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Tom tat

Qué trinh séay vi séng (SVS) thit qua bo (Persea Americana Mills) duoc khdo sat & qui mé phong thi nghi_ém
théng qua sw bién thién cia ty suét thoat 4m (TSTA) cia vét liéu sdy (VLS) theo thdi gian. Tri sé cta ham
MR(t) nam trong khodng tcr O dén 1 dbi véi moi ché do céng nghé sdy (CNS) va tat cd cac loai VLS. Thiét bj
say vi song dia quay duwoc Str dung trong cac thi nghiém voi cac gia tri khac nhau clia cuong do céng suét
riéng phan (CSRP). Sé liéu thurc nghiém duwoc héi qui bang bb céng cu CFT (Curve Fitting Toolbox) cla
phén mém Matlab nhdm xac dinh tham sé cla cac mé hinh duoc dé xuét. Sw tong hop cda cac mé hinh
héi qui dwoc kiém dinh théng qua phén phéi chi binh phuwong rit gon (x2).

Tir khoa: thit qué bo, sdy vi séng, ty suat thoat &m, mé hinh héi qui
Abstract

Microwave drying (MWD) process of avocado (Persea Americana Mills) pulp is surveyed at laboratory scale
via the variation of moisture ratio (MR) of drying material (DM) due to time. The value of MR(t) function is in
the range from 0 to 1 for every drying technology mode and all kinds of DM. Rotary tray MWD equipment is
applied in the experiments with different values of specific power ratio (SPR). Experiment data is regressed
by the CFT (Curve Fitting Toolbox) toolbox of Matlab software in order to determine the parameters of the

proposed models. The compatibilty of regressive models is tested via reduced chi square distribution (x?).

Keywords: avocado pulp, microwave drying, moisture ratio, regressive model

1. Giéi thiéu

V6i dic tinh mua vu cung chit lugng dinh
dudng cao [1], van d& ning cao gia tri gia ting cho
qua bo dugc dit ra nhu mdt nhiém vy cép bach cho
cac nha khoa hoc trong Iinh vuc bao quan va ché bién
ndéng san — thyc pham nudc nha. Nhig nghién ciru
dién hinh ¢ trong va ngoai nudc tap trung vao giai
phap cong nghé chi phu hop cho san xuat & qui mo
16n v6i chi phi ning luong va sudt dau tu ban dau rat
cao trén mot don vi san phiam. Phuong phép bao quan
lanh d6i voi bo dang qua twoi [2], san xudt bot bo
phuong phép sdy lanh [3, 4], san xuat déu béo va bot
bo loai béo tir trai bo [5] co tinh kinh t& — k¥ thuat
chua phu hop v6i diéu kién san xuét nudc ta hién nay.

Trong nhiing niam gan ddy, céng nghé SVS
dugc quan tdm va tmg dung trong linh vuc ché bién
néng san — thuc phém, thao dugc tai Viét Nam nho
kha ning tich 4m hiéu qua, dic biét & cudi qua trinh
sdy nén da giam duoc thoi gian sdy tir d6 giam tiéu
hao nang lugng cling nhu nang cao dugc hiéu qua
khai thic thiét bi. Hon thé nita, CNS vi song
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(CNSVS) da chiing minh dugc kha ning wu viét vuot
troi so voi CNS ddi luu nhiét ¢ cao (CNSPL) khi ap
dung cho céc nong san — thuc phém ¢6 dic tinh bét
dinh, nhiéu dau nén rat kho thoat am, dong thoi dé bi
bién mau, mui hodc vi ciing nhu chira nhiéu thanh
phan hoat tinh sinh hoc d& bi bién d6i ¢ nhiét do cao
nhu gic [6, 7, 8]. Nang lugng buc xa dién tir vi song
(BXDPTVS) duoc gitr lai trong mot vung khong gian
hep dugc chuyén héa sang nhiét ning tip trung vio
c4c phan tir nuéc ndm sdu trong VLS tao dong luc
ddy 4m ra bé mat VLS ngay & diéu kién nhiét do
thuong khién cho qua trinh siy (QTS) dién ra nhanh
chong ngay ca v6i VLS chira nhiéu dau ¢6 phan bd
tap trung & bé mat nén c6 xu hudng can tro déang ké
dén QT qua trinh néu 4p dung CNSPL [9, 10, 11].

Tuy nhién, QTSVS cling ton tai mot sb nhuoc
diém cb hiru nhu gy ra hién tuong chay cuc bd trén
VLS do vay can co sy chuyén dong tuong ddi giira
VLS véi cac dau phat BXDTVS nhu Klystron, TWT
(Traveling Wave Tube)... hay dién hinh 1a
Magnetron. VLS dang hat, cu, 14 ro1 thuong duoc dat
trong thing quay con VLS c6 tinh chit bét dinh can
phai dugc dat trén cac dia quay hay bang tai hoac
sang lic ddi [6, 8, 9]. Hon thé nira, hién tuong trén
cling d& dang xay ra khi do &m VLS d3 giam xudng
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thip & cudi QTS nén cac s6 lwong phan tir nude dang
long c6 thé hap thu BXPTVS di giam do vay
BXDTVS du thira s€ nhanh chong gia tang nhiét do ¢
phan chat kho, dong thoi khién cho nhidt do
Magnetrons ting khién do tin cdy thiét bi bi giam di
va gly ti€u hao di¢n nang v ich. Do véy, cong suat
BXDTVS (kW) can duoc didu chinh ty 1& voi tong
luong am (kg) con lai trong VLS theo hé s6 K dic
trung cho mot ché do cong nghé nhat dinh. Hé sb K
thuong dugc goi 1a CSRP (kW/kg hodc W/g) [6, 8].
CSRP lon s€ tang tdc do sy, ha thap do 4m cén bang
va ting nén nhiét VLS nén vai trd cia CSRP trong
CNSVS tuong tu nhiét do TNS trong CNSDL (8, 12].

2. Poi twgng nghién ciru va thiét bi thi nghiém
2.1. Vit liéu séy

Vit liéu sdy dong vai trd dbi trong nghién ctru
1a thit qua bo. Qua bo dugc lya chon thugc dong bo
sap duogc tréng tai tinh Pac Lic. Bo duoc lua chon tir
cing mot mé c6 cung do chin va chiéu dai dong déu
(tir 69 mm dén 72 mm). Trugc khi dua vao thiét bi thi
nghiém, mdi qua bo dugc so ché lay phan thit qua bo
va chia déu thanh 12 mleng dong thoi duge tam axit
ascobic nham han ché anh huéng cta phan tmg oxy
hoa gy ra bién d6i khong tich cuc t6i cam quan vé
mau sac cua VLS trong QTS [3, 4, 5].

2.2. Thiét bi thi nghiém sdy vi séng dia quay

Thiét bi sdy vi song dia quay st dung trong
nghién ctru dat tai phong thi nghiém 301/C4 — 5 dudi
su quan 1y ciia B6 mén Qua trinh — Thiét bji CN Sinh
hoc — CN Thyc pham, Truong DPHBKHN; da dugc
ding dé say mang gac trong nghién ciru danh gia anh
huong cua ché d9 cong nghé say vi song to1 su bién
dbi clia f-carotene va lycopene trong mang géc [6, 8].

Trong nghién ciru nay, anh hudng ctia CSRP tdi
QTSVS dugc khao sat qua cac gia tri: K/ (2,0 W/g),
K2 (2,25 W/g), K3 (2,5 W/g), K4 (2,75 W/g) va K5
(3,0 W/g). Van téc ciia TNS va tc do cua dia quay
chira VLS duoc cb dinh: 1,0 m/s va 3,0 vong/phut.

Khéi lwong VLS duoc xac dinh tir thoi diém
trude khi dwa vao budng siy (t=0) dén khi khéi luong
VLS dat d6 4m can bang (khong thay ddi sau ba lan
can). Khoang thoi gian giita hai 1dn dinh lugng lién
tiép 1a 3 phat. Thiét bi can dién tir ctia hing Kendy
(Pai Loan) ¢ ma hiéu HB2002-ED véi cac tham sd:
budc chia tdi thiéu 0,01 (g), khdi lwong can duge tdi
da 2000 (g) va khdi lugng can dugc tdi thidu 0,2 (g).

3. Phwong phap va cong cu nghién ctiru
3.1. Ty sudt thodt 4m

~ Thong thuong, dudng cong sdy ¢o chung diém
xuat phat tir 6 am ban dau M(0) VLS nhung két thuc
tai cac gia tri d0 am can bang M(wx) cia VLS khac
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nhau nén khé so sanh tuwong quan QTS & cac ché do
khéac nhau do vay khai niém TSTA, dac trung béng
ham s6 MR(1) giam tir 1 vé 0 trong QTS dugc dinh
nghia va bién doi tinh toan qua cac cong thirc sau:

my o (?) My ()

_ M(@#)—-M(o) _ s (1) myz(0)
MR = 30y 1)~ Mo 0) )
my;(0) - my; ()

my (1) - m1L< _ My (0) - m;” 1 1

1y (0) iy () } my, ¢ (t)
- 1 1

My, g () - m/ZLS —
my,; () My () my,(0)

_ My (1)
My,g 0)- mZLS _
;5 (0)

Viéc tinh toan ham MR(t) trong hé thuac trén
trong thuc nghiém théng qua viéc xac dinh khoi
luwong vat ligu sdy 0 cac thoi diém bat dau dau thi
nghiém dén khi két thuc thi nghiém ma khong can
phai sir dung dén thong s6 d6 4m tuong ddi ban dau
M(0) ciia VLS dé xéc dinh thong sb trung gian khong
ddi trong qua trinh sdy: khdi lwong kho mx"™S co
trong VLS. Gia tri cyc dai va cuc tiéu cua MR(t) lan
luot bang 1 va 0 ung voi thoi diém t=0 va t=co (két
thiic qué trinh sdy). Him MR(t) 1a mot ham nghich
bién theo thoi gian do M(t) cling 1a mot ham nghich
bién cua thoi gian. Vé mit 1y thuyét, MR(t) ¢6 cong
thire phure tap va da tép trung phan anh chinh xac vao
qua trinh sdy ma khong can quan tdm nhiéu dén cac
so kién dac trung cua VLS [11, 12].

Thong sb TSTA tai mot thoi diém (t) sir dung
trong tinh toan hdi qui bang cong cu CFT trong
Matlab dugc xac dinh bang trung binh cong cua cac
tri s6 MR(t) tuong ng trong ba lan 1 lap lai cua cung
mot thi nghiém nham giam sai sé ngau nhién [13].

3.2. M6 hinh va céng cu hoi qui ty suit thodt dm

Ham MR(t) c6 mé hinh hoi qui dé xuat béi cac
nhom nghién ctru dugce tong hop trén bang 1 [11, 12].

Phuong phap hdi qui s6 liéu thuc nghiém
(MRexp,i) theo mo hinh dinh trudc (MRpri) dua trén
nguyén tic toi thidu ham muc tiéu: tong binh phuong
cua cac sai léch gitta mé hinh va N s6 lidu thuc
nghiém (MRexp; — MRyre) duge thiét 1ap [11, 12, 13].

N
2
2
El Z( pre,i pr,[ )

i=1
Tinh tuong hop cua mo6 hinh dé, xuit duge cho
la 16n img vai cac gia tri nho cua tri s6 twong hop mo
hinh ¥? dugc tinh theo coéng thirc sau [11, 12, 13]:

Mz
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Tinh twong hop mé hinh dugc kiém dinh thong
qua phan phdi chi binh phuong (con doc 1a khi binh
phuong) 2 rat gon véi (N-n) bac tu do cho N diém
dinh luong va n tham sb can tim ctia mé hinh hdi qui
can xét.

Bing 1. Cac mo hinh hoi qui ciia TSTA (MR)

qui dé xac dinh tham s6 can tim va hé s tuong quan
thong qua gia tri R? [13, 14].

N N N
R= (NZMRpre,iMchp,i - ZMRPre,i ZMRCXP:i

i=1 i=1 i=1

1
2

i 2
N N
TT i&:w};;nh Cbng thire Nam x NZ MRZre,i _ [z MRprer
- MR = —kt =1 =l
! Newton exp( ) 1921 - o
) Page MR = exp(—atb) 1949 [ i , (ZN: JZ T2
x| N> MR, .— MR, .
Henderson va g xpit
. MR = - i= i=
3 Pabis (g5¢) aexp(—kt) 1961 | =l 1 |
Logarit | MR=aexp(~kt)+b Chi sO 2 danh gia twong hop md hinh duogc tinh
4 (Chgndra va 1995 toan bang chuong trinh con v4i dau vao la tham so
Slgf{h) . tim duogc Vé‘bé sb 1i§u thuc nghiém. Két qua hoi qui
Midilli (va MR = aexp(—kt) + bt dugc trinh bay chi tiét trong phan 4 ciia nghién ctru.
’ cong sy) - 4.Ké théo 1
. Két qua va tha a
Midilli higu e atia va fhao Tian
chinh _ _ Sau khi xu ly so liéu trén Matlab, tinh tuong
6 (Ghazanfari MR = exp(=kt)+bt | 2006 hop cia md hinh va muc do tin c@y cua cac tham sb
va cong su) theo md hinh héi qui dugc tong hop trén Bang 2 va
Henderson va R k) Bang 3.
Pabis hiéu = aexp(—K? 2 . A A 313
j Béng 2. Chi s6 tuong h hinh (y°: 10
7| chinh: haibdc | +bexp(—kyt) 1978 ang 2. Chi 50 twong hop mo hinh (" 10°7)
tu do (Glenn) TT | Kl K2 K3 K4 K5
Sharaf — MR =a exp(—kt) 1 12,2 7,7 40,5 14,3 2,9
8 Eldeen (va +(1- a) exp(—kat) 1980 2 0,7 0,2 0,6 0,1 2,9
cong su) @)expl—ha 3 9,1 5,0 9.7 104] 3.0
Verma (va MR = aexp(—kt) 4 1,0 1,4 1,3 2,5 1,9
9 cong sur) (1 a)exp(=kyt) 1985 5 1,0 1,5 1,3 2,6 1,8
Hend - 6 1,3 4,5 1,9 34 2,0
Pabishitn | am— . 7 25| 114 359| 27[ 43
et = aexp(—k1) 8 30 08 28| 21 3.0
10 trdo +bexp(—kyt) 1999 9 2,5 3,9 2,0 1,6 3,1
(Karathanos +cexp(—kyt) 10 2,5 3,9 2,2 5,6 3,5
va cong su) 11 3,11 1,7 1,9 34 2,9
Wang va 2
11 : MR =1+bt+at 1978 ]
Singh rhrta Bang 3. Hé so tuong quan (R%: %)
Mirc do tin cdy cua cac tham s6 tim duoc trong TT | K1 K2 K3 K4 K5
cac mo hinh hoi qui duoc danh gia thong qua hé s6 1 89,2 934 88,9 89,0 96,3
twong quan R nhu biéu thire trén [11, 12, 13]. 2 99 4 99.9 99,5 99.9 96,4
H¢ s6 twong quan R thuong it dugc dung trong 3 92,3 95.9 92,5 92,5 96,3
tinh va danh gia mirc d9 tin cdy cua cac tham so tim 4 99,11 989 | 990 983 | 977
dugc ma gia tri R’ dugc sir dung thuong xuyén hon. 5 99.1| 988 | 990 983| 979
Tri s0 R* su dung trong danh gi4 twong quan luon 6 989 | 981| 986, 975| 975
ludén nhé hon 1. Gié tri péy cang sat vdi 1 thi két qua 7 98,1 92,1 98,6 98,3 98,5
tham s6 tim dugc khi hoi qui twong quan cé muc do 8 97,5 993 97,9 98,5 96,3
tin cdy ce‘lng cao. Bo cf;ng cu CFT (Curve Fitting 9 98,0 96,9 98,5 98,9 96,3
Toolbox) nam trong phan mém Matlab phién ban 10 98,3 97,3 98,7 97,0 96.4
R2014B cho hé¢ di€u hanh 32 bit cua MathWorks 11 98,9 98,6 98,5 97,6 96,4

chay trén nén cho phép thyc hién phuong phap hoi
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Béang 2 va Bang 3 thé hién lan lugt cac chi so
tuong hop * va hé s twong quan R? tmg voi tri sb
CSRP khac nhau (K/, K2, K3, K4 va K5) cia cac mo
hinh dé xudt theo thtr tu trong bang 1.

Can cir vao s ligu trén Bang 2 cung véi nguyén
tac sap xép mo hinh phu hop nhit can c6 chi sé tuong
hop mé hinh %2 12 nhé nhét, thir ty phii hop cua cac
mo hinh cho QTSVS trén thit qua bo theo sy thay 601
CSRP ddng thoi cb dinh toc 'd6 dia quay va van toc
TNS tuong tng 1a md hinh sb 2 (Page); mo hinh sb 4
(Logarit, dugc Chandra va Signh dé xuit nim 1995)
va md hinh s6 5 (Midilli, duoc Midilli va cong su dé
xuit ndam 1995); .... M6 hinh dugc cho 1a kém phu
hop nhat 1 m6 hinh s6 1 (dugc dé xuat vao nam 1921
boi Lewis — Newton) va mé hinh sé 7 (do Glenn dé
xuét vao nam 1978 véi hidu chinh nang cp hai bac tu
do tir md hinh gbc duoc dé xuét boi Henderson va
Pabis).

Dya trén vao sd liéu trén Bang 3., cung véi
nguyén tic sap xép mo hinh cho két qua tham s6 hoi
qui tim dugc c6 tinh tin cdy cao nhat ung v&i hé sd
tuong quan R 1a 16n nhat, thir ty vé do chinh xac hodi
qui ciia cac md hinh cho QTSVS trén thit qua bo theo
su thay d6i CSRP ddng thoi ¢b dinh tde do dia quay
va van toc TNS tuong tng 1a md hinh s 2 (Page);
moé hinh sé 5 (Midilli) va mé hinh sb 4 (Logarit); ....
M6 hinh sb 1 (Lewis — Newton, 1921) va mé hinh sb
3 (do Henderson va Pabis dé xuit nim 1961) ciing

duoc nhin nhéan 1a nhitng mo hinh c6 mc d tin cay
cua tham s0 hoi qui tim dugc kém nhat.

Két qua hdi qui tham s6 ctia nhitng mo hinh ¢
mirc d6 twong hop cao: md hinh s6 2 (k, n), md hinh
s6 4 (a, b, k) va mé hinh sb 5 (a, b, k) dwoc trinh bay
lan luot trén cic bang sb liéu: Bang 4, Bang 5 va
Bang 6.

Bang 4. Két qua hdi qui tham s ctia mé hinh s6 2

Tl;gm KI | k2 | k3 | k4 | K5
2109 | 08| 23] 11| 15| 23
B | 1.928 | 1.671 | 1.957 | 2,008 | 1,049

Bang 5. Két qua hdi qui tham s ciia mé hinh sb 4

The}m

" K1 K2 K3 K4 K5

a 6,514 | 1,460 | 3,955 | 2,612 | 1,298
b(103) | -5467 | -376 | -2889 | 1529 353
k(10 2,6 17,2 5,6 11,9 15,1

Bang 6. Két qua hdi qui tham s ciia mé hinh sb 5

hem |k | k2 | K3 | K4 | K

a 1,046 | 1,087 | 1,064 | 1,081 | 0,950
b(10%) -9,8 -2,5| -10,1 | -10,0 -2,2
k(10%) 6,4 21,4 11,2 19,6 18,9

| Fit_Model2Page_K4 |+ |
r Fit Opti @
) -  Custom Equation B pie
Fit name: |Fit ModelzPage K4 Method: MonlinearLeastSquares
— T y = fi [x 1 — -
Kdatz  Time S Robust:  Bisquare v
- ; = |1 exp(-a*x"b)
¥data: MR ) Algorithm: |
Z data: .(none) = DiffMinChange: 1.0e-8
Weights: :(none) v: DiffMaxChange: 01
MaxFunEvals: 600
Maxdter: 400
Results
1r TolFun: 1.0e-6
General model:
fx) = exp(-5"x"b) Toli: 10e-6
Coefficents (with 95% confidence bounds 0.8
a= 0.001518 (0.001138, 0.00189
b= 2.008 (1.93, 2.085 Close
(15, 2009 06!
Goodness of fit: %
S5E: 0.002283 0.4+
R-square: 0.9989 ’
Adjusted R-square; 0,9988
RMSE: 0.01234 0.2 +
0r 0
- o : 0 5 10 15 20 25 30 35 40 45 50
Time
Table of Fits ®
Fit name Data Fit type S5E R-square DFE Adj R-sq RMSE  #Coeff Vali.. Va.. Va.
[ Fit_Model2Page K4 |MRvs. Time  |exp(-a*b)  [0.0023  [0.9989 15 0.9988 00123 |2 | | ]
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Hinh 1. Hdi qui tham s6 trén Matlab R2014B cho dir lidu thyc nghiém CSRP K4 (2,75 W/g) theo mé hinh s6 2

TSTA (MR) c6 don vi khong thir nguyén con
thoi gian (#) ¢6 don vi dugc tinh bang phiit nén cac
két qua hodi qui ctia cac bd tham sb (a, b) hay (a, b, k)
déu c6 don vi dugc hiéu chinh phi hgp tuong tng.

Qué trinh hdi qui tham sé theo mo hinh s6 2
(m6 hinh Page véi hai tham s6 can tim: a va b) cia
thi nghiém ung véi CSRP K4 (2,75 W/g) dugc thuc
hién trén bd cong cu hoi qui CFT ciia Matlab theo
duong cong voi phuong trinh cho truge voi cac bude
trung gian va két qua tham s6 hdi qui im dugc va hé
s0 tuong quan theo R? dugc thé hién trén hinh 1. Ché
d6 t61 vu ham muc tiéu sai léch gitta thyc nghiém véi
mo hinh hdi qui dwoc cai dét v6i dai tham sb tim
kiém khong ¢6 rang budc mién bién (-Inf: Inf); giai
thuat: “Trust - Region” cho phuong phép tdi thleu
hoa quan phuong ham phi tuyén
(“NonlinearLeastSquares”); tinh bén ving theo
chuan: Bisquare; dung sai: le-6; diém xuat phat tir
géc toa d9 (0;0); budc nhdy cuc dai va cuc tiéu lan
lwot 1a: 0,1 va 10 cung cac tham sé phu khac (sd
vong lap tbi da:400; $6 luong tdi da cua gia tri udc
luong ctia ham TSTA:600; dung sai cho gia tri udc
lwong cua ham TSTA: 10 va bién thoi gian: 10°).

5. Két luan

V& can ban, nhitng mé hinh dé xuit trong nhiing
nam gan ddy (ngoai trir md hinh s6 2 cia Page, dugc
dé xuit sém hon vao nim 1949) déu cho nhimg két
qua tot hon vé muc d6 twong hop va do tin cdy cua
tinh tuong quan ciia tham s tim dugc tir mo hinh hdi
qui. Két qua nay dénh gia mic do twong hop va muc
do tin cay cua tham sd hoi qui ctia cac md hinh TSTA
cua QTSVS trén thit qua bo trong nghién ciru nay
cling phu hop véi két qua danh gia tuong hop clng
nhu murc do tin cdy cta tham sb h01 qui vé€ md hinh
TSTA cta QTSVS trong véi mot sé nghién ciru qudc
té cia W. McMinn va cong sy [12]; Z. F. Wang va
cong sy [11] trén VLS lan luot 13: dwoc phim dang
bot; tao thai lat dang miéng mong.

Mb hinh sb 2 dugc Page d& xuét tir nam 1949 c6
mirc két qua tét nhat vé muc do tuong hop va do tin
cdy cua tinh tuong quan cia tham ) tim dugc tir md
hinh hdi qui trong s6 11 mé hinh duoc tong hop trinh
bay trong bang 1 va duoc nhom nghién ciru khuyen
nghi nén ap dung trong viéc sir dung mé hinh hdi qui
TSTA cta QTSVS trén thit qua bo khi khao sat anh
hudng cua khong chi CSRP ma con danh gia anh
hudng cia cac yéu td cong nghé khac nhu thoi gian
sdy hodc van tbc TNS hodc tdc do dia quay trong cac
nghién ctru khac.
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