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TOM TAT

Sdy néng san bang néng heong mdt troi la mét giai phdp phit hop nham tan dung nguon
nang lu'ang tdai tao, giam tiéu thu nang luong hoa thach va nang cao tmh bén viing trong ché bién
thuwe pham. Trong nghién civu nay, qud trinh sdy ca rot bang hé thong sdy nang lwong mdt troi gidn
tié'p doi luu tw nhién va doi luu cuong buc dwoc khao sat. Hé thé'ng duweoe thiét ké va ché tao phu
hop voi diéu kién khi hdu khu viee Thanh phé Hé6 Chi Minh. Két qua thuc nghiém cho thdy nhiét do
trung binh ciia khéng khi di vao buéng sdy khi déi lweu tir nhién khodang 47.4°C, khi doi luu cueong
bitc khodng 37.5°C; Dé am cda cd rot cé thé giam tir 89.60% xu(fng khodng 10% sau 6 gio sdy voi
doz lwu ty nhién va 3.5 gla Say véi doi heu cu"ang bikc. Sdy doi heu cu"ang burc glup glam thoi gian
say khoang 42% so voi say doi luu tw nhzen dong thoi cdi thién mau sdc va dg dong déu cua san
phdm. Két qua nay cho thay phirong phdp sdy nang lwong mdt troi c6 khd nang lam khé ca rot hiéu
qud, dong thoi thé hién tiém ning vmg dung trong quy mé hg gia dinh va san xudt nho.

Tir khéa: Sdy ndang heong mdt troi; Sdy ca rot; Sdy gidn tiép; Nang hrong tdi tao.
ABSTRACT

Solar drying of agricultural products is an effective solution for utilizing renewable
energy, reducing fossil fuel consumption, and enhancing sustainability in food processing. This
study investigates the drying process of carrots using indirect solar drying systems with natural
convection and forced convection. The system was designed and manufactured to suit the climatic
conditions of Ho Chi Minh City. Experimental results show that the average temperature of the air
entering the drying chamber is approximately 47.4°C with natural convection and approximately
37.5°C with forced convection. The moisture content of carrots can be reduced from 89.60% to
about 10% after 6 hours of drying with natural convection and 3.5 hours of drying with forced
convection. Forced convection reduced drying time by approximately 42% compared to natural
convection while improving product color and uniformity. These results demonstrate that the solar
drying method is capable of effectively drying carrots and shows potential for application on a
household and small-scale production basis.

Keywords: Solar drying,; Carrot drying; Indirect drying, Renewable energy.
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1. GIOI THIEU

Séy 1a qua trinh loai bé do am khoi vat
ligu th6ng qua sy trao ddi dong thoi gitra nhiét
va khdi luong [1]. Dy 1a mot trong nhirng
phuong phap bao quan va ché bién nong san
duogc sir dung pho bién nham kéo dai thoi gian
bao quan, giam khéi lwong san phim va han
ché su phat trién cua vi sinh vat gdy hu hong.
Phuong phap phoi kho truyén thong hién van
duoc ap dung rong rdi nhung ton tai nhidu han
ché nhu: nong san tiép xac truc tiép véi mua,
bui va con trung; qua trinh say phu thudc hoan
toan vao diéu kién thoi tiét; chat luong san
pham sau siy khong dong déu va kho kiém soat
[2]. Nhitng han ché nay 1am giam gia tri va kha
ning bao quan cta san pham, dit ra yéu cau can
c6 cac giai phap sdy hiéu qua va 6n dinh hon.
Trong bdi canh nhu cau st dung ning luong
sach va bdo v¢ moi truong ngay cang gia tang,
nang luong mit troi duoc xem 1a ngudn ning
luong tai tao co tiém niang 16n, dic biét phu hop
véi cac qubc gia c6 cuong do blic xa mit troi
cao nhu Viét Nam. Cac hé thdng sdy sir dung
ndng luong mat troi1 thuong dap img dai nhiét
d6 thap dén trung binh (dudi 80°C), phu hop
cho cac tmg dung say nong san, thao duoc va
lam kho khong khi [3]. May sdy ning luong
mit troi ndi chung ¢ cong suit nho, thiét ké
chii yéu dua trén dir liéu thuc nghiém va ban
thuc nghiém hon 1 cac mé hinh 1y thuyét hoan
chinh. Phan 16n cac hé théng nay duoc sir dung
trong quy mo ho gla dinh hoac san xuat nho,
nhim tdn dung ngudn ning lugng sn cd va
giam chi phi van hanh [4]. Tai Vlet Nam, da
co nhiéu nghién ciru thuc nghiém vé hé thong
sdy nang luong mit troi d6i luu ty nhién cho
céc loai nong san khac nhau va cho két qua kha
quan. P6 Minh Cuodng va Phan Hoa (2009)
nghién ciru qua trinh sdy thoc bang thiét bi sdy
nang luong mat troi ddi luu tu nhién, cho théy
thoi gian sdy giam tir 25% dén 28,5% va chét
luong san pham dong déu hon so véi phuong

phap phori truyén thong [5]. Dinh Vuong Hl‘lng
va Nguyen Xuan Trung (2011) nghién ctru say
t6i bang hé théng sdy ning lwong mat troi kiéu
hdn hop ddi luu ty nhién, cho thdy hé thong
pht hop cho qué trinh sy bo sung sau phoi
hodc sdy lai sau ton trit nham han ché hién
tugng nay mam [6]. Trong s cac loai rau cu,
ca rot 1a san pham co gia tri dinh dudng cao,
gidu vitamin A, chit xo va khoéng chat, dugc
tiéu thu pho bién trong doi séng hang ngay Tuy
nhién, do ham luong nude 16n, ca rot rat dé bi
hu hong néu khéng dugc bao quan va ché bién
kip thoi sau thu hoach, din dén ton that dang
ké vé kinh té. Xuit phat tir nhimg van dé néu
trén, nghién ctru nay duoc thuc hi¢n nham khéo
sat kha nang tng dung cua hé thdng siy ning
lwong mit troi trong qua trinh sdy ca rét. Dong
thoi, cac thong s dic trung cua qua trinh siy
nhu nhiét do trong budng sdy, thoi gian sdy va
su thay ddi do Am ctia san pham duoc phan tich
nham danh gia hiéu qua va tiém ning tng dung
ctia hé théng.

2. PHUONG PHAP NGHIEN CUU
2.1. Xac dinh d§ Am cia vat liu siy

D6 4m cia ca rot trude va trong qua
trinh séy duoc xac dinh dya trén sy thay ddi
khdi lugng theo thoi gian. D6 4m clia ca rdt
duoc xac dinh theo cong thuc (1) va (2).

M4 — Mg

Wy = x 100% (%) (1)

Ty

14 (100 — wy)

wi =100 — (%) 2)

1
~ Trong do, w, va w, la d6 am ban dau va
do am ¢ thoi diém 1 cua ca rot trong qua trinh
séy; m,, m, vam, la 1,<h6i luong ban déu, khoi
luong chat kho va khoi lugng & thoi diém 1 cua
ca rét (). Cac dai luong dic trung ctia qua trinh
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sdy bao gdm luong 4m tach ra, d6 4m cua san
pham theo thoi gian va téc d6 giam am duogc
tinh toan thong qua cac biéu thirc can bang khdi
lwong. Dir liéu khdi lwong va nhiét do duoc ghi
nhan dinh ky trong sudt qua trinh siy dé phuc
vu phan tich.

2.2. Nghién ctru thue nghiém
2.2.1. H¢ thong thi nghiém

Hé¢ théng sdy duge st dung trong
nghién ctru 1a hé thong siy nang luong mit troi
gém cac b phan chinh: bd thu nang luong mat
troi voi thm hép thu duoc duc 16 (collector tam
phang), budng siy, khay sdy, 6ng din khong
khi va quat voi trudng hop d6i luu cudng bic.
Khong khi dugc gia nhiét trong b thu nang
lwong mit troi, sau d6 di chuyén vao budng say.

e

‘] "I p——
KHAY 1A Fﬂ:ﬂnﬂm Gi
“—{ oo
MANG TROMNG SUGT Wj } ;
UEiNG SAY
KHI vAD
B0 THU NHIET
L MAT TR

Hinh 1. Nguyén ly ciia mdy sdy ning lwong mt
troi gian tiep doi luu tw nhién

* Thiét ké va ché tao hé thong siy:

Budc dau tién cta qua trinh thiét ké hé
thdng sdy 1a xac dinh kich thudc budng siy
dua trén yéu cau vé khdi luong, thoi gian siy,
d6 am... cia san pham say nhu trinh bay trong
Bang 1.

Bdng 1. Théng s6 thiét ké ban dau ciia hé thong sdy

STT Théng sb thiét ké Gia tri

1 Khdi luong ca rdt 500 gram/mé

2 | Do day 16p cit 1 mm

3 Th.cil gian say (doi luu tu 6 gic
nhién)

4 | D 4m ban dau 90%

5 D6 4m sau cing 10%

6 Nh:@t d(g khong khi vao 50°C
buodng say

Tir cac thong s6 thiét ké ban dau ciia hé
thdng séy, kich thudc budng say duoc xac dinh
nhu sau: Chiéu dai, chiéu rong, chiéu cao lan
luot 14 0,45 m, 0,3 m, 0,5 m; S6 khay séy: 3;
Vit liéu ché tao: GO.

Vé6i kich thudc budng sdy nhu trén,
két hop véi didu kién ngoai troi chon tai dia
diém thi nghiém c6 nhiét d6 ngoai trdi 34°C,
dd 4m 70%, buc xa nhiét trung binh 700 W/
m?, kich thudc bd thu nang lugng mat troi kiéu
tam phing v6i tAm hip thu dang chéo duoc tinh
toan tir cac phuong trinh truyén nhiét va can
bang nang luong [7] va trinh bay trong Bang 2.

Bdng 2. Théng so tinh todn ciia bg thu ning lrong
mdt troi dang tam phang

STT | Thong sb thiét ké Gia tri
1 Chiéu dai 1,15m
2 Chiéu rong 0,4 m
3 Chiéu cao 0,2 m
4 Tam Pép thu dugc

duc 10 va dat chéo
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Hinh 2. Hinh thuc té ciia hé thong sdy

Dung cu do: Cac dung cu do st dung
trong céc thi nghiém dugc trinh bay trong bang 3.

Bdng 3. Dung cu do

Théng sb do Thiét bi P chinh xac
ns an Extech o
Nhiét do SDL200 +0,4%
Khéi luong vat | Can Electronic 4+ 0.1 erams
liéu Kitchen BOS 8
Bire xa mat Tes 132 + 5%
troi
D6 4m vt liéu | AND MX-50 +0,1%

2.2.2. Chudn bi vit liéu sdy

Nguyén li¢u st dung trong nghién ctru
1a ca rét tuoi, duge lua chon déng déu vé kich
thude. Trude khi sdy, ca rot duoc rira sach, got
vo va cit lat véi do day khoang 1 mm, gan dong
nhat nham dam bao diéu kién truyén nhiét va
truyén am tuong d6i giéng nhau gitta cac mau.
Khéi luong mau cho mdi mé say 1a 500g. Do
am ban dau cua ca rét do dugc tir 89% dén
90%. Cac qua trinh sy dugc thuc hién cing
1 ngay. Véi say dbi luu cudng bic ding quat
hudng truc cong suat 20W, luu lugng 150 m?/h.

3. KET QUA VA THAO LUAN

Thuc nghiém duoc tién hanh trong
thang 3 tai Thanh phd H6 Chi Minh. Qua trinh
sdy duogc thyc hién lién tyc trong khoang thoi
gian ban ngay, khi cuong do birc xa mat troi du

16n. Céac thong sé nhiét do khong khi va cuong
do buc xa mit troi duge ghi nhan mdi 30 phut
nham d4nh gia kha nang duy tri diéu kién say
6n dinh ctia hé thong.

Két qua nhiét d6 moi truong tuong doi
on dinh, dao dong tir 28-31°C, tao diéu kién
thuan loi cho qua trinh say. Khi sy déi luu tu
nhién, nhiét d¢ khong khi trude buéng séy dao
dong trong khoang 42-54,7°C. Khi say ddi luu
cuong buc cho hi¢u qua vuot trdi khi nhiét do
khong khi trude budng sdy duy tri trong khoang
31,3-40,1°C, thap hon so véi d6i luu ty nhién
nhung van dam bao qua trinh siy dién ra nhanh.
Mac du sdy doi luu tu nhién dat nhiét do khong
khi cao hon, nhung hiéu qua say thap hon do
van toc khong kh1 nho, 1am giam hé sb truyén
nhiét va truyén am, dong thoi hinh thanh 16p
bién am day can tr& qua trinh bay hoi. Nguoc
lai, séy ddi luu cudng birc du c6 nhiét do thép
hon nhung nho ting van toc khong khi da lam
mong lop bién, tang cuc‘mg trao doi nhiét — am
va duy tri gradlent ap suat hoi 16n, tir d6 nang
cao toc do siy.

)
-
i
B, np it B (Wim ]

v 25 A 45 %0 55 60 6% T8
g

B85 12 15 2R 2%

Hinh 3. Qué trinh gidm dm ciia ca rot

Hinh 3 cho thdy toc do giam am cua
ca rot trong ca ba phuong phap déu ting theo
cuong do buc xa mat troi, do birc xa quyét dinh
luong nhiét cung cdp cho qué trinh bay hoi.
Tuy nhién, mirc d§ phu thudc khac nhau rd rét
gifra cac phuong phap. Phot tu nhién phu thuc
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hoan toan véao buc xa nén toc do sdy bién thién
manh theo diéu kién moéi truong. Péi luu tu
nhién gidm bdt sy phu thuéc nay nho hi€u ung
gia nhiét trong buong say Trong kh1 do, dbi lu‘u
cudng buc cho thiy toc do glam am cao Va on
dinh hon, do ting cuong trao ddi nhiét va am,
lam giam dang ké anh huong ciia dao dong birc
Xa mat troi.

Trong truong hop ddi luu cudng bic,
am d6 giam nhanh nhét, tir khoang 89,60%
xubng con 7,14% chi trong 3,5 gio. Pic biét,
trong 2-3 gid dau, téc do giam am rat 16n, thé
hién qua trinh truyén nhiét va truyén khéi dién
ra manh mé& nho sy hd tro ciia dong khong khi
cudng buc. Piéu nay 1am ting hé sb trao d6i
nhiét d6i luu va ting kha ning mang am ra khoi
vat liéu.

DP6i voi ddi luu ty nhién, qua trinh
giam 4m dién ra cham hon, voi Am do giam tu
89,60% xudng khoang 10,34% sau 6 gio. Su
suy giam toc do sdy o giai doan sau 14 rd rét, do
chuyén sang giai doan khuéch tan 4m bén trong
vat liéu, trong khi cuong do trao ddi nhiét va
khéi bi han ché boi dong khong khi ty nhién.

Trong khi d6, phoi tu nhién cho thay
hiéu qua thdp nhat. Sau 7 gio, am do chi giam
xudng khoang 10,34%, va toc d giam am giam
manh tir sau 4 gio. Nguyén nhan chi yéu 1a do
phu thudc hoan toan vao diéu kién méi truong
nhu birc xa mit troi va gio, dan dén qua trinh
truyén nhiét khong 6n dinh.

Xét vé co ché, cé ba phuong phép déu
thé hién hai g1a1 doan say dac trung: (1) giai
doan dau vai toc do giam am cao, chi phdi bai
qua trinh bay hoi bé mit; va (ii) giai doan sau
v6i toc do giam am thap hon, chi phdi boi qua
trinh khuéch tan Am tir bén trong vat li¢u ra bé
mat. Tuy nhién, thoi gian chuyén tiép gitra hai
giai doan va tde do giam am phu thudc manh

vao phuong thirc cip nhiét va luu thong khong

Hinh 4. Ca rot sau khi sdy

Hinh 4 cho théy su khac biét kha ro vé
hinh théi va mau sac cua ca rot sau khi say bang
cac phuong phap khac nhau:

Mau sdy ddi luu cudng birc (A): Ca rdt
c6 mau cam sang, trong ddi déng déu, cu trac
lat séy toi va it bi co rat manh. Piéu nay cho
thdy qua trinh truyén nhiét — truyén 4m dién ra
nhanh va 6n dinh, giup han ché hién tuong oxy
héa va bién d6i mau sic.

Mau sdy d6i Ivu ty nhién (B): Mau sic
¢6 xu hudng sam hon so véi sdy cudng bic,
mot s6 lat bi xodn va co rat khong dong déu.
Diéu nay phan anh toc do sdy cham hon, din
dén thoi gian tiép xtGc nhiét dai hon, 1am ting
murc dd bién d6i vat ly va hoa hoc.

Mau phoi ty nhién (C): Mau sic nhat va
khong dong déu, mot s6 phan c6 du hiéu bién
mau (xin mau). Hinh dang bi co rat manh, ciu
trac kém dong nhat, d& bi dinh lai. Diéu nay
cho thay qué trinh kho phu thudc hoan toan vao
diéu kién moi truong (blrc xa mat troi, do am
khong khi), dan dén tdc do bay hoi am thip va
khong 6n dinh.

4. KET LUAN

Nghién ctru da thuc hién khao sat thuc
nghiém qua trinh say ca rot bang h¢ thong say

nang luong mat troi gian tiép véi hai ché do doi &
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luu ty nhién va ddi luu cudng buc trong didu
kién khi hau Thanh phé H5 Chi Minh. Két qua
cho thay ca hai phu:ong phap déu c6 kha nang
glam d6 4m cua ca rot tir khoang 89.60% xudng
gan 10%, dap ing yéu cau bdo quan sau say.

Tuy nhién, sdy ddi luu cudng buc thé
hién wu thé 15 rét, khi rat ngan thoi gian sdy
xudng con khoang 3,5 gid, so v6i 6 gid & ché
d6 ddi luu ty nhién, tvong tmg giam khoang
42% thoi gian say. Miac du nhiét do khong khi
sdy trung binh thip hon, nhung nho ting cuong
van téc khong khi, qué trinh truyén nhiét va
truyén am dugc cai thién dang ké, 1am ting toc
d6 bay hoi am.

Bén canh d6, chit luong cam quan cia
san pham sau siy ciing duoc cai thién dang ké
trong ché d6 ddi luu cudng buc, thé hién qua
mau sic tuoi sang hon, cu trac it co rat va dong
déu hon so v6i d6i luu ty nhién va phuong phap
ph(n Diéu nay cho thay viée rut ngan thoi gian
sdy gop phan han ché cac bién doi bét loi nhu
oxy hoa va suy giam sic t6.

Tir cac két qua thu duoc, c6 thé khiang
dinh réng vigc tich hop d6i lvu cudng birc trong
hé théng say nang luong mat tr01 la g1a1 phap
hiéu qua nham ning cao hiéu suat sdy va chat
lwong san pham. Hé thdng c6 tiém ning tng
dung trong quy mé ho gia dinh va san xuit nho
tai cac khu vuc ¢6 btrc xa mit troi doi dao.

Trong cac nghién ciru tiép theo, can tap
trung vao tbi uu hoa thiét ké hé thong (kénh din
khi, luu lugng gio, vt liéu hdp thy) va tich hop
cong nghé dong phat nhi¢t — dlen (PV/T) nham
nang cao hiéu suat nang lwong tong thé va tinh
on dinh cua qua trinh say.
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