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Tém tit

Hé s6 khuéch tan 4m 1a thong sb dic trung cho téc do dich
chuyén 4m ciia vét lidu trong qua trinh sdy. Day la thong s cin
thiét dé xac dinh thoi gian siy. Trong nghién ciru ndy, trén co s&
nghiém cua bai toan khuéch tan 4m mot chidu voi didu kién bién
loai 3 d6i xung ctia Fick, ching t61 s& trinh bay phuong phép,
thuc nghiém va két qua xdc dinh hé 6 hé sé khuéch tan 4m ciing
nhur quan hé ham gin ding Deft = f(t,P)cta ciia sim BS Chinh &
cac muc nhiét do tac nhan séy t1a 40°C, 45°C, 50°C; mirc cong
suét song siéu am P 1a: 80, 120, 160W trong thiét bj sdy bom nhiét
két hop song siéu am.

Két qua nghién ctru di xdy dung dugc ham bidu dién médi
quan hé ctia hé sé khuéch tan 4m theo nhiét do tic nhén sdy, cong
sudt song siéu am:

Dest = -7.1675 + 0.302167t + 0.0135625P - 0.0016t2
+0.0001375tP - 0.00005P?

cling nhu quan hé caa hé sé khuéch tan 4m voi nang luong
lién két theo cong thirc Arrhenius ctia sém Bé Chinh.

Tir khéa: Bom nhiét; song siéu am; cong suét; hé sb khuéch tan
4m; sam BS Chinh.

1. Pat vin dé

V6i su phong phu vé ham luong dinh dudng va cac
hoat chét sinh hoc, cdy sim BS Chinh (Abelmoschus
sagittifolius) dugc dénh gia 1a mot vi thude quy. Cac két
qua nghién ciru ctia y hoc hién dai cho thdy saim BS Chinh
¢6 duoc tinh réat cao, tuong duwong v6i nhan sdm Han
Quéc va chi sau duge tinh cia sdm Ngoc Linh. Vi vay
nhu céu sdy kho dé bao toan chat lugng san pham véi chi
phi say hop 1y 14 rat can thiét.

Séy 1a qua trinh 1am khé vat liéu, trong Qua trinh say,
4m tir trong 10ng vt liéu s& di chuyén ra be mat va tu bé
mat bay hoi vao moéi truong. QuA4 trinh siy gom 3 giai
doan [l] giai doan ddt nong vat, giai doan tbc do siy
khong ddi va giai doan tdc d6 sdy giam dan. Trong hai
giai doan dau: giai doan d6t nong vat va giai doan toc do
say khong doi \y! tat ca cac vat liéu am gan nhu nhau,
den giai doan cudi, phu thudc dang lién két 4m ma toc do
sdy co the giam khac nhau.

He¢ s6 khuéch tan 4m (Degr) 1a mot chi sb quan trong

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 Deff = f(T,P) of Bo
chinh Ginseng at drying temperatures t = 40°C, 45°C, and 50°C;
different ultrasound power levels P = 80W, 120W, 160W in the
heat pump dryer combined with ultrasound.

The research results showed the relationship between the
moisture diffusion coefficient according to the drying
temperature and ultrasound power:

Dest = -7.1675 + 0.302167t + 0.0135625P - 0.0016t% +
0.0001375tP - 0.00005P?

as well as the relationship of moisture diffusion coefficient
with binding energy according to Arrhenius formula of Bo Chinh
ginseng.

Keywords: Heat pump; ultrasound; power; moisture diffusion
coefficient; Bo Chinh ginseng.

trong qua trinh sdy, c6 y nghia 16n dé wdc tinh thoi gian
sdy trong giai doan tbe do giam [2]. Da co nhiéu cong
trinh nghién ctu vé hé s6 khuéch tan 4m va mé hinh
truyén am da duoc cong bd nhu IGa mi [3], ca cao [4], ca
chua [5], ca rét [6], khoai ty, toi va dua do [7], Pang
sam [8], hat dau [9], . ..Tuy nhién chua ¢ cong trinh
nghién ciru nao vé sim Bo Chinh, do d6 trong bai bao
nay chung t6i s& trinh bay vé phuong phép ly thuyet thuc
nghiém va két qua xac dinh hé so khuéch tan 4m Dett
cling nhur ham quan hé gan ding Der = f(t,P) ctia sim B
Chinh.

2. Vit liéu va phwong phap nghién ctru
2.1. Vit ligu va thiét bi thi nghiém
2.1.1. Vat liéu thi nghiém

Vit liéu séy 12 saim B4 Chinh tuoi dugc tréng tai huyén
bure Hug, tinh Long An boi cong ty Hoang Ngoc Global.
Sam duoc thu hoach sau 12 thang tudi, duong kinh cua cu
tir 25-30 mm. Sau khi rtra sach, dé rdo nudc, cac mau vét
liéu say duogc bao quan trong thi chan khong kin ¢ dicu
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Tén tac giad

kién 8+0,5°C trong ti mat khoang 3 - 5 ngay dé am do
phan bb dong déu trén toan bo thé tich mau vét lidu thuc
nghiém.

Dé d6 day cua cac lat saim dong déu va han ché sai sd,
vét liéu sdy duoc thai lat bang may théi lat thuc pham
thuong hi¢u Ritter (Model: RITTER E16 515000, xuat xtr
Duc) véi dd day 6mm. Trude khi tién hanh thyc nghiém,
cdc mau sdm duge 1am 4m cho t6i khi dat nhiét do moi
truong thi nghiém rdi cho vao budng séy.

Am d6 ban dau cua vat liéu dugce xac dinh béng can séy
am hong ngoai thuong hiéu Kett (Model: FD-720, xuat xtt
Nhat), thye nghiém 5 1an can cho 5 mau ngiu nhién rdi ldy
gi4 tri trung binh, két qua xac dinh dugc am do ciia sim
tuoi: o1 ~ 4,56 kg/kgvlk

Am @6 san pham dugc xac dinh theo tiéu chuan chat
Iugng cua Duogc dién Viét Nam V: @2 ~ 0,15 kag/kgvik

Trong qua trinh séy, am do trung binh cta vat liéu dugc
ghi lai lién tuc nho hé théng gidm sat ty dong thong qua
cam bién kh01 luong Loadceell thuong hiéu CAS (Model:
BCL-20L, xudt xr Han Qudc) dit trong budng sdy, tin
hi¢u duge xur ly va luu trir lai bang PLC thuong hiéu
Wecon (Model: LX3V-1212MT-A, xuit xt Trung Qudc).

2.1.2. Thiét bi thi nghiém

Thiét b sdy bom nhiét két hop song siéu 4m duoc st
dung trong thi nghiém la san phdm do ching t6i tu thict
ke, ché tao. So do nguyén 1y thict bi say duoc the hién ¢
va mo hinh thiét bi say thuc té thé hién ¢ Hinh 2.

waes 34

Hinh 1. So' d6 nguyén Iy hé thong sdy

Thiét bi sdy bom nhiét két hop séng siéu 4m cau tao
gdm 3 thanh phin: hé thdng bom nhiét, hé thong sdy déi
lwu va hé théng siéu am. Hé thdng bom nhiét sir dung moi
chat lanh R22 bao gdm méy nén thuong hiéu Tecumseh
v6i cong suat dong co 400W (Model: AE4460E, xuat xa
Phap), dan lanh, dan néng chinh, dan nong phy, van tiét
luu,...v6i muc dich tach &m va gia nhiét tac nhan sdy den
nhiét d6 yéu cau. Hé thong say hoi luu toan phan bao gdm
buéng séy, dong co quat, cam bién nhiét do (£0,5°C) do
am (£ 3%), cam bién van tc khong khi (0-10m/s, + 0,1
m/s), cdm bién khéi lugng (0-20kg, * 0,1kg), ...H¢ thong
siéu am bao gdm may phat siéu 4m (Model: KMD-M4,
xuit xr Trung Quoc) dau phat séng siéu 4m, tAm phat
..Ngoai ra, thiét bi say st dung PLC két hop v6i man

hinh giam sat diéu khién HMI, bién tan va cac cam bién
tin hiéu dé cai dat diéu khién cac thong sb nhiét do séy,
van tdc tic nhan sy, thoi gian sdy, cong suit song siéu
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Hinh 2. Thiét bi sdy bom nhiét két hop séng siéu am
2.2. Phuwong phap
2.2.1. Hé s6 khuéch tin dm

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

Xét qua trinh truyen am voi cac gia thiét :

- Qua trinh truyén am 1a 1 chiéu,

- B6 qua anh huong truyén nhiét dén qua trinh truyén
am,

- Nhiét d6 ctia vat liéu khong thay ddi trong sudt quéa
trinh.

Theo dinh luat thtr 2 cta Fick, phuong trinh vi phan
truyén 4m trong nira vach phang c6 chidu day 2L, véi didu
kién bién loai 3 d6i xtmg véi cac gia thiét trén la:

2
aMk(x’r)zDeff 0 Mk(x’r),Osxg L,z>0 1)
or ox?
Vi diéu kién don tri:
=0 M, (x,00=M,, =const (2)
>0 p, [%j (M -M,) @
50 aMk(o,f)):O
(ax 4)

Va nghiém giai tich gan dung cua phuong trinh (1) véi

cac diéu kién (2), (3), (4) nhu sau:
IO LY

Mo—M,, 725 (@2n+1) 4L

Trong d6:M 1a d6 4m cua vat lidu (%, kg/kgvlk), Mie
1a d6 4m can bang cua vat liéu (%, kg/kgvlk), Des 13 hé sb
khuéch tan am (m?/s), hy 1 hé sb dan 4m (m/s), L 1a nira
do day ciia mau (m), 7 1a thoi gian (s) va n 1 s6 nguyén
duong Phu'orng trinh (5) nay c6 thé dugc don gian hoa
bang cach lay s6 hang d4u tién ctia nghiém chudi:

MR =

8 7°Dyt
MR:?exp RTE (6)
8 7z2De T
InMR = In— — 4L2ﬁ ()

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

2.2.2. Nang lwong lién két
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Dert 12 mot hing sé phu thudc vao nhiét do va dwoc biéu
dién theo m6 hinh cua Arrhenius [11] nhu sau:
E
Derr = Doexp (— Rk_aT) (8)
Trong d6 : Do la hé sb cia phuong trinh, R¢la hang sb
khi, R = 8,314x107 kJ/K.mol, E, la ning lugng kich hoat
cho qua trinh khuéch tan am (kJ/mol) va T la nhiét do tuyét
dbi (K)
Phuong trinh (8) c¢6 thé dua vé dang tuyén tinh bang
cach lay logarit
E
lTlDeff = - Rk—aT + lnDO (9)
Tur gia tri Dert theo nhiét d6 tim dugc & trén, sit dung
phuong phap binh phuong nhé nhat cho phwong trinh (9)
tim duoc cac gia tri Do, Ea.
3. Noi dung va két qua thye nghiém
3.1. Phuwong phdp nghién ciru thuc nghi¢m
Dé xdc dinh hé s6 khuéch tan 4m De cta sim B
Chinh, ké thira cac két qua nghién ctru trude [12], chdng
t6i thuc nghiém qua trinh sdy & cac mirc nhiét d6 tac nhan
séy t1a 40, 45, 50°C, murc cong suét song siéu am P la: 80,
120, 160W. Thi nghiém duoc tién hanh theo quy hoach
thuc nghiém bac II dang bt bién quay vé6i sd lugng thi
nghiém dugc xac dinh theo cong thic sau:
N=2k+2k+ng=22+22+1=9 (10)
Véi mdi 1an sdy, sdm tuoi thai 14t v6i chiéu day 6 +
0,5mm duogc xép déu trén khay voi khéi lwong 1,5kg/mé.
Téc nhan sdy chuyén dong song song v&i bé mit khay véi
van tdc 0,5m/s.
3.2. Két qua
3.2.1. H¢ 56 khuéch tan am Des
Tir s6 liéu thuc nghiém, st dung cac cong thirc (6), (7)
va phuong phap binh phwong nhé nhit cung phin mém
Excel, ta dugc bang s6 liéu trung binh hé s6 khuéch tan 4m
Dest ctia sam B Chinh trinh bay & Bang 1.

Bang 1. Gid tri thuc nghiém hé sé khuéch tén am Dett

D
STT t(°C) P(W) (x10'1°ef|f”nz 5

1 40 80 3.60

2 40 120 3.90

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

Tir cac két qua thyc nghiém trén, xir dung phan mém
chuyén dung Statgraphics 19 dé tién hanh phéan tich
phuong sai, phan tich hoi quy, da tim dwoc quan hé ham
gan dung De = f (T,P) dam bao d9 tin cay.

He¢ s6 khuéch tan am sim BS Chinh Deg (M?/s)
Deft = -7.1675 + 0.302167t + 0.0135625P - 0.0016t?
+0.0001375tP - 0.00005P?

(R?=0,9984)
Ham diéu kién: 40<t<50(°C)
80 < P <160(W)
D4 thi anh hudng cua cc hé sb hdi quy va anh huong

(1)

cua nhiét dg, cong suét dén hé $6 khuéch tan 4m duoc thé
hién & Hinh 3, 4.

T T T T T T
AT g *
B:P
BB :|
AA ]
AB i|
1 1 1 1 1 1
0 10 20 30 40 50
Standardized effect
Hinh 3. Anh hudng cdc hé so hoi quy dén
hé so khueh tan am De
Deff
35
N 375
G 4.0
N .
55} Y 4 ] 475
7Y :
g 5.0
5F )
% Y 5.25
8 et 7 55
i 7 5.75
= 1
4F 77 6.0
140160
35

48 50

Hinh 4. Anh hiong nhiét do, cong sudt dén
hé so khuéch tan am Degt

Cin cir vao ham hdi quy (11) va dd thi 3,4, ta thiy:

- Hé s6 khuéch tan 4m De chiu anh huéng béc 1, bac 2
baéi nhiét d6 tac nhan séy t, cong suét song siéu am P va
chiu anh huong dong thoi cua cip thong sé nhiét do, cong
sudt. Mirc d6 va thir tu anh huong cac thong sd trinh bay
trén Hinh 3.

- Trong vung khao nghiém, nhiét d¢ anh hudng manh
nhét dén hé s khuéch tan 4m Deg, nhiét do t tang thi h¢ )
khuéch tan 4m Deg ting. Mirc d6 anh huong tiép theo 1a
cong suét song sidu am P, khi cong sudt ting thi Def ciing
tang.

3.2.2. Nang lwong lién két Ey:

Tir gid tri hé sb khuéch tan 4m Dex thuc nghiém theo
nhiét d6, cong suét sir dung phuong phép binh phwong nhé
nhét va phén mém Excel ta tim dugc hé sd Ea, hé s Do
theo cong thirc ciia Arrhenius.

Eq
D.sr = Doexp (— _RkT)

e Ning lwong lién két ¢ cong suit P = 80W

(12)

Puong cong géy tai cong sudt 80W & mtrc nhiét do 40-
45-50°C duoc thé hién o Hinh 5, moi quan hé gitra E, va
Det dugc biéu dién bang d thi Hinh 6.
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g 50 212
= £ y = -3790.2x - 9.5508
Z 45 O 400C+80W é R? = 0.9903
= £.213
& 40 —%— 450C+80W
w2
g 35 O 500C+80W 214
-
T 30
£
< 55 -215
2.0
-21.6
15
1.0 217
05
OO0 218
0.0 0.00305 0.00310 0.00315 0.00320 0.00325
0 1 2 3 4 5 6 7 8 9 10 .

Thoi gian sdy (h)
Hinh 5. D6 thi duong cong sdy & cong sudt SOW

-21.2
y =-3876.1x - 9.3659

In(Deff)

R2 = 0.9999
-21.3
-21.4
-21.5
-21.6
-21.7
-21.8
0.00305 0.00310 0.00315 0.00320 0.00325
T
Hinh 6. D6 thi quan hé EaVa Dei tai P=80W
Phuong trinh moi quan hé E; va Degr:
32,226
D,; =8,559x10° exp| — (13)
RT

Vay D, = 8,559x10°5; E, = 32,226 kJ/mol
e Ning lwong lién két ¢ cong suit P = 120W
Puong cong sdy tai cong suét 120W ¢ muc nhiét do
40-45-50°C duoc :[hé h~ién Y Hin}l 7, moi quan hé gitra
Ea va Deit dugc biéu dién bang do6 thi Hinh 8.
5.0
©— 400C+120W

>
o

—O0— 450C+120W

w
w1

—{J— 500C+120W

Am d) VLS (kg/kgVLK)
- [ N N w N
o o o w o o

o
o

0000

0 1 2 3 4 5 6 7 8 9 10
Thoi gian say (h)

o
o

Hinh 7. Bé thi duong cong say & cong sudt 120W

Hinh 8. D6 thi quan hé Ea Va Det tai P=120W
Phuong trinh méi quan hé Ea va Desr:

D 7,114 x 1075 ( 31512)
=7, exp| —
eff R, T

Vay Do = 7,114x10°%; Eo= 31,512 kJ/mol
e Ning lwong lién két ¢ cong suit P = 160W

(14)

Puong cong séy tai cong suat 160W 6 mtrc nhiét d6 40-
45-50°C dugc thé hién ¢ Hinh 9, m6i quan hé gitra Ea va
Deit dugc biéu dién bang d6 thi Hinh 10.

50
—0— 400C+160W

>
Sl

O 450C+160W

w s
n o

—<0— 500C+160W

Am dp VLS (kg/kgVLK
w
°

N
31

15
1.0

0.5

0.0
8 9 10
Thoi gian say (h)

Hinh 9. Bé thi dirong cong sdy & cong sudt 160W

]
N
I
N

y =-3654.2x - 9.9309
R2? =0.9908

In(Deff)

.
N
[
w

-21.4

-21.7

-21.8
0.00305 0.00325

uT

0.00310 0.00315 0.00320

Hinh 10. B6 thi quan hé Ea va Defr tai P=160W
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Phuong trinh mdi quan hé E, va Desr:

s 30,381
Desr = 4,865 X 10™°exp (— —) (15)
R, T

Vay D, = 4,865x10°5; E, = 30,381 kJ/mol

-21.2
% P=80W
)
=213 —o—P=120W

14 —&— P=160W

-21.5

-21.6

-21.7

-21.8

0.00305 0.00310 0.00315 0.00320 0.00325
uTt
Hinh 10. 6 thi quan hé Ea va Deff cac mire
cong suat séng siéu dm khdc nhau
Bing 2. Gid tri Ea, Dophu thugc vao céng sudt
song siéu am

P (W) 80 120 160

Ea (kJ/mol) 32,226 31,512 30,381
Do (M?/s) 8,559x10° | 7,114x10° | 4,865x10°

Cin cr vao do thi Hinh 10 va Bang 2, ta thay: Trong
khoang nhiét d¢ tir 40-50°C, niang lwong kich hoat E, siy
sam B6 Chinh khi c6 song siéu 4m hd tro sdy 1a 30,381 -
32,226 kJ/mol, khi cong suit séng siéu 4m tang thi ning
luong kich hoat c6 xu hudng giam. Diéu nay co thé do dao
dong co hoc ciia song siéu am trong hd tro sy lam cho lién
két phan tir gita vat liéu cau thanh nén sam B Chinh va
céc phan tir nuée yéu hon, khi cong suét siéu am tang thi
hiéu qua cang rd rét, vi viy ning lugng can thiét dé tach
am ra khoi vat liéu s€ it hon.

4. Két luan

Qua cac thyc nghiém va tinh toan, chung t6i da dua ra
dudng cong sdy va ham biéu dién mdi quan hé cua hé sb
khuéch tan Am Deg theo nhiét do tac nhan séy, cong sut
song siéu 4m ciing nhu quan hé cta hé s khuéch tan 4m
v6i nang luong lién két ciia sam BS Chinh nhu sau:

Dest = -7.1675 + 0.302167t+ 0.0135625P - 0.0016t +
0.0001375tP - 0.00005P? (R?=0,9984)

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

Phuong trinh nang luong lién két dua trén cong thirc
Arrhenius:

32,226
P =80W: D.s; =8,559 x 10 exp (— —)
R.T
31,512
P =120W: D,y = 7,114 x 10 Sexp (— —)
R.T
30,381
P =160W: D,;; = 4,865 x 10 5exp (— —)
R.T
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Tén tac giad

Théng tin vé tac gia

Lé Quang Huy:

- Tét nghiép dai hoc nganh K thuat Nhiét nam 1998 tai Pai hoc Bach Khoa Da Ning, tét nghiép Thac si
nganh K thuét nhiét ndm 2008 tai Pai hoc Bach Khoa Hd Chi Minh, t6t nghiép Tién si ndm 2017 tai Pai hoc
Néng Lam Hb Chi Minh.

- Hién dang 1a truéng khoa Cong nghé Nhiét — Lanh, truong Cao déng K§ Thuét Cao Thing

- Linh vye quan tam: cong nghé siy; ki thuét may lanh va diéu hoa khéng khi, lanh cong nghiép

- Dién thoai: 0903.775.152

Nguyén Hay:

- TS. nganh K§ thuat Co khi ndm 1998, PGS. nganh Co khi - Dong lyc ndm 2004, GS. nganh Co khi - Dong
Iwc nam 2015.

- Hién la giang vién cao cip khoa Co khi Cong nghé, truong Pai hoc Néng Lam TP. H Chi Minh.

- Linh vyc quan tdm: cong nghé siy, cong nghé sau thu hoach va ché bién.

- Dién thoai: 0903.335.887

Lé Dinh Trung:

- Tét nghiép dai hoc nganh K¥ thuat Nhiét nim 2002 tai Pai hoc Bach Khoa Da Ning, tdt nghiép Thac si
nganh K¥ thuat nhiét ndm 2016 tai Pai hoc Bach Khoa H) Chi Minh

- Hién dang 1a P. Truong BM khoa Cong nghé Nhiét — Lanh, truong Cao dang K§ Thuat Cao Théng

- Linh vyc quan tdm: céng nghé sdy; k§ thuat may lanh va diéu hoa khong khi.

- Dién thoai: 0918.229.694

Tran Thi Ngoc Diép:

- Tt nghiép dai hoc nganh K§ thuat Nhiét - May lanh nam 2005 tai Dai hoc Bach Khoa Pa Nng, tét nghiép
Thac si nganh Ky thuét nhi¢t nam 2019 tai Pai hoc bach khoa Hb Chi Minh.

- Hién dang la giang vién khoa Cong nghé Nhiét — Lanh, truong Cao dang K§ Thuat Cao Théng

- Linh vuc quan tdm: céng nghé sdy; ky thuat may lanh va diéu hoa khéng khi.

- Dién thoai: 0903.546.707

Lé Thanh Pat:

- T6t nghiép dai hoc nganh Ky thuat Nhiét nim 2015 tai Dai hoc Su Pham K§ Thuat TP. H3 Chi Minh, t6t
nghiép Thac si nganh K§ thut Co khi niam 2021 tai Dai hoc Néng Lam TP. Hb Chi Minh.

- Hién dang 1a giang vién khoa Cong nghé Nhiét — Lanh, truong Cao ding K§ Thuat Cao Théng;

- Linh vyc quan tdm: cong nghé siy; ky thuat may lanh va didu hoa khdng khi.

- bién thoai: 0974.171.947




