Lo i b

Science & Technology Development, Vol. 8, No. 4-2005

CHE TAO MAY CHUNG CAT NUGC BANG NANG LUGNG MAT TROT VOI
MANG GUONG NONG TRUYEN QUA ZnO:Al

L& Vin Hi¢u, Pao Vinh Ai, Nguy&n Hitu Chi, Trin Tudn
Trudng Pai hoc Khoa hoc Ty nhién - PHQG-HCM
(Bai nhdn ngay 10 thdang 12 ndm 2004, hoan chinh sita chita ngay 27 thdng 12 ndm 2004)

TOM TAT: Cdng trinh nay da ché tgo mdy chung cdt nide bing nding lugng mdt troi vdi
cOng sudt 16 da 2,42 lt’t/mz/ngr‘zy neong dwong voi cong sudt ciia cdce cong trinh [1] va [2]. Péng
thoi iing dung mang guong nong truyén qua ZnO:Al dé ndng céng sudt mdy chung cdt nudc bing
ndng lugng mdt troi lén 3,13 lit/m°/ngay.

1. Mg diu

Ning lugng mit trdi 12 ngudn ning lugng dude xem 1A ning lugng sach va gin nhu vo tin, vi
vy nhi€u cdng trinh nghién ciu va ing dung né vao cudc séng dang dugc danh gid 13 rat trién vong.
Mot trong nhitng huéng nghién citu ma phdng thi nghiém ching t6i dang quan tdm 13 ¥ng dung mang
gudng néng truyén qua d€ ning cao hiéu suit ciia cic mdy nung néng nudc (cong trinh ndy da cong
b6)[3] va mdy chung ci't nudc bi ng nang lugng mit trdi (S — Still_Solar Stillation).

Hién nay, da c6 mot s cong trinh nghién citu vé& may chung cdt nuéc (My, Peru, Pakistan...),
nguyén ly chinh y€u la ding hiéu ing nha kinh, véi cong sui't chung cit (6i da 1a 2,3livm*/ngay[1] va
2,181it/m’/ngdy (mia dong); 4,36lit/m*ngiy (mia h&)[2].

Dé wing hiéu tng nha kinh, doi hdi thoa min hai tinh chal: truyén qua cao & viing kha ki&n va
phdn xa manh trong viing hdng ngoai. Mang kim loai — dién méi — kim loai, vi du TiO, - Ag — TiO,,
Sn0, — Ag ~ SnO. ¢6 thé cho phan xa trong ving hdng ngoai (98%), nhung hé s& truyén qua trong
viing khd ki&€n kém (60%). Ngugc lai, mang ban din vi du ITO, ZnO:Al, ZnO:Ga, ...c6 do6 truyén qua
16n hon 82% trong viing khd ki€n va do phin xa 80 — 90% trong viing héng ngoai. Tuy nhién, so véi
ITO, ZnO:Ga vat liéu 1aAm bia ZnO:Al ¢cé gid thanh thdp hon nhiéu, viéc lb"ng hdp mang & nhiét do
thdp hon, bén vitng vdi plasma va do vy d& tri€n khai sin xuat cong nghiép.

Céng trinh nay di ch€ tao dudc mdy chung cit nudc biing ndng lugng mat rdi va ting dung
mang ZnO:Al nhi 1a guong néng truyén qua dé ning cong suit may chung cit nudc.

II. Thyc nghiém
II.1 M4y chung cit nude
I1.1.1 Nguyén tic hoat djng

Miy chung cdt nudc bing ning lugng mat trdi hoat dong gidng nhu sy hinh thinh mua trong ty
nhién nhu minh hoa trong hinh II.1. Nudc tir dai duong dudc bay hdi, sau d6 ngung tu, tao mua va trd
vé trdi ddt. Khi bay hdi, chi ¢6 thanh phdn nudc tinh khi&t dugc bay hdi va cdc chdt nhiém bin dugc
giit lai.

Ning lugng mat rdi

Thity tinh
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Hinh IL.1 Mat cit may chung cat
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Hi&u tng nha kinh s& duyc ting 18n mot cdch ddng k&, néu chiing ta thay thiy tinh trong sust
bing loai thiy tinh dugc phii miang ZnO:Al véi cdc tinh chit : d6 truyén qua trong viing kha kién T 2
85%, do phdn xa trong viing hong ngoai R > 80% (ciia thiy tinh trong sudt R < 20%).

I1.1.2. Tinh todn céng sudt cho mdy chung cdt

Diing phuong phdp xap xi[1], cong suit 18i ra cia may chung ci't dudc cho béi
Ex(GxA
Q =

2.3

(II.1)

G do:

Q = cdng sudt 18i ra cda S-Still (lit/ngdy); E = higu suét toin phin; G = cudng d3 bifc xa trung
binh/ngay (MJ/m?); A = dién tich ciia mdy chung ci't (m?).

Nhu vdy, doi v8i cdc qudc gia thude khu vy nhiét ddi nhu nudc ta, cudng do bifc xa vao khodng

18.0 MJ/m? (5KWh/m?)[4]. Mot mdy chung cit nudc c6 hig¢u suat toan phan khodng 30%[1] (n&u ding

thiy tinh trong sudt), va tinh cho 1m” ta dugc

0,3x18,0x01

p=E 0

23

2

=23lit/ m* | ngay (IL.2)

I1.1.3 Tinh todn théng s6 thiét ké cho mdy chung cdt
I1.1.3.1 Tinh todn kich thudc cho S-Still

DPE& don gidn, ching ta xét mdt hé thu ning lugng mit trdi nhu hinh vé I1.2. Mt tim thiy tinh
phing dudc phi trén hé thdng nay, toan bd hé thdng dudc cich nhiét. Cudng do bifc xa ning ludng
mat trdi 750 W/m?, dugc truyén qua thity tinh va sau d6 bi hip thu trong bé& mat vat den. B& mat vat
den s& néng 1én va bidc xa tdi kinh va ciing mat nhiét bdi sy d&i luu xuyén qua khong khi, hé s& doi
luu ke/k = 1.4[5]. Mt ngoai cda tdm thdy tinh bi mdt nhiét bdi sy bifc xa va d&i lvu d&i véi mbi trudng
xung quanh tai 30°C 1a h = 20 W/m*.0°C[5). Gia si ring kinh khéng truyén qua bt k¥ bdc xa nhiét ndo
va ¢6 £ =0.9. Gid st ring bé matden c6 & = 1.0 dBi v6i tdt ¢ cdc bifc xa. Chiing ta ¢ th€ tim dugc

su chénh 1&ch nhiét d6 gita bé mat hap thu va bé mit ngung tu nhu sau :
- - - . . 7. & -
Gid sif ring khéng c6 sy hdp thu ning lvdng mit trdi khi di qua kinh. P&i véi bé mit vat den

J; =E (I1.3)
Su d&i luu va ning lugng dé€n bé mat vét den 1a[5].
g _ k. q
= = T,-T )+— (I1.4)
Al -1+ .‘
Mic khdc ta cé
k,
E,-FyJ, = "K;'(Tz "Tl)+h(T3 “Tz) (IL5)

8 d6 J, — tng bitc xa phdt ra tif bé mat 1 trong mdt don vi thdi gian/mdt don vi dién tich, Iy 12 tdng
bifc xa phdt ra tif bén trong thiy tinh trong mdt ddn vi thdi gian/mot don vi dién tich. Ning lugng cin
bing tdng thé d6i véi bé mat 2 1a:

62 kc
1 (2Ebz_‘]2f_‘]2")='&—x(ﬂ"‘Tz)"'h(Ta_Tz) (I1.6)
2
& d6 J,, — tong bifc xa phat ra tif bén ngoai thily tinh trong mdt don vi thdi gian/mét don vi dién tich.
DP&i v6i todn bd hé, ning lugng mait trdi bi hdp thu thi bing véi lugng mit di do sy ddi luu va
bifc xa tit bé mat ngoai cda thiy tinh

'3" = h(Tz _T|l)+§2(Eb2 “’Eba) (IL7)

Cudi ciing, su bifc xa ra bén ngoai cé thé dugc viét lai
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= §2 (E.az 'Eb3)= (Ebz _Jzu )l‘f_2 (I1.8)
rad - 52
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) 5 ) N ¥ 1 _ 20
Dién tich thu nhén 12 rdt 16n so vdi khéng @Thuy tok @ T,=30°C ,h=20W/m"°C
gian do dé, Fj; = 1.0. Nhu vy, chiing ta c6 04 \ I/

phudng trinh va 04 4n s6 chua biét E,;, Ep, Jo,
Jz;). :

K&t qua tinh todn, (v8i k = 0,03w/m.°C). : k. _ 14 Ax|=1.5cm
Ei» = 682,96 wim’ ; T> = 331,3K; Joy = 662,96 k> Black
wim’ ; I = 760,94w/m’; Ey = 1471,68 wim® ; T, ,/CD ,
=401,4K. - B SENRRIONIRERE R

Nhu vdy, vé mit 1y thuy&t véi khodng
cich Ax =7,5cm (khodng cich giita bé mit hap Hinh I1.2 : H¢ thu ning lugng mit troi
thu va thuy tinh), ta c6 sy chénh 1énh nhiét d6 1a khodng 70°C, va ciing hoan toan phi hgp véi két qua
thuc nghiém (véi A x = 3inch = 7,62cm)|[2].
I11.1.3.2 Thit nghiém ché tao va két qud dat dicoc

S-Still 1a mdt hinh hop chi¥ nhat, véi dién tich b& mat hip thu 0,4x0.78cm?, vé ngoai dudc 1am
bing vdn ép diy 2cm, mit ddy duge 16t mot 16p cach nhiét
day 2cm, ti€p sau d6 quét 1&n trén né mdt 18p silicone den
(loai sillicone nutrure), vdi muc dich ting tinh bdo 6n cho
thiét bi, ching toi ti€n hanh phi 1&n 18p sillicone mdt 18p sgi
thly tinh, va cudi cling 12 16p sillicone déng vai trd vét den
tuyét déi. Cdc mit bén clda S-Still ciing dugc thyc hién theo
trinh tu 1dn llrgé nhu mat diy, nhung cdc 1dp sillicone dudc
thay béing loai sillicone méau tring, v6i muc dich gidm t8i da
su hdp thu va bifc xa nhiét cia mit bén, nhdm duy tri sy
chénh l&ch nhiét d cao giifa hai bé mit hdp thu va ngung tu.
D6 nghiéng clia mdng din nudc ra ngoai phai 16n hon 5°[2],
dd nghiéng cla tdm thiy tinh 12 20°[2]. Trudc khi ldp vao
mdy chung cit thiy tinh phdi dugc rira sach bing axit yéu,
nhim loai bd cdc vét diu md, di€u nay giip qué trinh
ngung tu va chdy vao mdng din ra ngoai dudc lién tuc, hay
ch& db chdy mang dugc hinh thanh. Lugng nuéc dira vao 1 2 ] ig .
lit/ngay /0.3m?2. _ . Hinh IL3 : S-Stlfl dan.g dudc vin hanh

thu nghiém

A

~ V&8 ngoai, dwgc lam bdng vin ép
day 2mm

B — Ldp cdch nhiét day 2mm

C — Ldp Sillicone thit nhdt

D — Ldp sgi thity tinh cdch nhiét

E — Ldp sillicone thit hai

HinhIL4 : Mt cét c&u tric ciia S-Still F — Mdt bén dugc phii bing sillicone
trdng va mdng thodt nudc

Chiing ti d ti€n hanh thit nghiém va so sdnh trén c3 thly tinh trong sudt va thiy tinh dugc phi
mang ZnO:Al. Nudc dua vio 12 nude 1g(18y ti cdc nha déin tai huyén Di An tinh Binh Duong) va nudc
min (1dy tir bién Cin Gis Tp.HCM).
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Chiing t5i ti€n hanh khdo sdt sy bi€n thién nhiét do cda bé mit Sillicone den ciia S-Still (trong

trudng hdp khdng c6 nudc va tim kinh tao hiéu &ng nha kinh), ddng thdi so sdnh vdi nhiét d cia bé
mit clia mot mi€ng sit. Thai gian khdo sat bit diu tr 8 gids sdng dé€n 16 gid. K&t qua dudc trinh bay
trén hinh IL5. Tir dd thi cho thdy:
o Nhiét do cao nhit ma b& mait sillicone den cé thé dat dugc la 66°C, va d6i véi mi€ng sit 1a
57°C. Mit khéc, theo tinh todn Iy thuy&t [5] cho thay, iing vdi dong bifc xa mat trdi 12 700W/m” nhiét
d6 méi trudng 1a 25°C, hé s6 d6i luu véi mdi trudng xung quanh 12 h = 10 W/m?, cho thdy mdt bé mat
vit den c6 & = 0.95 c6 thé dat d&€n nhiét do 64,8°C. Sy sai l&éch giita ly thuy&t va thuc nghiém 1a
khong dang ké . Do viy, viéc ching t6i chon Sillicone den dé lam bé& mat hip thu ning lugng mat trdi
132 hoan toan phi hdp.

Hinh IL.6 trinh by sy bién th:en nhiét dd theo thdi gian trong ngay cia S — Still ding mang

ZnO:Al (trudng hgp cé nudc). T s thi ta cé nhdn xét sau :
. Nhiét do cao nhit 1an lugt trong S-Still va trén thdy tinh cé thé dat duge 1a 87°C va 73°C. Tinh
trung binh cho toan b thdi gian c6 thé xem sy chénh 1&nh nhiét do giita bé mat hap thu va kinh 12 8 -
10°C, 16 rang ring su khdc biét vé nhiét dd gilta thiy tinh v bé mat 1a khodng 10°C va thip hon
nhiéu so véi tinh todn 1y thuyé&t [5]. Piéu nay chi ¢ thé gidi thich ring khi trén bé mit kinh c6 1dn hai
nudc & dang hat 1i ti hodt dang sudng thi khd ning xuyén qua chiing bi gidm. Pidc biét & nhiét do cao
cdc dang hat li ti hodc dang suong phét quang sé& 1am cho nhiét do cia bé mit kinh ting 1&n[6] .

Hinh I1.7 trinh bay sy bién thién nhiét do trong S-Still véi trudng hgp thiy tinh ¢ phi mang
Zn0:Al va thiy tinh khéng c6 phi mang. Ti dd thi cho thay:

° Cuc dai cda S-Still (kinh c6 phi mang ZnO:Al) 1a 84°C, trong khi d6 vdi trudng hdp kinh khéng
phi mang, nhiét do cyc dai trong S-Still 1a 71°C, khi cudng d bifc xa mat trdi ting (tir 10 gid 30). Nhu
di biét, khi bé mat Sillicone dudc gia nhiét bdi ning lugng mit trdi thi bic xa hdng ngoai. Mic khéc
tir [3] ta thd'y dd phdn xa trong viing hdng ngoai ciia thiy tinh trong subt (< 20%) va thly tinh ¢6 phi
mang ZnO:Al (>80%) trong viing héng ngoai la khdc nhau. Do viy, bifc xa hdng ngoai dudc phin xa
lai trong S-Still trong hai trudng hgp 12 khdc nhau, di€u nay 1y gidi su chénh l&ch nhiét do trong S-Still

nhu dude minh hoa trong hinh IL.7.
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Cong sudt cla S-Still thiy tinh trong sudt va thiy tinh ¢6 phi mang ZnO:Al) dudc trinh bay

trong hinh I1.8, d&i v6i mdi loai kinh dugc thit nghi€ém trong thdi gian 10 ngay.

Bdng 1 : Bing so sdnh céng sudt ciia S - Still

Thiy tinh Cé phi C6 phd Developing El Paso
trong sudt mang mang Appropriate Solar
-nudclg | ZnO:Al- ZnO:Al - | Technologies Energy
nudc lg nudc man in Peru [2] Association,
Texas USA
[3]
Cdng suit cuc 2,42 2,87 3,13 2.3 2,18 | 4,36
dai Q (Mua | (Mu
(lit/ngay/m?) Poéng | a
) | He)
Nhéin xét:
° Trong cling mdt diéu kién (khéng gian va thdi gian), cong sudt 16i ra cuc dai ciia S — Still (c6
mang ZnO:Al) cao hdn so véi S — Still (thiy tinh trong sudt) 12 0.71(lit/nga y/m?).
® Trong cling mdt diéu kién (khong gian va thoi gian), cong sudt 18i ra cuc dai cda S — Still (c6

mang ZnO:Al) 1a khidc nhau gita nudc min va nude ngot.

s Céng sudt 16 ra ciia S — Still (thdy tinh trong sudt) 1a tiong dudng v6i cong sudt ciia S — Still
ciia Developing Appropriate Technologies - Peru va El Paso Solar Energy Association — Texas,
USA(vao mita ddng), (cdng trinh clia chiing t8i hoat ddng thi¥ nghiém va thu thip s& liéu tir diu thdng
11 d&n ddu thing 12 — 2004, ciing 12 mia dong, mia ning y&u cda Viét Nam).

1I.1.3.3. Pdnh gid chdt luone nude

Nude trude va sau khi chung cdt dugc chiing t6i lun git mdu ddng thdi dugc dua xét nghiém
(chon miu ngdu nhién) tai Vién Pasteur Tp.HCM véi k&t qua dudc trinh bay trong hinh I1.9 va I1.10.

Hinh I19 cho thdy két qui clia miu nude trude khi chung cit, v6i k&t lusn : Miu nudc c6 PH,

Oxy tiéu thy, Amoniac, Mu6i nim ngoai gidi han ti€u chuin nwéc #n ubng sinh hoat theo
1329/02/BYT. '

Hinh II.10 cho thdy k&€t qud clia mdu nudc trudc khi chung cat, véi k&t luan : Miu nudc nim
trong gidi han tiéu chu&n nudc in udng sinh hoat theo 1329/02/BYT.
IIL. Két luin

Cong trinh nay da dat dugc nhitng két qué chinh y&u sau:
1. Da nghién cifu ch€ tao thit nghiém mdy chung cit nudc bing ning lugng mit trdi véi cong suat

t8i da 2,42 lit/m*/ngay(chit lugng nudc di dugc chitng nhan tai Vién Pasteur Tp.HS Chi Minh). Tudng
duong vdi cong sudt clia cdc cong trinh [1] va [2].

2. Dung mang ZnO:Al véi kich thude 50x100cm® d€ ndng cong suit may chung cit nudc bing ning
lugng mat di 18n 3,13 lim*/ngay (chat lugng nudc da dudc ching nhén tai Vién Pasteur Tp.H8 Chi
Minh).

MAKING THE SOLAR WATER DISTILLATION WITH ZnO:Al THIN FILMS

Le Van Hieu, Dao Vinh Ai, Nguyen Huu Chi, Tran Tuan
Faculty of Physics, University of Natural Sciences - VNU-HCM

ABSTRACT: This work made the solar water distillation, obtained the optimized results of
efficiency 2,42 little/squ/day, the sume uas the efficiency with another project [1] and [2]. In addition,
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we have been improve the efficiency of the solur water distillation from 2,42 little/squ/day to 3,13
little/squa/day by using ZnO:Al thin films (quality of water were tested by Pasteur Intitution HCM City
and have good result).
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