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TOM TAT

Sdy nang lwong mdt troi la mét gidi phdap bén ving va tiét kiém chi phi dé bao qudn néng
sdn, tuy nhién, cdc hé thong sdy tinh truyén thong thwong gdp phai van dé sdy khéng dong déu, dan
dén giam chat heong san pham va hiéu quda sdy thap. Ky thudt ddo gié dwoc xem la mot gidi phdp
hiéu qua dé khac phuc nhuoc diém nay. Bai bao nay trinh bay chi tiét vé viéc thiét ké, ché tao hé
théng sdy ndang lwong mdt troi két hop b diéu khién va danh gid hiéu qua ciia 4 phirong phdp dao
gi6 bao gom: (1)Théi tir dwdi én; (2) Théi ngang; (3) Pdo gié tw dong theo chiéu dimg va (4) Pdo
gid tw dong theo chiéu ngang. Két qud thuc nghiém trén san pham xodi cdt lat cho thdy phirong
phdp phén phoi dong khéng khi sy tw dong ddo chiéu theo phirong ngang dat dwoc dé am va chat
liwong dong déu tot nhdt ciia san pham trén toan bé cdc khay. Nghién ciru khdng dinh tiém ndng ciia
viéc thiét ké cdc hé thong diéu khién dao gié trong viéc nang cao hiéu qud va chat heong ciia cong
nghé sdy nang lwong mdt troi trong thuc té.

Tir khoa: Sdy ning heong mat troi; Collector tam phang; Tam hdp thu chéo; Piéu khién tu
déng; Hiéu qua sdy; Phirong phdp dao gié.

ABSTRACT

Solar drying is a sustainable and cost-effective solution for agro-product preservation;
however, traditional static drying systems often suffer from non-uniform drying, leading to reduced
product quality and low drying efficiency. The airflow reversal technique is considered an effective
solution to overcome this drawback. This paper presents the design and fabrication of a solar
drying system integrated with a controller, and evaluates the effectiveness of four airflow strategies:
(1) Upward flow; (2) Horizontal flow; (3) Automatic vertical airflow reversal; and (4) Automatic
horizontal airflow reversal. Experimental results on sliced mango showed that the automatic
horizontal airflow reversal method achieved the best uniformity in moisture content and product
quality across all trays. The study confirms the potential of designing airflow reversal control
systems to enhance the efficiency and quality of solar drying technology in practice.

Keywords: Solar drying; Flat plate collector;, Cross-flow absorber plate; Automatic
control; Drying efficiency, Airflow reversal method.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IV TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

1. TONG QUAN

Tén that sau thu hoach 1a mot trong
nhimg thach thirc nghiém trong nhat ddi voi
an ninh lvong thuc toan cau, dic biét 1a & cac
nuée dang phat trién nam trong ving khi hau
nhiét d6i. Udc tinh ¢6 t6i 20-40% san luong
nong san, dac biét 1a trai cay va rau qua, bi hu
hong trude khi dén tay nguoi tiéu dung do ham
luong am cao, tao diéu kién cho vi sinh vat phat
trién va cac phan tmg enzyme khong mong
mudn [1]. Say la phuong phap bao quan truyen
théng va hiéu qua nhat dé giam thiéu ton that
nay bang cach lam giam lugng nudc trong vat
lidu, qua d6 trc ché su phat trién ctia vi sinh vat
va kéo dai thoi gian bao quan [2].

Trong nhiéu thap ky, phoi ning la
phuo’ng phap pho bién nhit do chi phi dau tur
bang khong Tuy nhién, phuong phép nay ton
tai nhiéu nhuoc diém chi mang: thoi glan sy
kéo dai, phu thudc hoan toan vao thoi tlet, va
san pham dé bi 6 nhiém bdi bui ban, con tring
va dong vat [3]. Cac hé thong sdy cong nghiép
su dung nhién li€u hoa thach hodc dién ludi,
tuy khéc phuc dugc cac van dé vé vé sinh va
thoi gian sdy, nhung lai tao ra ganh ning 16n vé
chi phi nang lugng va phat thai khi nha kinh, di
nguoc lai xu hudng phat trién bén virng. Trong
bbi canh d6, sy nang lugng mat troi nodi 1én
nhu mot giai phap thay thé dy hira hen. Cong
nghé nay két hop cac wu diém ciia siy tu nhién
(chi phi van hanh thap, than thién méi trudng)
va sdy cong nghiép, dic biét 1a loai ddi luu
cudng buc gian tiép, di dugc chimg minh la
cai thién dang ké toc do say va chat lugng san
pham so vé&i phoi nang [4].

Mic du ¢6 nhiéu vu diém, cac hé théng
sdy nang lugng mat troi kiéu budng hodc kiéu
khay truyén thong van d6i mit véi mot ton
dong k¥ thuat 16n: sy khong dong déu trong qua

trinh sdy [5]. Trong mot hé thdng sy tinh dién
hinh, khong khi néng duogc thoi qua cac khay
chura vat ligu. Céc 16p vat liéu & gﬁn 16i vao cua
khong khi néng sé& tiép xuc voi khong khi co
nhiét do cao nhat va d6 4m twong ddi thap nhat,
dan dén toc do sy nhanh hon dang ké. Nguogc
lai, khi khong khi di chuyén qua cac 16p vat
liéu, n6 bi ngudi dan va bio hoa hoi nuée, lam
giam kha ning nhan 4m & cac 16p vét liéu phia
sau [6]. Hau qua cua viéc sy khong dong déu
1a rat rd rang: mot phan san pham bi sdy qua
kho, din dén hao hyt dinh dudng, bién mau va
lang phi ning luong, trong khi mot phan khac
van con am, dé bi nAm méc va hu hong trong
qua trinh bao quan [7].

Dé giai quyét van dé nay, cac nha
nghién ctru di dé xuat nhiéu giai phap. Mot sd
nghién ctru tap trung vao viéc tdi wu hoa thiét
ké khi dong hoc ctia budng sy, chang han nhu
st dung cac tim hudng dong hodc thiét ké lai
khoang phan phdi khi dé dat dugc su phan bb
khong khi dong déu hon [8, 9]. Tuy nhién, cac
gidi phap thiét ké co khi tinh nay thuong phirc
tap va chi hiéu qua & mot muc d6 nhét dinh, vi
dac tinh cua vat liéu séy (vi du: do co ngot, do
rong) lién tyc thay doi trong qua trinh siy.

Mot phuong phap linh hoat va hi¢u qua
hon 1a cha dong thay doi hudéng dong chay cua
khong khi sdy, hay con goi 1a k¥ thuat dao gio.
Nguyén ly ctia phuong phéap nay la dao nguoc
dinh ky hudng cua luong khong khi néng, khién
cho cac lép vat liéu “nong” va “lanh” (hay
“kho” va “4m”) luén phién doi vai trd cho nhau,
tor d6 lam giém chénh léch nhiét do va d6 am
trong toan bd budng say [10]. Tuy nhién, cac
nghién ctru hién c6 vé dao gié van con nhleu
han ché. Hau hét cac cong trinh chi so sanh siy
mot chiéu v6i mot phuong phap dao gié duy
nhat, thuong 1a dao gi6 theo chu ky thoi gian

c¢b dinh [11]. C6 rat it nghién ctru thuc hién mot &
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so sanh déi chimg tryc tiép hiéu qua cua
cac phuong phap dao gié khac nhau (vi
du: dao gi6 theo chidu dimg so véi dao
gi6 theo chiéu ngang) trong cing mot
diéu kién van hanh. Hon nira, viéc xac
dinh chu ky dao gi6 ti wu con mang
tinh thir nghiém va chua c6 cac hé théng
diéu khién “thong minh” thyc sy, c6 kha
nang ty dong ra quyét dinh dao gio dua
trén trang thai thyc cua vat liéu séy.

Do d6, nghién ctru nay duogc
thuc hién nhdm 14p day khoang trong
d6. Muc tiéu cua bai bao 1a (1) Thiét ké
va ché tao mot hé thong sdy nang lugng
mat troi linh hoat, dugc trang bi bo
diéu khién ty dong cho phép thuc hién
nhiéu phuong phap dao gi6 khac nhau;
(2) Banh gia va so sanh mot cach c6 hé¢
théng hiéu qua cua bén phuong phap
phan phdi va dao gi6 (Théi tir dudi 1én,
Thoi ngang, Dao gi6 tu dong theo chiéu
dung, va Pao gi6 tu dong theo chiéu
ngang); va (3) Xac dinh phuong phap tdi
vu nhat dua trén céc tiéu chi vé d6 dong
déu cua san pham, toc do sdy va chat
lwong san pham siy. Két qua ciia nghién
clru nay sé cung cap mot co sd khoa hoc
va k¥ thuét quan trong cho viéc thiét ké
cac hé thong sdy nang lwong mat troi thé
hé méi, hiéu qua va chét luong cao hon.

2. QUA TRINH THIET’ KE VA
CHE TAO HE THONG SAY NANG
LUQNG MAT TROI

Budc dau tién cua qua trinh thiét
ké hé thong sdy 1a xac dinh kich thudc
budng sdy dua trén yéu cau tir khoi
luong, thoi gian sdy, d6 4m... cua san
pham sdy, nhu trinh bay trong Bang 1.

Bdng 1. Théng so thiét ké ban dau cho hé thong sdy

STT Théng s thiét ké Gia tri
1 Khdéi luong xoai keo 0.5 kg/mé
2 Bé day lat xoai trudc khi say 2 mm
3 Thoi gian sdy 6 gio
4 Do 4m ban dau 83.5%

5 D6 4m sau cing 20%

6 Téc d6 tac nhan sdy 0.5 m/s
Nhi¢t do trung bit}h cﬁa}

7 khong khi vao budng say 50°C
(dya vao thir nghiém so bo)

Tur cac gia tr1 yéu cau nay, kich thudc buong
say duoc xac dinh nhu sau:

- Chiéu rong budng sdy: W = 0.28 m;
- Chiéu dai budng sdy: L= 0.45 m;

- Chiéu cao budng sdy: H=0.9 m;

- S6 khay sdy: 5 khay;

- Vit liéu ché tao: GO.

Céc tinh toan Iy thuyét vé cuong do blrc xa mat
troi 1én mat phang ngang [12] cho dia diém thir nghiém
tai Truong Pai hoc Bach Khoa, Pai hoc Quéc gia thanh
phd HO Chi Minh véi thoi gian trong khoang thang 6
va thang 7 ciing cho thay su tvong dong véi két qua do
dac tai chd, nhu thé hién trong Hinh 1.
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Hinh 1. D6 thi so sanh cuong do birc xa mat troi theo tinh
todn Iy thuyét va do thiee té
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V6i kich thuéc budng sdy di co, két
hop voi didu kién ngoai troi chon tai dia diém
thi nghiém c6 nhiét d ngoai troi 34°C, do am
70%, blrc xa nhiét trung binh 700 W/m? nhu
xac dinh trong khoang thoi gian thitr nghiém,
kich thudc bo thu nang luong mat troi kiu tim
phang vé6i tdm hap thu dang chéo ciing duoc
tinh toan tir cdc phuong trinh truyén nhiét va
can bang ning lugng [12] va trinh bay trong
Bang 2.

Bang 2. Théng sé tinh todn ciia bd thu ndang heong
mat troi dang tam phang

STT | Théng s thiét ké Gia tri
1 | Chiéu dai collector 1.6 m
2 | Chiéu rong collector 0.6 m
3 | Chiéu cao 0.2m

Tam hap thy c6 15
4 | va dat chéo nhu hinh
bén

Tir cac thong s thiét ké budng siy va
collector di xac dinh, hé thong sdy ning luong
mat troi cho xoai keo cit 1at duge mo phong 3D
nhu Hinh 2 va sau d6 duoc ché tao nhu Hinh 3.

Hinh 2. M6 phong 3D ciia hé thong sdy ndng

lwong mat troi.

Hinh 3. Hinh anh thuc té ciia hé thong sy ndng

lwong mat troi.

3. THIET KE HE THONG PHAN PHOI
GIO TU PONG VA BQ PIEU KHIEN

Dé khao sat anh huong cua kiéu phan
phdi gio dén chit luong sdy, budng sdy duoc
thiét ké bd tri cac vach ngan dong, két hop véi
6 van gi6 dé tao thanh 4 phuong an phan phi
216 khac nhau nhu sau:

- Phuong an 1: Dong tac nhan say di
theo kiéu tir dudi budng sdy di qua cac khay siy
ri ra khoi budng sdy tir phia trén. Dé thuc hién
phuong 4n nay, khi van hanh damper 1, 3, 4, 6
dong; damper 2, 5 mo, dong thoi sir dung 2 tim
do khay khong c6 ranh (Hinh 4).
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e

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 335, thang 11 nam 2025
cokhivietnam.vn

165

&



NGHIEN CUU - TRAO DOI

P S
] Ty 5 Et.“:?f‘*@
foes s oraf — _‘_l Fes "m
e
W "
p : u
+ {t
t
T A IR s | B
)
1 ez _____ oeif - " .I'v.?‘rp ) ":’Iu—-.-
Mf?’fﬂ S ”

Hinh 5. Phuong phdp ¢) Bdo gié lén va xuong
theo chu ky

h
A

i = - 4
A = , F = ™0
1 P "

1 rlj = v —— 1 {‘“_J
g = & o F N <)
P i _

1™ 2

= ko=
o w T, _‘__Er.-fyﬁ,ﬁ"{
Hinh 6. Phuong phadp d) Pdo gio ngang theo hai

chiéu trdi va phdi theo chu ky

- Phuong an 2: Dong tac nhan siy di
theo kiéu tir trai budng sy di qua cac khay sdy,
qua phai roi ra khoi budng sdy. Dé thuc hién
phuong an nay, cach diéu khién cua damper
nhu sau: damper 2, 3, 4, 5 dong, damper 1, 6
mo va str dung tAm d& khay c6 ranh (Hinh 4).

- Phuong 4n 3: Dong tac nhéan siy di
theo kiéu tir dudi 1én két hop trén xudng (co
luan phién dao chiéu). Dé thuc hién phuong an
nay, cac damper 1, 3, 4, 6 dong, trong khi do
damper 2, 5 md. Sau thoi gian nhit dinh dao
chiéu damper 2, 3, 4, 5 dong, damper 1, 6 mé
(va can sir dung tim d& khay khong c6 ranh)
(Hinh 5).

- Phuong an 4: Dong tic nhan say di
theo kiéu tir trdi qua phai va phai qua trai (co
ludn phién d6i chiéu). Bé thuc hién phuong an
4, cach diéu khién caa damper nhu sau: damper
2,3, 4,5 dong, damper 1, 6 mo. Sau thoi gian
nhét dinh dao chiéu damper 1, 2, 5, 6 dong,
damper 3, 4 m¢ (truong hop nay s€ su dung
tam d& khay khong c6 ranh) (Hinh 6).

Ngoai ra, dé viéc so sanh va danh gia
b6n phuwong phéap phéan phdi gi6 trén trong diéu
kién sdy nhu nhau, cn duy tri qua trinh cp
nhiét dn dinh cho buéng séy. Do nhiét do khong
khi vao budng sdy khong 6n dinh vi anh huéng
boi diéu kién thay doi lién tuc tir birc xa mat
troi, thoi tiét... gio trude khi vao budng sy
s& dugc diéu chinh nhiét do khong ddi 50°C
nho viée gia nhi¢t thém tir mot dién trey lép trén
duong gié vao budng sdy. Cac gia tri tin hiéu
tir cam bién nhiét do lap trén duong gid vao sé
duogc truyén vé bo diéu khién trung tAm va tiy
theo gia tri ma diéu khién dién trg dé kiém soat
nhiét do vao budng sdy. Bo diéu khién trung
tam ciing duoc két ndi voi man hinh Led dé
hién thi cac gia tri do dac, ciing nhu diéu khién
tbc do quat va 6 dong co budc giup dong, mo
6 dampers phan phdi dong khong khi theo bdn
phuong phap da dé xuit.
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Hinh 7. Hinh anh ban thiét ké va mach diéu khién
trung tam thyc té sau khi lap rap.

Hinh 7 thé hién Board diéu khién tong
Arduino Mega A2560 duoc két ndi dén céac
cam bién nhi¢t d9, ¢ 4m, man hinh hién thi va
6 dong co budc thong qua driver budc A4988.

4. KET QUA THU NGHIEM

Hinh 8 trinh bay biéu db so sanh nhiét
d6 ra khoi collector 1y thuyét véi do dac thuc té
trong thi nghiém. Két qua cho thiy co sy tuong
dong giira tinh toan 1y thuyét va dir liéu do dac
thuc té, chtng t6 tinh hop 1y trong cac thong sb
tinh toan ctia hé thong siy ning luong mat troi
da thiét ké.
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Hinh 8. Biéu dé so sanh nhiét do ra khéi collector
1y thuyét voi thuc té thi nghiém.

Khi tién hanh sdy theo phuong phap
truyén théng théi gio nong vao budng sy theo
huéng tir dudi 1én, két qua thuc nghiém cho
thdy co su khac biét kha 16n gitra téc do giam
am trén cac khay. Theo chiéu tir dudi 1én, cac
miéng xoai dit trén khay s6 1 (thap nhat) s& kho
nhanh nht, tiép theo d6 1an luot 1a khay s6 2, 3,
4 va 5 (lp trén cing).
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Hinh 9. S giam am khong déu ciia 5 khay khi thoi
gio theo phuong phap truyén thong tir duci lén
(Phuong phap 1).

DPé danh gia sy khac biét giita bon
phuong phap phan phdi gié, thuc nghiém siy
dugc tién hanh cho bén phwong phap trén véi
nhiét d6 khong khi cap vao budng say duoc duy
tri gan nhu khéng d6i & 50°C, toc do gid 0.5
m/s thong qua bo diéu khién trung tim két nbi
véi quat, cac cam bién nhiét do, do im va 6
dong co budc gitp dong, md cac dampers mot
cach ty dong theo phwong phap phan b gié da
chon. Bang 2 cho thiy trong bon phuong phap
phan phdi gi6, phwong phéap thdi ngang ¢ dao
chiéu gitip vat liéu sdy trén cac khay dat do am
ddng déu tot nhat, tiép theo la phuong an thdi
ngang khong dao chiéu, con hai phuong an con
lai & rang khong hiéu qua vi 46 4m gitra cac
khay chénh nhau qua nhiéu.
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Bdng 2. Két qua thiee nghiém xdc dinh ¢ am vt liéu sdy trén timg khay cho bon phwong dn phdn phéi gié

(sau 3 gio sdy).
Thoi D 4m khay (%)
diém Khay 1 Khay 2 Khay 3 Khay 4 Khay 5 | % Sai léch
Ban ddu | 83.50 83.50 83.50 83.50 83.50

Phuong an 1 10.63 26.88 26.88 35.73 56.42 81
Phuong4n2 | , 27.14 39.82 39.82 33.13 42.48 36
Phuong 4n 3 Ket thic 18.31 30.53 30.53 48.35 38.49 62
Phuong 4n 4 27.70 33.27 33.27 33.20 39.92 31
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Hinh 10. San phdm sdy trén 5 khay véi phwong

/'

phap phén phéi gi6 kiéu 4.

Hinh 10 chyp anh san pham sau khi sdy
trén 5 khay theo phuong phap phan phéi gio
kiéu thoi ngang c6 dao dong theo chu ky. Mau
sic va huong vi ctia cac miéng xoai sau khi sdy
cho thay chat luong san pham trén cac khay
la kha tuong d(‘A)ng, thé hién tinh wu viét cua
phuong phap phan bd gi6 kiéu thoi ngang co
dao dong so v6i cac phuong phap con lai.

5. KET LUAN

Nghién ctru ndy da trinh bay chi tiét qua
trinh thiét ké, ché tao va danh gia hiéu qua hé
thdng sdy nang lugng mit troi duoc tich hop bo
diéu khién ty dong. Hé thong dugc thiét ké linh
hoat dé c6 thé thyuc hién va so sanh bén phuong
phap phan phdi va dao gié khac nhau, nhim
khic phuc nhuogc diém say khong dong déu cia
cac hé thong sdy tinh truyén thong. Két qua thyc
nghi¢m séy Xx04i cat 1at trong diéu kién nhiét do

khong khi vao budng sdy dugc duy tri 6n dinh
da cho thdy trong sé bon phuong phap duoc
so sanh, phuong phap phan phdi dong khong
khi sdy tu dong dao chiéu theo phuong ngang
(Phu’orng an 4) dat dugc do dong deu vé do am,
mau sac va huong vi cua vat liéu say trén ca 5
khay 1a t6t nhat. Nghién ctru da khang dinh rd
rang tiém ning va hiéu qua cua viéc ap dung k¥
thuat ddo gio tu dong, co thé xem xét nhu mot
giai phap hiéu qua dé nang cao dang ké do dong
déu va chat luong san phdm cho cong nghé sy
ning lugng mit troi trong thyc té.

Loi cam on:

Tac gia tran trong cam on sy hd trg vé
thoi gian va co s¢ vat chét tur Truong Pai hoc
Bach Khoa, Pai hoc Quéc Gia Thanh phé Hb Chi
Minh (HCMUT-VNU) cho nghién clru nay. %
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