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TOM TAT

Muc dich cua nghién citu ndy la danh gid sw dnh huwéng cua diéu kién thoi tiét dén néing
leong hizu ich cua hé thong nuede néng nang leong mat troi. Hé thong nay dwoc thiét ké, ché
tao va lap dat tai truong Pai hoc Sw pham Ky thudgt Thanh pho Hé Chi Minh. Cdu tgo cia hé
thong gom bén bé thu tam phang dwoc ldp song song véi nhau, ¢é tong dién tich 1a 8 m2. Thé
tich binh tich triz nwée néng la 300 Iit, lvu heong néc tuan hoan qua bg thu 1a 0,132 kg/s.
Trong nghién cizu ndy, cac thi nghiém duwoc thic hién trong ba dang ngay khac nhau gom
ngay ndng, ngay c6 may va ngay mua dé danh gid anh huwong cua diéu kién thoi tiér dén nang
lirong hizu ich cia hé thang. Gia tri birc xa mdt troi trung binh trén mdt phang bé thu cia ba
ngay dige dé cap ¢ trén lan leot 12 602 W/m?, 412 W/m2, 284,5 W/m2. Két qud thi nghiém cho
thdy ndng lwong hitu ich cdp dén binh tich triz nwdéc ndng cua ngay nang, ngay c6 may va
ngay mua lan luot 1& 10,22 kWh, 4,4 kWh, 0 kWh va dién nang tiéu tén cho bom nuéc tuan
hoan bg thu twong 1ng la 2,1 kWh, 1,28 kWh, 0 kWh.

Tir khoa: B¢ thu tdm phang; leu leong; birc Xa ndng heong mat troi; diéu kién thoi tiét; nang
lwong hizu ich.

Ky higu
Ac: Dién tich bg thu nang lugng mit troi (m?)  mw: Luu lwong khéi luong nuéc bd sung vao
As: Dién tich b& mat cua binh tich trit (m?) binh tich trix (kg/s)

Cb: Hé s6 dan nhiét méi han Qu: Nang lugng hitu ich (W)

Cp: Nhiét dung riéng ctia nuoc (J/kg°C) Qst: TON that nhiét cua binh tich trix (W)

D: Puong kinh ngoai 6ng (m) Quw: Dong nhiét cung cap cho ngudi str dung (W)
Di: Buong kinh trong ciia dng (m) Ta: Nhiét do méi truong (°C)

F: Hiéu suét canh tiéu chuan Tei: Nhiét do nudc dau vao bo thu (°C)

F’: Hé s6 hiéu suat cua bo thu Teo: Nhiét d6 nude dau ra bo thu (°C)

Fr: Hg s6 dich chuyén nhiét bo thu Ts: Nhiét do nuéc trong binh tich trix (°C).
hei: Hé s truyén nhiét tir ng vao chat 16ng  Twi: Nhiét do nudc bé sung vao binh tich trit (°C)
lt: Buc xa nang lugng mt troi (W/m?) Ub: Hé sb ton that nhiét mat day cua bo thu

m: Luu lugng khéi lwong (kg/s) (W/m2K)
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Ue: Hé sb ton that nhiét mat bén caa bo thu
(W/m2K)
Ut Hé sb ton that nhiét mat trén cua bo thu

(W/M2K)

UL: Hé s6 ton that nhiét toan phan (W/m?K)
Us: Hé s6 ton that nhiét binh tich trir (W/m?2K)
Vs : Thé tich binh tich trix (L)

W: Khoang cach éng (m)

ABSTRACT

The aim of this research is to evaluate the effects of weather conditions on the useful heat
gain of the solar water heating system. This system has been designed, fabricated and installed
in the Ho Chi Minh City University of Technology and Education. It consists of four flat plate
collectors parallely connected with the total collection surface area of 8 m2. The volume of
storage tank is 300 liters and the water flow rate through collector loop is 0,132 kg/s. In this
study, the experiments were carried out on three types different of days, including clear day,
intermittent cloudyday and overcast sky day, to evaluate the effects of weather conditions on the
useful heat gain of the solar water heating system. The average values of the global solar
irradiance incident on the collector surface of the three above different days are 602 W/m?, 412
W/m?, 284,5 W/m?, respectively. The experimental results show that the useful heat gain of
solar collectors for domestic hot water production of the clear day, intermittent cloud sky day
and overcast sky day are 10,22 kWh, 4,4 kWh, 0 kWh, respectively, and the corresponding

energy consumption of collector loop pump is 2,1 kWh, 1,28 kWh, 0 kWh, respectively.

Key words: flat plate collector; flow; solar radiation; weather conditions; useful heat gain.

I.  GIOI THIEU

Trong thoi dai hién nay, kinh té va dan
sd phat trién manh mé dan dén nhu cau tiéu
thu nang luong ngay mot ting cao da dan dén
can kiét ngudn nhién liéu hoa thach va lam
tang luong khi thai nhu CO2, SO, va NOx vao
bau khi quyén. Tur nhitng ly do trén, nhiéu
nuée da hudng dén sy tang cuong sir dung cac
nguon nang luong tai tao [1-2]. Do sy bién doi
khi hau, néng Ién toan cau, sy khan hiém
ngudn nang luong hoa thach va cac chi phi
nang lugng ngay cang tang, chinh vi vay
nghién ciu vé nang luong tai tao da tré thanh
mot van dé nong trong nhitng nim gan day.
Dic biét, nghién ctu vé& nang luong mat troi
ma chu yéu tap trung vao céc hé thdng nhiét
mat troi dé sudi 4m, gia nhiét nudc néng dugc
nhiéu nudc trén thé gisi chd trong, quan tam.

Nam 2008, Badescu [3] danh gia hé
théng nang lwong mat troi bang viée diéu
khién t6i vu luu luong bd thu ning luwong

mat troi tim phang theo kiéu dong-mo. Két
qué cho thay hiéu suat cua bd thu niang lugng
mit troi cao hon phuong phap diéu khién ti
vu luu lwong khong doi. Kavarik va Lesse
[4] d3 tién hanh nghién cau ly thuyét bai toan
diéu khién luu lwong dong chay t6i wu dé tim
ra sy khac biét 16n nhit giita nang luong hitu
ich va dién nang tiéu tn cho bom nudc trong
vong tuan hoan bo thu. Trong nghién cuau
nay, bo thu tam phang va binh tich trir duoc
gia dinh rang khong c6 sy cung cip nudc
néng cho ngudi st dung trong suét qua trinh
bom hoat dong. Winn va Hull 11l [5] da phat
trién mo hinh téi vu bai toan co ban dya trén
hé s6 dich chuyén nhiét, trong md hinh xay
dung nay, cac gia tri do luong (vi du nhu
nhiét do, buc xa nang lugng mat troi) cua hé
thdng khdng yéu cau truéc nhung giai phéap
bang sé tao ra trang thai véi su thay ddi thich
hop. Dorato va Jamshidi [6], Orbach et al va
Beckman et al [7] ciling b4o cao vé diéu khién
t6i wu cho hé thong thu ning lwong mat troi
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v6i phuong phap didu khién dong-mé. Salteil
va Sokolov [8] dd dua ra mot phan tich sb
cho t6i wu lwu luwong dong chay cua bo thu
ning luong mit troi da thanh phan véi hai
loai cAu hinh: tuin hoan va mot chiéu véi
diéu kién thoi tiét dugc gia dinh 1a mot ham
sin theo thoi gian. Nam 2013, Nhut va Park
[9] danh gia hé thong ning luong mat troi
bang viéc diéu khién dong chay téi wu cho
vong tuan hoan bo thu ning lwong mit troi
dang dng chan khong bai bom bién tan. Két
qua nghién cau cho thiy hiéu sut ting so
vé6i diéu khién dong-ma 13 1,54%. Viét Nam
khong tranh khoi tinh trang thiéu hut ngudn
nang luong nhu thé gigi. Cho nén, viéc sir
dung ngudn niang luong tai tao thay thé
ngudn ning luwong truyén thdng duoc phat
trién manh mé.

Céac nuéc dang phat trién trén thé giéi
phét trién manh mé linh vuc san Xuat nudc
néng bang ning lugng mit troi nhu My, Duc,
Phap, Tay Ban Nha, Trung Québc... O Viét
Nam tuy chi mégi tng dung nang luong tai
tao cach ddy khong lau nhung ciing thé hi¢n
dugc tiém nang rat Ion, dac biét 1a san xuét
nudc nong nang lugng mat troi.

Do vi tri dia ly da uvu ai cho Viét Nam
mét nguén ning lwong mat troi vo cung 16n,
dic biét 1a & thanh phd H6 Chi Minh, noi ma
nhu cau st dung ngudén nudc néng phuc vu
khong chi cho ho gia dinh ma con cho cac
khéch san, chung cu cao cép, khu nghi
dudng, bénh vién... Do d6, viéc sir dung
nguoén nang luong mat troi dé san xuat nudc
noéng thay cho cac phuong thirc cli nhu dung
dién trg, 10 hoi... c6 ¥ nghia hét sic to 16n.

Hién nay, cac hé thong ning lugng mit
troi duoc tng dung nhiéu trong cac cong ty, xi
nghiép, nha hang va khach san & Viét Nam,
hau hét st dung chi yéu Ia kiéu luu luong
cudng birc qua vong tuan hoan bo thu 1a hang
s6. Tuy nhién chua c6 mot nghién ciu danh

gia anh huong diéu kién thoi tiét dén ning
lwong hitu ich hé thdng ning lwong mit troi.
Vi vay bai bao nay nghién cau, danh gia su
anh huong diéu kién thoi tiét dén nang luong
hitu ich cua hé thong nudc néng ning lugng
mat troi tai cAc khu vuc phia nam Viét Nam.

Il. COSOLY T THUYET
Trong nghién cuu nay, nang lugng htu

ich Qu (W) cta bo thu nang lugng mat troi
dugc tinh nhu sau [10]:

Q, =AFR[(za)l,-U, (T,-T,)]

=mC, (TCO T ) @

Fr 12 hé s6 dich chuyén nhiét bo thu,
lién quan dén dién tich bo thu, hé s6 ton that
nhiét toan phan va luu lwong khéi lugng,
dugc tinh nhu sau [10]:

MG | exp| ~ AYLF
FRA;ULll exp[ povs j] (2)

p
Voi:
1

F'= S

@)
w 1 JL1, 1
U[D+W-D)F] C, =Dh,,

e tanh| m(W —-D)/2]

m(W —D)/2 @

Hé s ton that nhiét toan phan UL (W/m?K)
U, =U,+U, +U, (5)

Can bang nang lwong cua binh tich trix
nudc néng dugc tinh nhu sau:
aT,
dt
Ton théat nhiét caa binh tich trir duoc

tinh nhu sau:

Qst :USAS (Ts _Ta) (7)

MC,

Qu - Qw - Qst (6)
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Dong nhiét cung cap cho nguoi sir
dung duoc tinh nhu sau [9]:

QW=mwcp(Ts—Twi){1—exp[—M]] ®)

m,c,

I11. MO TA HE THONG
3.1 M0 ta h¢ théng

Hé thong nuéc néng niang lwong mit
troi kiéu cudng bic, phuc vu nghién cau
dugc thiét ké, ché tao va lap dat tai Truong
Pai hoc Su pham Ky thuat Thanh phé Ho
Chi Minh nhu 6 hinh 1.

Hé théng nay bao gom bo thu ning
lwong mit troi, binh tich trir, bom nudc, dong
hd luu lugng, bo didu khién va thu thap di
liéu. Bo thu ning luong mat troi gém 4 tam
collector, mdi tam c6 chiéu dai 2m, chiéu rong
1m, khoang cach cac dng 0,08m, dudng kinh
ngoai cua dng 0,013m va cd 11 ng, cac tim
nay duoc két ndi song song véi nhau cé tong
dién tich 12 8m? va dat nghiéng mot goc 45° so
v6i mat phang nam ngang huéng vé phia
Nam. Binh tich trir c6 dwong kinh 820 mm va
chiéu cao 1080 mm dap ung theo yéu cau
V,/A_~333L/m?[3]. Binh tich trit bing
nhua boc cach nhiét polyurethane day 50 mm.

Nhiét do
-1

Nhictdo |

Nhiét do T P 4

—_———

Nudc néng cap di

Hinh 1. So do hé thong b thu nang heong
mat troi

Nudc lanh bé sung

81

Hinh 2. So do thurc té bé thu nang leong
mat troi

A T

Hinh 3. Bé diéu khién ndng lwong
mat troi

Nguyén ly hoat dong hé thdng nudc
nong ning luong mat troi c6 thé duoc mo ta
nhu sau:

DPdi v&i bom nuéc tuan hoan bo thu,
khi su chénh léch giira nhiét do nudc dau
ra bo thu va nhiét do nudc dudi day binh
tich trr cao hon so véi gia tri dat
AT, =T, T, >10°C, bom b¢ thu chay, va
s& tat néu gia tri nay thip hon gia tri
AT, =T,-T,<2°C. Bom bo thu dugc

diéu khién boi chuong trinh duoc viét
bing ngdn ngit C++. Cac cam bién nhiét
do duogc két ndi véi bo diéu khién Arduino
mega 8 [11]. Tat ca céc dir liéu cd lién
quan dén nhiét do cua hé théng duoc ghi
lai va thé hién trén man hinh diéu khién.
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Buc xa ning luwong mit troi do bang may
do blrc xa mat troi Tenmars TM-207 (sai
sb 1a +/- 1,5%) [12] va cam bién nhiét do
do nhiét d6 méi truong lap dat gan vi tri
bo thu ning lwgng mat troi (sai s6+/-
0,5%). Ngoai ra, ba cam bién nhiét do
duoc st dung dé do nhiét d6 nudc dau
vao, nhiét d6 nuéc dau ra cua bo thu va
nhiét d6 nudc nong trong binh tich trir co
sai s6 1a +/-0,5%

3.2 Phuwong phap thi nghiém

Luu lugng nude qua vong tuan hoan bo
thu duoc dat 1a 0,132 kg/s.

Céc thong sb can ghi nhan trong qua
trinh do dac bao gdm: buc xa ning lugng
mat troi, dién nang ti€u thy, nhi¢t do6 moi
treong, nhiét do0 nudc dau vao, nhiét do
nuéce dau ra cua bd thu va nhiét do nude
trong binh tich tri.

Thoi gian thi nghiém duoc bat dau tir
7h30 dén 16h40 cho tat ca cac ngay, nhiét
d6 nuéc ban dau thi nghiém khong doi va
bing 30°C, cac thdng sé dugc do voi thoi
gian 10 phat mot 1an, cac sb liéu duoc ghi
vao file excel, thi nghiém duoc tién hanh
trong ba dang ngay khac nhau la ngay
nang, ngay c6 mdy va ngay mua.

IV. KET QUA THI NGHIEM VA BAN
LUAN

Hinh 4 va hinh 5 cho thiy hoat dong
cua bom bd thu nang lugng mat troi trong
trudng hop ngay niang. Bom tuan hoan bat
dau hoat dong tir 9h50 dén khoang 10h00
dirng, sau d6 dén khoang 10h50 hoat dong
tro lai cho dén 15h50 thi dung. Khi bom
tuan hoan hoat dong, nhiét d6 nudc dau ra
bo thu Teo dan dan tang lén va sau d6 giam
dan vao khoang 15h30, do buc xa ning
luong mit troi It giam, nhiét d6 nuéce dau
ra bo thu dat gia tri cao nhat 67,5°C vao
[ic 15h00.
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Hinh 5. Thay déi ciia ndang lwong hitu ich
Qu va nhiét dé trong ngay nang
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Hinh 6. Thay doi ciia ndang heong hizu ich
Qu va nhiét do trong ngay c6 may

Trong khi d6 nhiét d6 nudc dau vao bo
thu Tei lién tuc tang do do chénh léch nhiét
d6 nudc dau vao, dau ra bo thu ting va chi
giam khi bom tuan hoan tat. Nhiét d6 nudc
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trong binh tich trir Ts ting dan lén va dat gia
tri cao nhat 65°C vao luc khoang 15h00.

Téng nang luong hitu ich cap dén binh
tich trit nuéc néng 1a 10,22 kWh va tong
lwong dién ning tiéu tén cho bom nudc tuan
hoan b thu twong tng 2,1 kWh.
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Hinh 7. Thay déi ciia luu leong khoi
lwong theo thoi gian trong ngay c6 may

Hinh 6 va hinh 7 cho thay hoat dong
cua bom bd thu nang lwgng mat troi trong
truong hop ngay c6 may. Bom tuan hoan
hoat dong tir lac 8h50 dén khoang 14h50
nhung khéng lién tuc. Theo hinh 7 ta thiy
bom tat mé lién tyc trong khoang thoi gian
tir 8h50 dén 14h50 va sau d6 tat han. Diéu
nay la do su giam dot ngdt nang lugng buc
xa mat troi |t trén bé mat bd thu dan dén
nhiét do nuéc dau ra bo thu Teo giam. Nhiét
d6 nuoc trong binh tich trit Ts ting dan va
dat gia tri 46°C vao khoang 14h00. Téng
ning luong hiru ich cap dén binh tich trix
nuéc nong la 4,4 kWh va tong lugng dién
ning tiéu tén cho bom nudc tuan hoan bo
thu twong ung 1,28 kWh.

Hinh 8 va hinh 9 cho thay hoat dong
cia bom bd thu nang lwgng mat troi trong
truong hop ngdy mua. Bom tudn hoan
khdng hoat dong trong subt qua trinh thi
nghiém. Diéu nay la do nang luong buc xa
mat troi |t chiéu dén bo thu rat it va thay doi
lién tuc.
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Hinh 9. Thay déi cia nang lwong hitu ich
Qu va nhiét do trong ngay mua

Nhiét do nuoc dau vao T, nhiét do
nuéc dau ra Teo cua bd thu ning luong mat
troi thay doi rat it. Nhiét do nude trong binh
tich trit Ts dat khoang 36°C tai thoi diém
10h00. Téng ning luwgng hitu ich cap dén
binh tich trit nudc néng 1a 0 kWh va tong
luong dién ning tiéu ton cho bom nudc tuan
hoan bo thu tuong ung 0 kWh.

V. KET LUAN

Céc thi nghiém dugc thuc hién trén ba
dang ngay khac nhau nhu ngay nang, ngay co
may va ngay mua Véi gia tri luu lwong nudc
qua vong tuan hoan bo thu khong doi la 0,132
kg/s. Pé danh gia anh huong diéu kién thoi
tiét dén ning lwong hitu ich cua hé théng nudce
néng ning lugng mat troi. Két qua thi nghiém



cho thdy rang nang luong hitu ich Qu cip dén
binh tich trit nudc ndng caa ngdy nang, ngay
c6 may va ngay mua lan luot 12 10,22 kWh,
4,4 KWh, 0 kWh va dién ning tiéu ton cho
bom b thu twong tng 2,1 kWh, 1,28 kWh, 0
kWh. Hé thng diéu khién tu dong hoat dong
6n dinh trong suét thi nghiem.

LOI CAM ON
Téc gia xin bay t6 1ong biét on sau sic
dén Thay TS. L& Minh Nhut di tan tinh
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huéng dan, truyén dat nhitng kinh nghiém
quy bau dé tac gia hoan thanh bai béo nay.
Téc gia xin tran trong cam on quy thay
c6 trong Khoa Co Khi Bong Luc ndi chung,
quy thay cb trong Bo Mon Ky Thuat Nhiét-
bién Lanh noi riéng va nhém sinh vién lop
Cong Nghé Ky Thuat Nhiét K12 da giap da,
tao diéu kién dé tac gia hoan thanh bai bao.
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