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TOM TAT

Mét chuong trinh mé phong két hop véi thuc nghiém cho hé théng cap nudc ndng st dung
collector PV/T két hop vaéi mang chung cat nudc Single Basin dugc gidi thiéu trong bai bao nay.
Collector PV/T dugc biét dén la thiét bi déng phat nhiét - dién, ngoai kha nang sinh dién, né con
sinh nhiét @& lam néng nudc, phuc vu chung cat nudce vao ban dém. Su két hap nay khéng nhimng
gilp tang cong sudt dién clia pin mat trdi va con gilp tang téng san lugng nudc chung cat ca
ngay va dém cho méang chung cét Single Basin. Dua vao cac phuaong trinh can bang nang luong
tai cac thanh phan ctia collector PV/T, binh chifa nudc néng va cac thanh phan huc nghiém véi do
chinh xac cao tir 4,24% dén 7,11%. Bai bao cho biét cong suat dién clia pin mat trdi tang 8,6%, hiéu
suat dién trung binh va hiéu suat energy trung binh clia collector PV/T lan lugt dat 15,1% va 36,2%.
Bén canh do, san lugng nudc chung cat trong mot ngay tang 1én trung binh 38,2% so vdi thiét bi
chung cét nudc Single Basin truyén théng. Chuong trinh mé phong trong nghién clu nay cé thé
dugc Uing dung trong nhiing diéu kién thai tiét khac nhau, gitip tiét kiém thdi gian va tién bac cho
viéc trién khai cac du &n két hap collector PV/T va thiét bi chung cat nudc Single Basin cho cac dia
phuong kho han va cac hai ddo xa xoi.

Tu khoa: Collector PV/T, gidi nhiét cho pin mat trdi, hiéu suat pin mat trai, hiéu suat energy, thiét

bi chung cét nudc mét trdi Single Basin

GIGI THIEU

Viét Nam 13 quéc gia ndm trong khu vuc nhiét déi gi6
mua c6 lugng buic xa trung binh ndm 16n, c6 duong
ba bién dai, nhiéu ddo va quin ddo. Nhiing ndm gin
day mua kho han kéo dai va nén nhiét do cao nén
tinh trang thiéu nudc ngot thudng xuyén xay ra. D€
khéc phuc bét tinh trang thiéu nudc ngot, phuong
dn st dung nang lugng mit troi d€ chung cit nude
ngot ti nude bién hodc nude lg 1a mot phuong an ddy
htda hen. Co6 rat nhiéu phuong phap chung cit nudc
ngot tli nudc bién hodc nudc lg, tuy nhién cac thiét
bi chung cdt nuéc thudng c6 cic nhuge diém nhu:
thiét bi dit tién, tiéu ton nhiéu nhién liéu... 1. Phuong
phép chung cit nudc dung nang lugng mit troi hiu
nhu khic phuc duge cdc nhuge diém trén do ching
don gian, gia thanh ré, khong st dung nhién liéu hoa
thach va khong gay 6 nhiém moéi trusng .

Bén canh d6, trong nhiing ndm gin déy, Viét Nam
da c6 su bung n6 vé phat trién dién mdt troi. Dén
cudi thang 12 nim 2020, téng cong sudt lap dién mat
troi tai Viét Nam da dat gdn 9.731 MWp, vugt cong
suit lip dit ctia toan nudc Uc trong hon 30 nim?.
Tuy nhién, mot trong nhiing vin dé dién mdt troi
dang phai d6i mit la nhiing noi 1ldp dit nha mady
hay hé thong dién mat troi thudng c6 nhiét d6 moi

trudng cao, dan dén nhiét do lam viéc ctia pin mét troi
cao (thuong cao hon nhiét do moi trudng ti 10 dén
30°C2). Viéc nay sé din dén hiéu sudt pin gidm rét
nhanh. Tuy loai pin mdt tr&i khdc nhau, hiéu suét pin
sé giam trung binh tii 1,72% dén 4,46% khi nhiét do
lam viéc ctia pin tang 1én so v6i nhiét d6 tiéu chudn &
259C?2. Hon nita, tudi tho ctia pin ciing sé gidm nhanh
khi 1am viéc & nhiét d6 cao do sy phén b6 nhiét do
khong dong déu trong cac tdm pin sé lam ting tng
sudt nhiét bén trong ching. Vi vay, d€ han ché tdi
da su suy gidm hiéu sudt clia pin mdt troi do nhiét
do va ting tudi tho clia pin mat trdi, cdc nha nghién
ctiu da dé xudt nhiéu phuong phap lam mét pin mit
troi bing céch tao ra cac hé thong stt dung hé thong
quang dién/nhiét (PV/T). Hé théng PV/T dugc biét
dén nhu la dong phat nhiét va dién vi ngoai kha nang
tao ra dién, nhiét thita dugc ldy ra tif pin mdt trdi con
6 tiém nédng 16n trong viéc lam kho, dun nudc, sudi
dm va chung cit nudc.

Trén thé gisi da c6 nhiéu nghién ctiu vé viéc lam mat
céc tdm pin mit troi d€ tang hiéu qué cta chung. Ak-
barzadeh va Wadowski? da thiét ké€ mot hé théng PV
lam mét bang nudc két hop dng dan nhiét va nhan
théy ring cong sudt ddu ra cta pin mdt troi ting gan
50% so v6i tdm pin khong gidi nhiét. Chaniotakis*
da thiét k& hé théng PV lam mat bang nudc va hé

Trich dan bai bao nay: Huy H D, Viét H V, Bdo N T. St dung hé thong PV/T dé€ nang cao hiéu suat pin
mat tréi va san lugng nudc chung cat. Sci. Tech. Dev. J. - Eng. Tech.; 5(4):1661-1678.
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théng 1am mat bang khong khi va két luan rang hé
théng lam mat bing nudc ting hiéu qua hon hé théng
lam mét bing khong khi. Batoul® d nghién ctiu anh
hudng ctia luong khong khi dén hiéu suét ctia cac tim
PV biéng céch st dung dong luc hoc chit 1ong tinh
toan (CFD) va nhan thdy ring hinh dang va ciu tric
cta hé thong PV ¢ tic dong 16n dén hiéu qua cta
cac tdm lam mat. Tonui va Tripanagnostopoulos® da
thiét k&€ mot hé thong PV dugc lam mét bing khong
khi d6i luu cudng bic hodc ty nhién. & Viét Nam, da
c6 nghién cu ctia H6 Pang Huy va cong sy’ vé hé
thong PV/T gidi nhiét bang nudc. Tuy nhién, viéc két
hop hé théng gidi nhiét cho pin dé chung ct nudc thi
hién nay con kh4 khiém tén. Medayati va cong su®
trinh bay hé théng PV/T st dung thiét bi chung cét
nudc loai bac thang va cho biét lugng nudc chung cét
dugc tang khoang 20% so véi hoat dong doc 1ap. Tuy
nhién loai nay phai ton dién dé€ chay bom cung cdp
cho thiét bi chung cét.

Bai bdo nay sé gi6i thiéu mot hé thong PV/T st dung
nuéc lam mat pin mat troi (PV) d€ chay thiét bi chung
cit nudc diing nang lugng mat trdi (NLMT) loai thu
dong mot mang (solar passive single basin still), cé
thiét k&€ va van hanh don gian. Bai bdo ciing trinh
bay mot mo hinh todn st dung Matlab / Simulink dé
tinh todn can bang nhiét trén cdc thiét bi ctia hé théng
PV/T, tit d6 tinh todn ra cic thong s6 clia cac thiét
bi va toan hé thong PV/T. Viéc so sanh két qua tinh
toan va két qua thuyc nghiém cho thdy moé hinh toan
dugc viét trong nghién ctiu nay c6 do chinh xac va tin
cay cao, c6 thé dugc dung d€ mo phong céc hé théng
tuong ty trong tuong lai.

PHUONG PHAP NGHIEN CUU

Nghién ctu dugc thuc hién trén phuong phip mo
phong két hop véi thuc nghiém d€ kiém chiing. Sau
khi viét dugc cic phuong trinh can béng ning lugng
tai cac thanh phan ctia module PV/T, binh chiia nuéc
bién va cac thanh phén ctia mang chung cit nudc Sin-
gle Basin, ching t6i nhom céc phuong trinh thanh cac
hé phuong trinh vi phan, d€ giai dugc cac hé phuong
trinh nay, nhém nghién ctu st dung ngon ngi 1ap
trinh MATLAB véi cong cu Simulink d€ tién hanh
xay dyng cac ham truyén, dua dii liéu biic xa mat trdi,
nhiét d6 mai truong, van tdc gié va khai bdo cac thong
s6 nhiét do ban dau Tg, Terr> Taps Tt Tws Tings Tswzdns
Tyyp, Tp vao ham truyén va xudt két qua mo phong.
Thong qua két qua cta chuong trinh mé phong va
thuc nghiém dé€ dua ra nhan xét vé tinh chinh xdc cta

chuong trinh mé phong va hiéu qua cta dé tai.
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MO TA MO HINH VA CONG THU'C
TOAN HOC

Nguyén ly hoat ddng hé théng va mé hinh
thuc nghiém

Hé thong collector PV/T két hop thiét bi chung cat
nudc ding NLMT loai thu dong mét mang duge mod
ta trén Hinh 1. Vao ban ngay, collector PV/T nhan
buic xa mat trdi va chuyén hoa thanh dién nang va
nhiét nang. Phan dién ning ctia hé thong PV tao ra
mot phén sé cung cip nang lugng cho bom giai nhiét
hoat dong, phan con lai sé dugc dua dén cac ho tiéu
thu dién. Phén nhiét ning dugc hip thu bdi 2 bo trao
d6inhiét 6ng - canh dang hinh 6ng zic zic (Hinh 2) dé
truyén cho dong nudc giai nhiét chay bén trong 6ng
do bom cung cdp. Hinh 2 ctng trinh bay cic diém
ldp dat cac dau do nhiét d6. Nudc gidi nhiét sau khi
nhén nhiét dugc dua t6i b trao d6i nhiét dang ong
x0dn rudt gd d€ nha nhiét cho nude bién trong bon
chita, sau d6 nhiét d nudc giai nhiét giam xudng va
tiép tuc dugc bom dua vé collector PV/T d€ giai nhiét.
Nudc bién trong bon tich trit nhiét sé noéng dan 1én
trong qua trinh lam viéc. Pong thai, tai thi€t bi chung
cat nudc dang mang, nudc bién va tdm hép thu nhan
NLMT, nudc bién sé bay hoi va ngung tu trén bé mit
bén duéi clia tdm kinh, lugng nuéc ngung tu chinh
la nudc ngot dugc chung cét va sé dugc thu hoi. Vao
ban dém, nudc bién bén trong bon chia duge xa qua
mang chung cét d€ thuc hién qua trinh chung cét dé
thu nudc ngot. Do chung cit vao ban dém, nhiét do
modi trudng gidm nén kha nang chung cét dugc cai
thién, téng lugng nudc chung cit ca ngay va dém ting
lén déng ké.

Hinh 3 trinh bay t6ng thé mo hinh thyc nghiém da ldp
dét trong khi Hinh 4 trinh bay vai thiét bi chinh trong
mo6 hinh PV/T thuc nghiém. Chi tiét vé moé hinh va
két qué thyc nghiém c6 thé tham khéo thém cta Huy
va cong su®.

Cong thuc toan hoc

Céc phuong trinh ning lugng cho hé théng collector
PV/T

Hinh 5 trinh bay mit cit collector PV/T va Hinh 6
trinh bay cdc dong trao d6i nhiét gitia cac 16p collector
PV/T.

Ning lugng kinh pht nhan dugc bao gom néng lugng
hap thu tir biic xa mit tréi agI; va nhiét ligng nhan ti
cell pin dudi dang truyén nhiét q..;;— . Nang lugng
thu dugc nay mot phén sé lam ting nhiét do ctia kinh
MoCp ™2 va mot phan bi t6n thit do déi lu qc.,y—q
va btic xa q,—q ra méi trudng. Phuong trinh can
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Hinh 1: So d6 hé théng chung céat nudc két hop collecter PV/T
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Hinh 2: So d6 bé tri 6ng giai nhiét va dau do nhiét do
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Hinh 3: T6ng thé bé tri cac thiét bi cdia hé théng PV/T thuc nghiém

(NP i :
(c) Bén tich tri* nhiét nhin vao bén trong (d)Bén tich tri nhiét nhin tir bén ngoai

Hinh 4: M6t s6 hinh anh thuc té clia mét s6 thiét bi chinh trong hé théng PV/T
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dugc truyén vao 6ng trao déi nhiét q,p_;, mot phan

Kinh phu
o, Cell pin truyén vao 16p boc cach nhiét q,p ;s va phén con
E__‘: T lai sé lam tang nhiét d6 tdm hép thu 8,p.Pup-Cap- dgj” .
s Q fRass] gL Phuong trinh c4n bing ning lugng dugc biéu dién:
Lép cach nhiét " nude gidi nhiét/ \Ong dong dT. b
Gcell—ab = Sab-pab-cab-Tj + Gab—t + ab—ins (12)
Hinh 5: M3t cét collector PV/T ,
Trong do6
o Al—ab 2
qab—t = Thubft (Tab - 7;) W/m (13)
N < 5 < P ab
bang nang lugng ctia nap kinh nhu sau: ]
A — (W/mzK)
(agls) +Geell—g = 1) % + é (14)
k b kl
M,Cpo—=2 _ - “
sCpe g, Teg—atdrg—a apins
N A b (15)
Trong do: (1 - 1; Z ) hab—ins (Tab - Tins) (W/mz)
a
Geell-g = hcellfg (Tcell - Tg) (W/mz) (2) Rab—ins = % (W/mzK) (16)
ins
k
heeti—g = S*g (W/ mzK) (3) Ning lugng 6ng trao d6i nhiét nhin dugc 1a nhiét
¢ nédng dén tu 16p hap thu nhiét Q,,_,, nang lugng nay
Geg—a=hega(Tg—Ta) (W/m?) (4)  mot phan sé dugc truyén vao nuéc giai nhiét dusi
dang d6i luu Qg s va vao I6p cich nhiét & dang
heg—a=2,8+aVy (W/mzK) (5)  truyén nhiét Q; _jus, phdn con lai sé lam ting nhiét

do Ong trao d8i nhiét LA prc; %. Phuong trinh céng
drg—a =

bang ning lugng dugc biéu dién:
6
e [(1 - 273)" — (1 273)| (wim?)  ©

dT,
hyg—a = Qab—1 = LiAiprcy 7; +Qr—w+ Or—ins 17)
4 4
€0 (T =273) — (Ty —273) (W/m?K) (7)I‘r0ng dé:
(1)
o =Auwqars (W (18)
Néng lugng cell pin nhan dugc tu biic xa miét troi Qab—t avdap-1 (W)
To 0115, mOt phan ning luong sé chuyén thanh dién
é: cell s PA N & ‘g , 4 ” . Qtfins :Alfinshtfins (Tt - Ens) (W) (19)
néang f.E .., m{t phan dua vao kinh pha dudi dang
truyén nhiét _,» MOt phén truyén nhiét vao t Kins
roén i . phin rain i ot b= 5 () -
hép thu nhiét (qcer7—qp)> phan con lai sé lam téng nhiét Sins
do cta pin 6cell.pce”.cce”.dg‘;”’. Phuong trinh can
N 1~ di e = Pein. Lyl (T, — T, (W 21
bang ning lugng dugc biéu dién nhu sau: Qe = Pein-Ly-hi—y (T =Tw) (W) 1)
Nu,, .k,
dT .1 — w-mw ( 2 )
(Tcellacell)lt = Scell~pcell~ccell~ dcte (8) hc7t7W D[_m W/m K (22)
Fcett—ab+ f-Ectec +qeeti—g Cdc tri s6 Nusselt, Prandlt, Reynold 1dn lugt dugc tinh
Trong dé nhu sau 1%
Tri s6 Nusselt:
_ Ac‘ell (9)
Apy /T { Nuy = 4,346, Re < 2300 23
Nuyy = 0,023 (Rey,)>8 (Pr,)%*, Re > 2300
Eelec = Iy [1 — By (Ten — Tr)] (W/mz) (10) thw (Rew)™" (Pri) -
Tri s6 Prandlt:
qcell—ab = hcellfab (Tcell - Tab) (W/mz) (11) UCpw
Pry, = —2 (24)
kad 2 kw
hcellfub = 57 (W/m K) (12) o
ad Tri s6 Reynold:
Ning lugng tdm hap thu nhan dugc la nhiét lugng t6i PwVwDrin
tit 16p cell pin qeejr—qp > DdNg lugng nay mot phan sé Rey, = T (25)
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(g Jabey T
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(‘llu:t'll_ut Teott
4 Ty Oleell s — l":flr:'
Cell pin .
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Hinh 6: Dong trao d&i nhiét gitta cac I&p collector PV/T

Van t6¢ nudc chay trong éng trao d6i nhiét 1%
4Gy,
V= —— (m/s 26
" pwﬂDt,in ( / ) (26)

Ning lugng nudc gidi nhiét nhan dugc la nhiét doi
luu tit 6ng trao d6i nhiét Q,;—,,, nhiét lugng nay sé
dugc truyén vao binh tich tr& nhiét Q,,_,4, va lam
néng nudc giai nhiét L,Awpwcp,w%, phuong trinh
can bang ning lugng:

T,
Orw= LtAwprp,wTIW + Qw—tdn 27)
Trong do:

Ow—t1dn = 2Gwcp,w (Tw,out - Tw,in) (W)

_ Tw,out + Tw.in (28)
= oo T
2

= Ow—1dn = 2Gwcp,w (Tw - Tw.in) W) (29)

Niéng lugng tdm cach nhiét nhan dugc chinh la nhiét
lugng tii tdm hép thu nhiét q,p_;,5 va 6ng trao déi
nhiét q;_jns truyén vao tdm céch nhiét, nhiét lugng
nay sé lam nong tdm cach nhiét Si,,spinscp’imddir“ va
mot phan bi t6n thit ra moi trudng dudi dang d6i luu
qc,ins—a> phuong trinh can bang nang lugng dugc biéu
dién:
Gab—ins + Gr—ins =

dTy, (30)
5inspinscp7ins ﬁ +qc,ins—a
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Trong do:
qt—ins = Or-ins (W/m ) (31)
ét ins
hiins = S (W/nK) (32)
Oins
qc,ins—a = hc,insfa (Tms - u) (W/mz) (33)
he.ins—a = 2,8+ 3V, (W/m?K) (34)

Néng lugng ma binh tich tri nhiét nhin dugc la
nhiét lugng nha ra ti nudc gidi nhiét q,,_,4,, nhiét
lugng nay sé lam néng nudc trong binh tich tri nhiét

tdn,sw

—= vamot phén sé ton thit ra bén

Mtdn,swcp,tdn,sw
ngOéi Qtdnfa

thdn SW

Oy—tdn = Mtdn,swcp,tdn,sw dt + Ordn—a (35)
Ordn—a = Aall,tdwhtdnfa (Ttdn - Ta) (W) (36)
1 2
htdnfa - Ky 1 (W/m K) (37)
—+
kins c,ins—a

Tu cdc phuong trinh cin bang nang lugng (1), (8),
(12), (17), (27), (30) va (35), ta c6 hé phuong trinh:

M, Cp,g ddY; = (agls) + Gcell-g —Y4c.g—a —Yqrg—a
Ocell Peel Ceell die“ = (Tg acell) It — geenn—ab — fEclec — eell—g
6ah~pah~cah~ % = Ycell—ab — 4ab—t — 9ab—ins
LiAipre &t = Qat—s = Qrw ~ Qo
LiAywpwep,w dt =0r—w— OQw—rtdn
5inspznscp,ms dd; = Gab—ins + 1 —ins — Gc,ins—a
Mzdn,swcp,zdn,sw TI,;?M = Ow—tdn — Crdn—a (40)
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Cén béng nhiét dong luc hoc mang chung cit nudc

I Qc,g—a = Aghc.,g—a (Tg - Ta) (W) (50)
o &
wb o,/ heg—a=2,8+3V, forV,<5
Ny e o hega="5,7+2,8V, forV,>5 (51)
o Ll o ()
floswbe| qrswng/ /7 qebswb ¢ Mang hirng
/6 s Lop cach nhigt Org—a = (52)
f : 4 4
Ageoo [ (T,~273)* = (Tyy —273)*] (W)
Nuoc biér;(Tswb)/ qoss i Xa déy rg—a=
) ; 3
TAm hép thu(Tb) 4 4
T,—273) — (Tgy — 273
£,0 [( 8 ()T (Tsl)c) ) } (W/mzK)
Hinh 7: Dong nhiét gitia cac thanh phan cia méang &
chung cét nudc Ty =Ta—6
Ning lugng ma nudc bién trong méng hép thu dugc
la nidng lugng biic xa mét troi o, IsAgy,p va nhiét doi
Hinh 7 trinh bay s d6 dong nhiét gitta cdc thanh phdn 14y tif t4m hap thy Qe.v—p» ndng lugng nay mot phan
ctia thiét bi chung cdt nuéc dang méng. dugc truyén vao kinh phti nhd bay hoi Q. g, d6i luu
Ning ligng tdim kinh hdp thu bao gom ning ligng Q.. va biic xa Qg Nang lugng con lai s& lam
hap thu tit blic xa mit troi al; Ag va ning liong  ting nhiét d6 ctia nudc bién trong mang M,,C. o ddTr‘“.
nhén tif nudc bién trong mang qua qud trinh b6c hoi  Can bing nang lugng ctia nudc bién dugc thé hién
Qe,swags déi luu Qc,swag va buc xa Qr,swag- Néng nhu sau:
lugng thu dugc nay sé lam ting mot phan nhiét d6 cua AT
kinh Mng_,g ddltg, va mét phéan bi tén that do d6i luu (aswbISAswb) + Qc,bfswb = MC, ,swb% (54)
Qe swb—a va blic Xa Qp5yp—q ta moi truong. Phuong 40, sui—g + Oc swb—g + Orswb—g
trinh cAn bing ning lugng ctia ndp kinh !: ,
Trong do;
OglsAg) + OQp swb—g + Qe swb—g + Orswo—
( o g) ge,bw § omoTE meTe (41) Qc,hfswb :Ahhc,bfswh (Tb - vah) (W) (55)
=MCpe— TQcsatQrga
! He s6 truyén nhiét d6i luu gitia tim hép thu va nuéc
Trong d6 he p—swp = 250 (W/m?K) L.
Ning lugng ma tdm hép thu trong bé hip thu dugc
Qe swb—g = Awhe swp—g (T”Vb o Tg) W) (42) la ti blic xa mat troi o0pl;Ap. Nang lugng duge hip
e g = 0,884 x (W m? K) thu nay dufjc trjlyen. vao km.h du‘cn dang $101 llliu
’ 1 Q¢.b—swh» ton that nhiét ra méi trudng qua 16p cich
(Pow — D) (Typ +273) 3 (43) nhiét Q.. phin con lai sé lam ting nhiét do tdm hip
(Towp — Tg) + (268.9.10° — pyp) thy MbCQh%. Phuong trinh can bing ning lugng
y L SwW
5144 cta tdm hdp thu nhu sau:
pi = exp (25,317 -7 +273) (Pa) (44) dT,
i b
' (ab[t)Ab = Mbcc,b ? + QcAbfswb + Qloss (56)
_s=Awh o (Tswp — Ty) (W (45)
Qe,swh g wlle swb—g ( swb g) ( ) Trong d6:
— -3
e S SRR 7 B
oL (w jmK) )
Towp — T O day, gidtrictah,_, =5 (W/m2K).
Orswi—g = Aghrswb—g (Towp — Tg) (W) (47) T phuong trinh (41), (54) va (56) ta c6 hé phuong
trinh vi phén:
2 2
Rowh—g = Ecf 7O [(Tm +273)" + (T +273) } AT
> (48) MCpy =5 = (0lAg) + 0
X [Towp + Ty +546] (W /m*K) 8-P8 gy glsthe eswh—g
L. +Qc,swag + Qr,swhfg - Qc.,gfu - Qr,gfu
Véi: ATy
| Mswbc ,swa = (aswbISAswb) (58)
1 1 B
Eeff = (a + g - 1) (49) +Qc7b7svt§l?rb_ Qe,swag - Qc,swag - Qr,swag
6 =5,67.10"% (W /m?*K*) MCep— = = (Oplt) Ap = Qcp—swb — Qloss
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Khi tién hanh chung cit nudc ban dém, bo qua céc

thong s6 lién quan dén biic xa mét troi, hé phuong
trinh trén c6 thé viét lai:
dT,
g

Mng,g W = Q&swag
+Qc,swb7g + Qnswag - Qc.gfa - Qr,gfa
swb

M,,,C —_—
swb' p.swb dt

Qc,bfswb - Qe.swag - Qc,swag - Qr,swag
dT,
MpCep— = = Qeb—swb — Qloss

(59)

Néng suit nudc chung cat dugc:
3600-Qe,swb—g

hre
_ 3600~Awahe,swag (vab - Tg)

hyg

Mey =
(60)

(kg/h)
O trén, h_fg la nhiét 4n ctia qua trinh hoéa hoi va céc
gid tri dugc tinh nhu sau:

he = 2,4935 x (106 —947,79T;, +0, 1313272
—0,0047974T;}) for T, < 70°C (61)
hfe =3,1615(10%—1761,7T,,) forT,, >70°C

Hiéu sudt nhiét mang chung cit dugc dédnh gia theo
cong thic sau:

« Ban ngay:

Ym.h
Nheat—basin,day = ﬁlf(gt) (62)
o Ban dém:
Im.hg,
—basinnight = : 63
Nheat basin,night Msvv,tdn~cp,xw-A7}w7zdn ( )
Cong sudt bom (1 pump = 0,8):
2G,Ap
= 64
L (64)
Cong suét dién collector PV/T tao ra:
Peco= f~APV/T~Ee/ec (W) (65)

Cong sudt dién sau khi dugc chuyén d6i qua inverter
2.

Pe—inv = TlianPe—co (W) (67)
Cong sudt dién 1én ludi:
Pgrid = Po—inv — Ppump (W) (68)
Hiéu sudt nhiét collector PV/T:
o watdn
Nheat = Is~APV/T (69)

1668

Hiéu sudt dién ctia hé thong collector PV/T:

PE*CG
=5 70
ne IS 'APV/T ( )
Hiéu suit energy ctia hé thong PV/T
n o Pgrid + Qtdn,sw 71)
energy I, % APV/T
dTign 5w
Qtdn,sw = Mldn,swcp,ldn,sw d:‘l = (72)
Panh gia sai s6 két qua theo cong thiic:
1 X — Xexpi
Er:,Z| sim,i exp,[‘.loo (%) 73)
nig Kexp,i

Bang 1 trinh bay cac thong s6 ddu vao clia chuong
trinh dugc viét trén Matlab/Simulink. Hinh 8 va
Hinh 9 14n lugt biéu dién ham truyén dugc xay dung
cho PV/T collector va mang chung cit nudc.

KET QUA VA THAO LUAN

Dé kiém ching két qud mé phong, thuc nghiém
da dugc tién hanh trong khoang thoi gian ti ngay
07/07/2022 dén ngay 22/07/2022 tai thanh phé Ho
Chi Minh. Hé théng collector PV/T dugc tién hanh
thuc nghiém ti 8h30 dén 16h véi muic luu lugng nudc
& muic 0,02 kg/s cho 1 pass 6ng va lugng nu6c bién
chim vao bén tich tri nhiét 1a 100 lit. D6i v6i mang
chung cit nudc, ban ngay tién hanh thuc nghiém tu
8h dén 18h véi khoéi lugng nudce bién 1a 20kg dugc
dua vao ngay tii ddu. Trong khodng 18h dén 19h, tién
hanh x& bé hét nudc bién con lai trong méng, sau do
chadm nudc bién trong bon tich trii nhiét ctia collector
PV/T vao va tién hanh chung cit dén 6h sing hom
sau. Cac gid tri nhiét d9, biic xa, cdng suit pin va vin
toc gi6 sé dugc ghi nhén 5 phut/lan, san lugng nudc
chung cét sé dugc ghi nhan 30 phat/lan.

biéu kién moi trudng ngay dién hinh 22/07/2022
dugc thé hién 6 Hinh 10 va Hinh 11. Nhin vao d6 thi,
ta thiy cudng d6 buc xa mit troi (Is) dat dinh trong
khoang 11h dén 12h ¢ miic 900 (W/m?) va tit ning
khodng 13h40 dén 14h20. Nhiét d6 mdi trudng (Ta)
gili & muc quanh 34-37 °C trong phén 16n qu4 trinh
tién hanh thuc nghiém, t6¢c d¢ gi6 (Va) thay déi lién
tuc nhung chénh léch nho, van téc gi6 trung binh ghi
nhan dugc 1,4 (m/s).

Quan sat Hinh 12 két hgp v6i Hinh 10 ta thay, trong
giai doan ndng t6t (8h dén 13h40) nhiét do tAm pin
6 giai nhiét thip hon tdm pin khong giai nhiét tir 2
dén 5°C, nhiét do nudc gidi nhiét ting déu khoang
4°C/gi6 va dat dinh 1a 53°C. Giai doan tti 13h40 tr&
vé sau, do btic xa giam dot ngét, nhiét do tdm pin co
giai nhiét (T_pin cgn) cao hon nhiét d6 tdm pin khong
giai nhiét (T_pin kgn), nhiét d6 nudc giai nhiét giam
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Bang 1: Théng sé dau vao cho mé phéng

Ky hiéu Gid tri Pon vi
Apy/r 2 m?

S, 0.004 m

Pe 2200 kg/m?
g 670 J/kg.K
ke 0.9 W/m.K
& 0.88

o 0.04

By 0.93

f 0.9

Scell 0.0011 m

Peell 2320 kg/m?
Cp.cell 900 J/kg.K
Keerr 140 W/m.K
ecell 0.9

Nr 20 %

B, 0.00405 /K

I 1000 W/m?
T, 298.15 K

Sab 0.0002 m

Pab 2702 kg/m?
Cp.ab 896 J/kg.K
Kap 310 W/m.K

Ky hiéu Gid tri Pon vi
By, i 0.00952 m

Dy in 0.00792 m

L 6.3 m

p: 8900 kg/m?3
g 896 J/kg.K
k; 395 W/m.K
Oins 0.03 m

Pins 31 kg/m?
Cpins 670 J/kg.K
Kins 0.034 W/m.K
L. 15 m
D5 0.5 m
Sins.ow 0.04 m
Agwb 1 m?

A, 1.13 m?

Ay 1 m?
Eoub 0.95

Olgyiy 0.05

Towb 0.95

o 0.9

8 0.001 m

Pb 7900 kg/m?

nhe do nhiét d6 nudc giai nhiét dang cao, gay ra hién
tugng gia nhiét ngugc trd lai cho pin mat troi.

Hinh 13 biéu dién cong suit ctia 2 tim pin, tdm co gidi
nhiét va tdm khong cé giai nhiét, cong suit phat cua
pin mat troi ¢ trudng hop cé gidi nhiét 16n hon tdm
pin khong gidi nhiét trong thuc nghiém nay khoang
8,6%. Két qua nay thip hon nhiéu so véi két qua
ctia hé thong c6 hé théng giai nhiét nudc cho pin ma
khéng tan dung nhiét da dugc nghién ctu trudc day
1a khoang 27,35% (H6 Ding Huy va cong su”). Ly do
12 hé thong PV/T la hé thong dong phat dién - nhiét,
vi vy néu uu tién phat dién sé thu dugc it nhiét va
ngugc lai. Trong hé théng PV/T dang nghién ctu &
day, nhiét dugc uvu tién d€ chung cit nudc nén phan
san lugng dién ting thdp la diéu hop ly.

Theo Hinh 14, ta thdy nhiét d nudc bién trong bon
tich trii nhiét ting dan déu trong khoang thoi gian tu

8h30 dén 13h40. Tai 13h40 nhiét dd nudc bién dat
dinh va bat dau gidm dan do nhiét d¢ nudc giai nhiét
va tdm pin mdt troi gidm. Két thic qud trinh hoat
dong ctia collector PV/T nhiét 46 nudc bién dat dugc
47,6 °C. Hiéu sudt dién trung binh va hiéu suit en-
ergy trung binh ctia collector PV/T lan lugt la 15,1%
va 36,2%. Hiéu sudt dién ctia tdm pin khong gidi nhiét
1a 14,2%.

Nhiét d¢ kinh pha va nudc bién trong méng chung
cit dugc thé hién trong Hinh 15. Nhin vao d6 thij ta
théy vao thoi diém ban dau (luc 8 gid sing) nhiét do
nudc bién va kinh pht ¢6 sy chénh léch thép do lac
nay buic xa mat trgi yéu va thai gian nhén buc xa mat
trdi ngdn nén chua c6 sy phan héa nhiét do gitra cac
thanh phan. Cang vé sau do c6 sy chénh léch cta hé
6 hép thu bic xa nén nhiét d¢ kinh va nudc bt dau
phan héa r6 rét, Iuc 13h ghi nhin dugc miic chénh
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Hinh 8: So d6 ham truyén Matlab/Simulink mé phong truyén nhiét cho PV/T collector

léch 16n nhét bing 9°C. Trong khoang thdi gian 13h40
dén 14h20 nhiét d6 kinh va nudc bién gidm nhanh
chéng, trung véi khoang sut gidm ctia biic xa mat trdi,
cho thdy btic xa mit troi anh hudng 16n dén nhiét do
ctia kinh va nudce bién.

Hinh 16 cho thdy su bién d6i ctia san lugng nudc
chung cét trong qua trinh hoat dong, san lugng nudc
chung cét dugc ghi nhén cao nhét vao 13 gio. Két hop
vGi quan sat Hinh 15, ta thdy ring san lugng nudc
chung cat ty 1¢ thuan véi nhiét do mang nudc, su
chénh léch nhiét d¢ gitta kinh pht va nu6e bién. Téng
lugng nuédc cung cét ban ngay thu dugc la 2,3 lit.
Hinh 17 cho thdy nhiét d6 moéi trudng gidm dan va
van t6c gié bién d6i lién tuc trong thaoi gian chung cit
vao ban dém. Hinh 14 va Hinh 18 cho thay nhiét d¢
nudce bién trong méng chung cit ¢ thoi diém bit dau
thuc nghiém vao ban dém (lic 19h) gidm 2°C so véi
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nhiét d6 nudc bién & cudi qud trinh gia nhiét trong
binh chua (Itic 15h30). Hién tugng nay la do ton nhét
nhiét trong thoi gian nudc bién luu tri trong binh
chtia va ton thit nhiét trong qua trinh cham nuéc vao
mang chung cét.

Hinh 18 cho thdy nhiét d¢ kinh phti va nu6c bién giam
dén trong sudt qua trinh hoat dong, cang vé cudi qua
trinh chung cit, nhiét d¢ kinh phti va nuéc bién cang
tién d4n vé nhau.

Hinh 19 cho théy san lugng nuéc chung cit giam dan
theo thoi gian, giai doan tit 19 gio dén 1 gio sdng, san
lugng nudce chung cit dugc gidm nhanh do nhiét d¢
va sy chénh léch nhiét d6 gitta nudc bién va kinh phu
giam nhanh trong khoang thoi gian nay. Sau 1 gio,
san lugng nudc chung cdt gidm chdm d4n do nhiét do
va su chénh léch nhiét d6 gitta nudc bién va kinh phu
gidm cham. T6ng lugng nudc cung cit ban dém thu
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Hinh 9: So d6 ham truyén Matlab/Simulink mé phong truyén nhiét cho thiét bi chung cat nuéc dang mang

dugcla 1,11t

Quan sat tlii Hinh 14 dén Hinh 19 ta thdy c6 sy tuong
dong gitia két qua mo6 phong va thuc nghiém (sai s6
dao dong tui 4,24% dén 7,11%). Tu déy ta c6 thé két
luén ring chuong trinh m6 phong cho ra két qua dang
tin cdy va c6 thé stt dung két qué tit m6 phong dé théo
ludn va dy bdo trudc nhiét d¢ tai cac diém quan trong
ctia collector PV/T va mang chung cit nu6c ciing nhu
san lugng nudc chung cit ctia hé théng. V€ moé hinh
dé xudt trong nghién ctiu nay, hé thong PV/T da cung
cdp nudc nong cho thiét bi chung cit vao ban dém
nén giup chung cit thém dugc lugng nude 1,1 lit so
v6i loai thong thuong (chi chung cit vao ban ngay
dugc 2,3 lit), tdc giup ting san lugng nudc chung cét
khoang 38,2%. Day la két qua rat kha quan v6i mot hé
thong PV/T dugc thiét ké va van hanh rat don gian.

KET LUAN

Bai bdo da thiét 14p dugc chuong trinh moé phong két
hgp véi thyc nghiém cho hé théng lam néng nudc st
dung collector PV/T két hgp véi mang chung cat Sin-
gle Basin d€ nang cao hiéu sudt pin mat tréi va san
lugng nudc chung cit. Két qua cho théy:

Cong sudt dién tdm pin c6 gidi nhiét tdng 8,6% so véi
tdm pin khong giai nhiét.

Collector PV/T c6 hiéu sudt dién trung binh 1a 15,1%
va hiéu sudt energy trung binh la 36,2%.

T6ng san lugng nudc chung cit cta ca ngay va dém
dat 3,41it, ting khoang 38% so véi san lugng cia mang
chung cét khi chi hoat dong vao ban ngay.

Mic du bitc xa mét troi tai Viét Nam 16n nhung bi bién
dong nhiéu do méy che khuit mit troi, d€ hé théng
collector PV/T dat hiéu sudt cao hon, nhom tac gia
dé xudt bé sung thém thiét bi diéu khién bom dang
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Hinh 11: Nhiét d6 mdi trudng va van téc gié ngay 22/07/2022.

ON/OFF véi diéu kién bom hoat déng khi nhiét i PONG GOP CUA CAC TAC GIA

in mét trdi cao hon nhiét d6 nudc giai nhiét. X . x
P ’ T & j Ho6 Ding Huy: viét chuong trinh tinh todn, tién hanh

DANH MUC VIET TAT thuc nghiém, xti 1y s6 liéu, viét va chinh stia ban thao.
) Hoang Vin Viét: viét chuong trinh tinh todn, tu vin
thuc nghiém, xti ly s6 liéu, chinh stia ban thao.
XUNG POT LOI ICH Nguyén Thé Béo: tu vin cong thic todn hoc, tu vin
o thtic nghiém, chinh sita ban thao.

Bang 2

Nhoém tdc gia cam két khong c6 xung dot vé lgi ich
nao vé toan bo ndi dung trong bai bao. TAI LlEU THAM KHAO

1. Nguyen The Bao. The mathematical model of basin-type so-
lar distillation systems. Distillation - modelling, simulation and
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Bang 2: Danh muc viét tit

Danh phép

S

&

~ g 5 = =

hé s6 truyén nhiét (W/m2.K)

hé s6 truyén nhiét déi luu (W/m2.K)
hé s6 truyén nhiét blic xa (W/m2.K)
hé s6 truyén nhiét bay hoi (W/m2.K)
hé s6 dan nhiét (W/m.K)

néang luong (W)

khéi lugng (kg)

san lugng nudc chung cit (kg/s)
dién tich (m2)

van t6c gi6 (m/s)

nhiét dung riéng (J/kg.K)

nhiét d6 (oC/K)

duong kinh (m2)

chu vi (m)

chiéu cao (m)

do dai (m)

ap sudt (Pa)

cdng sudt (W)

cong sudt dién (W/m2)

do6 phu dién tich

hé s6 Reynolds

hé s6 Nusselt

buic xa mit troi (W/m2)

luu lugng (kg/s)

nhiét 4n héa hoi (J/kg.K)

thai gian (s)

hiéu s8 ap suét (Pa)

hé s6 hap thu biic xa

hé s6 xuyén qua btic xa

Stefan - Boltzman constant, 5.67 x 10-8

(W/m2.K4)

khoi lugng riéng (kg/m3)
van toc nudc (m/s)

phat xa

do day (m)

hiéu suat

d6 nhét dong hoc (Pa.s)

Ky hiéu chi s6 duéi

g

w
tdn,sw
hw

a

ab

cell

sky

swb

ins
grid
th

e, elec

out

ad

r

sun
energy
inv

B

all

kinh pha

nudc giai nhiét

nudc bién trong bon tich tri nhiét
nudc nong trong bon tich tri nhiét
moi tridng

tdm hap thu nhiét

16p cell pin

bau troi

6ng trao d6i nhiét collector PV/T
nudc bién tai mang chung cét

tdm hép thu nhiét mang chung cat
16p cach nhiét

dién luéi

thermal

dién

vao

ra

keo dén

diéu kién chuén pin mat troi

Sun

nang lugng

inverter

hé s6 nhiét pin mit troi

toan phan
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Hinh 13: Céng suat tdm pin mat trdi c6 giai nhiét va khéng giai nhiét

optimization. IntechOpen; 2019;PMID: 31565043. Available
from: https://doi.org/10.5772/intechopen.83228.

. Nguyen The Bao. Textbook on Renewable Energy and Sus-
tainable Development, Vietnam National University Publish-
ing House; 2021;.

. Akbarzadeh T. Wadowski, Heat-pipe-based cooling systems
for photovoltaic cells under concentrated solar radiation. Appl
Therm Eng. 1996;16(1):81-7;Available from: https://doi.org/10.
1016/1359-4311(95)00012-3.

. Chaniotakis E. Modelling and analysis of water cooled photo-
voltaics [M.Sc. thesis]. Glasgow, Scotland: Department of Me-
chanical Engineering, University of Strathclyde; 2001;.

. Batoul H. Flow simulation improves photovoltaic solar panel
performance [technical report]. Paris, France: Schueco Inter-
national; 2008;.

. Tonui JK, Tripanagnostopoulos Y. Improved PV/T solar col-
lectors with heat extraction by forced or natural air circula-
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. Ho DH, Truong AT, Nguyen TB. Design a cooling system
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Thermal analysis of water distillation system using pv/t collector
combined single basin still

Ho Dang Huy'2, Hoang Van Viet"?3, Nguyen The Bao'?"*

ABSTRACT
A simulation program combined with experiment for hot water supply system using PV/T collector
- combined with Single Basin solar still is introduced in this paper. PV/T collector is known as a ther-
Use your smartphone to scan this mal - electrical co-generation device. Besides the ability to generate electricity, it also generates
QR code and download this article heat to heat water, serving water distillation at night. This combination not only helps to increase

the electrical capacity of the solar cells, but also helps to increase the total distillation output of the
day and night for the Single Basin solar still. Based on the energy balance equations at the compo-
nents of the PV/T collector, the hot water tank and the components of the Single Basin solar still,
a simulation program is set up using the MATLAB programming language with the Simulink tool.
The simulation results are verified experimentally with high accuracy from 4.24% to 7.11%. The arti-
cle demonstrates that the electrical capacity of solar cells increased by 8.6%, the average electrical
efficiency and average energy efficiency of PV/T collector reached 15.1% and 36.2%, respectively.
Besides, the distilled water output in one day increased by an average of 38.2% compared to the
traditional Single Basin water distillation equipment. The simulation program in this study can be
applied in different weather conditions, saving time and money for the implementation of projects
combining PV/T collector and Single Basin solar still for arid localities and remote islands.

Key words: PV/T collector, cooling PV systems, efficiency of PV system, energy efficiency, Single
Basin solar still
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