Tap chi Khoa hoc Trirong Pai hoc Can Tho

Tdp 56, Sé 2B (2020): 59-67

®
Tap chi Khoa hoc Truong Dai hoc Can ThG [l iioa e
Phan B: Nong nghiép, Thuy san va Céng nghé Sinh hoc

website: sj.ctu.edu.vn

DOI:10.22144/ctu.jvn.2020.031

MO HINH HOA KIEM SOAT PONG NHAT NHIET PO SAN PHAM PO HOP
TRONG QUA TRINH THANH TRUNG

Nguyén Pirc Toan'", V& Minh Hoang! va V5 Tan Thanh?

Khoa Néng nghiép - Thuy sdn, Truong Pai hoc Tra Vinh

2Khoa Nong nghiép, Trwdng Dai hgc Can 7:h0

*Ngwoi chju trach nhiém vé bai viet: Nguyen Dirc Toan (email: ndtoan@tvu.edu.vn)

Thong tin chung:

Ngay nhdn bai: 20/11/2019
Ngay nhdn bai swa: 29/02/2020
Ngay duyét dang: 29/04/2020

Title:

Data based modeling
approach for control of
uniform temperature cans in
pasteurization process

Tir khoa:

Ché bién nhiét, dong nhat
nhiét do, mo hinh hoa, phan
b6 nhiét

Keywords:

Modeling, thermal processing,
temperature uniformity,
temperature distribution

ABSTRACT

Uniforming product temperature when pasteurizing is a matter that needs to be
controlled to ensure safety and quality. In this study, a data-based mechanistic
modeling approach was used for controlling the three-dimensional temperature
uniform of the product during the pasteurization process. The flow rates were varied
between 0,6-1,8 m¥%hour. In each experiment at a specific flow rate, the inlet
temperature was adjusted from 35 to 60°C. During the experiment, 20 sensors for
hot water in the equipment and 18 sensors for inside cans were recorded by
datalogger Keithley 2700. The 231 cans containing 2,5% CMC were used in this
research. The simplified refined instrument variable (SRIV) algorithm was used as
the model parameter identification tool to obtain the best model order and
parameters. A third-order transfer function from the dynamic response of product
temperature from hot water with a high coefficient of determination and a low
standard error explained the heat exchange in a system. The measured data and the
model providing a physically meaningful parameter related to a heat transfer
coefficient from hot water to products could be used for online controlling of the
temperature distribution of products in the pasteurization equipment.

TOM TAT

Dong nhdt nhiét dg san pham khi thanh trimg Ia van dé can phai kiém sodt dé dam
bdo an toan va chat hrong. Trong nghién ciru nay, mé hinh hop den chita tham s6
vat Iy c6 ¥ nghia (DBM) duwoc sir dung dé kiém sodt dong nhat nhiét dg san pham
trong qud trinh thanh tring. Thi nghiém “buéc” dieoc thue hién bang cdch thay doi
nhi¢t do moi truomg gia nhié¢t twr 35-600C cho 231 lon dung dich
carboxymethyl cellulose (CMC) 2,5%, két hop thay doi heu lwong bom tir 0,6-1,8
m3/gic. Trong suét thi nghiém, di liéu ciia 20 cam bién do nhiét d¢ méi truong meée
trong thiét bi va 18 cam bién do nhiét @ sin phém dwoc ghi nhan lién tuc boi
datalogger Keithley 2700. Thudt toan SRIV tich hop trong cong cu Captain toolbox
cua Matlab duoc sir dung dé tinh toan cac tham s6 va lira chon mé hinh. Ham truyén
bdc ba phdt trién tir quan hé trao doi nhiét gitta nhiét dé méi trieong ngd vdo ciia
thiét bi va nhiét d san pham cé hé s6 twong quan cao, sai sé thap o chira tham s6
lién quan hé so truyén nhiét bé mat. Pong dang ham truyén thu dwoc tham sé vit by
a 6 chira hé s6 tmyén nhiét bé mdt thé hién sur phdn b6 nhiét dp cia san phdm. Biéu
dién phén bé tham s6 a trong khong gian ba chiéu la co s6 dé diéu chinh thiét ké
hodic thiét ké hé théng diéu khién déng nhét nhiét do san phdm.

Trich dn: Nguyén Dirc Toan, V5 Minh Hoang va V5 Tan Thanh, 2020. M6 hinh héa kiém soat dong nhat
nhiét do san pham do hdp trong qua trinh thanh trung. Tap chi Khoa hoc Truong Pai hoc Can Tho.

56(2B): 59-67.
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1 GIOI THIEU

Ddng nhét nhiét do va cac diéu kién truyén nhiét
trong thiét bi thanh tring 1a yéu t6 quan trong trong
viéc ap dung thanh cong cac phuong phap bao quan
dé tao ra san pham thuc phdm an toan va chit lugng
cao (Smout et al., 2001). Sy khong dong nhét nhiét
d6 moi truong cua thiét bi thanh tring trong qua
trinh gia nhiét c6 thé dat dén 10°C (Smout et al.,
1997) va thoi gian chét nhiét ciia san pham (F-value)
ciing khoéng ddng nhat trong thiét bi thanh tring
(Smout et al., 2000). Khac biét nhiét d6 san pham
trong qua trinh thanh tring 1a 1°C s€ lam cho thoi
gian chét nhiét (F-value) khac nhau 25% Lewis,
2006). Cac nghién ciu cia Thanh et al. (2007, 2008)
trong moi truong kho bao quan, cia Lé Thi Hoa
Xuan va V& Tan Thanh (2011) trong thiét b thanh
tring da chimg minh khong thé c6 dong nhat nhiét
d6 san pham trong khong gian ba chiéu cua thiét bi,
ma chi c¢6 thé chip nhan dong nhat nhiét do san
pham vaéi mot mire khac biét nhiét 6 nao d6 so véi
nhiét d6 trung binh cia mot ving san pham, mudn
lam ddng nhat nhiét do san phim can phai st dung
mo hinh dé kiém soat phan b hé sb truyén nhiét bé
mit. Nghién cttu caa Lé Thi Hoa Xuan va V3 Tan
Thanh (2011) véi phuong phap sir dung md hinh
hop den chira tham sb vat Iy c6 ¥ nghia “Data based
mechanistic” (DBM) trong kiém soat dong nhat
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Pign tré gia nhigt cé
diéu chinh nhigt 4§

(a) hinh mé phéng céu tao thiét bi

2.2 B6 tri cam bién nhiét dp

Thi nghiém str dung 231 lon (53 mm x 130 mm)
dung dich carboxymethyl cellulose (CMC) 2,5%
(xuat x& Trung Qudc) nhim tao san phim c6 tinh
ddng nhét, én dinh, mé phong cho san phim thi
nghiém. Pic tinh thay d6i do nhdt 6n dinh theo
nhiét 6 1a minh chimg cho tinh 6n dinh trong qua
trinh truyén nhiét vao san phiam (Hinh 2). D6 thi
Hinh 2 1a két qua tinh toan mdi quan hé do
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nhiét d6 san phdm khi thanh tring, két qua nghién
ctru cho ra ham truyén bac 1 thé hién mdi quan hé
giita nhiét do moi truong bé mat cua san pham véi
nhiét d6 tam cua san pham. Do d6, ham truyén chi
thuc hién diéu khién kiém soat lam ddng nhat nhiét
d6 san pham théng qua dir liéu ghi nhan nhiét do
moi trudng tai bé mat. Trong nghién ciru nay, giai
phap sir dung mé hinh DBM nham phét trién mo
rong ham truyén biéu thi mdi quan hé giira nhiét o
moi trudng tai ngd vao cua thiét b thanh tring véi
nhiét 6 tam cua san phim khi thay ddi luu lugng
bom trong thiét bi thanh trung. Qua do, sir dung ham
truyén kiém soat hé s6 truyén nhiét bé mat trong qua
trinh gia nhiét san phém tir mot vi tri ghi nhan nhiét
d6 moi truong & ngd vao cua thiét bi va diéu khién
ddng nhét nhiét do tam san pham véi mot mie khac
biét nhiét do chap nhan.

2 PHUONG PHAP NGHIEN CUU
2.1 Hg thong thiét bi thi nghiém

Thiét bi thanh trang ty thiét ké véi kich thudc
600 mm x 400 mm x 500 mm st dung 16p cach nhiét
day 20 mm. Hé théng bom nudc co cong sudt 125
W, c6 thé diéu chinh luu lwong khao sat tir 0,6-1,8
m3/gio. Hé thong gia nhiét kiém soat nhiét do cho
phép diéu chinh nhiét do khao sat tir 35°C 1én 60°C
¢6 cong suat 4 kW (Hinh la, Hinh 1b).

(b) anh that hé théng thiét bi
Hinh 1: Hé théng thiét bi thanh trung trong thi nghiém

nhot theo nhiét do tr phuong trinh Arrhenius
u=Aexp(E, [RT) dit lidu do dac tir nhot ké
Viscometer-SV10. Trong d6, p: Do nhét cua dung
dich & nhjét d6 T; Ea: Nang luong hoat héa (kJ.mol
1; R: Hang so khi 1y twong (8,314 J.mol'K™);
T: Nhiét do cua dung dich theo thoi gian (K); A
Hang so.
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San pham dugc xép khéi 11x07x03 (lon). Dix
liéu nhiét d6 san pham va nhiét do moi truong dugc
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ghi nhan biang cam bién nhiét do loai T (hiéu
Omega, M¥) do chinh xac = 0,01°C, 18 cam bién do
nhiét do tam san pham; 18 cam bién do nhiét do tai
bé mat san pham, 02 cam bién dit tai vi tri bom nudc
vao va ra cta thiét bi (Hinh 3). Cam bién duoc b tri
theo ma tran khong gian 3x3x2 va két ndi tin hiéu
véi datalogger Keithley 2700.

Luu lugng bom nudc tuan hoan dugc khao sat tir
0,6-1,8 m¥/gio, dong thoi thay ddi “budc” nhiét do
méi truong tir 35°C 1én 60°C. Thai gian gitr nhiét &
madi “budc” nhiét do 1a 60 phut. Dit lieu nhiét do
duoc ghi nhén lién tuc vai khoang cach thoi gian la
10 giay (Hinh 4).
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Hinh 3: So d bd tri cam bién nhiét d9 trong khong gian ba chiéu cia thiét bi

N

h Nhiét 45 didu khién (°C)

c

Nhiét dj (*C) %U
9

I
I
I

e
L~

3
0

1]
ﬁ Nhiét 46 sin phim (°C);

I

¢ Nhiét 45 méi trrtng (°C)

60

120

Thixi gian {phut)

Hinh 4: Biéu dién thi nghiém “buwéc” nhiét do

2.3 MB& hinh hp den chira tham s6 vat Iy c6
y nghia (DBM)

Mo hinh hdp den DBM la md hinh thu nhan t
dix liéu déng hoc cua qua trinh khao sat va chi xem
1a c6 thé sir dung khi tim dugc it nhat mot tham sé
c6 y nghia vat 1y chtra trong m6 hinh (Hinh 5).
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Thuat toan simplified refined instrumental
variable (SRIV) dugc sir dung tinh toan cac tham s6
ctia ham truyén dang lién tuc, voi wu diém cé thé
tinh toan ham truyén lién tuc tir cac dit liéu khong
lién tuc, cac tham sb trong ham truyén dwoc lya chon
chinh xéc va c6 kha ning t6i vu hoa nham lam giam
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cac bac ciia phuong trinh trong ham truyén (Young,
2011). Thuat toan (SRIV) dugc tinh thong qua
ham RIVC tich hgp trong Captain toolbox cua
Matlab  (http://www.es.lancs.ac.uk/cres/captain/).
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Ham truyén tét nhit duoc chon trén co s R? cao, sai
s6 chuan (SE) thip, hé s6 young indentification
criterion (YIC) thap va yéu t6 bac cia ham truyén
(Young, 2002).

Khing

Pong dang tim
tham so0 vat 1y co v

(1) J’ M5 hinh hda tim cac
Thuc nghiém e o tham sf) cia ham truyéq
(Data phase) Dirli€u theo thoi gian | = thye té véi’ R2 cao, sa’i )
chuan thap, YIC thap
- N
_ v
(2) Iq B.;{ di- A~ 1. , dn_h
Ly thyet i Cic khai niém vitly | —> icn doi V@:t y xac dir
(Mechanistic phase) ham truyen ly thuyet

nghia?

C()J,

Chon mé hinh

Hinh 5: Phwong phap mé hinh héa sit dung m6 hinh hgp den DBM
3 KET QUA THAO LUAN

Cpo

Cp’i nhiét dung riéng ctia mdi truong nudce va

3.1 Ham truyén Iy thuyét chieng minh tir
cac phwong trinh truyeén nhiét
Trong trudng hop thanh tring, gia sir dong nhét
nhiét d6 san pham vai khac piét nhiét dc} chap nhan,
nhiét dung riéng cua san pham it thay doi theo nhiét
d6. Qua trinh truyén nhiét tr mot vung dong nhat
cliia moi truong den bén trong lon san pham (Hinh
6) duoc can bang nang lugng tong quat qua phuong
trinh (1):
dTi (Vi piCp i
7I ( )dlt =pt =VhT0 (t - r)pOC p,0
~VaTi (1) AiCp,i
+nkmSm (Tm (t) = Ti (t))

+g81 Toufr O -Ti ©)

1)

Trong d6, Tj(t): la nhiét d0 moi trudng nudc
trong thiét bi (°C), Ty(t-r): la nhiét do nuéc sau
khi gia nhiét di vao thiét bi (°C), Ty (t) : 12 nhiét do
tam san pham (°C), T,  (t): 1a nhiét d6 ving ddng
nhdt méi trudng trong thiét bi WMZ1 (°C):

Ciia moi treong nudce trong vung WMZ (J/kg.°C);
Yool khdi lugng riéng ciia mdi truong nudc
(kg/m3); K, : hé sb truyén nhiét bé mat giita ving
WMZ1 va WMZ (W/m2°C); K, : hé s6 truyén nhiét
bé& mit gitra méi trudng nudc trong thiét bi vai ving
WMZ1 (W/m2°C); S dién tich ving WMZ va
WMZ1 (m?); S,: dién tich ving WMZ1 va mdi
truong (m?); n: s6 lugng san pham (lon)

Gia st khdi lwong riéng, nhiét dung riéng cua
moi truong gia nhiét ¢ ngd vao va ra cua thiét bi
bang nhau (p, = p; = p: C,,=C,;, =C,)
Trong thiét bj v6i thé tich ving dong nhit WMZ (V),
théﬂ tich cna nuc’rc~ vao thiét bi (Vi), thé tich lon san
pham (Vm), d6 rong cua san pham (&). Lon san
pham c6 duong kinh (d) chiéu cao (h), dién tich bé
mat hinh tru duoc tinh: Sm =(7zdz)/2—|—7zdh-
Thé tich (Vi) lién quan dén (V) va d6 rong (€ ) trong
ving ddng nhéat “well mixed zone” (WMZ) duoc

. B 2
xdc dinh: v —y; =(1iji =NV = n.h.%
&

-
| -

Dong chay vao
(To(t - T)J‘ Vhl pifcpi)/ <H-“‘-~‘! ~a

Vi To(t — 1).p;- Cps

-~

Dong chiy ra

T.(t),Vu, V00 Cp

_______

Ky Sy (T,() — T () ~5= < A T(t).p:.Cy:

Hinh 6: Qua trinh trao ddi nhiét trong cic viing dong nhét cia thiét bi
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Tuong Ung:
)ats)
=nzd| —+h
2 2d +2h ) (2)

1-¢ 7rd2
Vi =nh
& 4
S dh
=n
M\ 2d +2n

2(1 £)(d+h)y

edh

©)

Hoac: nSm

Phuong trinh (1) c6 thé viét lai:

dT;j (t)

vV
h
=1 (t—
dt o(

V.
Vi C
k1S1

AViCp

D) =T (1)

DkmSm (7 () -1y (1)) Y

(Toutr (D —Ti (1))
Thé phuong trinh (3) vao (4):

T g (- o)~ i (o)

+km|:2(1 £)(d +h)V; :|(Tm () —Ti (1))

&dh
(Tourr (=T (1))

()

kS
. A §
AViCp

Qua trinh trao doi nhigt ¢ ving dong nhét
(WMZ1) méi treong trong thiét bi:

Toutr (1) _
dt

k1S1
AVouff Cp

(Toufr (0-Ti (1)) ©)
. Qua trinh truyén nhiét tir moi truong dén ving
dong nhat (WMZ) caa san pham:

dTm (t) _
dt

U]

kmsm (T (1) ~Tm (1))

V 4 | \V; , dh ] phu.o.ng
trinh ( ] ) tré thanh:

dt  dhpmCp,

(8)

(TI (t)=Tm (1))

Km = km [W} :

kS
AVpuff Cp
(6), (8) tro thanh:

_ 2km (d+h)
dhpmCp m

phuong trinh (5),
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SO o (- 0) - 4 (1)

+ Km (Tm (1)~ T (1)) ©)

+ K (Tourr (O=Ti (1))
dTbL:,iif(t) = Kl(Ti (t) = Toufr (t)) (10)
T (1) T (1) )
V6i o= 2km(d +h) dinh nghia 1a toc do gia

dhpmCp,m
nhiét tir moi truong vao san pham (1/gidy).

Trong trang théi truyen nhiét 6n dinh phuong
trinh (9), (10), (11) viét lai:

B (12)

+(Kq ) Touff
0=KqTi — Ky Tbuff (13)
O=aTi—alm (14)

Trong d6, To: nhiét 6 ngd vao & trang thai on
dinh (°C); Ti :nhiét &6 méi trudng trang thai on dinh
(°C); Tm: nhiét d6 san phim & trang thai 6n dinh
(°C); Thbuff : nhiét 6 méi truong & ving WMZ1
trong trang thai 6n dinh (°C)

Khi thay doi nhiét do rat nho so vei nhiét do &
trang thai 6n dinh, lay phuong trinh (9) trir (12), (10)
tre (13), (11) trd  (14) va  dat
to(t-7)=To(t-z)-To, i () =T; (t)-Ti,
tm (1) =Tm () = Tm gy (1) =Tourr (1) —Thuff U
duoc:

dtiTgt):/Bto(t—T)—(ﬁ+ Km+Kl)ti (t) (15)
*+ Kmtm (8) + Katpurr (1)
d u
tbd—ftf(t) = K (1 (1) ~tpurr (1)) (16)
dtr{;—t(t) =a(ti (1) —tm (1)) (17)

Trong d6, to (t —7):bién d6i nhiét do méi truong
nuée vao thiét bi so véi trang thai 6n dinh (°C);
tj (t) :bién doi nhi¢t 36 moi truong so véi trang thai
6n dinh (°C); tm (t): bién ddi nhigt do san phim so
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V6i trang thai 6n dinh (°C); o ( ) bién d6i nhiét (1) = bos2 ths+by (t-r) (1)
\ i(t)= olt—
d6 méi truong ving WMZ1 so véi trang thai 6n dinh a053 + a152 Taxs+ag
0,
(C). Trong do, a=Ki+a+y,
. . d .. . - _ _ .
Ly Laplace V6i s = — bién dbi phuong trinh %2 = @Ku T 7Ky +ay —aKm —KiKm;
dt 33 =ayK1—2aK1Km )
(15), (16), (17): by = Biby = BKq +afiby = afKq
B .
i (t) = Wto (t-7) Khi xéc dinh duoc cac tham s6 trong mo hinh s&
cho phép tinh toan dugc gia tri toc do gia nhiét o
4 Km tm (1) (18) (1/s).
s+ +Km+Kq . N P .
Ky 3.2 Ham truyen thyc té, mé hinh hop den
DBM

ST Bt K+ Ky Puff (t)
Dir lidu tinh toan cac mo hinh ham truyén tir 18

tj (1) (19) vi tri cam bién nhiét do tam san phim duoc thyc hién
gua thuat toan SRIV tich hop trong cong cu Matlab.

st Ham truyén t6t nhat duoc chon trén co s¢ R2 cao, sai
tj(t)= o m (t) (20) s6 chuan (SE) thip, hé sé YIC thip va yéu té bac

] ctia ham truyén (Young, 2002). M2 hinh ham truyén

bat y=p+Kn+Ky, thé phuong trinh (19), bac [2-3] duoc chon do ¢ chi 6 YIC thip hon ham
(20) vao (18) rat gon dugc ham truyén 1y thuyét (21) truyén bac [1-3]. Bén cach do, mirc do sai s6 cua
thé hién mdi quan hé truyén nhiét tir ngd vao moi ham truyc?n bac [2-3] 1a thip hon ham truyén bac [1-
trudng truyen nhiét trong thiét bi thanh tring dén 3] nén ket qua phong doan nhiét do san pham tur

1 t)=
buff() s

viing dong nhét ciia san pham véi cac gia sir trong nhi¢t do moi treong s& chinh xac cao hon, dir ligu
{ing. mo6 hinh dugc trinh bay dai dién tai hai vi tri cam
bién 1 va 14 luu lugng bom 1,2 m¥gi¢ (Bang 1).
0,08 ~ m0,6 m3/gid 01,2 m3/gio> 01,8 m3/gios
0,07 -
2 0,06 -
& 0,05 -
E
= 0,04 -
&b
o 0,03 -
kel
& 0,02 -
=
K
0 T T T T T 1

1 4 8 12 18
Vi tri cam bién
Hinh 7: Tinh toin tham sb téc d gia nhiét a (1/gidy) tir mé hinh
thu duoc ctia md hinh cho phép tinh toan tc do gia

nhiét o tir ham truyén 1y thuyét tai cac vi tri cam bién
(Hinh 7).

Dong dang ham truyén bac [2-3] v6i ham truyén
Iy thuyet (21) thu duge cac tham so tr md hinh
bg = by = BKq +afiby = afKq, tir cdc tham sO
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bom 1,2 m*/gio

Tdp 56, Sé 2B (2020): 59-67

Béng 1: Tinh toan ham truyén bac [1-3] va bac [2-3] dai dién & vai vi tri cam bién dai dién tai luu lweng

Vi tri Béc ham truyén

[m, n, 7] truyeén

Cic tham s6 trong ham

R? SE HésdYIC

a1 = 0,023220
a» = 0,000264
as = 0,000005
bo = 0,000194
b1 = 0,000006

[1, 3, 10]

0,9997 0,0202 -13,6136

a1 = 0,023020
a2 = 0,000396
az = 0,000003
bo = 0,002463
b1 = 0,000099
b, = 0,000003

[2, 3, 10]

0,9998 0,0120 -14,2171

14

a1 = 0,022030
a2 = 0,000381
as = 0,000002
bo = 0,000120
b1 = 0,000002

[1, 3, 10]

0,9996 0,0267 -13,1717

a1 = 0,022530
ap = 0,000461
az = 0,000004
bo = 0,007521
b1 =0,000126
b, = 0,000004

[2, 3, 10]

0,9997 0,0206 -14,1834

3.3 Chitng minh tham s6 a c6 y nghia vat Iy

trong qua trinh truyén nhiét

Tir gia tri tham s6 toc do gia nhiét thu duoc can

phai ching minh tham s nay c6 y nghia thyuc su
thay ddi theo cac diéu kién truyén nhiét, tham s vat
1y c6 ¥ nghia thi m6 hinh DBM thu dugc méi c6 thé
sur dung.

2km(d+h) thy dugc tir qua trinh
dhpmC p.m

dong dang ham truyén c6 chira h¢ s6 truyén nhiét bé
miat (Km) cia san pham. Hé sb truyen nhiét bé mat
dong vai tro chinh trong viéc kiém soat dong nhat
nhiét d6 (Thanh et al., 2007). Khi thay ddi van téc
mai truong truyén nhiét s& lam thay ddi hé s truyén
nhiét b& mit (k). Thong qua gié tri o c6 chira hé sb
truyén nhiét bé mit ky, & cac vi tri cam bién do dac
va & cac muc luu lwong bom khéc nhau, gia tri o tinh
toan duoc tir mo hinh 1a khéng bang nhau (Hinh 7).
Sy phan bd a & cac vi tri ¢6 lién quan rd rét dén thay
d6i van téc moi truong truyén nhiét, do d6 o 1a tham
s6 thé hién y nghia vat 1y khi diéu kién truyén nhiét
thay doi.

Tham s  —
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(m: bdc tir s6; n: bdc mdu so; = thoi gian tré; ao, ay, az, , as, bo, b1: cdc tham s6 ciia ham truyén)

Sy can thiét phai kiém soat hé s truyén nhiét bé
mit (Km) khi diéu khién lam dong nhat nhiét do san
pham con dugc chang minh cu thé thong qua dénh
gia mdi quan hé gitta mirc do dong nhat nhiét do moi
treong va san pham nhu sau: mic d6 dong nhat
nhiét d6 san pham duoc tinh toan thong qua chi s6
dong nhat (Uniform Index) tai cac thoi diém quan
sat trong su6t qua trinh thi nghiém. Két qua tinh chi
s6 déng nhat nhiét d6 moi truong va san pham dai
dién tai 120 phut gia nhiét vai cac mirc khac biét
nhiét @6 = 0,1°C, + 0,3°C, + 0,5°C dugc trinh bay &
Bang 2.

Z Vol;
i=1
VOL

ul=1!

£ . n ,
Vi Ul: 1a chi s ddng nhit (%); 3 Vol; 1a thé
=

tich viing dong nhét véi khac biét nhiét do AT quanh
nhiét d¢ trung binh (Ty) cta san pham (m3); VOL:
1a tong thé tich cua ving quan sat (m?3).
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Bing 2: Chi sé dong nhat nhiét d¢ san pham khao sat tai 120 phit gia nhiét

Khic biét nhiét d§

Pong nhat nhiét @ mai truong (%)

Pong nhat nhiét d9 san pham (%)

chip nhan (°C) 0,6 m¥giv  1,2m3giv 1,8 m¥giv 0,6 m¥giv 1,2 m¥giv 1,8 m¥/gitr
0,1 11,11 44,40 16,67 11,11 16,67 5,56
0,3 44,43 77,78 66,70 22,20 66,67 33,31
0,5 61,12 94,44 83,23 38,89 88,89 61,11

Bang 2 cho thiy mirc 6 ddng nhit nhiét d6 moi
truong va san pham thay doi khong déu nhau & cac
murc luu lwong. Khéac biét nhiét do chap nhan cang
I6n, chi sé dong nhat cang cao. Tuy nhién, mdi quan
h¢ gitta mirc do dong nhat nhiét ¢ moi truong va
san pham 1a khong rd rét. RS rang, anh huong cua
phan bd van tic tai cac vi tri khi thay doi luu lugng
bom 1a khac nhau. Nén khong thé sir dung mic do
ddng nhat nhiét d6 moi truong dé danh gia dong nhat
nhiét d6 san phim, ma can phai kiém soat hé sb
truyén nhiét bé mat (k) dé lam ddng nhét nhiét do
san pham (Thanh et al., 2007).

St dung m6 hinh ham truyén lam dong [’lhé’[
tham s6 o trong khong gian ba chiéu cua thiét bi

thanh tring, c6 thé xem nhu lam dong nhat hé s6
truyén nhiét bé mat (ky) khi thay ddi van téc moi
truong trong thiét bi. Diéu khién thay doi gia tri o tir
ham truyén dwoc thyc hién théng qua viéc diéu
chinh luu luong bom phu hop trén tung thiét bi
thanh trung thuc té, day 1a co s dé diéu khién kiém
soat ddng nhat nhiét do san pham. o thi Hinh 8
minh hoa cho mirc d¢ diéu khién lam dong nhat gia
tri o trong khong gian ba chiéu cua thiét bi. Khi ving
ddng nhat a cang cao, mic do dong nhat nhiét do
san pham véi mire khac biét nhiét do chap nhan s&
cang 16n.

0
0.02 0

-l‘ 1 1 1

0.1 0.12

Hinh 8: Phan b tham sé a trong khéng gian cia thiét bi & luu lwgng 1,2 m3/gie

4 KET LUAN
Ham  truyén  bac ba c6  dang
2 AY
tj (1) = '3305 +2bls+b2 to(t—7) duoc chon tu

apsST + ST +aps+ag
ham truyén thuc té biéu thi cho qué trinh truyén
nhiét tir moi truong ngd vao cua thiét bi thanh tring
dén san pham, pht hop Véi co so 1y thuyét cua qua
trinh truyén nhiét. Bong dang ham truyén thu duoc
tham s6 vat Iy a c6 chtra hé s6 truyén nhiét bé mat
Km, c6 y nghia vat 1y khi thay d6i diéu kién truyén
nhiét. Tir phan bd tham s6 o, sir dung ham truyén
tinh toan mirc d6 dong nhat a va st dung mirc do

dong nhat a dé diéu chinh luu lwong bom 1a co s&
dé kiém soat ddng nhét nhiét do san pham.
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