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Tém tit

Phirong phdp do hé s6 dan nhiét sir dung nguon
nhiét dwong thuong dwoc s dung dé do hé s6 dan
nhiét trong dai tir 0,05W/mK dén SW/mK. Theo
tiéu chudn ASTM D5334-22% chiéu dai que do ld
100mm, dwong kinh méu t6i thiéu la 50mm, chiéu
dai mau la 100mm. Tuy nhién, trong thiee té ¢é rat
nhiéu méu th@rcphcfm nhw thit, ca, rau, qua khong
ddp tmg dwoc yéu cau vé kinh thwéc mau do.
Trong bai bdo nay, két qua do hé sé dan nhiét theo
phitong phép nguon nhiét dwong véi que do chiéu
dai 20mm sé dwoc hiéu chinh dwa trén két quad mo
phong tinh todn nhiét. Két qua thu dwoc cho thdy
hé $6 dan nhiét co sai léch trong khoang tir -10%
dén 10% trong toan dai do. Viéc hiéu chinh sé gitip
ndng cao dé tin cdy ciia phép do hé sé dan nhiét
déi véi cdc loai thuc phofm, hé tro viée san xudt
thiét bi do trong nudc co do chinh xdc cao.

Tl:l’ khoa: Hé s6 ’ddNn nhiét, nguén nhiét duwong,
dan nhiét khong on dinh, mé phong CFD.
Abstract

The method of measuring thermal conductivity
using the line heat source technique is commonly
used to measure thermal conductivity in the range
from 0.05W/mK to SW/mK. According to ASTM
standard D5334, the length of the measuring
probe is 100mm, and the required sample
diameter and length are not smaller than 50mm
and 100mm, respectively. However, in reality,
many food samples such as meat, fish, vegetables,
and fruits do not meet the requirements for sample
size. In this paper, the results of measuring
thermal conductivity using the heat source method
with a 20mm long probe will be calibrated based
on the results of the thermal simulation. The
results show that the thermal conductivity deviates
by approximately -10% to 10% across the entire

measurement range. The numerical calibration
helps to improve the vreliability of thermal
conductivity measurements for various types of
food and supports the production of highly
accurate domestic measuring devices.

Keywords: Thermal conductivity, line heat
source, transient heat transfer, CFD simulation.

1. Giéi thiéu

Heé s6 dan nhiét 1a mot trong nhitng tinh chét nhiét
vat ly quan trong cua vat li¢u. Véi viéc dac trung cho
kha ning dan nhiét ctia vat liéu, hé sb dan nhiét quyét
dinh lugng nhiét tmyén qua o ché d6 dan nhiét 6n dinh
va tdc do thay d6i nhiét do & ché do dan nhiét khong
6n dinh. Pbi voi thuc pham, hé s6 dan nhiét 1a thong
s6 dau vao cua viée xac dinh qua trinh trao dbi nhiét
bén trong thye pham tir d6 tinh toan thoi gian cap dong,
thoi gian 1am lanh hay thoi gian siy. Do 0, viéc xay
dung bo dir liéu hé s6 dan nhiét cho cac loai thuc phém
1a hét strc quan trong.

Céc phuong phap do hé sé dan nhiét dugc chia
1am 2 nhém chinh: Phuong phap 6n dinh va phuong
phép khong 6n dinh [1, 2]. V&i phuong phap 6n dinh,
hé s6 dan nhiét thuong duoc xac dinh dya trén mat
d6 dong nhiét truyén qua va d6 chénh nhiét do gitra
2 mit & ché do dan nhiét 6n dinh [3, 4]. Tuy nhién,
néu vat liéu c6 hé s6 dan nhiét thay ddi manh theo
nhiét do hodc thay ddi tinh chét nhiét vat 1y khi bi
nung néng, dién hinh 14 thyc pham, phuong phap nay
¢6 do chinh xac khong cao. Mot nhugc diém nita cta
phuong phap 6n dinh 1a thoi gian do rat dai va khong
do duoc cho cac loai vat liéu c6 hé s6 dan nhiét rat
16n hodc rat nho. Trong khi d6, phuong phap khong
6n dinh xac dinh hé sé dan nhiét dua trén bién thién
nhiét @6 cua vat liéu khi duogc céip nhiét. Tuy theo
hinh dang cua ngudn nhiét, phwong phap nay duoc
chia thanh nhém phuong phap ngudn nhiét bé mat va
phuong phap ngudn nhiét dudng [1, 5].
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Phuong phép do hé sb din nhiét ngudn nhiét
duong dugc g dung rat rong rai dé xac dinh hé sb
dan nhiét ciia thuc pham [6]. Anh huong cta ap suét,
thd thyc pham, d6 4m va nhiét d6 dén hé sd dan nhiét
dd duoc khao sat cho nhiéu loai vat liéu [7-10]. Tuy
da c6 nhiéu nghién ctru, nhung cho dén nay chua c6
mot tiéu chuan chung nao huéng dan viéc xay dung
dau do va xir 1y sai s6 khi do hé s6 din nhiét cia thuc
pham theo ngudn nhiét dudng. Hién nay, phuong phap
nay da duoc tidu chuan héa cho ddi tuong la dat, da,
soi nhu tiéu chuan ASTM D5334-22, IEEE 442-1981
& IEEE 442-2017. Theo cac tiéu chuan nay, chiéu dai
cua dau do duoc ¢ dinh 12 100mm, duong kinh va
chiéu dai mau do khong nhé hon 50mm va 100mm
nén khong phu hop cho céc vt li¢u kich thude nho.
Chinh vi vy nhu cau ché tao va sur dung cac dau do
hé s6 dan nhiét c6 chiéu dai ngén hon dé phu hop cho
cac loai vat liu nhu c4, thit hay rau cu dugc dat ra hét
strc cdp thiét. Trong bai bao nay, chung toi trinh bay
mot phuong 4n danh gia sai sé c6 thé xay ra khi thu
hep chiéu dai que do théng qua mé phong qué trinh
dan nhiét khong 6n dinh bén trong vat liéu.

2. Phuong phép do hé s6 din nhi¢t ngudn nhiét
duong

Phuong phép do khong 6n dinh st dung ngudn
nhiét duong duge xay dung dya trén bai toan dan nhiét
¢6 ngudn nhiét duong trong khong gian duge coi la
rong v6 han. Phuong phap nay da duogc trinh bay chi
tiét trong rat nhiéu tai liéu, do do, trong bai bao nay
chi trinh bay tém tit vé nguyén Iy do. Dé tao ra ngudn
nhiét dang duong, ta st dung que do duogc thé hién
trong Hinh 1. Bén trong que do, ngudn nhiét dugc tao
ra bang cach sir dung day dién tro. Su thay doi nhiét
d6 ctia que do duoc ghi lai bang day can nhiét 1ong &
giita que do. Bang cach diéu chinh dién ap cép vao

|_—Cap nhigt

| _—Day dién tré

—{ (~o

S /

Hinh 1. So d6 nguyén Iy que do hé s6 din nhiét
nguon nhiét dwong

day dién tro, cong suét nhiét theo chiéu dai day duoc
khdng ché trong subt qué trinh do.
Cong suét nhiét téng, mat d¢ dong nhiét theo chiéu
2
dai que do dugc xéc dinh theo cong thue P = % [W]
va q, = f [W/m]. Trong do, R [Q] la dién tro day

dan, U[V]1a dién ap ngudn cip, L 1a chiéu dai que do.

Phuong trinh vi phan dan nhiét mé ta qua trinh dan
nhiét bén trong vat li¢u dugc biéu dién trén hé truc toa
do tru co6 géc tai tam cta que do nhu sau:

ot 0%t 1ot
o ° (W oy Ej
(1
Bo qua sy phan bd nhiét d6 bén trong que do, diéu
kién bién loai 2 tai bé mét cta que do.

oy

L I )
ar

s 27R

Trong d6, R: Kich thudc xac dinh (ban kinh cia
que do); a: Hé sé dan nhiét do.

Vi nhiét do ban dau cua vat liu 1a 7, nghiém giai
tich cua bai toan dan nhiét duoc biéu dién nhu sau [11,
12]:

2 2 \?
t:i In Laz- +i r_ _L r_ +... +t0 (3)
Y28 yr 1.1\ dar ) 221\ 4ar

Trong d6, y = 1,781072 1a hang s6. Theo [13],
khi :—:T du nho, ta co thé bo qua cac sb hang bac cao
ctia chudi ma khong gip phai sai s6. Xét 1 diém bén
trong vt liéu & ban kinh r bt ky, sy thay ddi nhiét do
& diém nay giira 2 thoi diém T, va T, dugc xic

dinh theo cong thurc:

-t =] g 2% | g || g 20| G 2| ()
zi \ yr Azl \ yr Y72

Hay:

1= q, _q 5)
47K

4r &=t )

In(z,)-In(z,)

Trong d6, khi biéu dién bién thién nhiét do ¢ theo
In(7), cac diém thyc nghiém s& dwoc phan bd theo
dang tuyén tinh v6i hé s6 goc 1a K. Néu xéac dinh duoc
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hé s6 goc K va biét trudc g;, hé sb dan nhiét cua vat
liéu dugc xac dinh theo phuong trinh (5).

3. M6 phéng qua trinh din nhiét véi que thim
thuc té

Trong thyc té, ca vat liéu do va que do c6 kich
thudc gioi han, do vay khi xdy dung phép do cin c6
cac tiéu chuan dé dam bao han ché sai s. Can ctt theo
tiéu chuan ASTM D5334-22, mé hinh hinh khdi cua
miu do va que do dai 100mm duoc biéu dién trén
Hinh 2. Bén canh mau do va que do chuan, qué trinh
dan nhiét bén trong mau do va que do dai 20mm ciing
dugc mo phéng, tinh toan. Do vat cé kich thudc gidi
han, diéu kién bién loai 3 dugc st dung cac bé mat
bén ngoai cia mau do v&i nhiét d6 moi trudng 14 20°C,
hé s6 trao ddi nhiét ddi luu 1a SW/m?K. Ngudn nhiét
duong duoc chuyén vé ngudn nhiét thé tich sinh ra
bén trong que do theo cong thirc:

Qv =7 (6)

100 mm

20 mm

Méautiéuchudn  M&u phitiéu chuén

Hinh 2. Méu do va que do siv dung tiéu chuén va phi

tiéu chuén siv dung trong mé phéng

Bing 1. Théng sé nhit vit Iy sir dung trong mo phong

Vit Hésédin Nhiét dung Khoi lwgng

liéu nhiét riéng riéng
Que
4 48.4W/mK  1000J/kgK  3580kg/m?
0
Mau

0.5+5 W/mK 2000J/kgk  1000kg/m?

do

Dé dam bao d6 hoi tu ciia két qua, cac hinh khi
duoc chia lugi véi kich thude ludi 16n nhit 14 0,02mm
v6i que do va 0,lmm véi miu do. Cac két qua cho
thdy khi chia luéi nho hon, két qua khong co sy sai
léch ma chi lam tang thoi gian tinh toan. Vi vay, mo
phong duoc tién hanh véi ludi trén va bude thoi gian
0,02 gidy. Ngudn nhiét duong ¢; duoc c¢b dinh &
100W/m. Tinh chét nhiét vat ly cua que do duoc ciu
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tric tir bot MgO trong vo thép mong va tinh chét nhiét
vat 1y cia mau do dugce trinh bay trong Bang 1. Riéng
hé¢ s6 dan nhiét cia miu do duogc thay ddi trong
khoang tir 0,5W/mK dén 5W/mK.
4. Két qua va thao ludn

Sau khi mo6 phong, ta thu dwoc phan bd nhiét do
bén trong mau do va que do. Thoi gian md phong qua
trinh do 1a 100 gidy. Két qua thu dugc & 25 giy, 50
gidy, 75 gidy va 100 gidy véi mau do dai 100mm va
hé s6 dan nhiét 2W/mK duoc trinh bay trong Hinh 3.
S6 liéu nhiét do duoc sit dung trong tinh toan h¢ $6
dan nhiét 12 nhiét do tai tim cua que do. Biéu d6 phan
bd nhiét do theo thoi gian va logarit co s6 tu nhién cta
thoi gian duoc biéu dién ¢ Hinh 4.

a4
35
} 3
25
20

25gidy 50 gidy 75 gidy 100 gidy

8

8

Hinh 3. Phéin bé nhiét dp thu dwoc ¢ cdc thoi diém
khdc nhau v6i mau do dai 100mm va hé sé dén nhiét
2W/mK

Cin cr vao hé sb goc cua duong hdi quy tuyén tinh
thé hién & Hinh 4b, hé sb dan nhiét cua vat do dugc
xac dinh lai theo cong thuc (5). Gia tri h¢ sb dan nhiét
nay c6 su sai khac so voi gia tri thuc té sir dung trong
mo phong nhu trong Hinh 5. V&i hé sé dan nhiét mau
do 12 0,5W/mK va 1W/mK, hé s6 dan nhiét x4c dinh
theo cong thirc ngudn nhiét duong cao (Aao) hon so véi
gi4 tri dau vao ctia md phong (Aey). Trong khi dé, & cac
gia tri 2 W/mK, 3W/mK, 4W/mK va 5W/mK, hé sb
dan nhiét ciia phuong phap ngudn duong c6 xu hudng
thip hon. Viéc sai léch nay c6 thé dugc giai thich do
kich thudc ciia ngudn duong 1a twong ddi 16n, dan dén

A . 2 9. 92 ~ A r
viéc gia thiét dai luong 4r—aT dt nho s€ khong chinh
xac.

Bdng 2. H¢ so dan nhiét theo nguon nhigt
dwong ¢ cdc ché dp mo phong

hex [WmK] | Aao [W/mK]
0.5 0.557
1 1.038
2 1.949
3 2.994
4 3.737
5 4.558
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Hinh 4. Dé thi dién hinh sw bién thién nhiét dp theo théi gian (a) va theo logarit co' sé tw nhién ciia thoi gian (b)

15

10 —/— L =100 mm
== L=20mm

==

(o = Aoy [%]
/

-10

-15

A [W/mK]

Hinh 5. Sai léch twong doi két qua xdc dinh hé sé
déin nhiét theo nguén nhigt dwong & cdc ché dp mé

phong khdac nhau
Khai dong
thigt bj do

Nhép théng sé chiéu dai que do,
cdng suat nhiét, thdi gian do

l

Ghi lai bién thién nhiét do, xac
dinh hé s6 géc K

!

Xac dinh i4,theo céngthic 5

So sanh A4,VGi cac gia tri & bang
2, ndisuy xac dinh gia tri clia A,

(A'da ’A—uo H)
:;" 1 i~ xi-1) 7. .\
e )(Am,,—ﬁm,-l)

Xuat dif liéu, két
thuc qua trinh do

Hinh 6. Thugt todn hi¢u chinh két qud do dwa trén

két qui mé phong qud trinh dan nhiét

SO 78 (04-2024)

Céc sb lidu ciing cho thay, sai 1éch gitra két qua
tinh toan theo phwong phap ngudn dudng & mau do
100mm va 20mm ciing c6 sy sai khac tuong d6i rd rét.
Bén canh do, hién tugng tich nhiét bén trong que tham
cling gay ra sai s6 dang ké. Khi hé s din nhiét cua
vat li€u nho, anh hudng cua viéc hé s6 dan nhiét que
tham 16n s& lam ting két qua tinh toan theo phuong
phap ngudn duong.

Su sai khac nay c¢6 thé do anh huong cua that thoat
nhiét tir mau ra méi trudng dbi voi mau do 20mm 1a
dang ké hon so voi mau do 100mm. Dé can chinh sb
liéu do thue té véi cac que do khac nhau, su sai 1éch
nay duoc xac dinh va dua vao trong phan mém tinh
toan theo thuat toan trén Hinh 6, két qua tinh toan thé
hién trong Hinh 7 dé khr sai s6 hé thong cua phuwong
phap do.

4 MATLAB App o b4

PHAN MEM XAC DINH HE SO DAN NHIET
B0 THEC PHUGNG PHAP NGUON NHIET NGUON BUGNG

iy Bién thién nhigt d¢ theo thei gian
Boc dir liéu do

Chiéy gai quedo [20mm ¥ 40t
Gong sudtnhigt[w] |2

351

Két qui tinh toan

Nhigt dé [°C]
N

Hesbdnnnigt [
do auge wimk] | %4
Hé sb din nhigt do

sau hieu chinh wimky | 2494 I

20 40 60 80 100 120
Thai gian [s]

Lién hé: TS. Va Huy Khué

AT e Db thi nhiét 69 thari gian | | DB thi nhiét 4 - In (thar gian)

Hinh 7. Phdn mém higu chinh két qué do dwa trén
két qud mé phéng qud trinh dén nhiét
5. Két luan
Bai bo nay trinh bay danh gi4 sai s6 cua thiét b
do hé s6 dan nhiét theo sir dung phuong phap ngudn
nhiét duong thong qua mo phong qua trinh dan nhiét.
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Céc két qua mo phong cho thy sai sé twong dbi cua
viéc xac dinh hé s6 dan nhiét chi yéu ndm trong ving
tir -10% dén 10%. Sai sé nay thay doi khi chiéu dai
que do thay d6i. Chinh vi vay, viéc hi¢u chinh két qua
do thu dugc 1a can thiét dé giam thiéu sai s6 ciia phép
do. Phuong phap tiép can xay dung trong bai bao nay
¢6 thé duoc sir dung dé giam thiéu sai s6 cua phép do
v6i cac dang que do phi tiéu chudn khac nhu que do
dau phat nhiét va dau thu nhiét do tach rdi song song.
Hudng phat trién tiép theo ctia nghién ctru nay 1 tich
hop phan mém hiéu chinh véo trong cac bd do thuc té
dé nang cao do tin cay cua thiét bi do hé sb dan nhiét
ché tao trong nudc.
Lo&i cdm on

Nghién ctru nay dugc tai trg bdi B Gido duc va
Dao tao trong dé tai ma s6 B2022-BKA-20.
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