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EXPERIMENTAL DETERMINATION OF THE MOISTURE DIFFUSION COEFFICIENT OF
BO CHINH GINSENG IN A HEAT PUMP DRYER COMBINED WITH ULTRASOUND WAVE
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Tom tit - Hé sb khuéch tan 4m 1a thong s6 dic trung cho tdc do
dich chuyén 4m cua vat liéu trong qua trinh sdy. Day 1a théng sb
can thiét dé xac dinh thoi gian sdy. Trong nghién ciru nay, trén co
sO nghiém cua bai todn khuéch tan 4m mot chidu véi didu kién bién
loai 3 d6i xtmg cua Fick, nhom tac gia s€ trinh bay phuong phap,
thyuc nghiém va két qua xéc dinh hé so hé s6 khuéch tan 4m ciing
nhu quan hé ham gin dung Deir = f(t,P) ciia saim B& Chinh & céc
murc nhiét d6 tac nhan sdy T la 40°C, 45°C, 50°C; mitc cong suét
song siéu am P 1a: 80, 120, 160W trong thiét bj siy bom nhiét két
hop song siéu am. Két qua nghién ciru di xiy dung dugc ham gin
ding biéu dién mbi quan h¢ cua hé 6 khuéch tan 4m theo nhiét d6
tac nhén sy, cong suit song siéu am: Deft = -7,53417 + 0,321167T
+ 0,0120625P — 0,0018T? + 0,0001375TP — 0,00004375P? ciing
nhu quan hé cua hé s6 khuéch tan 4m véi nang lugng lién Kkét theo
cong thire Arrhenius cta sdm B Chinh.

Tl‘r khoa - Bom nhiét; song siéu am; cong suit; hé s6 khuéch tan
am; sam B6 Chinh

1. Pat vin dé

Véi sy phong phti vé ham Iugng dinh dudng va cac
hoat chat sinh hoc, cdy sim B& Chinh (Abelmoschus
sagittifolius) dwoc danh gia 1a mot vi thube quy. Cac két
qua nghién ctru ctia y hoc hién dai cho thiy sém BS Chinh
¢6 duoc tinh rét cao, twong duong véi nhan sim Han Qudc
va chi sau duogc tinh cua sim Ngoc Linh. Vi vay nhu clu
sdy kho dé bao toan cht luong san phdm véi chi phi siy
hop 1y 14 rat can thiét.

Séy 1a qua trinh 1am khé vat liéu, trong qua trinh say,
4m tir trong 1ong vét lidu sé di chuyén ra be mat va tir bé
mit bay hoi vao méi truong. QU trinh say gom 3 giai
doan: Giai doan dot nong vat, giai doan toe do say khong
dbi va giai doan tdc do say giam dan. O giai doan dot néng
vat, nhiét d6 vat liéu say tdng rat nhanh nhung d6 a 4m trung
binh ciia vt giam khong déng ké, & giai doan tdc d¢ siy
khong ddi, nhiét do & tam va & bé mat vat lidu noi riéng
dat dén mot gia tri nhat dinh x4p xi nhiét do nhiét ké uot,
trong giai doan nay chii yéu lam bay hoi nuéc ty do trong
vét liéu. Vi vay, trong hai giai doan diu, v&i tit ca cac vat
liéu 4m 14 gin nhu nhau [1]. Dén giai doan cubi téc do sdy
giam déan, am bay hoi 1a 4m lién két, do d6 phu thudc dang
lién két 4m ma toc do siy co thé giam khac nhau.

H¢ s6 khuéch tan am (Defr) 1a mot chi s6 quan trong
trong qué trinh sdy, c6 y nghia 16n dé wéc tinh thoi gian
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Abstract - The moisture diffusion coefficient is a characteristic
parameter for the moisture displacement rate of the material during the
drying process. This parameter is required to determine the drying time.
In this study, based on the solution of one-dimensional moisture
diffusion problem with Fick's symmetric type 3 boundary condition, we
present experiment method and results of determining the moisture
diffusion coefficient as well as the approximation relationship function
Dett = f(T,P) of Bo chinh Ginseng at drying temperatures t = 40°C, 45°C,
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relationship between the moisture diffusion coefficient according to the
drying temperature and ultrasound power: Deff =-7.53417 +0.321167T
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sy trong giai doan toc do giam [2]. Da c6 nhiéu cong trinh
nghién ciru vé hé s6 khuéch tan 4m va mé hinh truyén 4m
da duge cong bd nhu IGa mi [3], ca cao [4], ca chua [5], ca
1ot [6], khoai tay, toi va dwa d6 [7], Pang sam [8], hat dau
[9].... Tuy nhién, chua c6 cong trinh nghién ctru ndo vé
sam Bo Chinh, do d6 trong bai bao nay nhom téc gia s&
trinh bay vé phuong phap ly thuyet thuc nghiém va két
qua xac dinh h¢ s6 khuéch tan am Dert cling nhuw ham quan
hé gan dung Desr = f(T,P) ctia sim B Chinh.

2. Vit liéu va phuwong phap nghién ciru
2.1. Vit liéu va thiét bi thi nghiém
2.1.1. Vat liéu thi nghiém
Vit liéu séy 1a sam B4 Chinh tuoi duoc trf‘)ng tai huyén
buc Hué, tinh Long An bdi cong ty Hoang Ngoc Global.
Sam duoc thu hoach sau 12 thang tudi, duong kinh ciia cii
tir 25-30 mm. Sau khi rira sach, dé rdo nuéc, cic mau vét
liéu sdy duoc bao quan trong thi chan khong kin ¢ diéu kién
8 + 0,5°C trong tii mat khoang 3 - 5 ngay dé am d¢ phan b6
déng déu trén toan bo thé tich mau vat lidu thuc nghiém.
Dé d6 day ctia cac lat sim dong déu va han ché sai s,
vat liéu sdy duoc thai lat bing may thai lat thuc pham
thuong hiéu Ritter (Model: RITTER E16 515000, Xuét x{r
buc) voi do day 6mm. Trude khi tién hanh thyc nghiém,
cac mau sam dwoc 1am 4m cho t6i khi dat nhiét d6 moi
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truong thi nghiém rdi cho vao budng say.
~ Am d¢ ban déu ciia vat ligu duoc xéc dinh bang can
sdy &m hong ngoai thuong hi¢u Kett (Model: FD-720, xuat
X}'I Nhat), thuc nghiém 5 ’lén can cho 5 mau ngég nhién roi
lay gia tri trung binh, két qua xac dinh dugc am d¢ cua
sam tuoi: o1 ~ 4,56 kg/kgik
Am d6 san phém duoc xac dinh theo tiéu chuan chat
luong ciia Dugc dién Viét Nam V: m; ~ 0,15 kg/ Kguik
Trong qua trinh sa‘iy, érp d6 trung binh cua vét li¢u duoc
ghi lai lién tuc nho hé thong giam sat tu dong thong qua
cam bién kh01 luong Loadceell thuong hi¢u CAS (Model:
BCL-20L, xu4t x Han Qudc) dit trong budng sdy, tin
hiéu duge xur 1y va luu trit lai bang PLC thuong hi¢u
Wecon (Model: LX3V-1212MT-A, xuat xt Trung Quoc).
2.1.2. Thiét bi thi nghiém
Thiét bi sdy bom nhiét két hop song siéu dm dugc st
dung trong thi nghiém 1a san phdm do nhom tac gia tu thiét
ké, ché tao. So do nguyén l}? thiét bi’sﬁy7 duogc the hién &
Hinh 1 va mé hinh thiét bi say thyc té thé hién & Hinh 2.
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Hinh 2. Thiét bi sdy bom nhiét két hop séng siéu am

Thiét bi siy bom nhiét két hop song siéu am céu tao
gdm 3 thanh phan: Hé thdng bom nhiét, hé théng siy dbi
lwu va hé thdng siéu am. Hé théng bom nhiét sir dung méi
chét lanh R22 bao gdm may nén thuong hiéu Tecumseh
v6i cong sudt dong co 400W (Model: AE4460E, xuat xir
Phap), dan lanh, dan néng chinh, dan néng phy, van tiét
Iuu,... véi muc dich tach am va gia nhiét tac nhan siy dén
nhiét d9 yéu cau. Hé thong say hoi luu toan phan bao gom
budng siy, dong co quat, cam bién nhiét d (£ 0,5°C) do
am (= 3%), cam bién véan tc khong khi (0-10m/s, +
0,1 m/s), cam bién khéi lwong (0-20kg, + 0,1kg. Hé thng
siéu 4m bao gdm may phat siéu 4m (Model: KMD-M4,

xuit xtr Trung Qudc), dau phat song siéu am, tim phat
xa,... Ngoai ra, thict bi say su dung PLC két hop véi man
hinh gidm sat di€u khién HMI, bién tan va cac cam bién
tin hi¢u dé cai dat diéu khién cac thong s6 nhiét do say,
van toc tac nhén sdy, thdi gian sdy, cong suat song siéu
am,...

2.2. Phwong phap

2.2.1. H¢ 56 khuéch tan am

H¢ s6 khuéch tan am Desr duge xac dinh dua trén
nghiém giai tich gan dung cua bai toan khuéch tan am 1
chiéu trong nira tim phang ¢6 chiéu day 2L [10].

Xét qua trinh truyén 4m véi cac gia thiét:

- Qua trinh truyén 4m 14 1 chiéu.

- B6 qua anh hudng truyén nhiét dén qua trinh truyén am.

- Nhiét d9 ciia vat liéu khong thay déi trong sudt qua trinh.

Theo dinh luat thtr 2 cua Fick, phuong trinh vi phan
truy€n am trong ntra vach phang co6 chicu day 2L, véi dieu
kién bién loai 3 d6i xtirng vdi cac gia thict trén la:

a'V'k(x’f)_zpeﬁﬁ 0<x<Lz>0 (1)
X

or 0
Véi diéu kién don tri:
=0 M, (x,0) = M,, = const (2)
>0 -Deﬁ(a'vla(t’f)]:hm(Mk'Mm) (3)
>0 aMk(O.T)j_
A N EX
( ox 4)

Va nghiém giai tich gan ding ciia phuong trinh (1) vé6i
cac diéu kién (2), (3), (4) nhu sau:

MR = M.-M,, _ 82 1 exp| - (2n+1)*n’D 41 (5)
M-M,, @° &5 (2nt+1)? 417

Trong d6, M 1a 6 am cua vat lidu (%, kg/kguik). Mie
1a d6 4m can bang cia vat lidu (%, Kg/ kguik). Defr 13 hé s6
khuéch tan am (m?/s). hy 12 hé s6 dan 4m (m/s). L 1a nira
d6 day cia mau (m). 7 1a thoi gian (s) va n 14 s6 nguyén
duong. Phuong trinh (5) nay ¢ thé dugc don gian héa
bang cach 1iy s6 hang dau tién ciia nghiém chudi:

8 7:2De T
MR:Fexp(— 4L2ff J (6)
INMR= Ini—% @)
7T

Tur gia tri MR theo thoi gian, st dung phuong phap
binh phuong nhd nhat cho phuong trinh (7) tim dugc cac
gia tri Degr.

2.2.2. Néng lwong lién két
Dt 1a mt hang s6 phy thude vao nhiét do va dugc
biéu dién theo mo hinh cta Arrhenius [11] nhu sau:

D«

R.T ®
Trong d6, Do la hé sb ctia phuong trinh; Ry |2 hang s khi;
R = 8,314x107? kJ/K.mol; E; la néng lugng kich hoat cho qué
trinh khuéch tan am (kJ/mol) va T la nhiét d¢ tuyét déi (K).
Phuong trinh (8) ¢6 thé dwa vé dang tuyén tinh bang
cach lay logarit
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InD,, =— E,s

k

+In D, 9)

Tur gia tri Defr theo nhiét do tim dugc & trén, sit dung
phuong phap binh phuong nhé nhat cho phuong trinh (9)
tim dugc cac gia tri Do, Ea.

3. Ndi dung va két qua thye nghiém
3.1. Phwong phdp nghién ciru thwc nghiém
Dé x4c dinh hé sd khuéch tan 4m Des ciia sdm B
Chinh, ké thira cac két qua nghién ctru trude [12], nhdm tac
gia thuc nghiém qua trinh say ¢ Cép muc nhiét d§ tac nhan
sy tla 40, 45, 50°C, mirc cong suat séng siéu am P la: 80,
120, 160W. Thi nghiém duoc tién hanh theo quy hoach
thuc nghiém bac II dang bat bien quay vdi so lugng thi
nghiém dugc xac dinh theo cong thirc sau:
N=2K+2k+np=22+22+1=9 (10)
Véi mdi lan sdy, sdm twoi thai 1at voi chidu day
6 + 0,5mm dugc xEp déu trén khay voi khoi luong
1,5kg/mé. Tac nhén say chuyén dong song song vdi beé mat
khay véi van toc 0,5m/s.
3.2. Két qui
3.2.1. H¢ 56 khuéch tan dm Des
Tir s6 liéu thuc nghiém, str dung cac cong thuc (6), (7)
va phuong phap binh phuong nho6 nhét cung phan mém
Excel, ta dugc bang s6 liéu trung binh h¢ s6 khu€ch tan 4m
Detf ctia sam B6 Chinh trinh bay ¢ Bang 1.

Bing 1. Gid tri thuc nghiém hé sé khuéch tan dm Dett

0, Detr
STT T( C) P(W) (Xlo-lo mZ/S)

1 40 80 3,60
2 40 120 3,87
3 40 160 4,12
4 45 80 4,39
5 45 120 4,87
6 45 160 5,10
7 50 80 5,28
8 50 120 5,67
9 50 160 5,91

Tu céc két qua thuc nghiém trf:n, su dung phén mém
chuyén dung Statgraphics 19 d¢ tién hanh phan tich
phuong sai, phan tich hoi quy, da tim dugc quan h¢ ham
gan ding Desr = f (T, P) dam bao d¢ tin cay.

Heé s6 khuéch tan 4m sam B Chinh Degs (M%)

Dest =-7,53417 + 0,321167T + 0,0120625P — 0,0018T?

+0,0001375TP — 0,00004375P? (R? = 0,9980) (11)

Ham didu kién: 40<t<50(°C)
80 < P <160(W)

D6 thi anh hudng cuia cac hé s hoi quy va anh huong
cua nhiét dg, cong suat dén hé so khuéch tan am dugc thé
hién & Hinh 3, 4.

Cin cr vao ham hdi quy (11) va d6 thi Hinh 3, 4, ta thiy:

- H¢ s6 khuéch tan am Detr chiu anh hudng bac 1, bic 2 boi
nhiét d6 tac nhan say T, cong suat song siéu am P va chiu anh
huong dong thoi cua cép thong s§ nhiét 9, cong suat. Muc do
va thlr ty anh huong céc thong s6 trinh bay trén Hinh 3.

- Trong vung khao nghiém, nhiét 46 anh hudng manh
nhét dén hé s6 khuéch tan 4m Desr, nhiét d6 t ting thi hé )
khuéch tan 4m Degr tang. Mirc d6 anh huong tiép theo la cong
suat song siéu am P, khi cong suét ting thi Des ciing ting.

AT g !
B:P

BB :|

AA ]

AB ]

0 10 20 30 40 50
Standardized effect

Hinh 3. Anh huong cac hé 56 hoi quy dén
hé so khuéh tan am Dest

Hinh 4. Anh hucong nhiét dg, cong sudt dén
hé so khuech tan am Dest
3.2.2. Ning lwong lién két Ea:

Tur gia tri hé s6 khuéch tan 4m Defr thuc nghiém theo
nhiét d9, cong suat st dung phuong phap binh phuong nhd
nhat va phan mém Excel ta tim dugc hé so E,, hé s6 Do theo
cong thuc cia Arrhenius.

E
Dy = Do exp(—5=2)

R.T (12)

e Niing lwgng lién két & cong suit P = 80W

Puodng cong séy, tai cong sut SOW & muc nhiét do
40-45-50°C dugc the hién ¢ Hinh 5, moi quan h¢ gitra E,
va Detr dugc biéu dién bang do thi Hinh 6.

4 —e— 400C+80W
% 41\ —%— 450C+80W
I ™ 500C+80W
% 3

—

>

g 27

g

0 2 4

8 . 10
Thoi gian say (h)
Hinh 5. D6 thi duong cong sdy & cong sudt SOW
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-21.2
3
4 -213 y = -3876,1x - 9,3659
= R2=0,9999
-21.4
215
-21.6
217
-21.8
000305 000310 000315 000320  0.00325
uT
Hinh 6. D6 thi quan hé Eava Dei tai P=80W
Phuong trinh mdi quan hé E, va Der:
32,226
D, =8,559x10°exp| ——— (13)
RT

Viay D, = 8,559x107%; E,= 32,226 kJ/mol.
e Ning lwong lién két & cong suit P = 120W

Puong cong s:éy tai cong suat 120W ¢ mire nhiét d6 40-
45-50°C dugc the hi¢n ¢ Hinh 7, moi quan hé gira E. va
Detf duoc biéu dién bang d6 thi Hinh 8.

Z %
= —e— 400C+120W
%’; 4 \ —6— 450C+120W
;v‘ 1 500C+120W
A il
S 3
(el i
o
g 5
22
1 -
0 >
0 2 4 6 Thgi gian sy ](?1)

Hinh 7. B thi duong cong sy & cong sudt 120W

-21.2
e y = -3868,8x - 9,3065
8213 R?=0,9884
=
214
215
-216
217
-21.8
0.00305 000310  0.00315 000320  0.00325
uT
Hinh 8. D6 thi quan hé Ea va Deft tai P=120W
Phuong trinh mdi quan hé E, va Der:
32,165
D,y =9,084x10° exp| — 2> (14)
R T

Vay D, = 9,084x1075; E,= 32,165 kJ/mol.
e Niing hrong lién két ¢ cong suat P = 160W
Pudng cong siy tai cong suit 160W & muc nhiét do

40-45-50°C dugc thé hign & Hinh 9, mdi quan hé giita Ea
va Detr duogc biéu dién bang do thi Hinh 10.

=5
& X —e— 400C+160W
> [
24 \ﬁ —O— 450C+160W
on
< 10 500C+160W
w2
a2 39
S
o
o '
£
1 4
0 T T T T T T T T T T . T - T - T T T T
0 2 4 6 8 ., 10
Thoi gian say (h)
Hinh 9. Bé thi dirong cong sdy ¢ cong sudt 160W
-21.2
e y = -3654,2x - 9,9309
A 213 R2=0,9908
z
-21.4
-21.5
-21.6
217
-21.8
000305  0.00310 000315  0.00320  0.00325
uT

Hinh 10. D6 thi quan hé Ea va Defs tai P=160W
Phuong trinh mbi quan hé E, va Desr:

30,381
D, =4,865x10°exp| — (15)
RT
Vay D, = 4,865x10%; E,= 30,381 kJ/mol.
-21.2
€ P=80W
g-213 —o— P=120W

214 —a— P=160W
-215
-21.6
-21.7
-21.8

0.00305 0.00310 0.00315 0.00320 O.OO:{/Z_&I':)

Hinh 11. 6 thi quan hé Ea va Deff cac mirc
cbng suat song siéu dm khdc nhau
Bing 2. Gid tri Ea, Dophu thudc vio céng sudt
song siéu am
P (W) 80 120 160
Ea (kJ/mol) 32,226 32,165 30,381

Do (m?/s) 8,559x10°° 9,084x10°° 4,865x10

Cin clr vao d6 thi Hinh 11 va Bang 2, ta thdy trong
khoang nhiét do tir 40-50°C, nang lugng kich hoat Ea séy
sam B6 Chinh khi ¢ song siéu am hd trg séy 1a 30,381 -
32,226 kJ/mol, khi cong suat song siéu 4m tang thi ning
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luong kich hoat ¢6 xu hudng giam. Diéu nay c6 thé do dao
dong co hoc clia song siéu am trong hd trg say lam cho lién
Kkét phan tir gitra vat li¢u cAu thanh nén sdm B4 Chinh va
cac phén tir nuée yéu hon, khi cong suat siéu &m tang thi
hiéu qua cang rd rét, vi vay ning lugng can thiét dé tach
am ra khoi vat lidu s& it hon.

4. Két luan

Hé s }(huéch tan am va ning luong can thiét cho qua
trinh khuéch tan &m trong sdm B6 Chinh theo m6 hinh
Arrhenius cta qua trinh sdy theo nguyén 1y bom nhiét két
hop song siéu 4m da dugc xdc dinh. Day 1a cac yeu t0 quan
trong khi phan tich danh gia qua trinh boc hoi am trong vét
lidu say.

Qua cac thuc nghiém va tinh toan, nhom tac gia da dwa
ra duong cong sdy va ham bicu dien moi quan hé cua hé s6
khuéch tdn am Desr theo nhiét do tac nhép say, cong suat
song si€u am cting nhu quan h¢ cua h¢ s6 khucch tan am
v6i nang luong lién két ctia sdm Bo Chinh nhu sau:

Deff = -7,53417 + 0,321167T + 0,0120625P — 0,0018T?

+0,0001375TP - 0,00004375P?>  (R? = 0,9980)

Ham diéu kién: 40=t<50(°C)
80 < P <160(W)

Phuong trinh ning lugng lién két dya trén cong thirc
Arrhenius:

P=BOW: D, —8550x10° p[w]
k

P=120W: p_ _9 084x10°° exp| — 2102
R, T

P=160W: p_ —4,865x10° exp[— 30 381)
k

Loi cam on: Nghién ctru duoc thyc hién boi sy tai trg kinh
phi tir B6 Gido duc va Bao tao Viét Nam (B2021-NLS-01).
Nhoém tac gia chan thanh cam on B Giao duc va Pao tao
Viét Nam va Truong Pai hoc Néng Lam TP. HS Chi Minh
d4 hd tro thuc hién nghién ciru nay.
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