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PANH GIA CAC GIAI PHAP LAM MAT TAM PIN QUANG DIEN

EVALUATING OF COOLING SOLUTIONS FOR PHOTOVOLTAIC PANEL
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TOMTAT

Nang lugng mat trdi [a mot loai néng luong tai tao dugc st dung phé bién, né
¢6 vai trd quan trong trong phat trién bén vitng. Hiéu suat cia tdm pin quang dién
(PV) phu thudc vao nhiéu yéu t6 nhu cudng do buic xa, toc do gi6, nhiét do moi
trudng,. .. trong d c6 nhiét do hoat dong cia tdm pin. Khi nhiét do hoat dong
clia PV téng 1°C thi hiéu suat chuyén ddi gidm 0,4 - 0,5%, lam mat tdm PV la giai
phdp can thiét d€ duy tri hiéu sudt. Bai bao nay trinh bay dénh gia tong quan cac
phuang phap lam mat tam PV: [am mat bi dong, lam mat chd ddng. Qua do, nhom
tacgia dua ra uu, nhugc diém cia cac gidi phap va dé xudt mot so gidi phap, nghién
cliu can thiét khi ap dung cdc gidi phap lam mat tam PV.

Tir khéa: Lam mat tdm PV: tdm pin quang dién; nhiét d6 hoat dong; hiéu qua
lam mdt.

ABSTRACT

Solar energy is a type of renewable energy, it plays an important role in
sustainable development. The efficiency of photovoltaic (PV) panel depends on
many factors such as radiation intensity, wind speed, ambient temperature, etc.,
including the operating temperature of the panel. When the operating
temperature of PV increases by 1°C, the conversion efficiency decreases by 0.4 -
0.5%, cooling PV panel is a necessary solution to maintain efficiency. This paper
presents an overview of PV panel cooling methods: passive cooling, active cooling.
Thereby, the authors give advantages and disadvantages of solutions and propose
solutions and necessary research when we apply cooling solutions for PV panel.

Keywords: Cooling PV panel; photovoltaic panel; operating temperature;
cooling effect.
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1. GIGI THIEU

Trong Quy hoach phat trién dién luc qudc gia thoi ky
2021-2030, tdm nhin d&n nam 2050 khdng dinh ddy manh
phat trién cac ngudn ning luong téi tao (thay dién, dién gid,
mat trgi, sinh khoi...), ndang lugng mdi, nang lugng sach
(hydro, amoniac xanh...) phu hgp véi kha nang bao dam an
toan hé théng vdi gia thanh dién nang hop ly, dac biét la cac
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ngudn dién ty san, ty tiéu, dién mat trdi mai nha. Cac nguén
nang lugng téi tao phuc vu san xuat dién, dat ty 1é khoang
30,9 - 39,2% vao nam 2030, dinh hudng dén nam 2050 ty lé
nang luong téi tao 1én dén 67,5 - 71,5% [1].

Dién mat trdi 1a dién nang dugc chuyén hoéa ti quang
nang nhd pin mat tr&i thong qua hiéu Uing quang dién. Hiéu
suat chuyén d6i clia tdm pin quang dién (PV) la ty & gilta
nang luong dién (céng suat dau ra) véi buic xa mat troi. Hiéu
suat danh nghia clia tdm PV dugc xac dinh & cac diéu kién
tieu chudn: nhiét d6 khong khi 25°C, buc xa mat troi
1000W/m?, khéi lugng khong khi 1,5G va chum sang vuéng
g6c véi tdm pin [2]. Hinh 1 thé hién hiéu suat ctia PV trong
phong thi nghiém, déi véi PV thuong mai, hiéu suat trung
binh ctia cdc médun Silicon (c-Si) tinh thé 1a 20,9%, hiéu suat
thap nhat 1a 17,2% va hiéu suat cao nhat la 23,2% [3]. Hiéu
qua clia tdm PV bi dnh hudng bai cac yéu té méi trudng nhu
buc xa, nhiét d6, bui ban, gi6, béng ram, dé am,... [4].
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Hinh 1. Hiéu sudt cGia tdm PV trong phong thi nghiém [3]

Mot phan buc xa mat trdi khéng dugc chuyén héa thanh
dién nang sé lam tang nhiét dé hoat déng cda tam PV, day
la yéu t6 anh hudng dén hiéu qua chuyén déi. G diéu kién
thr nghiém tiéu chuan (STC), khi nhiét 6 hoat déng cta PV
tang 1°C thi hiéu suat chuyén déi gidm 0,4 - 0,5% [5], gia tri
nay chinh la Hé s6 nhiét d6 (Pmax) cla tdm PV. Budng cong
dac trung ca PV & cac nhiét 6 khac nhau dugc thé hién
trong hinh 2.
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Hinh 2. Butng dac tinh clia tam PV 6 cac nhiét do khdc nhau

(@) I-V; (b) P-V [6]

Vé mat thuc nghiém, méi loai PV c6 mot hé s6 nhiét do
khéac nhau, hé s6 nhiét d6 cta céng nghé m-Si, p-Si, CIGS,
CIS, CdTe lan lugt la -0,44; -0,45; -0,38; -0,39; -0,25 (%/°K) [7].

Nham duy tri hiéu suat ctia tam PV khi lam viéc, thi viéc
gidm nhiét do hoat déng (lam mat) la mét gidi phap dugc
nghién ctu, ap dung nhiéu. Nhom tac gia st dung tir khéa
“lam mét PV - cooling PV” dé tra trén hé théng ScienceDirect
cla Elsevier, két qua cho thay sé lugng cac nghién ctu dugc
c6ng bd nhu thé hién trén hinh 3.
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Hinh 3. S0 lugng cong bé lién quan dén “lam mat PV - cooling PV” trén hé
thdng ScienceDirect ctia Elsevier (ngudn: nhom tac gia téng hop trén Elsevier)
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Ta thay, s6 lugng nghién ctiu dugc cdng bé lién quan dén
“lam mat PV” rat nhiéu va lién tuc tang trong cac nam gan
day, chi trong 6 thang dau nam 2023 da c6 gan 4000 nghién
cliu dugc cong bé. Biéu nay ching té van dé lam mat tdm
PV dugc rat nhiéu nha khoa hoc trén toan thé gidi tap trung
nghién cuu.

Bai bao nay trinh bay vé cac giai phap lam mat tam PV,
danh gia hiéu qua céc gidi phap lam mat théng qua mot sé
nghién ctu tiéu biu. Dua trén viéc danh gia dé, nhém tac
gia dua ra cac nhan xét, két luan ciing nhu cac hudng nghién
clu, gidi phap lam mat c6 thé dugc nghién cdu, 4p dung
trong thoi gian téi.

2. GIAI PHAP LAM MAT PV

Hién nay, lam mat tdm PV c6 nhiéu gidi phap khac nhau

va c6 thé dugc phan loai nhu trong hinh 4.

Lam mat tam PV
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Hinh 4. Phan loai gidi phap lam mat tam PV

Lam mat PV c6 thé phan lam hai nhdm chinh la lam mat
bi dong va lam mat chd dong.

Da4i vai lam mat bi dong: 1a lam méat tdm PV dua trén hinh
thiic d6i luu tu nhién gitia tdm PV va méi trudng xung quang
(khong khi, nuéc). Lam mat bi déng dua trén su chénh léch
nhiét d6 ctia khong khi/nudc va nhiét dé bé mat tam PV. Dé
tang cudng kha ndng lam mat c6 thé lam thém canh dé ting
dién tich trao déi nhiét. Vat liéu bién déi pha ciing dugc sur
dung trong lam mat bi déng tdm PV, dua trén dac tinh cda
vat liéu bién ddi pha la hdp phu hoic téa ra mét lugng nhiét
I6n khi thuc hién qua trinh bién déi pha.

Da4i va6i lam mat cha dong: la lam mat tam PV dua trén
hinh thiic d6i luu cudng buc dé ting khé nang trao déi nhiét,
chuing ta st dung quat (lam mat bang khéng khi), bom (lam
mat bang nudc) dé tang lugng chat lam mat. Khi st dung
chat lam mat tdm PV (dang 16ng), dé nang cao hiéu qua lam
mat (tdng hé s6 trao d6i nhiét) c6 thé b6 sung mot cac hat
nano c6 hé s6 truyén nhiét cao.

3. DANH GIA CAC GIAI PHAP LAM MAT TAM PV
3.1. Lam mat bi dong

D€ tang cudng kha nang trao d&i nhiét gitta tam PV va
moi trudng khong khi, cac bé tan nhiét da dugc nghién ciu
ché tao va gan vao mat sau tdm PV. Nhom la vat liéu phd bién
dé ché tao bd tan nhiét do hé s6 dan nhiét cao, gia thanh
hagp ly, dé gia cong ché tao. Cac hinh dang canh, cau trdc
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canh khac nhau da dugc cac tac gia nghién clu, danh gia
hiéu qua lam mat tdm PV nhu: canh gian doan [8, 9], canh
phang [10], cdnh phdng c6 duc 16 [11], cdnh hinh chit nhat,
hinh tron [12], cdnh phadng dat nghiéng [13]. Bén canh do,
vat liéu déng cling dugc S. V. Hudisteanu va cong su [14] s
dung dé ché tao bo tan nhiét va c6 hiéu qua lam méat tét hon
do hé s6 truyén nhiét t6t han nhom nhung chi phi dat hon,
kho gia cong hon so v&i nhom.

Hinh 5 thé hién mét nghién ctiu thuc nghién st dung cac
b6 tan nhiét canh nhém 13p & mat sau dé lam mat tdm PV.

Hinh 5. Bo tan nhiét bang nhom cé canh gidn doan [9]

Nudc la chat lam mat hiéu qua dugc st dung nhiéu trong
qua trinh lam mat. Tac giad Shenyi Wu va Chenguang Xiong
[15] da ti€n hanh nghién ciu thuc nghiém bang cach tao
mua theo dit liéu thuc té dé danh gia kha nang lam mat tam
PV. Nghién ctru [16, 17] lam méat tdm PV bang cach tao dong
chady ty nhién trén bé mat tam PV nha thé nang chénh léch
cla binh chia nudc (hinh 6). M6t giai phap khac lam mat bi
doéng tdm PV bang nudc d6 la ngdm tam PV trong moi
trudng nudc da dugc nghién clu, danh gia trong [18, 19].

Hinh 6. Lam mét tam PV nho dong chay tu nhién cda nudc [17]

Vat liéu bién déi pha nhu paraffin, RT, ceresin, dau co,...
chta trong cac ngan chira dugc ldp vao phia mat sau tam PV
dé hap thu nhiét gidp lam mat tdm PV [20 - 25]. D& tiang
cudng kha nang truyén nhiét, cic ngan chia vat liéu bién déi
pha dugc ché tao thém cac canh [26 - 29]. Péng thai, dé cai
thién mot s6 tinh chat nhiét cta vat lidu bién di pha, mét
s6 vat liéu nano da dugc thém vao nhu nano déng [26], nano
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AlLO; [30], két qua cho thay ti 1& vat liéu nano bé sung thém
vao vat liéu bién d8i pha dnh huéng dén hiéu qua lam mat
tam PV.

Hinh 7 13 hinh dang cla ngin chia vat liéu bién d6i pha
v3i s6 lugng canh khac nhau dugc ché tao dé 13p vao mat
sau tam PV.

Hinh 7. Ngan chifa vt liéu bién ddi pha [27]

Bang 1 t8ng hgp danh gia hiéu qua lam mat bi dong tdm
PV.
3.2. Lam mat cha dong

Tac gia Nabil A.S. EIminshawy va cong su [31] da ché tao
hé théng lam mat khong khi bang cach dan qua nén dat,
trudce khi st dung lugng khéng khi nay dé lam mat tam PV
(hinh 8). Hiéu qua ctia hé thong nay phu thudc vao dé chénh
léch nhiét dé gilra méi trudng va nén dat.
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Hinh 8. Hé thdng lam mét tam PV vai b trao ddi nhiét véi dat [31]

1.Quat; 2. Van diéu khién; 3. Kiém soat nhiét do; 4. Say khong kh; 5. Ong cap;
6. Cach nhiét; 7. Kénh dan khong khi lam mét; 8. Tam PV; 9. Ong thoat khdng khi
lam mét; 10. Ong thoat céch nhiét; 11. Nén dat; 12. B6 6ng trao ddi nhiét; 13. Tai
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Bang 1. Danh gia hiéu qua lam mat bi dong tdm PV

STT | Chat gidi nhiét Théng s6 nghién ciiu Két qua TLTK
1 | Khongkhi Tam PV polycrystalline 15Wp. Giam nhiét @ tam PV: [8]
Bd tan nhiét bang nhom, canh gian doan véi chiéu cao 40mm, rong 20mm. 5-7%C
Nhiét do moi truong 28°C
2 Tam PV polycrystalline 15Wp. Gidm nhiét do tam PV: 10°C [13]
B4 tan nhiét bang nhom, cdnh ¢d chiéu rong 20mm, day 0,71mm, cao 40mm, khoang cach
canh 42mm dugc dat nghiéng mot goc 30° so véi phuang vudng goc mat sau tam PV,
3 Tam PV kich thudc 35 x 70cm, 30Wp. Giam nhiét d6 tam PV: 6,1°C [10]
B4 tan nhiét bang nhdm kich thudc 60 x 28cm, canh phéng cao 40mm
4 Tam PV monocrystalline 50Wp. Canh hinh chit nhét co hiéu qua | [12]
BA tan nhiét bing nhom c6 canh dang hinh chi nhét va hinh tron: gidi nhit tot hon canh hinh
- Hinh chit nhét: day 7mm, cao 25mm, dai 720mm, 14 cénh, khoang céch canh 3mm. tron.
- Hinh tron: duding kinh 5mm, khodng céch canh 4mm, 205 cénh Giam nhiét do tam PV: 7°C
5 Tam PV polycrystalline 75Wp. Giam nhiét d6 tam PV: 3,39°C [9]
(ac loai canh nhdm ¢6 kich thudc khac nhau (cao 7 va 12cm, dai 20 va 60cm) dugc dan [én mat
sau tam PV bang tdm dan nhiét véi s0 lugng canh 9, 13, 26 canh theo chiéu doc hodc ngang
6 Tam PV polycrystalline 260Wp. Gidm nhiét do tam PV: 3°C [11]
174 canh nhom kich thudc 80x80mm, day 1,5mm dugc duc 5 16 dugc gan Ién mat sau tam PV
7 Tam PV monocrystalline 320Wp. Giam nhiét d6 tam PV: 15°C [14]
B4 tan nhiét bang dong, canh day Tmm, cao 20mm, ba tri doc tam PV dai 1520mm, bo tri
ngang tam PV dai 860mm, gom ba loai: khong duc 16, duc 16 dutng kinh 30mm, duc |6 dudng
kinh 60mm.
Nhiét do méi truong 35°C.
8 | Nudc Tam PV gom 8 cell 6 kich thudc 6 x 6 x 0,3cm. Gidm nhiét d6 tam PV: 32°C. [16]
Nudic lam mat chia trong binh dét & 6 cao 1,2m, chdy tu nhién trén bé mat tam PV nhg chénh
léch thé nang, nudc lam mat khdng tuan hoan. Luu lugng nudc 0,03 - 2I/phdit, nhiét dd nudc
28°C.
9 Tam PV polycrystalline 2Wp. Giam nhiét d6 tam PV: 24,6°C | [18]
Tam PV dugc ngan trong nuéc véi do sau 1 - 6cm. (ngam séu Tcm); 28,6°C (ngam
sau 6cm).
10 Tam PV 40Wp. V6i céc luu lugng cta nudc lam | [17]
Nuc lam mét chifa trong binh dit & do cao 1m, nudc chdy trong 6ng dong c6 816 duong kinh | mdt khac nhau, nhiét d6 cda
mm I3p phia trén dau tam PV dé tao I6p nudc chay tu nhién trén toan bo bé mat tam PV, nugc | tam PV gidm dugc nhiéu nhat
lam mét khdng tuan hoan. Luu lugng nudc chay gian doan 31/phdit; 5,31/phit; 6,21/phtt va chay 25C.
lién tuc 0,61/phit.
n Tam PV polycrystalline 100Wp. Giam nhiét d6 tam PV: toi da [19]
B& nudic Iam bing acrylic kich thudc 1,8 x 0,83 x 0,26m, chifa 380kg nuidc, tam PV dugcngam | 12,9°C (ngam séu 40mm).
trong bé nudc & cac do sau 10, 20, 30, 40mm.
12 Tam PV 250Wp, dat nghiéng géc 38°. Gidm nhiét @ tam PV: trung [15]
Tao diéu kién [am mét nhu c6 mua dua trén dif liéu thu thap thuc té. bi';h 12,5-18,5°C; cao nht
19°C.
13 | Vatliéubiénddi | Tam PV dugclap thém IGp vat liéu bién ddi pha paraffin day 23mm & phia sau. Giam nhiét d6 tam PV: 20,74°C | [20]
14 | pha (PCM) Ngan chia vt liéu bién d6i pha paraffin RT42 c6 kich thudic bén ngoai 36 x 35 x 35mm. Ngan | Gidm nhiét do tim PV: [26]
chifa 6 1ap thém 20 cénh bang nhom day Tmm, cao 0,5mm, khoéng cach cénh 0,5mm.Vat |- Paraffin RT42 khong canh:
liéu bién doi phan b sung thém 0,5% khdi lugng nano dong 60nm. 9,6°C
- Paraffin RT42 ¢6 canh: 10,7°C
- Paraffin RT42 bé sung nano
dong khong canh: 11,2°C
- Paraffin RT42 bé sung nano

dong c6 canh: 12,5°C
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Bang 1. Danh gia hiéu qua lam mat bi dong tdm PV (tiép theo)

diéu chinh Quat gio

Hinh 9. Hé thong lam mat tdm PV véi tuabin gi6 [32]

Mot hé théng tuabin gié co6 6ng hinh nén nhu hinh 13
dugc ché tao dé€ cung cdp khong khi lam mat mat sau tdm
PV [32]. Cac kénh dan gi6 lam bang vat liéu khac nhau, s6
lugng kénh khéac nhau ciing dugc nghién ctu va danh gid
trong [33]. Mét gidi phap khac la gan thém quat gié st dung
dong co DC 5W va6i s6 lugng quat 1, 2, 3,4 quat (hinh 10) [34].

Kénh dan gio bang thép cung cap khong khi lam mat
dugc lap dat phia sau tam PV [35] hodc lap bo 6ng hiat khong
khi néng phia sau tam PV [36].
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STT | Chat gidi nhiét Théng s6 nghién ciiu Két qua TLTK
15 | VatliéubiéndGi | Tam PV c6 kich thudc 100 x 100 x 0,5mm. Giam nhiét d6 tdm PV: trung [21]
pha (PCM) Vat liéu bién d6i pha RT44 dugc chifa trong ngén chifa kich thudc 100 x 100 x 30mm Iap phia | binh 21,2°C; tdi da 35°C.
sau tam PV.
16 Tam PV polycrystalline T0Wp dét nghiéng 15°. Giam nhiét do tdm PV: [29]
Vét liéu bién ddi pha RT58 chiia trong ngdn chia lam bang nhom kich thudc 270 x 350 x - Khéng cénh: 12°C
25mm, ¢6 9 canh bang nhdm kich thudc 220 x 3 x 5Smm dé tang cudng trao ddi nhiét. - (6 canh: 22,3°C
17 Tam PV monoarystalline CLOT0- 12. Giam nhiét do tam PV: 7°Cdoi | [22]
Ba loai vét liéu bién ddi pha paraffin 42-44, rubitherm RT22, caresin dugc I vao mét sau tdm PV | vdi paraffin 42-44,
véi do day 20, 30, 50mm.
18 Tam PV polycrystalline 20Wp. Giam nhiét do tam PV: 15°C [271
V4t liéu bién ddi pha paraffin RT27 chifa trong ngan chita bang nhdm dugc thiét ké 0,3, 6 va | ddi véi ngan chia c6 12 cnh
12 canh.
19 Tam PV polycrystalline 20Wp dét nghiéng 15°. Ngan chiia c6 dang canh c6 hiéu| [28]
Vit liéu bién ddi pha ddu co chia trong ngén chia dang ranh (dién tich bé mit 4158,5cm?), | qud lam mét tot nhét, nhiét do
0ng (4346,8cm?), canh (5402cm?). tam PV giam dugc 6,1°C.
20 Tam PV polycrystalline 40Wp. Giam nhiét do tam PV: 10,5°C. | [23]
Vét liéu bién d6i pha paraffin RT42 chia trong ngan chia lam béng nhom day 4mm dung tich
10,21, khi vt liéu bién ddi pha & trang thai dong ddc c6 khoang trong 7cm.
21 Tam PV polycrystalline 50Wp. Kha nang giam nhiét do tam | [30]
Vit liéu bién ddi pha Calcium Chloride Hexahydrat (CaClHi,06) bd sung thém nano Al,0; véi ti | PV phu thudc vao ti 18 Al,0s.
18 0%; 0,25%; 0,5%; 0,75%; 1% khéi luang chifa trong kénh kich thudic 25 x 25mm day Tmm. | T6i da gidm duoc 14,5°C.
22 Tam PV 170Wp. Giam nhiét do tam PV: t6i da [25]
Vat liéu bién ddi pha la hon hop gitia 70% CaCl,.6H,0 va 30% FesCl,.6H;0. 9'C.
23 Tam PV monocrystalline 250Wp. Giam nhiét do tdm PV: trung | [24]
Vat liéu bién ddi pha paraffin RT25HC day 35mm I3p phia sau tam PV, ngoai cing la tam kinh | binh 22-24°, t6i da 35,6°C.
acrylic trong sudt day 5mm.
B tan nhiét n
N@%}U&w /
Dénfhalogen /
1‘ . * 5
Nhict ké >R
Théu kinh chuin tnre - —
= Van gib t

Hinh 10. Lam mat tdm PV st dung quat dong co DC5W [34]

Hinh 11 mé ta phuong phap lam mat tdm PV bang kénh
dan nudc cé tiét dién thay ddi [37] hoac nhiéu kénh dan khac
nhau I4p phia mat sau tdm PV [38], b6 trao d8i nhiét bang
nhém [39], bd trao d8i nhiét c6 sén trén thi trudng [40] thong
qua may bom cé thé diéu chinh dugc luu lugng da dugc
nghién ctru. Hé théng phun nudc, phun suong Ién bé mat
trudc va sau tdm PV cling dugc nghién clu trong [41 - 44].
Hinh 12 thé hién hé théng phun nudc lam mat cho bé mat
trudc va sau clia tam PV.
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Bang 2. Danh gia hiéu qua lam mat chti dong tam PV

STT | Chét giai nhiét Théng s6 nghién ciiu Két qua TLTK
1 | Khong khi Tam PV polycrystalline gom cac cell SWp, bo tri trén dién tich 374cm? V6i luu lugng 100m*/h nhiét d trung| [32]
Hé thong lam mét mét sau tim PV dang tuabin ng hinh nén. Luu lugng khong khi 6 | binh t&m PV gidm 16 - 26°C tlty thudc vao
thé diéu chinh tir 100 dén 340m*/h. cuong do buc xa.
2 Tam PV polycrystalline gom 36 cell. Giam nhiét do tdm PV tuong ting nhu| [33]

Kénh dan khdng khi dugc ché tao bang nhom va dugc 1dp vao mat sau tam PV nhu sau: | sau: 5,2°C; 8,4°C; 9°C; 12,1°C
- 3 kénh tiép xdc véi mat sau qua tam tedlar;

- 3 kénh tiép xtic véi mét sau qua tdm nhom Tmm;
- 3 kénh tiép xdic véi mat sau qua tdm nhom 2mm;
- 4 kénh tiép xtic véi mat sau qua tdm nhom Tmm;
Toc do khong khi 2,3m/s.

3 Tam PV polycrystalline 250Wp. Giam nhiét d6 tam PV: 13°C [31]
B0 trao ddi nhiét gdm 12 hang 6ng dai 1,2m duting kinh 19mm duoc chon dudi dat
sdu Tm, khdng khilam mét dugc cap nhd quat qua 6ng gop dai 2m dudng kinh 80mm.

4 Tam PV monocrystalline 250Wp. Giam nhiét do tam PV nhu sau: [34]
Strdung 1,2, 3 va 4 quat dong co DC5W Idp truc tiép vao phia sau tam PV. -1 quat: 4,81°%C
-2 quat: 14,09°C
-3 quat: 14,7°C
- 4 quat: 16,03°C

5 Tam PV polycrystalline 240, 250, 260, 270 va 280Wp. Giam nhiét do tdm PV: trung binh 16°C. | [35]
Kénh dan gi6 bang thép lap phia sau tam PV ¢4 st dung quat vdi van toc khong khi 2
va 4m/s.

6 | Nudc Tam PV monocrystalline gom 6 cell 3,4Wp. Giam nhiét do tam PV: [37]
Kénh dan c6 tiét dién thay d6i nh dan theo dong chéy cla nudic, dau vao c6 kich thudc 20 x | - Mua he: 26,1°C
134mm. Luu lugng nudc 1,81/phiit. - Mua dong: 11,9°C

7 Tam PV YSP-20M 20Wp. Gidm nhiét do tam PV: [39]
B6 trao ddi nhiét bang nhdm dugc Iap phia sau tdm PV. St dung bom 12V d& cép nudc | - Mat trudc: 6,7°C
cho bd trao ddi nhiét. - Mt sau: 16,5°C

8 Tam PV polycrystalline gom 18 cell 3Wp. Giam nhiét do tdm PV: [38]

B tén nhiét dang kénh dan dugc cdp nudc béi 2 loai 6ng cap: 16ng cdp dai 22cm rong |- 16ng cdp: 6,8°C
Tmm séu 500pm va nhiéu ong cap dai 7cm rong Tmm sau 500pm. S dung bom | - Nhiéu 6ng cap: 19°C

AP1400F.

9 Tam PV monocrystalline gom 50Wp. Giam nhiét do tam PV: tr 5 - 23°C tuy | [41]
St dung bom DC bom nuc 1én bé mét tim PV. thudc cudng do bic xa

10 Tam PV monocrystalline SLS0M 50Wp. Giam nhiét do tam PV: [42]

Lam mat t&m PV béng cach phun nuc én bé mt trugc va sau tam PV. Ong dan nudc | - Lam mét mat sau: 22,3°C
dudng kinh 4mm dit cich mit trudc 80mm, cach mét sau 150mm. Ap suat nudc trung | - Lam mat mat trudc: 26,4°C
binh 4,8bar, nhiét d9 nudc trung binh 17°C, luu lugng téi da 2251/h. - Lam mét & hai mat: 31,9°C

N Tam PV monocrystalline BP7185 185Wp. Gidm nhiét do tam PV: 30°C [43]
Lam mét bang phun nudc tir 120 voi phun [én bé mat tdm PV. Nuéc dugc cap béi bom
THP, nhiét d6 nudc lam mat 25°C.

12 Tam PV monocrystalline 230Wp. Giam nhiét d6 tadm PV: 7,3°C [40]
Strdung b trao ddi nhiét c6 san Sundrum Solar SODM100 gdn |én phia sau tam PV. Bom
0,5HP, luu lugng I6n nhat 3,61/phiit cung cap nudc lam mat cho bg trao ddi nhiét.

13 Tam PV khong xdc dinh cong sudt lap dat san tai Dai hoc Politechnica 6 Bucharest - | Gidm nhiét do tam PV: [44]
Romania. - Mat trudc: 13,4°C
Lam mét béng tao mot I6p nudc trén bé mat tam PV bang dng nudc 1&p phia trén ¢4 | - Mt sau: 14,7°C

2516 dutng kinh 1,5mm. Nhiét @ nuc 24°C, luu lugng 2I/phit.

14 |Dungdichnano | Tam PV monocrystalline 40Wp. Giam nhiét do tdm PV: [45]
B0 trao ddi nhiét béng dong gan sau tam PV. Chat lam mat |a nudc tinh khiét va nudc | - Nudc tinh khiét: 16°C

€6 b6 sung thém nano silica 11 - 14nm véi ty 18 1, 2, 3% khdi lugng, luu lugng 20, 30, | - Nudc b§ sung 1% nano silica: 17°C
401/gio. - Nuc b sung 3% nano silica: 18°C
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Bang 2. Danh gia hiéu qua lam mat chti dong tam PV (ti€p theo)

STT | Chat gidi nhiét Théng s6 nghién citu Két qua TLTK
15 |Dungdichnano | Tam PV monocrystalline 40Wp. Gidm nhiét do tam PV: [49]
Bd trao ddi dang 6ng bang dong gan phia sau tam PV. Chdt lam maét la nu6c bé sung | - Nudic b3 sung nano Ti0,: 11,48°C
thém vat liéu nano Ti0,, Al,03, Zn0 véi ty 1€ 0,2% khdi lugng, luu lugng 40kg/gic. | - Nudc bo sung nano Al,03: 11,3%C
- Nuc b6 sung nano Zn0: 11,85°C
16 Tam PV monocrystalline SFPYM50 50Wp. Gidm nhiét do tam PV: [53]
Bd trao ddi nhiét 6ng ddng 3/8” day Tmm gdn phia sau tam PV. Chét lam mét [ nudc | - Nudc tinh khiét: 7,8°C
bd sung thém vét liéu nano Ti0, vdi ty 1é 1, 2, 3% khdi lugng, luu luong 0,8 + 1,61/s. | - Nudic bé sung 1% nano Ti0,: 8°C
- Nudic b& sung 2% nano Ti0,: 8,2°C
- Nudc ba sung 3% nano Ti0y: 9,9°C
17 Tam PV monocrystalline SFPVM-50 50Wp. Gidm nhiét do tdm PV: 10°C véi biic xa| [55]
Bd trao d6i nhiét bang dong day Tmm gan phia sau tdm PV. Chat lam mat I3 nu6c b | 823,5W/m?, luu luong dung dich lam maét
sung thém 1% vat lidu nano Al,0; va 1% vét liéu nano Ti0,, luu lugng 0,5 < 31/phdit. | 2,51/phit.
18 Tam PV SR-100S 100Wp. Giam nhiét do tam PV: 23°C. [51]
B0 trao ddi nhiét dang kénh dan bang nhom sau 8mm gan phia sau tdm PV. Chét lam
mat 13 nudc b§ sung thém vat liéu nano Al,0; vdi ty 1€ 1; 1,59/13 nudc.
19 Tam PV monocrystalline 110Wp. Gidm nhiét do tam PV: (47]
Bd trao ddi nhiét gom 16 6ng dutg kinh 10mm gan phia sau tam PV. Chat lam mat | - Nudc bd sung nano Al,05: 5°C
la nudc b sung thém vét liéu nano MWCNT, Al,0s, CuO véi ty 1€ 0; 0,5; 1; 2,5; 5% thé | - Nudc bé sung nano Cu0: 6,5°C
tich. - Nu6c b6 sung nano MWCNT: 9%C
20 Tam PV STF-120P6 120Wp. Giam nhiét do tam PV: 17,24°C. [54]
Chét 1am mat la nudc bd sung thém vat liéu nano SiC vdi ty 18 1; 1,5; 2; 3; 4% khéi
lugng véi dung tich 12I. Chat lam mét dugc cung cap cho bd lam mét bang bom
stream PM45 cGa Trung Qudc.
21 Tam PV STF-120P6 120Wp. Giam nhiét d0 tdm PV so vdilamméatbang |  [52]
Bo trao ddi nhiét dang 6ng thép day Tmm kich thudc 15 x 25mm. Chét lam mat [ | nudc tinh khiét:
nu6c bé sung thém vat liéu nano SiC, Ti0y, Si0, véi ty 18 0; 0,5; 1; 2% khdi lugng, luu | - Nudic b sung nano Si0y: 1,06°C
lugng 0,17kg/s. Thuc nghiém véi biic xa 1000W/m?., - Nudc b sung nano Ti0y: 3,49°C
- Nudc b sung nano SiC: 7,4°C
22 Tam PV monocrystalline 150Wp. Két qua thuc nghiém cho thy ty 18 2% | [56]
Bo trao ddi nhiét bing ddng dudng kinh 12,5mm, dai 2,5 dugc xodn dc véi khoang | khéi luong cho hiéu qué cao nhat, gidm
cach giifa cdc vong 1a 30mm gén phia sau tam PV. Chét lam mat 13 nudc bd sung | duoc tdi da 45°C.
thém vat liéu nano CNT/ALL0; (50:50%) vdi ty 18 0,1; 0,5; 2% khdi lugng. Chdt 1am | Gidm nhiét do tdm PV trung binh:
mat dugc cap cho bd trao ddi nhiét bang bom 12VDC. - Nudc tinh khiét: 11,42°C
- Nudc bd sung 1% nano CNT/AI,0;: 13,88°C
23 Tam PV polycrystalline 155Wp. Két qua thuc nghiém cho thay ty I8 nano| [50]
Bo trao ddi nhiét 6ng dong hinh ban nguyét duang kinh 0,93cm gan phia sau tam | Al,0sbd sung vao nudc tot nhat la 0,05%.
PV. Chdt lam mat la nudic bo sung thém vat liéu nano Al,0; véi ty 18 0,01; 0,03; 0,05% | Giam nhiét do tdm PV: t6i da 22,88°C ddi
khéi lugng, luu lugng 0,01; 0,03; 0,05; 0,07kg/s. Nhiét do dung dich 27 < 30°C. véi dung dich nudc bé sung 0,05% nano
Al,0, luu lugng 0,07kg/s so vdi tam PV
khong lam mét.
24 Tam PV monocrystalline bao gom 72cell. Gidm nhiét do tam PV: 30,4°C & bic xa| [46]
Chét lam maét t&m PV 13 nudc bd sung thém vat liéu nano Cu0 50nm véi ty 1& 0,01; | 1000W/m? sau 45 phiit
0,1;0,2; 0,3 (g/1), luu lugng 0; 3,5; 8,5; 12,5m*/gic.
25 Tam PV monocrystalline bao gom 72cell. Gidm nhiét do tam PV: [57]
B6 trao ddi nhiét gdm 40 ranh chit nhét kich thudc 24 x 1,8 x 0,5mm gén phia sau | - Nugic bé sung 0,01% nano: 29,79°C
tam PV. Chat 1am mét la nudc bo sung thém vét liéu nano biohmite (AIOOH.xH,0) véi | - Nudc b6 sung 0,2% nano: 28,99°C
ty18.0,01;0,1; 0,3% khdi lugng. Nhiét do thuc nghiém 20°C, luu lugng 300ml/phit. | - Nu6c bs sung 0,3% nano: 27,29°C
26 Tam PV monocrystalline khong xac dinh cng suat. Giam nhiét do tam PV: 36,9°C so vdi lam |  [48]
Chét lam mat tam PV 1a nudc bd sung thém vat liéu nano Al,0; 50nm véi ty 1é 0,3% | mdt bang nudc tinh khiét.
khdi lugng, luu lugng 0,21/s.

94 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S6 5 (10/2023)

Website: https://jst-haui.vn




P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Ton that doi luu
i——

. i Birc xa mat troi
Ton that birc xa

Kénh dan
[
P\

Hinh 11. Lam mét tam PV béng kénh dan nudc c6 tiét dién thay ddi [37]

7 e | : \\\S

Dong
chay vao

Hinh 12. Lam mat tdm PV bang phun nudc 1én bé mat trudc va sau tam PV [42]

Vat liéu nano dugc b8 sung vao chat lam mat (nudc) dé
lam mat tdm PV nhu: silica [45], CuO [46, 471, Al,Os [47 - 51],
TiO, [49, 52, 53], Zn0 [49], SiC[52, 54], MWCNT [47], SiO, [52].
Hon hgp nano Al,Os (1%) va TiO; (1%) [55], nano CNT/ALLOs
(ti 1&é 50/50) [56] dugc nghién clu va danh gia kha nang lam
mat. Hinh 13 la m6 hinh thi nghiém st dung chat lam mat
b6 sung thém vat liéu nano trong lam mat tam PV.

Ong cach
ahidt

Nudc vao

Nuée ra

= Thiétbj do
Tuu lwgng
Bom

Van diéu khién
ong hit

Hinh 13. Lam mat tdm PV st dung chat |am mat b sung thém vat liéu nano
[53]

Bang 2 tdng hap danh gia hiéu qua lam mat chd dong
tam PV.

3.3. Nhan xét

Phuong phéap lam mat bi déng tdm PV: C6 hé théng
thiét bi, van hanh dan gian; Qua trinh hoat dong khéng cé
ti€éng 6n do khéng c6 cac thiét bi chuyén ddng; Khdng can
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bat cir ngudn nang lugng nao trong qua trinh hoat dong;
Hiéu qua gidi nhiét thap hon phuong phéap lam mat cha
doéng. VaGi lam mat bi dong st dung nuéc, tdm PV duoc
ngam trong nuéc hoac I&p nudc chdy tu nhién trén bé mat
nén sé anh hudng dén qua trinh truyén anh sang dén I6p
cell, tao I&p cau can trén bé mat tdm PV sau thoi gian hoat
déng do d6 &nh hudng dén hiéu suat chuyén déi quang
nang thanh dién ning. SI dung vat liéu bién d8i pha dé
[am mat tam PV 1a moét giai phap hiéu qua, tuy nhién can
phai lua chon va tinh toan khéi lugng vat liéu phu hgp véi
diéu kién thuc té. Sau khi vat liéu bién déi pha nhan nhiét
turtdm PV, vat liéu sé bién déi pha tir rdn sang 16ng. Dé bién
dé&i trd lai ti pha 1dng sang ran, can thai gian dai di dé tod
nhiét ra moi trudng, nén giadi phap nay phu hgp véi nhiing
khu vuc c6 su chénh léch nhiét d6 gilra ngay va dém Ién.

Phuang phap lam mat cht dong tam PV: C6 hiéu qua giai
nhiét cao hon phuong phap bi déng; Hé théng thiét bi, van
hanh phtc tap do can hé théng dudng 6ng dan khong khi,
chat 16ng cing nhu bam va quat; Can phai tiéu tén nguén
nang lugng nhat dinh dé van hanh bom, quat; Hé théng tao
ra ti€ng 6n khi hoat ddng do c6 cac thiét bi chuyén dong;
Qua trinh [am viéc can dugc vé sinh, bdo dudng dé hiéu qua
dugc cao. S dung nudc trong qua trinh lam mat chd dong
cling anh hudng dén kha nang truyén anh sang dén I6p cell
va tao cau can trén bé mat tdm PV nén anh huéng dén hiéu
suat chuyén déi quang nang thanh dién nang. St dung dung
dich nano trong lam mat tdm PV la phuang phap dugc danh
gia co6 hiéu qua lam mat cao nhat, tuy nhién chi phi ban dau
kha cao do gia thanh cuda vat liéu nano cao. Cac loai nano
khac nhau, ty 1& nano trong dung dich anh huéng dén hiéu
qud 1am mét tdm PV nén can tinh toan, thit nghiém dé lua
chon vat liéu nano, ty 1&é cho phu hgp.

Bang 3 va 4 thé hién uu, nhugc diém, danh gia do phuc
tap va hiéu qua cta cac phuong phap lam mat tam PV.

Bang 3. Uu, nhugc diém cla cac phuong phap lam mat tim PV

Phuong | Chat
STT| phap | lam
lam mat | mat

Uu, nhugc diém

1 |Lammét |Khong |- Khongtao ra tiéng 6n khi hoat dong.
bidong | khi - Hé thdng thiét bi, van hanh don gian, chi phi thap.
- Khdng can cung cdp nqudn ndng lugng dé hoat
dong.
- Hiéu qua lam mat thap.
b Nugc |- Khong tao ra tiéng on khi hoat dong.

- Hé thdng thiét bi, van hanh don gian, chi phi thap.
- Khdng can cung cdp ngudn nang lugng dé hoat
dong.

- Do dugc ngam trong nudc hodc tao I6p nudc chdy
tu nhién trén bé mat tam PV nén sé anh hudng dén
anh séng truyén tdi I6p cell.

3 Vit ligu | - Khdng tao ra tiéng on khi hoat ddng.

bign |-He thdng thiét bi tuang doi don gian.

ddipha | - Khong can cung cdp ngudn nang lugng dé hoat
(PCM) | dong.
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- Hiéu qua lam mat tueng di cao, chi phi dau tu
tueng doi lon.

- (an phadi tinh toan khoi lugng PCM phu hop, néu
Iugng PCM khong dd sé lam tich tu nhiét tang Ién.

- (an ¢6 thai gian dai d&€ PCM gidi nhiét.

- Phuang phép nay phu hgp véi ving ¢6 su chénh
l&ch nhiét dd ngay va dém l6n.

- Hé thong lam mét can 6 quat nén tiéu ton thém
phan nang lugng cho quat.

- Hé thdng tao ra tiéng on.

- Hé thdng phiic tap hon lam maét bi dong bang
khdng khi nhung ¢6 hiéu qua gidi nhiét cao hon.

- Qua trinh st dung can phai bao dutng, stra chira
dinh ky.

- Hé thdng lam maét can hé thdng dutng ong va bom
nudc nén kha phic tap.

- Do str dung bam nén hé thdng can tiéu tn nang
lugng va tao ra tiéng on.

- Qua trinh str dung can phaéi vé sinh dutng 6ng va
bao dudng dinh ky.

- Hiéu qua gidi nhiét cao han lam mat bi dong bang
nugc.

6 Dung |- Héthdng lam mét can hé théng dudng Gng va bom
dich  |nudcnén kha phic tap.

nano |- Do st dung bom nén hé théng can tiéu ton nang
[ugng va tao ra tiéng on.

- Qué trinh st dung can phai vé sinh dung dng va
béo dudng dinh ky.

- Chi phi ban dau d€ 13p d&t hé thdng I6n, do vét liéu
nano kha dat.

- Hiéu qua gidi nhiét cao nhat.

4 |Lammadt |Khdng
chdong | khi

5 Nudic

Bang 4. Danh gia do phic tap va hiéu qua clia cac giai phap lam mét tam PV

Phuong Do phiictap | Hiéu qua
STT | phap Chat lam mat ctia hé théng gidi

lam mat lam mat nhiét

1 |Lammét |Khdng khi v v

2 |biddng | Nugc v w

3 Vit liéu bién doi pha (PCM) v v

4 |Lammdt |Khong khi w vV

5 |chudong | Nugc Wy Wy

6 Dung dich nano VY VvV

Ghi chi: Cang nhiéu v cang phtc tap, hiéu qua; danh gia tirv dén vwv.
4, KET LUAN

Nang lugng mat trgi la ngudn nang lugng tai tao dugc st
dung rat phd bién hién nay dé thay thé cac nguén ning
lugng truyén théng. Tam PV tao ra dién nang nha hién tuong
quang dién, chuyén déi quang nang thanh dién nang. Hiéu
suat cia tdm PV phu thudc vao nhiéu yéu t6 khac nhau nhu:
cudng dé buc xa, nhiét d& méi trudng, téc dd gio,... trong
do c6 nhiét d6 hoat déng ctia nd. Lam mat tam PV dugc
nhiéu nha khoa hoc quan tdm nghién ciu, thit nghiém dé
duy tri hiéu suat ctia tdm PV. Hién nay, lam mat tam PV ¢ hai
phuong phap la lam mat chd déng va lam mat bj dong, su
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dung chét gidi nhiét 1a khéng khi, nudc, vat liéu bién déi pha,
dung dich nano. Tuy thudc vao diéu kién thuc té, ching ta
Iua chon gidi phap lam mat phu hgp. Trén ca sé cac két qua
nghién ctu da dugc cong bo, bén canh viéc nghién cdu phat
trién vat liéu ché tao cell c6 hiéu suat chuyén déi quang
nang thanh dién nang cao hon, nhom tac gia dé xuat mot s6
gidi phap, nghién ctru can thiét vé lam mat tdm PV nhu sau:

- Cac nghién ctu chd yéu la nghién ctiu cho tdm PV riéng
I&, chua c6 mét nghién ctiu nao toan dién trén mot hé théng
I6n, thuc té. Trong thgi gian tdi, can c6 nhiing nghién cdu
mot cach toan dién, quy mé I6n, trén thuc t€, danh gia bai
toan ky thuat - kinh té, c6 kha nang thuong mai hoa.

- Khi tinh toan hiéu qua nang lugng d6i véi phuong phap
lam mat ch( ddng tdm PV can trir di phan nang luong su
dung dé van hanh bom, quat.

- Chétao vatliéu son, tao mang trén bé mat tdm PV nham
gidm kha nang hap thu nhiét nhung khéng anh hudng dén
kha ning dé 4nh sdng mat troi xuyén qua dén 13p cell.

- Cac phuong phéap lam mat s&r dung dung dich nano va
vat liéu bién déi pha can tinh dén dé tin cay khi van hanh va
can giam chi phi dau tu ban dau ciing nhu qua trinh van
hanh cla cac hé théng nay.

- Phuong phap lam mat sir dung vat liéu bién d6i pha, vat
liéu phai dugc chon sao cho qua trinh néng chay va hoa ran
xay ra mot cach tu nhién khéng can lam mat phu bé sung dé
tranh dan dén giam hiéu suat.

- Phuong phap lam mat st dung vat liéu bién déi pha c6
thé két hap véi cac bo trao di nhiét nhu bd tan nhiét (heat
sink), cAnh tan nhiét, b6 sung thém nano dé tang cudng kha
nang truyén nhiét ctia vat liéu.
tan dung nhiét ctia tdm PV vao muc dich, nhu cau nhiét, vi
du tdn dung nhiét ti nudc lam mat tdm PV hodc tan dung
nhiét tor qua trinh [dm mat PV st dung dung dich nano dé
dun nudc, sudi am. Tuc 1a tdm PV via tao ra dién va tao ra
nhiét phuc vu nhu cau.

- Nén tién hanh nghién cdu cac phuong phap lam mat &
cac vung c6 diéu kién khi hau khac nhau dé danh gia hiéu
qua trong cac diéu kién van hanh.

LG1 CAM ON

Nhom tac gid tran trong cdm on Trudng Pai hoc Cong
nghiép Ha Noi da hé trg nghién ctu thong qua dé tai nghién
ctiu khoa hoc cép trudng ma s6 28-2022-RD/HD-DHCN.
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