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THIET KE HE THONG SAY GO RUNG TRONG QUY MO CONG NGHIEP
SU DUNG NANG LUQGNG MAT TROI KET HOP HOI NUGC BAO HOA

Nguyén Vin Giap, Lé Thi Hung, Hoang Dwong Nhi

Vién Nghién ciru Cong nghiép rung (RIFI)

TOM TAT

Say gd 1a cong doan tiéu thu ning lwong 16n nhat trong qué trinh ché bién g& chiém khoang (60 - 70%), thuong
dua vao 10 hoi dbt sinh khéi hodc nhién liéu hoa thach, gdy chi phi cao va phat thai 16n. Trong khi do, cac hé
thdng siy gd hoan toan biang ning lrong mat troi (NLMT) lai thiéu én dinh, phu thudce vao thoi tiét va kho ap
dung & quy mé cong nghiép. Nghién ctru nay trinh bay qua trinh tinh toan, thiét ké va thr nghiém hé théng 16 sdy
g0 két hop (NLMT - hoi nudc bio hoa) quy mé cong nghiép 100 m*/mé cho gb keo lai (Acacia hybrid). Phuong
phap nghién ctru dua trén cin bing nhiét, vt chat va khi dong hoc dé x4c dinh thong sé k¥ thuat, hudng t6i duy
tri nhiét d siy on dinh (50 - 60°C) va tbi wu hoa cu trac vom ba 16p xuyén sang cach nhiét - khi sdy - hép thu
nhiét. Két qua tinh toan tong nhu cdu ning lugng cho mot mé siy ~ 98,1 GJ (twong duong 56,8 kW). Hé théng
duoc thiét ké v6i dién tich bé mat hap thu NLMT > 230 m2, 16 hoi co cong suét t6i thiéu 100 kg/h (6 4p suit 4
bar) va dan trao dbi nhiét > 23 m? cing 10 quat tudn hoan vdi téng cong suit > 22 kW. Thir nghiém thyc té
chirng minh hé théng véan hanh én dinh, duy tri dai nhiét muyc ti€u va tiét kiém 35 - 40% nang lwong so voi 1o séy
hoi nuéce truyén théng, khing dinh tinh kha thi k¥ thuat va tiém ning Gmg dung trong thyc té san xuét.

Tir khéa: Can bang nhiét, 10 sdy g6 két hop, ning lugng mit troi, siy gb keo lai, sdy gd tiét kiém, thiét ké h¢
théng séy.

DESIGN OF AN INDUSTRIAL-SCALE WOOD DRYING SYSTEM USING SOLAR ENERGY
INTEGRATED WITH SATURATED STEAM

Nguyen Van Giap, Le Thi Hung, Hoang Duong Nhi

Research institute of forest industry (RIFI)

ABSTRACT

Wood drying is the most energy-intensive stage in wood processing, accounting for approximately 60 - 70% of
the total energy consumption. Conventional drying systems typically rely on biomass or fossil - fuel - fired
boilers, leading to high operational costs and significant emissions. Meanwhile, fully solar - based wood drying
systems often lack stability, are weather - dependent, and are difficult to implement on an industrial scale. This
study presents the design, calculation, and experimental evaluation of an industrial - scale solar - steam hybrid
wood drying system with a capacity of 100 m® per batch for acacia hybrid lumber. The research methodology is
based on thermal, mass, and aerodynamic balance analyses to determine key technical parameters, aiming to
maintain a stable drying temperature of 50 - 60°C and to optimize a triple - layer dome structure comprising a
transparent insulation layer, a hot - air channel, and a solar - absorbing surface. The total energy demand for one
drying batch was estimated at approximately 98,1 GJ (equivalent to 56,8 kW). The system was designed with a
solar collector area of > 230 m?, a steam boiler with a minimum capacity of 100 kg/h (at 4 bar), a heat exchanger
area of > 23 m?, and ten circulation fans with a total power of > 22 kW. Experimental results demonstrated that
the system operated stably within the target temperature range, achieving a 35 - 40% energy saving compared
with conventional steam drying kilns. These findings confirm the technical feasibility and practical potential of
the proposed solar - steam hybrid system for industrial wood drying applications.

Keywords: Acacia hybrid wood drying, drying system design, energy - efficient drying, solar energy, solar - steam
hybrid kiln, thermal balance.
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I. DAT VAN DE

Nganh coéng nghiép ché bién gd toan cu hién
dang d6i mat véi hai thach thl’rc d6 1a: nhu cau
ngdy cang ting vé san pham go chét luong cao
va ap luc glam thiéu tac dong moi trudong theo
cac cam két qudc té vé bién doi khi hau va phat
thai rong bang khong (IPCC, 2006; IPCC,
2019). Trong chudi gia tri ché bién gb, siy la
cong doan cong nghé thiét yéu, dong thoi 1a
khau tiéu thy ning luong 16n nhét, chiém tir 60 -
70% tong ning luong cia mot nha may ché bién
(Luna et al., 2018).

Tai Viét Nam - mot trong nhitng qudc gia xuét
khau gb va sdn pham gd hang dau thé gii -
phu’ong phap sdy cong nghiép pho bién nhit van
la say hoi nudc néng, sir dung ndi hoi dét sinh
khéi (phé pham gd) hodc nhién liéu hoa thach
(than d4) (Nguyén Xuan Trung, Pinh Vuong
Hung, 2014) Mic du cho phép kiém soat qua
trinh t6t va dam bao chat luong 0 sau sdy, cac
hé thong nay bdc 16 nhiéu han ché: tiéu thu
luong 16n nhién li€u, chi phi van hanh cao, va
canh tranh ngudn phé pham gd voi nganh san
xudt vién nén niang luong (Nguyén Bao Ngoc,
2022; Ndukwu et al., 2020). Ngoai ra, viéc d6t
chay nhién liéu sinh khdi hodc than da khong
hiéu qua con gay phat thai ddng ké khi nha kinh
(GHG) va bui min (PM), lam gia tang ap luc
thue hién cac cam két Net Zero vao nam 2050
(IPCC, 2006; ISO, 1992).

Trong bbi canh d6, ning lugng mit troi
(NLMT) dugc xem 13 giai phap thay thé tiém
nang, dac biét tai cac quéc gia c6 buc xa cao
nhu Viét Nam (trung binh 4,5 - 50
kWh/m*ngay) (World Bank and ESMAP,
2019). Tuy nhién, cic hé théng siy sir dung
hoan toan NLMT - du 1a dang thu dong hay chu
ddng - van ton tai han ché cb hiru: thoi gian siy
kéo dai va phu thudc nhidu vao diéu kién thoi
tiét (Boone et al., 1999). Sy gian doan do thiéu
néng, ban dém hoic thoi tiét xau khién qua trinh
sdy khong on dinh, gay kho khan cho san xuét
hang loat va anh huong tién d6 giao hang
(Denig et al., 2000; Duffie, Beckman, 2013).

Dé khic phuc nhimg han ché nay, cong nghé
sdy két hop (hybrid drying), két hop NLMT lam
ngudn nhiét chinh véi ngudn nhiét phy trg chi
dong (hoi nudc, dién tré hoac bom nhiét), da
duoc ching minh 1a huéng di hi¢u qua (Bektas,
Bektas, 2005; Bureau International des Poids et
Mesures, 2019; Chen et al., 2022). Cac hé théng
sdy két hop cho phép tan dung téi da ngudn
NLMT khi c6 san, déng thoi tu dong kich hoat
ngudn cip bu dé duy tri nhiét do sdy 6n dinh
trong khoang 50 - 60°C (Cengel, Boles, 2019;
IPCC, 2019). Nhiéu nghién ctru quc té di ghi
nhan kha ning tiét kiém ning luong tir 30 dén
60% khi ap dung cau hinh két hop, dong thoi cai
thién chat lugng gd sdy va giam phat thai (El-
Sebaii, Shalaby, 2021; Lamrani et al, 2021a;
Lamrani et al., 2021D).

Mic du vay, phan 16n cac nghién ciu hién c6
moi dung & quy mo phong thi nghiém hoac pilot
(Ndukwu et al., 2020; Ngoc, 2022), trong khi
viéc trién khai hé thong sdy két hop & quy mo
cong nghiép (>100 m*mé) van con rit han ché,
ddc biét dbi véi cac diéu kién khi hau nhiét doi
va nhom gd rung trong chu lyc nhu keo lai
(Acacia hybrid) tai Pong Nam A. Ngoai ra, 1o
sdy dang vom duoc danh gia c6 hiéu suit thu
nhiét cao (Denig et al., 2000; Luna et al., 2018),
song chung thuong gap kho khan trong co gioi
hoa khau xép - do, 1am tang chi phi nhan cong
va giam hi¢u qua vén hanh.

Bai viét nay trinh bay két qua tinh toan, thiét ké
va thir nghiém hé thong sy g6 két hop (NLMT
- hoi nudc bao hoa) quy mé cong nghiép 100
m*/mé trong diéu kién san xuat ché bién gb thuc
té & Viét Nam.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Yéu ciu nhiém vu thiét ké

Heé thong siy gd két hop duoc thiét ké dua trén
cac thong sb ky thuat va diéu kién van hanh cu
thé tai khu vuc Nam Trung B§, Viét Nam. Cac
yéu ciu duoc lya chon va gia thiét dudi day
dong vai tro 1a dir liéu ddu vao cho qua trinh
tinh toan va mo phong thiét ké:
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- Cong suat siy: 100 m® gd xé/mé.

- Vit liéu sdy (ddi tuong tinh toan): G keo lai
(Acacia hybrid).

- Do 4m gd sdy: P9 4m dau vao (W,) = 50 + 3%;
D6 4m muc tiéu (W) = 12 + 2%,

- Piéu kién moi truong (Nam Trung Bo): Cudng
dd buc xa NLMT trung binh: 4,6 kWh/m?*ngay
tuong duong 3.956 kcal/m?/ngay (véi 1 kWh =
3,6 x 10° J = 860 kcal) (Ferrari, S. et al., 2024;
Ministry of Natural Resources and Environment
(MONRE), 2022; TCVN 8930:2013). Nhi¢t do
moi trudng trung binh trong nam (Tn): 28°C;
D6 4m mai truong trung binh (@,): 80 %.

- Ché d6 van hanh: Nhiét do buéng séy muc
tiéu: 50 - 60°C.

- Thoi gian sdy tinh toan: ~ 20 ngay/mé (twong
duong voi 10 siy hoi nude truyén thong).

2.2. Phuong phap nghién ctru thiét ké

Phuong phap luén thiét ké duoc thuc hién theo
quy trinh két hop theo trinh ty cu thé sau:

(Yéu cau thiét ké) - (Nghién ciru tong quan va
Ké thira) — (Tinh toan 1y thuyét: Cén bang
nhiét, Khi dong hoc) — (Thiét ké mod phong
2D/3D va Phan tich két cdu) — (Xay dung béan
v& ky thuat) — (Ché tao va Lip dat) — (Thu
nghiém, Phan tich kinh té va M6i truong).

2.2.1. Phwong phdp ké thira va cdi tién

Nghién ciru ké thira nguyén 1y cia mé hinh 10
sy NLMT dang vom quy mdé 40 m*mé cua
Vién Nghién ctru Cong nghiép rung. Trén co s&
6, thiét ké moi tap trung vao 3 cai tién chinh:
(1) Lua chon vt liéu hip thy nhiét c6 hidu sut
hdp thy/toa nhiét t6t hon va dong thoi két hop
thém hé thong cap bu nhiét bang hoi nudc bio hoa
dé chu dong kiém soat cac thong s ki thuat siy.
(2) Tbi wu hoa két cdu khung vom, hé thdng cap
khi/thoat 4m va co cdu bén trong buéng say (hé
thong diéu tiét hudng gio Va glam 4p) dé tang hé
s6 sir dung khong glan xép gb say cling nhu tdi
vu héa qua trinh tudn hoan khi sdy va do bén sir
dung ctia hé thong thiét bi.
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(3) Thiét ké méi hé théng ctra nang thé hé méi
dit doc bén hong 16 say dé cho phép co gidi hoa
hoan toan khau ra vao gd sdy va tiét kiém khong
gian lap dat/str dung.

2.2.2. Phwong phdp tinh todn Iy thuyét
Phuong phap nghién ctu chinh 1a tinh toan 1y
thuyét dya trén cac nguyén 1y co ban vé cin
bang vat chét, can bang ning luong va truyén
nhiét - truyén chit trong k¥ thuat say.
a. Xdc dinh heong am can bay hoi:
- Tinh khéi luong g6 kho tuyét doi (Mo):
MOZVg5Xp0
Trong dé: My: Khdi lwong gb kho (kg); Vg Thé
tich g0 trong 10 (100 m?); po: Khdi lugng riéng
co ban (630 kg/m?).
- Tinh khéi lwong nudc can bay hoi (M,):
Mn :MO X(WV_VVV)

Trong dé: M,: Toéng lugng nudc cin tich ra
khoi gd (kg); W,: P am ban dau (0,5). W,: Do
am cubi (0,12).
b. Xdc dinh tong nhiét yéu cau:
Toéng nhiét luong yéu ciu cho mot mé siy
(Oténg) dugc xac dinh bang tdng cac thanh
phén nhiét:

Oiong =1+ Q2+ O3+ Qs+ Os
- Nhiét lam néng g6 (0)):

Q] = M, x Cgo: X (Ts_Ta)

Trong dé: Cg;: Nhiét dung riéng ctia gd kho (Cys
~ 1,26 ki/kg. K); Ty, T,: Nhiét d6 sdy va nhiét do
mdi truong (°C).
- Nhiét 1am néng nudc trong g6 (0,):

Q2 = (MO X Wv) X Cn X (Ts - Ta)
Trong do: C,: Nhi¢t dung riéng cua nudc (C, =
4,186 kl/kg. K).
- Nhiét hoa hoi 4m (Qs):

Q3= Mnxrséy

Trong do: rgy la in nhiét hoa hoi ciia nudc trong
g0 (kJ/kg), bao gdbm ca nhiét lién két do nudc bi
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hap phu trong mao quan gd. Gia tri nay thuong
16n hon 4n nhiét hoa hoi cua nude tu do va ¢
thé xac dinh béng thuc nghi¢m hodc tinh theo
cong thirc ciia Siau. O 60°C, an nhiét héa hoi
cua nuoc ty do ~2.357 kl/kg va cong thém nhiét
lién két (400 - 700 kJ/kg), ta c6 gia tri trung binh
gy ~ 2.800 - 3.000 kJ/kg (TCVN 8929:2013;
World Bank, Energy Sector Management
Assistance Program (ESMAP), 2019).

- Tén that nhiét qua v6 10 Ou:

Q4 = UXAV x (TS‘_TG) x tsdry % 3.600
Trong do: ty, 1a thoi gian sdy (gio); A,: Tong
dién tich bé mat vo 10 (m?). (Dy kién thiét ké
két cau hinh vom véi 16 100 m? ¢6 kich thude:
12,6 m dai x 12,0 m rong x 5,1 m cao — 4, =
336 m?). U: Hé s6 truyén nhiét tong thé cia vo
16 (W/m2.K).

U= 1

1 a; 1
h_i + Zk_L + h_o
- Tén thit nhiét do thong gi6 (xa 4m) Os:
+ Luong khong khi khé can cép vao (L) dé
mang M, hoi nudc di:

M,
X2-X|

L=

(V6i x1, x2 1a ham lugng am cua khong khi
moéi truong va khong khi thai ra tu 10, tinh
bang kg nudc/kg kk kho, xac dinh qua do thi
khong khi am).
+ Nhiét luong ton that Os:

Os =L x Cy 1 X (Ts— T)
(V61 Cp, i 1a nhi¢t dung riéng cua khong khi
am, C, = 1,005 + 1,88 x x; kJ/kg.K)
- Nhiét trung binh (Py,):

tong

Pi=——— (kW
! tséyx3.600( )

(Pay 1a cong sudt yéu cau trung binh trong subt
thoi gian sdy).

c. Tinh toén kich thudc hé thong hdp thu nang
lwong mat troi:

NLMT cung cdp phan 16n nhiét luong vao ban
ngay, giam tai cho 10 hoi. Do d6, tinh toan dién
tich collector (b thu nhiét) NLMT, cu thé nhu
sau: Nang luong mat troi hiru ich (Oncmr) thu
duoc moi ngay:

x A

= X
QNLMT/ngéy I X Ay X Moy

Trong do: Onimrmgay: Néang luong thu duoc
(kWh/ngay); Ir: Blrc xa mat troi trung binh (4,6
kWh/m?/ngay); nen: Hiéu sudt trung binh cia
tdm hép thy (theo datasheet ctia nha san xuét
cong bd, hiéu suit hdp thu nhiét ctia tim hap thy
nhiét dat 95 + 2%, dé tinh toan va do mét phﬁn
nang luong mit troi giam di khi qua tdm
polycarbonate, trong tinh todn nay ching to1 lua
chon hiéu suét hép thu thuc té dat ~ 65% cho
loai tAm phéng); Acon: Dién tich tAm h?ip thu
(m?) — Day 1a 4n s6 can xac dinh.
Xéc dinh Acon: Gid dinh NLMT cung cép 100%
cong sudt trung binh Py, trong t6i thiéu 8 gio
nang hiéu dung:
PthS glb’

IT><rlcoll

(v&i he $6 fiorar - ty 16 NLMT dong gop dé tdi uu
Acoll)‘

Acoll:

d. Tinh todn thong sé kj thudt ciia hé thong hoi

niede (nguon nhiét cap bu):

Lo hoi phai di cong suat dé: (1) Bu dap phan

NLMT thiéu hut; (2) Van hanh 100% cong sut

vao ban dém hoic ngay mua; (3) Giai doan gia

nhiét ban dau nhanh; (4) Pap tng yéu ciu phun

am cho 10 séy.

- Yéu ciu cong sudt (Pho): Thiét ké Ppe; phai c6

kha ning dap ung it nhat bang cong suat nhiét

trung binh Py, (Phoi > P (KW)).

- Xéac dinh di¢n tich dan nhiét (Calorifer) (Aca):
Ocal = Ucal * Acal * ATy

Trong dé: Qca: COng suét trao ddi nhiét, Qe =

Proi (kW); Uca: HE sb truyén nhiét téng thé cua

calorifer (tra ciru theo loai calorifer éng canh);
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ATy,: DO chénh Iéch nhiét d6 trung binh logarit:
Tioi = T, ra) = (Thoi = T vao)
( Th(vi . Tkk, ra )
In
Thﬂi - Tkk.vim
(V&i nhiét do hoi bdo hoa ¢ 4 bar = 143,6°C, va
nhiét d¢ khong khi vao/ra dan nhiét).

(
At -

- Cong suat 10 hoi (luu lwong hoi My,;):
_ Ppeix 3600

hoi
Thoi

Trong do: Mpy:: Luu luwong hoi (kg/ gic‘y);
Thoi: An nhiét ngung tu ctia hoi nuédc tai 4p suat
lam viée (kJ/kg).

e. Tinh toan khi dong hoc va két cau:
- Tinh luu lugng gié tuan hoan (L):
+ Chon tbc d6 gi6 trung binh qua déng gb (v):
v~1,5-2,5m/s.
+ Xac dinh dién tich tiét dién ty do cho gi6 di
qua (Agfee) (dwa trén cach xép go va kich
thudc 10):
L =v X A (M¥/s).
- Tinh todn va chon quat:
+ Tinh téng tro lyc cua 10 (APigne):
AP 0e=AP o5 AP catorifer TAPcong

tong
(v61 AP tro luc qua déng 20, AP yjorifer qUa dan
nhi€t, va APy g tré luc cuc bo).

+ Cong suit quat yéu cau (Nguat):

LXxAP 500
quat

quat

(Véi M guat 1a hiéu suat quat = 0,7 - 0,8).

2.2.3. Phuong phdp thiét ké va mé phong két cdu

- Phan mém AutoCAD 2022 va SolidWorks
2015 dugc st dung dé vé thiét ké, dung mo

hinh 2D/3D, mé phong lip ghép va kiém tra
bén két cau.

- Piéu kién bién mo phong (FEA): Két chu
khung chiu lyc dugc phan tich dudi cac to hop
tai trong bat loi nhat, bao gém: (1) Tai trong
tinh (trong luong ban than két cdu, hé théng
thiét bi); va (2) Tai trong gi6 (theo TCVN 2737:
2023) tai khu vyc lap dat (Nam Trung Bo).

2.2.4. Phwong phap thir nghiém

Sau khi hé théng duoc ché tao va lép dat theo
dung ban vé thiét ké, mot quy trinh thir nghiém
thuc t& duoc tién hanh dé xac nhan tinh ding
d4n cua cac giai phap thiét ké va danh gia hiéu
suét van hanh.

- Véan hanh thir nghiém 01 mé siy trén hé thong
sdy gb két hop NLMT - hoi nuéc.

- Ghi lai lién tyc cac thong s6 van hanh (nhiét
d6, d6 Am budng sy, thoi gian siy).

- Po ludng va so sanh tong tiéu thu ning luong
(tiéu thu sinh khdi, dién) cia hai hé théng.

- Panh gia chét lugng gd sau sdy (phan bd do
am, ty 1& khuyét tat) theo cac Tiéu chudn Viét
Nam TCVN 13706: 2023 (Do am), TCVN
8929: 2013 va TCVN 8930: 2013 (Khuyét tat).

III. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua tinh todn cic thong so ky thuit

Dua trén phuong phap luan tinh toan cn bang
vét chat, can bang nang lugng va cac gia thiét
thiét ké, cac thong sb k¥ thuat co ban cua 1o siy
két hop cong nghiép cong suat 100 m*/mé sir
dung ning lwong mit troi két hop ngudn nhiét bd
sung tir hoi nudc bao hoa da dugce xac dinh. Céc
thong s6 dau vao chinh dugc tong hop trong
bang 1.

Bang 1. Cac thong sb vat liéu va lua chon thiét ké

Théng sb Ky hiéu Gia tri DPon vi Ghi cha
Vat lieu say Gb keo Acacia hybrid
Céng suét tinh toan thiét ké Vgs 100 m?
Khéi lvgng riéng co ban o ~630 kg/m? Gd kho tuyét déi/Thé tich twoi
Do &dm vao W, ~50 % 0,5 kg nwéc/kg gé khd
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Théng s6 Ky hiéu Gia tri Pon vi Ghi cha
D6 amra W, ~12 % 0,12 kg nwoc/kg gb khod
Diéu kién sdy
Thoi gian sy dy kién tsay ~20 ngay Twong dwong 480 gidy
Nhiét dé séy trung binh Ts 60 °c
Nhiét d6 méi trwéng Ta 28 °C
D& am moi trwong b2 ~80 %
Héng sé vat liéu Tra ctru - Iwa chon
Nhiét dung riéng gb kho Cys 1,26 kJ/kg.K
Nhiét dung riéng nwéc Cn 4,186 kJ/kg.K
An nhiét hoa hoi I'séy 2.900 kJ/kg
3.1.1. Két qud tinh todn cdn bang vit chit 0, = (My x W) x C, x (T, — T,) = (63.000 x

- Khdi luong gb khé tuyét ddi (Mo):

My =V X p, =100 m* x 630 kg/m’

=63.000 kg

- Khéi luong nuée can bay hoi (M,): La tong
luong 4m can tach ra khoéi 100 m?* gd trong sudt
qua trinh siy.
M, = My x (W, — W,) = 63.000 kg x (0,5 - 0,12)
=23.940 kg

Mot mé sdy 100 m® gd keo tir d 4m 50% xudng
12% can phai tach ra 23.940 kg nudc.

3.1.2. Két qud tinh todn cdn bang néng luong
va cong sudt nhiét

Tong nhiét luorng yéu cau (Ouwng) 1a tong cua
céc thanh phan nhiét hitu ich (lam nong vét g0
va hoa hoi nudc) va cac ton that (qua vo 10,
thong gid).

- Nhiét lam néng go:
Ql :]\40>< Cg5X (Ts - Ta)
=63.000 x 1,26 x (60 — 28)
=2.540.160 kJ

- Nhiét lam néng nudc cé san trong gb (0»):

0,5) x 4,186 x (60 — 28) = 4.219.488 kJ
- Nhiét hoa hoi 4m (Qs): Day 1a thanh phan tiéu
t6n nang lugng 16n nhat.

Os =M, X rghy

=123.940 kg x 2.900 kJ/kg
= 69.426.000 kJ

- Tén that nhiét qua vo 10 (Qs): Ld c6 kich
thude (12,6 x 12 x 5,1 m) voi tong dién tich vo
A, = 336 m? va hé sd truyén nhiét U = 0,546
W/m2K.

Q4 = U x4, X (I~ To) xtghy

=0,546 x 336 x (60 —28) x (480 x 3.600)
~10.144.383 kJ

- Ton thét nhiét do thong gi6 xa 4m (Qs):
Tinh toan dua trén luong khong khi kho can cap
L= 355.736 kg (x4c dinh tir @6 thi khong khi
am voi diéu kién T, ¢, va Ty, ¢, = 90 %).

Os = L * Cy 1 * (Ts — Ty)
= 355,736 x 1,0417 % (60 — 28)
=11.852.727 kJ

Tong hop céc két qua duogc trinh bay trong bang 2.

Bing 2. Tong hop cac thanh phan ning luong cho mé sy 100 m? (thoi gian 480 gid)

Thanh phan nhiét Ky hiéu Gia tri (kJ) Ty trong (%)
Nhiét lam néng gé Q 2.540.160 2,59
Nhiét lam néng nwéc Q2 4.219.488 4,30
Nhiét héa hoi am Qs 69.426.000 70,71
Tén that qua vo 16 Qs 10.144.383 10,34
Tén that do thong gié Qs 11.852.727 12,07
Téng ning lwong yéu cau Qténg 98.182.758 100 %
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Cong suat nhiét trung binh (Py): Tir tong ning
luong yéu cau, cong sudt nhiét trung binh can
cung cép lién tuc trong 480 gid la:
o Qung  98.182.758 kJ
® 14,%3.600 480 h x3.600 s/h

=56,8 kW

3.1.3. Két qua tinh todn thiét ké hé thong ning
lwong mdt troi (Collector)

Hé théng NLMT duoc thiét ké dé cung cép mot
phan déng ké tong nhiét lugng, giam tai cho 10
hoi. Gia thiét ty 18 dong gop ctiia NLMT (fiorar) 12

- Ning lugng yéu cau (1 ngay): 56,8 kW x 24 h
=1.363,2 kWh.

- Nang lwong NLMT cin cung cép: 1.363,2
kWh x 50% = 681,6 kWh/ngay.

- Gia thiét burc xa trung binh tai khu vuc dit 16
sdy Iy = 4,6 kWh/m?/ngay va hiéu suat collector
Heoll = 65%.

- Nang luong thu dugc trén 1 m* 4,6
kWh/m*ngay x 0,65 = 2,99 kWh/m?*/ngay.

- Dién tich collector (Acon):

__Ning lugng NLMT can _ 681,6 kWh/ngay

&0/ 1A A < — — ~ 2
50% tong nhu cau nang luong. Acoll Ning lwong thw/m® 2,99 kWh/m?/ngay 230 m
Bing 3. Thong s6 k¥ thuat tinh toan ciia hé thong siy g két hop NLMT
Théng sé Gia tri Don vi Ghi chu
Loai collector Tam phéng Téi wu cho nhiét d6 séy (50 - 60°C)

Téng dién tich collector yéu cau Acol =230 m?
Ty 18 dong gop nang lwong dy kién feolar ~ 50 %
Blrc xa trung binh Ir ~46 kWh/m?/ngay
Hiéu suét collector Neoll ~65 %

3.1.4. Két qua tinh todn thiét ké hé thong hoi
nuwdc (Bu nhiét)

Heé théng hoi nude duoge thiét ké dé bu dap phan
ning luong NLMT khong cung cap du, dic biét
la vao ban dém, ngay mua va giai doan gia
nhiét, phun am.

- Cong suat dan nhiét (Phe): Phai dam bao cung
cép da cong suét nhiét trung binh Py,. Chon Py
= 56,8 kW.

- Dién tich dan nhiét (Acy): Tinh toan véi hoi

bdo hoa & 4 bar (Thy = 143,6 °C), ATy, = 83,5
°C va Uga =~ 30 W/m2K.

P 56800 W

U, AT, 30x835

- Cong suit 10 hoi (My): Tinh toan luu luong
hoi yéu cau, voi rei = 2.133 kJ/kg (tai 4 bar).

 Ppx3600  56,8x3.600
ol 2133

ACa1:

m2

=~ 96 kg/gio

Bing 4. Thong s6 ky thuét yéu cau hé thong hoi nudc bio hoa cap bu nhiét

Théng s6 Ky hiéu Gia tri Pon vi Ghi chu
Cong suét dan nhiét Proi ~ 56,8 kW Tbi thiéu bang Py
Dién tich trao ddi nhiét Acal >23 m? Dan nhiét (calorifer) ng canh
Cong suét I6 hoi Mhoi =100 kg/gio Chon lam tron 1én 100 kg/gi®
Ap suét hoi lam viéc bar

3.1.5. Két qua thiét ké hé thong tuan hoan
khong khi

Hé thong tuan hoan khong khi (quat) c6 vai
trd then chét trong viéc van chuyén nhiét
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lugng (tir collector va dan hoi) dén bé mit gb
va mang hoi 4m thoat ra ngoai. Thiét ké duoc
thuc hién dua trén phuong phép tinh todn khi
dong hoc.
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a. Xac dinh luu lwong tac nhan sdy (L): V6i yéu
cau thiét ké 10 say 1a loai dao chiéu gio, thoi
ngang qua déng g0.

- Kich thudc mat dong gb (tiét dién): Ap,ee = (12
m dai x 3,6 m cao) x 2 chong ~ 86 m2.

- Chon tdc d6 gié trung binh qua mat dong gb: v
= 1,5 m/s (dam bao say dong déu).

- Luu lugng gidé yéu cAu: L = v X Apee =
x 86 m? = 129 m%/s

L =129 x3.600 = 464.400 m*/h

b. Xac dinh tré lyc khi dong (AP ,g): Ton thit
ap sudt dugc ude tinh dua trén dir lidu thuc
nghiém cho cac 1o séy tuong tu, chon:

- Ton that qua déng gd APg = 100 Pa (thyc
nghiém cho 16 siy gb cong nghiép APy~ 100 -
300 Pa ¢ van toc thiét ké v =1 - 3 m/s).

- Ton that qua dan nhiét (calorifer): AP qorifer =
10 Pa

1,5 m/s

- Tén thét cuc bd (dao chiéu): AP sng = 20 Pa (Tra
bang hé s6 cuc bd (&) cho tung phu kién (co, cut,

2
van) va tinh ze% thuong = 20 - 100 Pa).
Tong trd luc:
AP AP +APcalonfer+APcong 130 Pa

tong
c. Tinh toan va lya chon quat:

Cong suit dong co quat yéu cau (Chon Nquat =
75%):

129 m®
tong S

x130Pa
0,75

LxAP,x

Nquat
T|quat

=22.360 W=22,3 kW

Pé dam bao d6 ddng déu trén chiéu dai 12 m, ta
chon 10 quat hudng truc, c6 kha nang dao chiéu.
Thong s6 ky thuat cta hé théng quat duoc trinh
bay trong bang 5.

Bang 5. Thong s6 k¥ thuat du kién hé théng quat tuan hoan

Théng sé Ky hiéu Gia tri Don vi Ghi chu
Loai quat Hwéng t.r‘huc, dao thu n'hiét dé cao, chiu &m, duwong
chiéu kinh canh D800
Sé luong 10 cai B tri doc theo tran 10
Téng lwu lvong L 464.400 m%h
Luu lwong (m6i quat) Ltan 46.440 m3h
Cot ap tinh APigng 2130 Pa
Cong suét dien méi quat Nian >22 KW ﬁz‘-’ngféng oo 2.2 kW (tiét kiém naing
Téng cong suét dién quat Nigng 222 kw

3.2. Két qua thiét ké két cau 10 sy

Dua trén céac thong s6 ky thuat da tinh toan tai
muc 3.1, két cAu téng thé cua hé théng 1o siy
100 m?® dugc thiét ké.

3.2.1. Thiét ké vé o (budng siy)

- Vo 15 1a yéu t6 then chét dé duy tri nhiét do va
giam ton that Q.

Kich thudc: 12,6 m (dai) x 12,0 m (rong) x
5,1 m (cao).

Két cdu: Dang modul panel lip ghép cong
nghiép.

- Vit liéu:

Khung vach trong: thép ma kém son chdng gi,
ton song tao d6 cung cho khung dang vom (chiu
duoc moi trudong axit yéu tir gd va do am cao).

Lép cach nhiét: Rockwool (bong khoang) ty
trong cao, d6 day 50 mm, dam bao hé sé truyén
nhiét thap nhu da tinh toén.

Vo ngoai: Toan b mai vom cong dung vat li¢u
polycarbonate day 10 mm chiu nhiét, cach nhiét
va xuyén sang tbt, tiép giap gilta cac tim poly
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duogc két ndi nep nhom phu hop va 1am kin khit
bang gioang cao su va silicon.

Cura 10: St dung cua chinh dang ctra nang trg
luc, duoc thiét ké theo nguyén 1y cira mé cdp xe
0 t0, vo1 hé théng giodng cao su chiu nhiét, ddm
bao dd kin khit.

3.2.2. Bé tri tong thé hé théng

So d6 nguyén 1y tong thé cua hé thong siy
hybrid dugc trinh bay tai hinh 1, va ban vé mo
phong 3D hé thdng thiét bi say két hop dugc thé
hién tai hinh 2.

- H¢ thong collector > 230 m? (bang 3) gia nhiét
truc tiep khi say.

- Hé thng bu nhiét hoi nuée bao hoa: Lo hoi tdi
thiéu cong sudt cap hoi > 100 kg/gio (bang 4)
cung cAp hoi 4 bar.

//"‘\
/ \Mattrm/ \A

=

P /
/,/ 2 /

/X Lép phu ngoai

trong sudt 2 lép

Tém vach
diéu hudng
I T

- Vong khi 16 sdy: Khong khi trong 16 duoc 10
quat (bang 5) dy tuan hoan qua dan nhiét hoi (>
23 m?) va dong gd.

- Hé thong NLMT cung cip nhiét chinh va tryc
tiép cho khi bén trong 16 sy va khi nhiét do
trong budng say giam thap hon nhiét d6 cai dat
5°C trong thoi gian 20 phut lién tuc thi hé
théng hoi s& duoc kich hoat cap nhiét bd sung
dé dam bao nhiét do sdy ludn duge duy tri én
dinh theo cai dat.

- Hé thdng diéu khién tu dong sir dung bd diéu
khién trung tam PID/Helios-2 dugc thiét ké
mach dong lyc thong minh két hop co kha ning
diéu khién va s dung dong thoi hai ngudn
nhiét NLMT - hoi nuéc bdo hoa trong sudt qua
trinh sdy.

HUONG DONG

\

Lép vit ligu hép thy
nhigt (If}m den), mat
dudri duge gia cb
16p each nh iét

Cira chinh
16 sdy

Quat 861 hru

Xenadng ra

vao gb sdy

Cira gi6

Gb sdy

| T T T ; T T =
tuén hoan - - - - - - l i

= K T T T T T
Quat hat T T T T T T |
e —— |

khi am

Khi mang llllcc ;

am ra ngodi HUONG TAY

Nén cach nhiét

Hinh 1. So do nguyén 1y cAu tao cuia hé théng séy két hop cong nghiép

- Hé thong phun a am (s dung hoi nudc bao hoa)
va hé thong xa am (ctra vent) duogc bd tri dé
kiém soat do 4m trong 10.

- Quat‘déi Iru: 10 quat (tir bang 5) dl;qc lap phia
trén tran budng sy, hit va day khi say tao thanh
hai vong tuan hoan nhiét qua 2 chong go.

- Dan nhiét (Calorifer): Dan calorifer hoi > 23
m? (tir bang 4) dugc b tri doc theo chicu dai va
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phia trén dan quat dé khong khi di qua trudc/sau
khi vao dong gb.

- Canh hudng gi6: Pugc bd tri ¢ phia trén va
dudi dé hudng ludng khi siy di lién tuc, khong bi
d6i huéng dot ngot lam giam ap sudt tinh trong 10
va tac dong nguoc lai canh quat gitp tang tudi tho
st dung.
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Hinh 2. Ban v& m6 phong tong thé 10 siy gb két hop quy mé cong nghiép cong sudt 100 m*/mé

Ghi chu: 1- Cira ndng trg lyc thé hé mdi thudn tién cho viéc co gioi hoa khau ra/vao g6 siy; 2- Bo phan hap thu
va vo 10 cach nhiét; 3- Khung chinh 10 say Vé‘Cép nhiét bu hoi nudc bao hoa; 4- HE thong cap bu nhiét hoi nudc;
5- H¢ thong dicu khién say hai nguon nhiét; 6- Bd phan diéu hudng gid tuan hoan trén/dudi.

- Hé théng xa am: B6 tri cic cira xa am chi
dong duoc thiét ké can béng doc hai bén hong 1o
va ctra hut khi tuoi ¢ hai mat bén.

3.3. Thir nghiém hoat dpng ciia h¢ thong thiét
bi sdy gé két hop

Sau khi hé théng s?iy duoc ché tao va lép dat tai
Cong ty CP Ché bién Gd ndi that Thanh Tam

(hinh 3), toan bd hé thdng thiét bi duoc kiém tra
an toan, van hanh khong tai va hi€u chinh ty
dong hoa trude khi tién hanh thu nghiém. Mot
mé sdy thuc nghiém di duoc thuc hién nham
danh gia hiéu sudt van hanh, tinh 6n dinh va
chat luong san phdm dau ra. Thong sb k¥ thuat
chung ctia hé thong thiét bi sy két hop sau khi
ché tao lép dat duoc thé hién trong bang 6:

Bang 6. Thong sb k¥ thuat chung cua hé thdng thiét bi siy sau lip dat

Béc tinh ky co?g Sl‘!at Kich thworce 1o Tong‘ COIIQ So |WUr:g So |U’0‘r’lg H(:)‘thor‘lg len tich
thuat say/mé sy (m) suat hé quat doi quat hut cap bu hap thu
: (m3) y thdng (kW) | lwu (quat) (quat) nhiét thic té (mz)
Théng sé =100 12,6 x 12 x 5,1 23 10 7 Hoi nuéc s 230
b&o hdoa

Hinh 3. M6 hinh hé thdng thiét bi sdy dugc lip dit tai Cong ty CP Ché bién gd noi thit Thanh Tam

Mg¢ say thir nghiém st dung 90 m® gb keo lai
(Acacia hybrid) c6 chiéu day 13 mm, d6 4m ban
dau trung binh ~ 50%.

3.3.1. Ddanh gia hiéu ndang cia hé thé'ng thu
nhi¢t NLMT

Hiéu sudt cua hé théng gia nhiét NLMT la yéu
t6 then chot quyét dinh kha nang tiét kiém nang
luong ciia mo hinh say két hop.
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Hinh 4. Biéu d6 thé hién mdi quan hé gitra Cuong do birc xa mit troi (W/m2), Nhiét d6 méi trudng (°C)
va Nhiét d6 khong khi sdy tai dau ra bo thu nhiét (°C) theo thoi gian trong ngay.

a: bidu dd moi truong sdy; b: dudng cong siy mé siy thir nghiém

Két qua do trong mot ngdy ning dién hinh (ngay
thir hai ciia mé siy, hinh 4a) cho thay:

Cuong do buc xa mat troi (BXMT) dat cuc dai
1.245 W/m? vao ltc 11:55.

Nhiét d6 budng sdy tang ty 1& thuan vdi BXMT,
dat 60,26°C tai thoi diém cuc dai, cao hon nhiét
d6 moi trudng ngoai troi 21,35°C.

Trong subt giai doan tur 8:00 dén 16:30, nhiét do
trong budng say duy tri on dinh trong dai 50 -
60°C, khong can kich hoat ngudn nhiét hoi nudc
b sung.

Phén tich dir liéu nang luong cho thiy, véi dién
tich collector > 230 m?, hé théng thu nhiét hoat
dong 6n dinh, dat hiéu suit trung binh ngay
khoang 60 - 65% (tinh trong thoi gian ¢ ning),
tuong duong véi cac bo thu nhiét phing hiéu
suit cao duoc cong bd trong cac nghién ctu
truoc day (Bektas, 1., Bektas, C., 2005; Bureau
International des Poids et Mesures (BIPM).,
2019). Két qua nay ching minh kha ning khai
thac birc xa mat troi hi¢u qua tai khu vuc mién
Trung Viét Nam (trung binh 4,8 5,2
kWh/m?'ngdy) dé phuc vu sdy gb cong nghiép
quy mo 1on.

3.3.2. Pdnh gid qud trinh sdy va chit lwong
g5 sd'y

Trong qua trinh thir nghiém, hé thong hoat dong
6n dinh va dam bao duy tri nhiét do sdy theo
chuong trinh cai dit (50 - 60°C). Hé thdng diéu
khién két hop van hanh theo ché do wu tién su
dung ngué)n NLMT, chi tg dong kich hoat c?ip
bu hoi nudc khi nhiét d6 budng sdy giam hon
5°C so v6i ngudng cai dat trong thoi gian trén
20 phat. Nho d6, qua trinh sdy duoc duy tri lién
tuc nhung van t&i vu hoa tiéu thy ning luong.
Thoi gian sy thuc té cia mé thir nghiém 14 = 20
ngay, phi hop véi chu ky thiét ké du kién va
tinh toan 1y thuyét. Qua trinh siy khong xay ra
dao dong nhiét do 16n, chimg to kha ning phdi
hop gitta ngudn NLMT va hoi nuéc bio hoa
dugc diéu khién hiéu qua.

Két qua kiém tra chét luong sau sdy (bang 7)
cho thay:

- Gb dat 36 am trung binh cudi cung 12 + 0,5%;
- Ty 1& nut bé mat 2,8%, nut tim 1,0%, bién
dang cong vénh < 2%.

Céc chi tiéu nay dat yéu cau k¥ thuat cho gb xé
ding trong san xudt dd gd xudt khau, chimg
minh rang hé théng két hgp dam bao chat lugng
san pham va tinh 6n dinh trong van hanh.

Bang 7. Panh gia chit luong gb sau siy khao cua hé thong

Loai khiém khuyét Pon vi Hé théng két hop (Thwe nghiém)
NGt bé mét % s6 thanh bij 16i 2,8%
NGt tam % s6 thanh bi 16i 1,0 %
Cong vénh (dd vdng trung binh) mm 2,2

158




Tap chi KHLN 2026

Nguyén Vin Giap et al., 2026 (Sb 3)

Nhin chung, qué trinh thir nghiém khing dinh
do tin cay cua thiét ké va tinh kha thi ing dung
cong nghiép cia 10 siy gd két hgp NLMT - hoi
nudc, déng thoi cung c:?ip dit liéu thuc té dé
hoan thién mo hinh va tinh toan hi¢u suat ning
luong tong thé trong cac nghién ciru tiép theo.

IV.KET LUAN

Tir két qua tinh toan, thiét ké, ché tao va thi
nghiém hé théng 16 say gd két hop NLMT - hoi
nudc bao hoa quy md cong nghiép 100 m3/meé
¢6 thé rat ra mot sd két luan sau:

- Nhu cdu va cdn bang nédng hrong: Tong nhu
ciu nang luong cho mot mé sdy 100 m® gd keo
lai (chu ky < 21 ngay) duogc tinh todn ~98,1 GJ,
tuong duong ~56,8 kW cong suit nhiét trung
binh lién tuc. Cac thanh phan ning lugng chinh
bao gdm: ning luong hoéa hoi 4m chiém khoang
70%, nang luong gia nhiét vat liéu ~7%, ton that
qua vo 10 va thong gié chiém ~23%.

- Thiét ké hé thong cdp nhiét hybrid: Hé théng
thu ning lwong mat troi dugc thiét ké véi dién
tich tim hap thu > 230 m2, hi¢u suit hip thu
trung binh ban ngay dat hon 60%, dam bao cung
cép co ban dii nhu ciu nhiét cho mé say trong
thoi gian c6 nang. Hé théng hoi nudc bao hoa
dugc tinh toan dé cap bu nang luong khi khong
¢ nang, ban dém,... yéu cau 10 hoi cong suat tbi

thiéu 100 kg/h tai 4 bar va dan trao d6i nhiét
dién tich > 23 m2.

- Thiét ké khi dong hoc va quat tuan hodn: Hé
théng tuan hoan khi nong st dung 10 quat
huéng truc tong cong suat > 22 kW, tao luu
lugng 464.400 m3/h tai cot ap 130 Pa, dam bao
van téc khong khi trung binh 1,5 m/s xuyén
qua dong gb, phu hop véi yéu cau siy g day
trung binh.

- Két qua thir nghiém vdn hanh: Hé thong dugc
lép dat, van hanh thtr nghiém on dinh; nhiét do
sdy duy tri trong dai 50 - 60°C, 46 4m cubi dat
12 £ 0,5%, ty 16 khuyét tat dudi 5%. Thiét b
va cong nghé siy gd két hop c6 kha ning van
hanh 6n dinh, tw dong hoa tét va tiét kiém 35 -
40% nhu cau ning lugng so véi 1o siy hoi
nudc truyén thong, trong khi d6 van bao dam
chét luong gb dau ra dat tiéu chuan san xuét
cong nghiép.

Két qua nghién ctu di chimg minh rang hé
thong sdy gd két hop NLMT - hoi nudc co thé
can bang t6i wu gitta hiéu qua nang lugng va
tinh on dinh ctia qué trinh sdy, gop phan giam
chi phi van hanh, tin dung ngudn ning luong tai
tao, va phil hop dinh huéng phat trién kinh té
tuan hoan va cong nghiép carbon thip trong linh
vuc ché bién gd Viét Nam.

TAI LIEU THAM KHAO

1. Bektas, 1., Bektas, C., 2005. Fundamental aspects of kiln drying lumber (FAPC-151). Oklahoma State University

Extension.

2. Bureau International des Poids et Mesures (BIPM), 2019. The International System of Units (SI Brochure) (9th

ed.). Paris: BIPM.

3. Boone, R. S., Wengert, E. M., & Denig, J., 1999. Drying hardwood lumber (Gen. Tech. Rep. FPL-GTR-118).

USDA Forest Products Laboratory.

4. Cengel, Y. A., & Boles, M. A., 2019. Thermodynamics: An engineering approach (9th ed.). McGraw-Hill

Education.

5. Chen, Q., Zhou, X., & Xu, Z., 2022. Techno-economic analysis of a solar-assisted heat pump drying system for
industrial applications. Applied Thermal Engineering, 205, 118015.

6. Denig, J., Wengert, E. M., & Simpson, W. T., 2000. Drying hardwood lumber (FPL-GTR-118). U.S. Department of
Agriculture, Forest Service. DOI: 10.2737/FPL-GTR-118

7. Duffie, J. A., & Beckman, W. A., 2013. Solar engineering of thermal processes (4th ed.). John Wiley & Sons.

DOI: 10.1002/9781118671603

8. El-Sebaii, A. A., & Shalaby, S. M., 2021. Thermal performance of a solar dryer with a thermal energy storage
system: A comprehensive review. Renewable and Sustainable Energy Reviews, 149, 111394,

159



Nguyén Vin Gidp et al., 2026 (S6 3) Tap chi KHLN 2026

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

23.

24,

Ferrari, S., Cuccui, I., Cerutti, P., Allegretti, O. 2024. A hybrid solar/biomass active indirect kiln dryer for
timber in the Democratic Republic of Congo. International Journal of Ambient Energy, 45(1), Article 2367109.
DOI: 10.1080/01430750.2024.2367109

Intergovernmental Panel on Climate Change (IPCC)., 2006. 2006 TPCC guidelines for national greenhouse gas
inventories.

Intergovernmental Panel on Climate Change (IPCC)., 2019. 2019 refinement to the 2006 IPCC guidelines for
national greenhouse gas inventories.
ISO., 1992. ISO 31-4:1992 - Quantities and units - Part 4: Heat. Geneva: ISO.

Lamrani, B., Draoui, A., Kuznik, F., 2021a. Thermal performance and environmental assessment of a hybrid
solar-electrical wood dryer integrated with photovoltaic/thermal air collector and heat recovery. Solar Energy,
221, 60 - 74.

Lamrani, B., Kuznik, F., Ajbar, A., Boumaza, M., 2021b. Energy analysis and economic feasibility of wood dryers
integrated with heat recovery unit and solar air heaters. Energy, 228, 120598.

Luna, L. M., Allegretti, O., Cerutti, P., Cuccui, 1., 2018. Performance evaluation of a solar timber kiln: A case
study. Energy for Sustainable Development, 44, 58 - 66.

Ministry of Natural Resources and Environment (MONRE)., 2022. National GHG inventory and emission factors
of Vietnam. Hanoi: MONRE.

Ndukwu, M. C., Abesinghe, A., Uzoejinwa, B. B., 2020. Solar drying of food and agricultural products: A critical
review. Renewable and Sustainable Energy Reviews, 124, 109787.

Ngoc, B. D., 2022. Thiét ké ché tao hé théng thiét bi sdy gd x¢ ring trdng bing ning lwong mit trdi. Tap chi Khoa
hoc Lam nghiép, (1), 112 - 119.

Nguyén Xuén Trung, Dinh Vuong Hung, 2014. Thiét bi siy néng san bang ning luong mat trdi tai Viét Nam. Tap
chi Khoa hoc va Phat trién, 12(8), 1148 - 156.

TCVN 13706:2023. G siy - Phan hang theo murc chénh léch d6 4m.

TCVN 2737:2023. Tai trong va tac dong - Tiéu chuan thiét ké.

TCVN 8929:2013 (ISO 4474:1989). Gd khuc cay 14 kim va cdy 14 rong dé xé - Khuyét tat nhin thdy dugc - Thuat
ngit va dinh nghia.

TCVN 8930:2013 (ISO 4473:1988). G khuc cdy 14 kim va cay 14 rong dé xé - Khuyét tat nhin thay duoc - Phan
loai.

World Bank, Energy Sector Management Assistance Program (ESMAP), 2019. Global Solar Atlas 2.0: Technical
report. Washington, DC: World Bank.

Email tac gia lién hé: giaptn85@gmail.com

Ngay nhan bai: 26/10/2025

Ngay phan bién danh gia va sira chira: 31/10/2025; 09/11/2025
Ngay duyét dang: 17/11/2025

160



