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HE THONG XU LY NUOC THAI BANG NANG LUONG MAT TROI
THEO PHUONG PHAP KHU MAN

SOLAR-POWERED SALINITY REMOVAL SYSTEM FOR WASTEWATER
TREATMENT

Bui Hai Dang, Pham Truwong Giang
Truong Pai hoc Cong nghé Giao thong Van tai

TOM TAT

Bai bdo nay, trinh bay vé mét hé thong xir Iy nwdc thai bang nang hrong mdt troi, sir dung
phiong phdp khir mén dé san xudt nwde ngot. Nang lwong mat troi duge sir dung dé cap nhiét cho
qud trinh xi Iy nueée thai. Két qua cho thdy rang, hé thong nay co kha nang xi ly nuoc thal hiéu qua
va san xudt dirge mede ngot dat chat leong tiéu chudn. Hon nita, hé théng nay ciing tiét kiém ning
lwong va chi phi so véi cac phwong phép xir Iy nuede thai truyén thong.

Tw khoa: Xu Iy nuoc thai; Nang lwong mat troi; Khir man; Tiét kiém nang luong.
ABSTRACT

This article presents a system for treating wastewater using solar energy, utilizing a
desalination method to produce freshwater. Solar energy is used to provide heat for the wastewater
treatment process. The results demonstrate that the system is capable of effectively treating
wastewater and producing high-quality freshwater. Additionally, the system is energy-efficient and

cost-effective compared to traditional wastewater treatment methods.

Keywords: Wastewater treatment; Solar energy; Desalination; Energy-saving.

1. GIOI THIEU

Nudce la tai nguyén quy gid cia con
nguoi, tuy nhién, voi sy gia tang dan sO va su
phat trién kinh t&, nhu cau st dung nuo’c cling
tang lén dang ké. Pong thoi, cic ngudn nudc
mit va ngam dang bi 6 nhiém nghiém trong, do
su phat trién cong nghiép va do thi hoa. Do do,
viéc tim kiém cac phuong phap xu ly nude thai
hiéu qua va bén viing 1a rat can thiét.

Nang lugng mat troi 1a mdt ngudn nang
luong sach va tiém nang dé sir dung trong cac

hé thong xtr 1y nude thai. Phuong phap khir
mdn la mét trong nhiing phuong phép hi¢u
qua dé san xuat nude ngot tir nudc min. Trong
bai bao ndy, s& trinh bay vé mot hé thong xur
Iy nudc thai bang nang luong mit troi theo
phuong phéap khir man.

Céc cong nghé khir man dugc chon dya
trén cac yéu to van hanh, bao tri, vi tri, ning
luong, chi phi va dac tinh ctia nude. Cac cong
nghé thong thuong khir man san xuat hon 90%
nudc ngot trén toan cAu, v6i co s& cua cac qua

trinh nhiét 1a chung cét va bay hoi. Trong khi
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d6, cac phuong phap tham thau nguoc va mang
ban thAm duoc sir dung dé xur 1y nudc bién
trong cac qué trinh mang, yéu cau chénh léch
ap suat trén mang. Ao niang lugng mit troi 1a
mot cong nghé méi st dung nang lugng mat
troi dé xur Iy nude thai, str dung niang luong tai
tao va mién phi va hoat dong subt nam. Mot
ao khir m@n nang lugng mat troi su dung nudc
mudi dang ké dé bao tén ning luong nhiét tir
blic xa mit trdi, gian tiép. Ao khir man ning
lwong mit troi bao gdm ba 16p khac nhau:

- Viing d6i luu phia trén (ving bé mit);
- Vung dbi Iuu phia dudi (ving du trit);
- Viing d6 déc giita vang trén va dudi.

Hinh 1, md ta cac 16p nude thai khac
nhau theo phuong phap khir min bang ning
lwong mit troi. Ving dbi luu phia trén, nong va
c6 ndng do mudi thap, hap thu mot sé anh sang
mat troi va ph'?m con lai duogc chuyén sang 16p
bén dudi. Lop nay c6 d6 mian khoang 2 dén 3%,
v6i pham vi nhiét do béng v6i nhi¢t do trung
binh cta méi trudng. Lop giita 1a ving d6 doc
la vung khong ddi luu, duogc tao ra boi do doc &
16p trén va dudi, véi nong d6 mudi ting khi do
sdu tang. Lop dudi cung c6 nude mian hip thu
nang lugng nhiét ctia mat troi mot cach manh
mé va la noi tich tu nhiét voi mat do cao.
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Hinh 1. So do cdc I6p nude thai khdc nhau trong
ao nang luong mat troi

So d6 qua trinh xir Iy nwée thai:

Hinh 2 cho thay so d0 cta qué trinh xtr
Iy nuédc thai. Nude thai dau ra tir mot nganh
cong nghiép di vao don vi xur 1y chinh va sau
d6 1a don vi xir Iy thir cAp, nhu dugc thay trong
so d6. Pau ra cua thiét bi ndy chay dén bo phan
khtr tring va sau d6 di vao thiét bi khr man
nang lugng mat troi. Hi¢u suét cua hé théng
dugc danh gia bang cach phan tich cac thong sb
chét lugng nudce dau vao va dau ra, chéng han
nhu tong chat rin tan (TDS), ham lugng oxy
héa hoa hoc (COD), ham lugng oxy hda sinh
hoc (BOD) va d¢ pH. Nang lugng ti€u thu cua
hé thng ciing duoc do ludng.

Cratlet wastewvater

The srudsed usit

Hinh 2. So' do quy trinh xit Iy nude thai

Mo ta mo hinh ao khir min niang lwgng mat
troi:

M6 hinh ao khir man nang luong mat
troi dugc nghién ctru bao gdm maot san kim loai
va v6 kinh. Chiéu dai va chiéu rong ciia san la
1.5m va Im tuong img. Bo day ciasanla 1 cm
va cua nép 12 4 mm. San cua thiét bi nay dugc
lam bang thép khong gi dé c6 kha ning chéng
in mon va ap sudt. Goc cua mai kinh 1a 30°.
Thiét bj khir man nang lugng mat troi hudng vé
phia Tay dé né c6 thé dugc tiép xtc véi nang
luong mat troi tdi da. Hai miéng kim loai chia
san thanh ba phan. Dong nudc thai chay vao
phan giita. Thiét bi hap thu ning luong mit troi
vao ban ngay va lam bay hoi nudc thai. Hoi
bién thanh chét long trong dém va chay xudng
6 hai bén cuia thiét bi nay. Hinh 3, cho thay quéa
trinh dién ra ctia thiét bi.
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Hinh 3. M6 hinh ao khir man nang luwong mat troi

Nudc thai dau ra tir bo phan khir tring
di vao thiét bi ning luong mat troi va dugc
chuyén do6i thanh hai dong nudc tinh khiét va
nude mudi. Nhiét d6 nude thai trong cac 16p
khéac nhau, din dén toc d6 san xuit nudc ngot
khac nhau. Cac dac tinh cia nudc thai duoc
trinh bay trong Bang 1.

Bang 1: Ddc tinh cua nuoc thai:

Pac tinh S6 lwong
Do nhét 1091cP
Mat do 1120 kg/m?
Nhiét dung riéng 3,11 kJ/ kg’C
b6 man 7,2%
TDS 207,6
Do duc 1,13

2. NGHIEN CUU DUA TREN MO HINH
CUA PON VI KHU MAN NANG LUQNG
MAT TROI

Céc phuong trinh bao toan nang lugng
duoc su dung dé mo hinh hoa nén tang cua thiét
bi nang luong mat troi, nude thai va kinh che
[3]. Su hip thu ning lugng boi nén tang cia
thiét bi ning lugng mat trdi tuan theo co ché
dong chay. Cong thire (1) cho thiy sy can bang
nang luong ndy. Ngoai ra, sy trao dbi ning
luong gitta nudc thai va kinh bang co ché dong

chay, truyén nhiét bay hoi giita nudc thai va
kinh va truyén nhiét birc xa giita nude thai va
kinh cling xay ra. Do d6, nang lugng thu dugc
boi nude thai duge viét theo cong thire (2) [6].
Nang luong thu dugc boi kinh tir anh sang mat
troi tuan theo co ché dong chay, truyén nhiét
btrc xa va bay hoi cuia nudc thai. Nang luong bi
mat duoc tim thay thong qua co ché truyén nhiét
birc xa giira kinh va bau troi [3]. Do d6, phuong
trinh bao toan ning lugng ciia kinh dugc viét
theo cong thure (3). Ngoai ra, do manh cua birc
xa mat tro1 dugc dinh nghia theo cong thirc (4)

[6].

dT,
RabaSba - Hc,b—ba - Hloss = mbacba ba (1)
dt
dT,
Ra,S, - H,, ,, — H.,6, -H,, =mg, d;m (2)

dT,,
Rae,S,-H,, ,-H. -H,  +H, -H, =mc,—"(3)

eh-ba ~ Ly rb-g e, £ g

R=R,[(1-0,14z)exp(-0,357(sec 6)"™) +0,14z | (4)

R 1a birc xa truc tiép trong khu vuc.
Ngoaira, R 1a 1353Wm?. 0, 1a goc thién dinh.
Nhiét dung riéng [3] dugc viét theo cong thiic
(5):

¢, =4180+4,396¢ +0,0048¢>  (5)

D6 nhét, hé sb truyén nhiét dan dién,
nhiét dung riéng & ap suat khong doi va mat do
nudce thai man [6] dugce liét ké theo cac cong
thire (6) dén (9):

1, =—0,002d> +0,057d +0,725 (6)
k, =5,553.10" =8,13.10°¢ +8,10*(T,,. —20) (7)
cp, =1E —4d* —0,0041d +3,181 (8)

0, =998+0,65 —0,4(T,, —20) 9)

ve

Nhiét luong tiém an cua nude thai duge
biéu thi bang cac cong thue (10) va (11). Cong

thue (10) dugc st dung khi nhiét d§ bay hoi &
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cao hon 70°C, cong thirc (11) duge su dung khi
nhiét do bay hoi duéi 70°C:

H,, ={3,1615.10°[1-(7,616.10*7, | ForT, > 70°C} (10)
Hy, ={2,5.10°(1-9,5.10°7,+1,3.10 777 - 4,8.10° ) ForT,(70°C} (1 1),
Ngoai ra, 4p suat ciia nudc min va ap

suat ctia mit trong nap kinh [6] duoc thé hién
bang cong thire (12) va (13):

5144
})b =eXp 25,317—m (12)
144
P, =exp 25,317—5— (13)
(T, +273,15)

Cong thuc (14) cho thiy toc do6 dong
chay ciia san lwong nudc ngot tir thiét bi niang
lugng mat troi theo nhiét do trung binh va nhiét
do nudc thai [3]:

dmcgnd — he,b—g (]; - T;zve) (14)
dt h

Iv

Méi tuong quan giita mo hinh 1y thuyét
va dit liéu thuc nghiém [6] 16n hon néu nhiét do
trung binh duoc biéu thi theo cong thirc (15):

T,,=0,77.T, +0,23.T,, (15)

ave

3. KET QUA NGHIEN CUU

- Nghién ctru vé cwong do biurc xa va xir ly
nudc thai

Hinh 4 cho thiy rang, qua trinh loai
b6 chét 6 nhiém tang 1én khi do manh cua buc
xa mat troi tang 1én, ty 1¢ loai bd tdi da cua
BOD, COD, photpho, nitrat va TDS lan luot
13 28,1%, 25%, 39,9%, 39,2% va 24,4%. Piéu

nay c6 nghia 1a thiét bi phoi nhim anh séng
mat troi c6 hi€u suat chap nhan dugc trong qua
trinh xu ly.

CET

Furifies Bon indirs

B BOD removals 8 COD removals BT removals O Fhosphase pomoval™s 8 Narse removals

Hinh 4. Méi quan hé giita cuong do birc xg mat
troi va loai bo chat gdy 6 nhiéem
Bang 2 cho thy, ty 1¢ chi s6 6 nhiém
trong thi€t bi chira dat phoi nhiém anh sang mat

trof.

Bdng 2. Ty Ié chi s6 6 nhiém:

Chi s6 6 nhiém Ty 18 (%)
BOD 28,1
COD 25

Phosphase 39,9
Nitrat 39,2
TDS 24,4

- Nghién ctru vé€ do sau cua nudc thai va
xu Iy nude thai:

Hinh 5, cho théy mbi quan h¢ gitra hi¢u
qua xu ly va do sau cua nuodc thai. Hi¢u qua
xu ly la sy giam trung binh cua BOD, COD,
photpho, nitrat va TDS. Hinh 5, cho thdy rang
hiéu qua xu 1y gidm di khi d6 sau cta nudce thai
tang 1én.
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Hinh 5. Moi quan hé gitka hiéu qud xu Iy va do sdau
nuoc thai

Khi d§ sdu cua nudc thai tang lén,
lugng bam muoi cling tdng 1€n va yéu to nay co
tac dong dang ke dén viéc giam hi¢u qua xur ly.

- Nghién ctru vé san xuat nudc so voi do
manh cua burc xa:

Ty 1& bay hoi ly thuyét va thuc nghiém
cua nudc thai & cac mire do khac nhau cua burc
xa mat tro1 dugce chi rd trong phﬁn nay. Hinh 6,
cho thiy ring d6 manh cta birc xa ciing nhu ty
1€ bay hoi tir thang 6 cao hon so vdi cac thang
khéc. Nhiéu yéu t nhu do manh cua buc xa
mat trdi, toc do gié va hudng gié anh hudng
dén qua trinh bay hoi nudc thai.

— M £ 11 B Evaporation rate-Expenimenlal
023 | dua
] s los
= 02 1 9 |OEvaporation rate-Theorctical
o - - E | dua
=
H 2
=015 4 | 3
%' £ | @Inicosity of rdiaiion
~ 5
T 0l I - é
= E - -
= & |The Latinsde=36", Solar pond
5””{ | , 3 % Mosor area=1 5m?, Thickness of
E |« |glss wall=4mm
o |

FEF E PP S P
Hinh 6. Toc d¢ san xudt nwée 1y thuyét va thuc
nghiém so voi cuong do birc xa

- Nghién ctru vé nhiét do cua nudc thai
trong cac thang khac nhau:

Hinh 7, cho thdy gi4 tri Iy thuyét va
thuc nghiém cda nhi¢t d¢ trung binh trong cac
thang khac nhau. Két qua xac nhén rang c6 su
déng thuan gitta m6 hinh toan hoc va dir li¢u
thuc nghiém. Nhiét do trung binh cta nudc thai
min cao nhit xay ra vao thang 7 va thip nhat
vao thang 12.

m

Tempersture (°C)
£ & i
\
Inbensity of radiation (KW/m')

Hinh 7. Nhiét @6 trung binh Iy thuyét va thuc
nghiém trong cdc thang khac nhau

4. KET LUAN

Nudc thai duge xu 1y trong by khir mén
nang luong mat troi va duoc dua ra thanh nudc
sach bang cach bay hoi. TAm quan trong cua
khtr m@n nang lugng mat troi 1a nd tiét kiém
nhién li€u va tranh lugng khi thai tuong tng.
Nghién ciru hién tai nhdm téi muc tiéu phan
tich hi¢u suét ciia nha may thong qua tinh toan
dua trén mo hinh va xac minh két qua bang cac
phép do vat 1y. Trong khi hiéu sudt cua nha
may dugc thiét 1ap & mot bén, mat khac viéce
xac nhan mo hinh toan hoc da dat duoc, da xac
nhan sy tuong dong giita dir liéu thi nghiém va
két qua md phong mé hinh. Viéc mé hinh da
dugc phat trién bang cach sir dung cac phuong
trinh niang luong c6 sin trong tai lidu 1a hét sirc
quan trong va can thiét.

Danh sach cdc ky hiéu:
s6 phat xa;

g: H¢
o: Hé sb hép thu;
o: Hang so Stefan-Boltzmann (W/m*K*);
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Ab: Dién tich day ao nang lugng mat troi (m?);
Aba: Dién tich nudc man (m?);

Ag: Dién tich nip kinh (m?);

c: Nhiét dung riéng (J/kg K);

R: Luu lugng nhiét mat troi (W/m?),
h: Hé s6 truyén nhiét (W/m?K);

h, : Nhiét hoa hoi (J/kg);

¢: D man (g/kg);

m: Khéi lwong ngung tu;

H; Luu lugng nhiét (W/m?);

T: Nhiét do (C);

t: Thot gian;

dt: Khoang thoi gian (s);

T : Nhiét do bau troi (C);

a: Méi truong xung quanh;

ba: Day (cta ao nang luong mat troi);
b: Nudc man;

E: Bay hoi;

E,: Hi¢u qua;

G: Kinh;

R: Buc xa;

S: Bau troi;

C: Dan nhiét.
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