong dbi xtmg. M6 hinh nay dya vao phuong trinh can bang
nhiét tirc thoi ctia vat cho céc giai doan chuyén pha voi qua trinh truyén
nhiét khong 6n dinh trong giai doan lam lanh, chuyén pha va qua lanh.
Phuong phap nay cho két qua kha chinh xé4c so cac phuong phap da co
tir trudc dén nay, ké ca phuong phap sai phan va phan tir hitu han. Nho
céc phép tinh nay dé dang lap trinh trén mdy tinh, cho phép du doan
don gian, nhanh chong va chinh xac thoi gian cap dong thuc pham. Két
qué nghién ciru chimg minh thoi gian cap déng ctia phuong phép
nay so véi thuc nghiém va cac phuong phap s khong qua 10%.

trién tir phuong trinh ctia Plank (1941). Han
ché ciia phurong phép nay 14 coi nhiét do ban
dau ciia vat bang nhiét do diém dong, tinh
chat nhiét vat Iy khong thay doi, dan nhiét
trong 16p bang 1a on dinh, khong tach riéng
qué trinh chuyén pha dang nhiét khoi hai
qua trinh don pha c6 nhi¢t d§ giam.

Céc phuong phap khac ctia Nagaoka
va cs. (1955), Cleland va Earle (1977a,
1977b va 1982) da duoc dé xuét dé diéu
chinh phuong trinh Plank (1941). Ngoai ra,
Mascheroni va Calvel (1982), De Michelis
va Calveo (1983), Castaigne (1985b) va
Pham (2014) d4 két hop voi phuong trinh can
bang nhiét voi phuong trinh Plank dé cai tién
viéc tinh toan thoi gian cap dong. Vi du,
Mascheroni va Calvelo (1982) da dé xuét
mot phuong phép tinh toan thoi gian cép
déng thuc pham voi diéu kién bién loai ba
d6i xtmg. Phuong phap nay kha chinh xéc.
Thoi gian dong bang 1a téng ciia thoi gian
1am lanh, chuyén pha va qué lanh. Thoi gian
chuyén pha st dung phuong trinh Plank
(1941) d tinh toan. Tuy nhién, phuong
phap nay str dung db thi trong qua trinh tinh
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toan, co thé méc phai sai s6 cta cac dd thi.

Trong khuon kho bai bao nay, ching
t6i dé xuat phuong phap méi xac dinh tinh
chét nhiét vét 1y va thoi gian dong bang cho
muyc ong véi bién dbi luu khong dbi ximg.
Day 14 bai toan co s¢ dé xac dinh thoi gian
cAp dong cho thuc phdm c6 hinh dang khac
nhau va c6 thé img dung vao trong san xuat.
2. PHUONG PHAP NGHIEN CUU

- Phuong phap gidi tich: dua trén cac
tinh cht nhiét vat Iy cua thyc phdm va ly

Hinh 3. Thiét bi do tc d6 gid

3. KET QUA NGHIEN CUU
3.1. Tinh toan tinh chét nhiét vat Iy ciia
thue phﬁm

Tinh chét nhiét vét 1y ctia thuc pham
duoc xac dinh kha chinh xac véi thuc té
bang mbi quan hé don gian néu biét duoc
thanh phan khéi luong nudc, chit béo va rin
trong thuc pham (Cleland va cs., 2010):
W+F+S=1 (1)

O day W 1a thanh phan khéi lugng
nude, F 14 thanh phan khéi luong chét béo,
S 1a thanh phan khéi lugng chat ran.

3.1.1. Nhiét d¢ bat dau déng bang
Nhiét do bit dau dong biang cua thuc
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thuyét vé truyén nhiét.

- Phuong phép thuc nghiém:

+ Vat am la myc dng c6 cac thong sd
vat ly nhu bang 3;

+ Thiét bi do gdom: nhiét ké Thermo
Scientific v&i d6 chinh xac 0,1°C va may do
tde do gi6 Prova AVM 03 sai $6;

+ H¢ théng lanh: ti dong gid tai
Xuong thyc hanh cua Khoa Nhiét lanh -
Xay dung, Truong Cao ding Cong nghiép
Hué.

.

Hinh 2. Do nhiét do ban dau va tim cua thuc
pham

. dong gio6
pham dugc xac dinh bdi cong thic
(Cleland, 2012): t, = —1,8+w,[°c] ©)

3.1.2. Ham luong bang
Ham luong bang dugc tinh boi biéu thirc:

1:(w-0,25s)[1—_t_§0) (3)

Trong d6 I 1a ham lugng bang khi dong
lanh hoan toan (Lovatt, 2009).
3.1.3. Khoi lwong riéng

Khdi lugng riéng thuc pham phu thugce
vao vat am d6 da dong bang hay chwa. Tuy
nhién, né thay doi kha nho nén co thé xac
dinh bdi gia tri trung binh (Cleland, 2012):

=[] @
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3.1.4. H¢ 56 ddn nhiét
Dbi v6i thuc pham chua dong biang
(Lovatt, 2009):

Xl=p(£+i+ij,[W/mK](5)
1695 5306 4722

Déi v6i thye pham dong bang (Lovatt,
2009):

s

{4,8+kp—2(2,4—kp)c

A =2,4 [W/mK](6)
4.8+k, +(2,4-k,)C

V6i C, kp la cac hé s6 va duogc xac dinh

cu the boi (Cleland, 2012).
3.1.5. Nhiét dung riéng

Dbi v6i thuc pham chua dong biang
(Cleland va cs., 2010):

¢, = 4180W +1400S+1900F,[J / kgk ] (7)

Pbi voi thuc pham déng bing
(Cleland va cs., 2010)

A

¢, =4180( W—I)+19401+1400S+1900F,[ ] / kgK] (8)
3.2; Phat biéu bai t’()én cip dong thue
pham va cac gia thuyet nghién ciru
3.2.1. Phat biéu bai todn

Xét 'Ehl.l’C pham dang tAm phrfmg’r(f)ng vo
han c6 chiéu day 25 nhu hinh 5. Khoi lugng
riéng va nhiét dung riéng phﬂa am va p%la rin
la p,, ¢c,va p,, c,. Thuc pham c6 do am o,
hé sb dan nhiét pha am A, va rin A, , nhiét do
ban dau t., nhiét do bat dau dong bang t,,
nhiét hoa ran pha am r. va nhiét do 16n qhét
cta vat dat dugc sau khi cap dong t, bang
cach cho vat tiép xuc voi hai méi trudng cd
nhiét do t, <t, <t <t,<t,.

Can tinh thoi gian cip déng T theo cac
thong sb ctia bai toan.

E
ti /\}
= — YT
XAy FF R—
tx. T
0 : T=0 23
to 2% X
txX. T 4 o
iE 5 =
to=t« _ LK )
o L tr2
e R ' L ——
——eanil-~ txX. Ty oLz
Gl
. <3 \4 I Xz |

Hinh 5. Phan b6 t(x,t) trong vat trong qua trinh déng bang va qua lanh

3.2.2. Gia thiét nghién ciu:

1. Tai mbi thoi diém T coi nhiét do t
(1) trong vat don pha (dm hodc bang) 1a
phan bd déu trong thé tich cua vat.

2. Cac thong sb vat Iy p,c,A cua vat
am hodc bang 1a khong doi va phan bd déu
trong vat.

3. Quaé trinh dong bang la qua trinh
chuyén pha tir 16ng sang rin cua cac thanh
phan 4m ¢ trong thuc phdm ¢ nhiét d6 hoa

1492

ran t = to = const va téa ra lugng nhiét bang

nhiét hoa ranr.

3.3. Tinh toan thoi gian cip dong

3.3.1. Tinh thoi gian lam lanh vat am o
Thoi gian lam lanh vét am T, trnhiét

d6 ban dau t; dén nhiét do bat dau hoa rin to

duoc tinh theo phuong trinh can bang nhiét

lic T cho V=25f sau thoi gian v6 cung bé

dr khi nhiét d0 giam mot lugng dt la

du=38Q,, +3Q,, hay:

Hoang Minh Tuén



TAP CHI KHOA HQC & CONG NGHE NONG NGHIEP

ISSN 2588-1256 Tap 3(3) —2019:1490-1499

26fpic;(—dt) :[klf(t —t) ko f (t—tfz)]dr )

_>g+k]+k . kit +k,t,,
dt  28pc, 25pc,

T =y~ (b~ )
Trong do:

_k +k, 2 [s1] b ktf1+ktf2[ K]
28pc fm = k, +k,

= = 28pc; It bt [s] (10)
k +k, t,—t,

-1
Véi x, = i+i ,{ VZV },
26 o m°K

-1
k2: i*_i 7|: \zl :|
20 oy m°K

Khi t; =t;, =t va o, =a, day la

bai toan cép dong véi hai bién dbi luu dbi
xung, thoi gian 1, dugc tinh bang cong
thirc:

_dpe Lt oL

1dx
k 0

3.3.2. Tinh thoi gian chuyén pha 1,
a. Tinh thoi gian chuyén pha mat tiép
xtc (ty va o) v6i xe[0+x¢ ] la Tog,
Goi x la d¢ day l6p bang da tao ra
trude thoi diem T, dx 1a d6 day 16p biang
moéi tao ra sau thoi gian vo cung bé dr.
Phuong trinh can bang nhiét la:

N gy 1] (12)
x 1

7+7
[7‘1 O‘lj

+ Luat dong bang t(x), la dang tich

porfdx =

phén ctia phuong trinh (12):

Im: PP I[Z +;ljdx

to —tg

= - (Pt)[ W] 5] (13)

20 (to o
Ham nguoc ctia t(x)cling goi 1a

luat dong bang, cé dang:
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27\1(t0_tf1)_c+ﬁ_ﬂ

2
por a o

= x(1) = A T+X} —x,,[m] (14)

Trong do:
2% (tg =t
A, :—l( 0 fl),[mzsfl}, X, :_',[m]
por
+ Van tbc dong bang 1a van tdc
chuyén dong ctia mit bang ra xa méi trudng
lanh:

x(1) =

:%: A _ A ,[ms_lJ
dr 2[X(T)+Xl] 2(1/A1.1:+x12)
(15)

Biéu thirc (15) cho biét van toc dong
bang ty 1€ nghich voi Jr.
+ Gia toc dong bang (hay gia toc ctia
mat bang) la:
SLCT S —

3
dt dx drt {m}

Biéu thirc (16) cho biét gia tbc dong
bang giam khi x va T tang.
b. Tinh thoi gian chuyén pha mit tiép xuc (
tpy VA @) VOI ye[0+y] la Tog,

Thiét lap twong ty nhu muc 2.3.2.a ta
¢6 céc biéu thirc cua luat dong bang, van tdc
va gia toc dong bang nhu sau:

y(1) = Azt+x§ —xz,[m] (17)

Ay A et as)
‘ dv 2(1/Azr+x§)[m5}
_dv_dvdy A [ms2] (19)
37

dt dydr {m}

Véi- A, = 25 (to _tf2) ,[mzs’l} X, =

7"1
—,|m
pOr 0, (]

c. Tinh thoi gian chuyén pha 1,

Vi sau thoi gian <, , hai mat bang tién
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sat nhau, 1am cho toan bo bé day 25 cia
thuc pham duoc dong bing hoan toan, nén
ta co x(t,)+y(r,) = 28, hay la:

\/Al‘c2 +x§ - +\/A21:2 +x3 —x, =268 (20)

Phuong trinh (21) sau phép bién d6i
twong duong c6 dang:

a, 175 +b;1, +¢, =0 (21)
Véi:
a; =(A; —Az)z,[m“s_z} ,B=x{ +% —Az,[sz
by =2B(A, +A;)~4Ax3 ~4x] Ay, m's ™ |
O day:
A=25+x, +x2,[m] s ¢ =4X7 X5 —Bz,[mq
Nghiém cua phuong trinh (21) 1a

[
T, =——+——4/b; —4a,c,,|s
2 2a,  2a, 1 11[]

= xg =X(Ty) =4/A T, +X12 —xl,[m]
va oy =y(1) =4/AsT, +X3 —xz,[m]

Khi cap dong v6i hai bién ddi luu ddi
xung (ty =tp, VA o, =a, ) thi:

__por (& 8 2
T2""_(t0—tf)(2.7»1+oc]’[s]( )

3.4. Tinh thoi gian qua lanh bang -,

Phuong trinh c4n bang nhiét cho kh6i
bang V=26f dang qua lanh lic ¢ sau dt la
du =38Q,, +5Q,, hay:

28fpe, (—dt) = [k, (t—tg)f +k, (t—tg,)f | dr (23)

dt . k, +k, (= kite +kotey

dt  238pc, 28pc,

= (1) =ty —(tg —tyy )™ (24)

= o 20p t—ty 5]
’ k1+kz tc_tmz’

1494

(25)
Véi:

—1 1
k = Xik_,.i |:£:| Vd k, = &_',i |:l:|
1 ) 2 .2
ks o m'K ks ) mK
2 2
ty = 2 kit /D ki, [K]
i=1 i=1

Trong truong hop cip dong véi hai
bién doi luu doi xung (ty =ty =t, va

a, =0, ) thi:

dpc,  t,—t
B =[] 26)
3.5. H¢ s hinh hoc quy ddi ciia vat Am
Cleland va Earle (1982) da tinh toan
thoi gian dong lanh cho thyc phim cé hinh
dang phi tiéu chuan nhu sau:

T =%,[s] 27)

V6i 1y 1a thoi gian cip dong cho san

pham c6 hinh dang tim phang rong v6 han
va E 1a kich thu6c truyén nhiét twong
duong.
3.5.1. Hé s6 hinh hoc quy doi cho vt am c6
dang hop, thanh chit nhdt dai vo han, tru
hitu han, tam phcfng rong vo han, tru dai vo
han va cau.

Cleland va cs. (2010) da xay dung
biéu thirc tong quat dé xac dinh E nhu sau:

E =G, +G,E, +G;3E, (28)

R
X[ 232 2,32 110,50
e
B, B%,W ﬁ}’ﬂ 13?’69
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X(x)z x/(Bil’34 +
By =D,/Dy, B, =D5/D,

x),BizaR/x,

Trong d6 R la ban kinh hoac mot
nita kich thudc nhoé nhét cua san phérn; Dy,
D, va Dj la kich thudc ngan nhat, thir hai
va dai nhét cua san phém; G1, Gz, Gsla cac
hﬁng s6 hinh hoc duoc xac dinh theo bang
1.

Hinh 6. Xac dinh kich thudc san phdm

Bing 1. Hang s6 hinh hoc cho tinh toan E (Cleland va cs., 2010, 2012)

Hinh dang G G Gs
Hop (Bi> 1, B2> B1) 1 1 1
Thanh chit nhat dai vo han (1> 1, f2= ) 1 1 0
Truhttuhan D>H (B1= B2, p1> 1) 1 2 0
TmhuuhanD<H([3171 B2=>1) 2 0 1
Tam phang rong vo han (1= B> = ) I 0 0
Tru dai vo han (B1=1, 2= ) 2 0 0
Cau (Bi=p2=1) 3.0 0
Hai chiéu bat ky (B1>1, po= ) 1 1 0
Ba chiéu bat ky (B1>1, B2~ B1) 1 1 1

3.5.2. Hé s6 hinh hoc quy dsi cho vét am
co dang tru elip

Pham va cs. (2014) xac dinh gan
nhu chinh x4c khi: p=D,; /D, <10 la:

E=1+(1+z/Bi)/(52 +2B/Bi)(30)

3.5.3. Hé 6 hinh hoc quy doi cho vt am cé
dang ellipsoid

Pham va cs. (2014) dd dé xuét cong
thoc tinh dwa trén mdi quan hé giira
ellipsoid va ban kinh R x R3; x Rf32:

E=1+[(AR/VS -1)/(B! +ﬁ;l)}p(ﬁﬁ +B3%) B1)

3.5.4. Hé 56 hinh hoc quy doi cho vt am cé
dang khong xdac dinh

Cleland va cs. (2010) dé nghi dung
biéu thirc (30) véi:

B,=A,/nR? va B, = A, /nR? (33)

O day A, A, 1a dién tich mat cit
ngang duoc xdc dinh nhu hinh sau: véi
nhiing vat hinh dang khong xac dinh hai
chiéu, A, la dién tich mat cat ngang va R 1a
ban kinh nho nhat; v6i nhitng vat hinh dang

http://tapchi.huaf.edu.vn/

khong xac dinh ba chiéu, A 1a dién tich mat
cat ngang nhé nhat, A, 1a dién tich mat cat
ngang tryc giao voi ban kinh nhé nhat.
3.6. Khao sat bai toan ciAp déng thuc
pham va so sanh két qua véi cac phwong
phap khac
3.6.1. Xac dinh hé s6 téa nhiét bé mdt o
Hé sb toa nhiét bé mat gitta thuc
pham va khong khi lam lanh doi voi vat am
khong bao goi co thé xac dinh bang cong
thure (Cleland, 2012):

Vitricit A

X
llllll

Vi tri et

///////{/;:‘%?/////Z)

Hinh 7. Vi tri xac dinh dién tich mat cat
ngang A; va A, (Pham, 2014)
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+Thyc pham c6 dang phang
a=7, 3Vg’8,[W/ mZK}

+Thyc pham c¢6 dang oval
oc:12,5vg’6,[W/m2.K]
O day v, 1a téc do khong khi, (m/s).

3.6.2. Khdo sdt bai todn cap dong thuc
pham

Can cap dong cho 20 kg myc 6ng
dugc dat trong khay dang hinh hop ¢6 D, =
0,018 m, D, = 0,200 m va D; = 0,280 m

bang ti dong gid. Nhiét do ban dau cta muc
6ng t; = 25,1°C, muc duoc lam lanh dén
nhiét d6 tim theo yéu ciu t. = -18°C. Nhiét
dd cua khong khi lanh trung binh 1a tf = -
39°C, vén tdc khong khi trung binh trong ta
dong v, =1,3m/s. Tinh toan thoi gian cp
dong.

Ty 1¢ khdi lugng céc thanh phan dinh
dudng ciia muc dng dung trong bai bao nay
(Bang 2) dugc xac dinh tai Khoa Co khi
Cong nghg, truong Pai hoc Nong Lam, Pai
hoc Hué.

Bing 2. Thanh phan khdi luong ciia myc dng

Thanh phan Ky hiéu Gia tri va don vi
Nudc Y 85%
Chét béo F 1,35%
Chét ran S 13,65%
Dua vao cac cong thirc tinh toan nhiét dinh cac thong s6 nhiét vat 1y cia muyc 6ng
vat Iy thuc pham ¢ myc 2.1 va két qua xac duoc trinh bay ¢ Bang 3.

Bang 3. Céc thong s6 vét 1y ciia myc dng dugc tinh toan theo thanh phan khéi lugng

o o Gia tri
Thong so Kyhitu 5 am () Chuyénpha()  Pharén(s)
Khéi lwong riéng (kg/m?® p 1030 1030 1030
Nhiét d6 bat dau dong bang, °C to -0,95
Nhiét an hoa ran (kJ/kg) : 259,24
Nhiét dung riéng (J/kg.K) ¢ 3769,75 2028,99
Hé 56 dan nhiét (W/mK) ) 0,5459 1,7815

Dua trén cac thong sd ¢ bang 3 va cac
cong thire & muc 3.3, 3.4, 3.5, thoi gian dong
bang tir nhiét do ban dau dén nhiét do dong

bing yéu cau duoc tinh toan va thé hién trén
Béang 4.

Bing 4. Két qua tinh toan thoi gian cap dong

Thoi gian Cong thirc tinh Gia tri, [s] Ty sb6 5/1, %
28pc, |t -t
=P8 g T
K e M, 1972 21,38
b, 1 73
S R Y [N
T T2 2a,  2a, 173G 6027 65.34
28pc, . t,—t
— s ln 0 m2
o 5Ttk ot [ 1225 13,28
T T= Tl +Tz +T3 9224 100
E Cong thirc (28) 1,16
Toe Cong thirc (27) 7952
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Bang 4 cho thiy, thoi gian chuyén
pha cho muc chiém ty 1é hon 65% thoi gian
cép dong. Cac cong thuc tinh T cho ting giai
doan rat don gian, 1ap trinh trén may tinh
mot cach dé dang.

Chung t6i d4 so sanh két qua cua viéc
st dung phuong phap nay va cac phuong
phap giai tich khac dé tinh toan thoi gian

cap déng cho muc. Dé so sanh, gia s thoi
gian cap déng chinh xac ctuia ca 5 phuong

5
phép 14 tri trung binh thori gian © =%Zr,[s]
1

Khi d6 sai s6 cua timg phuong phap so véi
tri trung binh thoi gian 1, s& dwoc ghi trong
Bang S.

Bing 5. So sanh két qua ciia phuong phap nay véi mot sé phuong phap giai tich khac trén thé gidi

Sai s6
Tac gid Giatri T, [s] Sai s0 tuong doi, % Sai s0 trung b‘inh, %
€4 :‘l—r/ri‘ & =‘1—ri /4

Phuong phap cua tac gia 7,952 0 3,10
Plank (1941) 6,187 28,52 24,60
Cleland va Earle (1977,

1979, 1979b) 7,380 0,91 9,60
Pham (1986) 10,285 22,68 25,32
Castaigne va Lacroix 8,729 8.90 6,36

(1987a, 1987a, 1988)

Nhu vay, két qua thé hién trén Bang
5 cho thay phuong phap dé xuat trong bai

bao nay co sai sd trung binh thoi gian 13 thap
$0 v&1 bon phuong phéap con lai.

Bing 6. So sanh két qua ciia phuong phap nay véi phuong phap sé6 (PTHH) va thuc nghiém
(Db Hitu Hoang, 2014)

Tac gia

Giatr 7, [s]

Sai s6 tuong ddi, %

Phuong phap cua tac gia
Ly thuyét
Thyc nghiém

472 0
524 +9,92
509 +7,27

Phuong phap giai tich nay c6 sai sb
v6i phuong phap phan tir hiru han khi tinh
toan thoi gian cap dong cho muc ong la
9,92 %, so véi thyc nghi€ém 1a 7,27 %.
3.6.3. So sanh két qua thiec nghiém

So sanh thoi gian cip dong thuc
nghiém va thoi gian ly thuyet

Cac két qua thyc nghiém thoi gian
cap dong thuc té dugc thé hién trong bang
7. Dé dénh gia d¢ chinh xéac giira mo hinh
toan va thuc nghiém, chiing t6i da stir dung
cach tinh sai s6 (e,) theo cong thirc

(%]

€, =‘(rm —rh)/rm

Bang 7. Két qua thyc nghiém thoi gian cap dong

Mé w[oc] 1 [oc] w[c]

Tlt’[P] Ttm[p] gr’[%]

1 251 39  -18
2 182 38 18
30236 -39 I8

132,52 141,67 6,46
128,76 140,83 8,57
131,26 142,10 8,73

Sai s6 trung binh thyc nghiém 7,92
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Tir Bang 7, sai s6 giita Iy thuyét va

thuc nghiém dao dong tir 6,46% dén 8,73%.

Do do, day chinh la co sd khoa hoc dang tin

cdy dé tmg dung mo hinh toan vo trong san

XUuAt.

4. KET LUAN

Day la phuong phap don gian dé dy
doan thoi gian doéng bang cho vat am co
hinh dang bat ky. M6 hinh nay cho phép
tinh todn dé dang va nhanh chong dya trén
phuong trinh can bang nhiét. Sai sé phuong
phap nay so v6i phuong phép phan tir hitu
han va thuyc nghiém khong qua 10%, cho
thiy cac cong thic dua ra trong phuong
phap nay khé chinh xéac va c6 thé ing dung
dé du doan qua trinh dong bang thuc pham
trong thuc té. Cac sai sb gdy ra chu yéu
trong phuong phap nay 1 do cac thong sb
vat 1y (A,c,p...) chua c6 sb lidu chinh xac,
anh hudng cua thiét bi va diéu kién moi
truong thuc nghiém.
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Hoang Minh Tuan

ABSTRACT

This article presents a simple method to calculate thermal
properties and freezing time of squid by two nonsymmetrical
convection boundaries. This model was based on the energy
balance equation of food products for transition phase with
unsteady state heat transfer solutions in pre-cooling, phase
change and tempering time. This method provided more
accurate results than the previous methods, including the finite
difference and element methods. Based on these calculations,
it was easy to program on computer and allowed to predict fast,
simple and accurate freezing time of food. Compared with the
finite element method, this method indicated that freezing time
should not exceed 10%.
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