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TOM TAT

Be théin cdy chudi da dwoc lam khé dén do am nhé hon 12% dang c6 nhu cau ngay cang cao
trén thi truong thé gidi trong nhitng ndam gan ddy. Tuy nhién, hién nay van chwa cé giai phdp sdy
khé ¢6 hiéu qua kinh té cho loai san pham ndy. Nghién ciru nay trinh bay mét sé thong sé ciia hé
théng sdy diing ndng lwong mdt troi két hop giita sdy truc tiép va gidn tiép phéi hop voi gia nhiét
phu tro dé lam giam do am ciia be chuoi tir 92,9% xuéng duoi 12% voi nhiét do khong khi nong vao
buong sdy la 50°C trong 25 gio sdy thay vi phoi ndng trong 40 gio. Cdc thong sé nay cé thé ding
lam co s¢ dé xdy dung mot hé thong sdy véi quy mé cong sudt 1om dang nha sdy gitip hiéu qud hon
vé chi phi nang lirong, nhdn cong va thoi gian cho san pham la be chuéi kho.

Tir khéa: Be chudi khé; Scfy nang lwong mdt troi kiéu hon hop; Bo thu nang lwong mat troi;
Hiéu qua nang luong.

ABSTRACT

Dried banana pseudostem sheaths with a moisture content below 12% have experienced
increasing global demand in recent years. However, an economically efficient drying solution for
this product has not yet been widely established. This study presents key operating parameters of
a solar-assisted drying system combining direct and indirect drying modes with auxiliary heating
to reduce the moisture content of banana sheaths from 92.9% to below 12%. The drying process
was conducted at a hot air temperature of 50°C for 25 hours, compared to 40 hours required under
traditional sun drying. These parameters can serve as a basis for the development of a large-scale
greenhouse-type drying system, offering improved efficiency in terms of energy consumption, labor,
and processing time for dried banana sheath production.

Keywords: Dried banana pseudostem; Hybrid solar drying; Solar collector, Energy
efficiency.
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1. PAT VAN PE

Nhu ciu nhép khau be/soi chudi da duoc
lam kho trén thé giéi nhitng nim gan day ting
manh, cu thé tir 10/2023 dén 9/2024 mic ting
nay dat dén 123% so v6i cung ky 1 ndm trudc
d6 [1]. Cac thi trudng nhap khau hang dau trén
thé gidi la Hoa Ky, EU, Singapore, Han Qubc
va Nhat Ban dung be chubi siy kho trong nhiéu
linh vuc nhu san xuét soi tu nhién cho nganh
dét may, dd thu cong my ngh¢, bao bi sinh hoc
va vat liéu xay dung than thién v4i moi truong.
Cac nude xuat khau be/soi chudi chinh trén thé
gidi hién nay la An Do, Malaysia, Indonesia,
Costa Rica va Viét Nam. Theo dir liéu xuét
khéu toan cau, tir 10/2023 dén 9/2024, toc do
tang truong cua xuat khau san phdm nay ting
170% so v&1 muoi hai thang trude do [2]. Xu
hudng tang trudng véi quy mo thi truong toan
cau ddi véi be/sgi chudi sé dat 1,2 ty USD vao
nam 2030 véi toc do ting trudng trung binh
4,5%/mam do nhu cau ngay cang cao vé vat lidu
tur nhién va bén viing [3]. Pay 1a mot tiém ning
to 16n cho nén nong nghiép trong chudi tai Viét
Nam hién nay.

Viét Nam c¢6 dién tich tréng chudi 16m,
hon 100.000 ha, chiém 19% tng dién tich cay
an trai cia ca nudc voi san lugong 1,4 triéu tan/
nam [4], dung thir 15 trén thé gidi vé san xuat
chubi [5].

Chubi sau khi thu hoach qua, phan phé
phérn con lai g6m than, 14, vo chiém 85% cay
chudi. Nhiéu nghién ctru di dwoc ddy manh
trong nhimg nim gan day nham tin dung toan
bo phé pham chudi dé tao ra cac san pham co
gia tri kinh té cao trong d6 c6 be/soi than cay
chubi khd [6].

Tuy nhién, do gid thanh be than cay

chudi kho kha ré [7] nén phan 16n cic nong
trai trong chudi chi chon phuong phap 1am kho
truyén thong 13 phoi truc tiép ngoai troi. Than
chudi c6 do am cao, trén 90% la nude [8] nén
thoi gian be chudi kho vé do am dudi 12% [9]
la kha dai, tir 7 ngay tr¢ 1én. Cac phuong an su
dung hé thdng sy hién c6 dé lam kho be chudi
thi da phan khong phu hop vi phai chi phi thém
cho nang lugng su dung s€ lam tang gia thanh
san pham va thudong cong suat khong qua 16n
dé xtr Iy hét luong be chudi can 1am kho.

Céac nghién ctru di co vé sdy chudi
thuong tip trung vao qua chudi dé san xuit
chudi khé, cac nghién ctru chuyén sau vé ky
thut sdy be chudi dé hiéu qua vé mit kinh té
con han ché. Trong pham vi bai bao nay, nhom
nghién ctru trinh bay vé mot hé thong siy hdn
hop tan dung t6i da ngudn ning lwong mit
troi va sitr dung gia nhiét phy tro bang nhién
liéu biomass c6 san nhu 14 va phé pham chubi
d3 kho mot cach hop ly. Két qua nghién ciu
nay co6 thé gop phan vao viéc da dang héa cac
phuong phap ché bién néng san, giam thiéu
lang phi ngudn tai nguyén va thuc day viéc st
dung nang luong tai tao trong nong nghiép.

2.VATLIEU VA PHUONG PHAPNGHIEN
cuu

2.1. Vit li¢u siy dung trong nghién ciru

Vatli¢u dung trong nghién ctru nay la be
than cdy chudi gia gidng Nam My c6 tén tiéng
Anh 1a Cavendish — Musa acuminata (Hinh 1).
Sau thu hoach qu4, than chubi bi bo di voi khéi
luong phu pham 80-90 tan/ha mdi nim. bay
cling 1a giéng than chudi co chat lugng soi t6t
¢6 thé 1am kho dé xuat khau.
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Hinh 2. Két qua phdn tich d¢ am ciia be chudi twoi
bang mdy MX-50

Am phan cua be chudi tuoi Cavendish
dugce do dac bang may phan tich d6 am MX-
50 tai Phong thi nghiém Nhiét dong va Truyén
nhi¢t — Truong Pai hoc Bach Khoa — PHQG-
HCM véi két qua 1a 92,9% (Hinh 2). Két qua
nay ciing twong dong véi cac nghién ciu da
duoc cong b [8].

2.2. Phuwong phap nghién ciru

Trong nghién ctru ndy, mot hé thong séy
nang lu:orng mat tI‘O’l dang hdn hop da dugc thiét
ké, ché tao bao gom:

- Mot bo thu nang luong mat troi
(collector) dang d6i luu tir nhién dé gia nhiét
khong khi cung cép cho buéng sdy;

- Mot buong sdy lam bang vat heu trong
sudt c6 hé sb xuyén qua cao dé vat sy nhan
duogc nhiét luong truc t1ep tir blirc xa mat troi;

Ngoai ra, viéc tinh toan dg phong lugong
nhien li¢u biomass dé d6t gia nhiét cho khong
khi cap Vao budng sdy trong truong hop troi
khong co nang kéo dai nhidu ngay ciing duoc
thuc hién nham dam bao qua trinh say khong bi
gian doan lau gy nAm mdc vat liu siy.

Qua4 trinh sdy thuc nghiém ciing dugc
tién hanh trén hé thong sdy dé xac dinh thoi
gian séy thuc t& co thé dat duge do 4m yéu cau
va hidu suat toan hé thong sdy so véi Iy thuyét.

Hé théng siy cho nghién ctru nay duoc
thiét ké voi kh6i lwong mau be chudi thi nghiém
1a 1 kg, d6 am be chudi duoc lam kho 14 92,9%
xudng dudi 12%, nhiét do khong khi dugc gia
nhiét khi di qua collector dé vao budng sy la
50°C, thoi gian siy du kién 25 gio, hiéu sut
collector chon so by dé tinh toan ra dién tich
collector 1a 30%, thong s6 mdi truong trung
binh tai dia phuong dung dé thiét ké 1a Thanh
phé Hd Chi Minh véi nhiét d6 30°C va d6 am
twong doi 1a 80%.

2.3. Co s tinh todn thiét ké
2.3.1. By thu ndang luong mdt troi (collector)

Phuong trinh cén bang ning lugng
trong collector [10]:
Q. =G.tF e -Q  =m.c  At.1000 (1)

Trong do:

Q, - Nhiét lugng hiru ich nhén dugce tur
collector, W;

G, - Cuong do blrc xa mat troi dén mat
phang nghleng, Wim?;

T - H¢ sO xuyén qua cua tAm phu trong
sudt dat bén trén collector;

F_ - Di¢n tich bé mat hép thu cuia
collector, m?;

g, -Do den bé mat hép thu cua collector;
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Q.- Té)ng t6n that nhiét cua collpctor, W,
m_ - Luu lugng khong khi doi luu tu
nhién qua collector, kg/s;
¢, - Nhiét dung riéng cuia khong khi,
kJ/kgK;
At - D9 chénh nhi¢t do khong khi di
qua collector, °C.

Téng ton thé:[ nhiét cua collactor Q..
la Iugng nhi¢t bi mat di qua cac bé mat bén
trén, bén hong va mat day cua collector ra moi
truong xung quanh. Ton thit ndy bao gdm ca
dan nhiét, ddi luu va bic xa nhiét khi c6 su
chénh I¢ch nhiét do gitra collector va moi
truong [10]. Hiéu suét cua collector phu thudce
rat nhicu vao yéu té ton that nay va da duoc
tinh toan chi tiét dé xac dinh ddy du luong ton
that cling nhu 1am co s¢ cho viéc lya chon vat
li¢u dung lam két cau collector phu hop [11].

2.3.2. Buong say
Nhiét heemg tir bire xa
mit trén xim nhip
trnre tiép
Khong khi ngoai Khong khi l Khong khi ra

méi tnrmg
m O\G sAy |———

t3, @3, d;,1;
e T ding 28
rdveg fwowar | made oty
[+ 9
da

méi tnmng sau g,l‘l nhiét
(_OLLE[TOR
ti.gm. dihh t2, @2, d I

@ Khong khi
I | sau gia nhiét

LO BOT
BIOMASS

t1. gy | Khongkhingoai
di. Iy

Hinh 3. So' do sdy khéng hoi heu

mdi trudmg

- Luong 4m can ldy di khoi vat liéu siy [12]:

W, —w
wo (Toh—c2)
Trong do:
G,- Khéi lqug vat say twoi ban dau, kg;
’ ®, ®, -DJam vat siy trude va sau khi
say, %o;
T, - Thoi gian 1 mé sdy, gio.

,(gdm/h)  (2)

5

- Can bang ning luong trong budng siy
trong giai doan on dinh:

Qtns + be - Ql + qu (3)

Trong d6 :

Q,. Nhlet luong do tac nhéan sdy cung
cép cho buong sdy, W;

Q,, - Nhlet luong tur buc xa mat troi
xam nhép truc tiép vao budng sy, W;

Q, - Nhiét luo‘ng do tic nhan siy mang
di khi ra khoi buong say, W;

Q Ton that nhiét qua két cdu bao che
clia budng say, W.

Nhiét luong do tac nhan sdy mang vao
budng say Q,,, 1a nhiét lwong hiru ich nhan duoc
tu collector Q Trong tru:ong hop troi khong co
nang hoan toan kéo dai nhiéu ngay va c6 van
hanh 16 d6t biomass thi d6 1a lu:orng nhi¢t Q, ma
khong khi duoc gia nhiét nho 16 dét.

Di¢n tich buéng sdy phu thudc Vao mat
do xép vat liéu say [13]. Vach budng sdy lam
bang polycarbonate c6 hé sb6 xuyén qua cao
dén 0,9 dé co thé nhan duoc luong buc xa mat
troi truc tiép vao budng sdy [14] 16n, dong thoi
polycarbonate ciing c6 hé s6 dan nhiét thap nén
han ché duoc ton that nhiét tir buéng say ra moi
truong [15].

2.3.3. Lo dét biomass

Can bang ning lugng trong bo gia nhiét
khong khi bang khoi tir 16 d6t biomass [16]:
Q,=G,.q,n,=m"c .At,.1000 (4)
Trong do:
Q, - Cong suat nhiét tir 10 d6t biomass, W;
G, - Luu lugng nhién li¢u biomass, g/s;
q,, - Nhiét tri thap ctia nhién liéu, J/g;
n, - . - Hiéu suat bo trao doi nhiét, %;
m’ - Luu lugng khong khi qua bd gia
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nhiét tir khoi 1o dbt, kg/s;

Co Nhi¢t dung riéng cua khong khi,
kJ/kgK;

At, - DO chénh nhi¢t d§ khong khi di
qua, °C.

Trong nghién ctru nay, nhién liéu su
dung tinh toan cho 10 ddt 1a 14 chudi kho, be
chudi kho khong dat chat lugng thanh pham
xuat khau c6 san tai nong trai tr6ng chudi dé tan
dung ngudn nhién liéu. Nhiét tri cta 1a chubi
kho dat tir 17,4-19,8 MJ/kg tiiy theo do am
[17]. Trong truong hop ap dung thuc té tai dia
phuong, c6 thé sir dung bat ky loai nhién liéu
biomass nao thuan loi nhit cho van hanh.

3. KET QUA VA THAO LUAN

Véi cac thong s6 ban dau dung thiét
ké hé thong sdy cho nghién ctru niy va tir hé
céc phuong trinh (1), (2) va (3) cho két qua bo
collector ¢6 kich thude cao H = 0,15 m, rong
W, =04 m,daiL = 1,13 mva buéng séy co
kich thudc cao H = 0,55 m, rong W_= 0,45 m,
dai L = 0,3 m nhu hinh 4 va 5. Nhiét luong
trung binh bo collector cung cap cho budng sy
la 302,5 W.

Khay siy Budng siy

Tia kinh phti

Tim hip thy \ Tam pha

Binh xe / nghiéng nim ngang

| Tam mica

Hinh 4. Hé thong sdy gom collector va buong sdy

Hinh 5. Hé thong sdy sau khi ché tao

Theo hinh 6, d§ gia nhiét khong khi ctua
b collector thay ddi tir 6°C dén 24°C tuy vao
troi c6 nang hay ram mat. Nhiét 6 khong khi
vao budng sdy co thé 1én dén hon 60°C khi troi
ning tot, va khoang 50°C khi troi nhidu may.
Pong thoi, nhiét do khong khi tai cira ra ctia
budng sy gan bang nhiét do khong khi vao
budng sdy do bé mit trén ctia budng sdy ciing
dugc nhan thém nhiét lugng truc tiép tir mat
troi. Nho do, vat liu siy trong budng duoc kho
ddng déu.

Nhiét 49 khong khi trong hé thong siy, °C
Ngay do 14/10/2025

Nhiét d¢ khéong khi, °C

11h30 12h00 12h30 13h00 13h30 14h00 14h30 15h00 15h30
—e—Nhiét d§ méi truong
—e—Nhiét do khong khi vao budng say

—e—Nhiét ¢ khong khi ra khéi budng say

Nhiét @9 khong khi trong hé théng siy, °C
Ngay do 15/10/2025

40 M
30

Nhiét d§ khéng khi, °C

10h30 11h00 11h30 12h00 13h00 13h30 14h00 15h00 15h30
—e—Nhiét dj méi trudomg

—e—Nhiét d6 khong khi vao budng say

—e—Nhiét 6 khéng khi ra khoi budng sy

Hinh 6. Do chénh nhiét do mai truong voi nhiét do
khéng khi vao va ra khoi buong sdy
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Hinh 7 cho thdy murc giam d6 4m khong
khi trude va sau b collector dao dong tir 15%
dén 31%. Khi khong khi dugc gia nhiét qua bd
collector cang cao, d6 am khong khi duoc giam
di dang ké so véi do am moi truong. Day la
diéu kién tot dé tang kha ning lay am cua vat
lidu trong budng sdy. Nho vay, be chudi trong
budng sdy c6 ti 16 béc 4m cao hon so vdi be
chudi phoi tryc tiép trong nang.

DO Am khong khi trong hé thong siy, %
Ngay do 14/10/2025

M

\/“&/\—*

11h30 12h00 12h30 13h00 13h30 14h00 14h30 15h00 15h30

N o =
S © o

J Wt
S o

[}
=}

D6 am khong khi, %

—
o o

—o—Dj am méi truong, % —e—D§ am khong khi vao budng say, %

Hinh 7. Pg dm khéng khi méi truong va vdo
buong sdy

V6i van hanh thyc té, cong suit gia
nhiét trung binh trong 2 ngay do dac thi nghi¢m
trong diéu kién nang twong doi tot 1a 523,5 W
(hinh 8), twong ddi cao so vé6i gia tri tinh toan
Iy thuyét 1a 302,5 W.

Toc 4 khong khi dol leu oy
nhien vio buong say

Cong suit collector, W

—a— 151012025  —a—14/10/202% — 15102028 == 14/10/202%
Hinh 8. Toc do khong khi vao buong say va cong
suat nhiét cua collector

D¢ am ban dau cta be chubi 1a 92,9%
can dugc lam kho vé do am dudi 12% dé dat
diéu kién xuat khau ciing nhu khong bi tai am
hodc d& bi nAm méc. V&i md hinh thue nghiém
nay, be chubi dat dugc d6 4m con 8,6% sau 22
gio sy dién ra trong 5 ngay, trong khi d6 phoi

nang truc tiép can 40 gio dién ra trong 8 ngay.
Thong s6 do am giam sau moi ngdy cua be
chuoi kho dugc thé hién trong hinh 9.

PO 4m be chudi cudi mdi ngay say, %
100
%0
i
Z 60
S50
2 40
£ 30
< 20
|10
Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay
Ban 1-4 2-5 3-6 4-5 5-2 6-6 7-6 8-6
dau g0 g0 g0 g0 g0 gid gid | gio
sdy sidy say say say phoi phoi phoi
—e—Heé thongsay 929 908 8590 748 477 86
—e—Phoi 929 919 |89.7 871 823 757 636 338 9.1

Hinh 9. Bg gidam am ciia be chudi trong hé thong
sday va phoi nang

V& mit truc quan, be chudi duoc lam
kho trong hé thong sdy thi c6 mau sang, khong
bi ddm tham den, dai chéic va théng déu hon be
chudi duoc phoi ning truc tiép nhu trong hinh
10.

Hinh 10. Thanh pham be chudi khé trong hé thong
sdy va phoi nang

Véi pham vi nghién ctru nay, 1o dbt
biomass chi van hanh trong truong hop troi
khong c6 niang kéo dai ngay dé qué trinh kho
cta be chudi khong bi gidn doan lau lam hu
hong. Nhién lidu dot dugce tinh toan 1a 1a chudi
kho c6 nhiét tri 17 MJ/kg, khoi ra khoi 10 dot
gia nhiét cho khong khi tir nhiét do mai truong
dén nhiét do 50°C trong bo trao d6i nhiét va di
vao budng siy. Vi hiéu suat bo trao d6i nhiét
la 80%, tir hé cac phuong trinh (2), (3) va (4)
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luong tiéu hao nhién liéu can thiét cho hé thong
say nay du kién 1a 80 g/gio.

4. KET LUAN

Bai bdo trinh bay qua trinh tinh toén,
thiét ké va ché tao mé hinh thu nghiém séy be
chudi bang bd thu ning lwong mit troi dbi luu
tu nhién két hop budng siy nhan nhiét birc xa
mit troi truc tiép. Theo nghién ciru nay thi cong
suat nhiét trung binh cua hé thong 1a 523 W
dé c6 thé giam am cho 1kg be chudi tir 92,9%
xudng con 8,6 % trong thdi gian 22 gio sdy.
Véi chi phi nang lwong va thoi gian dé cé dugc
thanh pham nhu vy c6 thé kinh té duoc voi gia
thanh 1kg be chudi kho xuat khau hién nay dao
dong quanh 10.000 VNDb/kg [7].

Céc thong s6 nay c6 thé dung 1am co s&
dé xay dung mot hé thong sdy voi quy mo cong
suat 16n dang nha say gitp hiéu qua hon vé chi
phi nang luong, nhan cong va thoi gian cho san
pham 14 be chudi kho.

Trong pham vi bai bdo nay, nhom
nghién ciru cling da dé xuat giai phap sir dung
hé théng sdy hon hop tin dung t6i da ngudn
nang lugng mat troi két hop bo gia nhiét phy
tro bﬁng nhién liéu biomass c6 san nhu 14 va
phé pham chubi da kho mot cach hop ly. Két
qua nghién ctru nay c6 thé gop phﬁn vao viéc da
dang héa cac phuong phap ché bién nong san,
giam thiéu lang phi ngudn tai nguyén va thic
day viéc phat trién nén nong nghiép carbon
thip cua Viét Nam.

Loi cam on:

Nghién ctru nay duogc tai trg bdi Truong
DPai hoc Bach Khoa, Dai hoc Quéc gia TP. Hb
Chi Minh, trong khuon kho dé tai cip truong
- OISP mi sb To-CK-2023-02. Tac gia xin
cam on Truong DPai hoc Béch khoa, Pai hoc

Qudc gia TP. H5 Chi Minh da hd trg thoi gian,
phuong ti¢n va co sé vat chat cho nghién cuu
nay. %
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